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Abstract Grier, Charles C .; Lee, Katharine M.; Nadkarni, Nalini M.; Klock , Glen O.;

Edgerton , Paul J. 1989. Productivity of forests of the United States and its

relation to soil and site factors and management practices: a review . Gen. Tech .

Rep. PNW -GTR -222 . Portland, OR: U.S. Department of Agriculture, Forest

Service, Pacific Northwest Research Station . 51 p.

Data on net primary biological productivity of United States forests are summarized

by geographic region . Site factors influencing productivity are reviewed .

This paper is a review of existing literature in the productivity of various forest

regions of the United States, the influence of site factors on forest productivity, and

the impact of various forest-management practices on site productivity.

Keywords: Site productivity, management ( forest), productivity (biological).
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Introduction A primary responsibility of managers of forestland is to maintain its productive

capacity. To do this , managers of specific forest areas need access to information

to ( 1 ) determine the productivity of the land and (2) relate the effects of land

management practices to forest productivity. Various State, private, and Federal

forestry research programs provide this background information. Given the large

forested areas of the United States and the limited forestry research budgets,

research results generally lag behind the needs of managers. Coupled with this lag

is a certain inertia in adopting research -based technology. One way to minimize this

technological lag is for researchers to periodically review and synthesize research

progress , and this paper is such an effort. The objective of the work reported here

was to evaluate and synthesize published data on productivity of major forest regions

of the United States and assess what is known about management impacts on the

productivity.

Forest productivity has always been a major concern of land managers, and much

research has been directed toward assessment of forest productivity. The wide

variety of yield tables and yield simulator models available to the forester is evidence

of this . Considerable research has also been done on the impacts of management

activities on forest growth and development. Several problems arise, however, when

the available literature is synthesized . The main difficulty is the lack of a consistent

definition of forest productivity, which is a result of the natural bias of foresters

toward wood production. Unfortunately, wood production is fairly low on a tree's list

of production priorities; growth of roots, foliage , and reproductive structures all are

higher. Wood production is probably not the best indicator of site production poten

tial , and the problem in assessing productivity is further compounded by using

volume as a measure of productivity. Comparisons of productivity based on volume

suffer from regional differences in measuring volume, a range of merchantability

limits , and even site - to - site differences in the specific gravity of wood .

Net Primary For this study we have adopted the ecologist's measure of productivity, "net primary

Productivity: productivity " —the total amount of plant material produced by a forest per unit area

Definition and per year. This measure is far from ideal for management purposes ; it does not

Measurement express forest productivity in terms of products. But it does permit comparisons

among regions, and information can be obtained on factors influencing productivity

Definition of Productivity by observing how trees allocate growth on various sites.

Gross primary productivity (GPP) is the total amount of organic matter (simple carbo

hydrates) fixed through photosynthesis by green plants per unit of area per unit of

time (usually a year). Net primary productivity (NPP) is expressed as:

NPP = GPP - Ra ,

where Ra is autotrophic ( green plant ) respiration. NPP has long been recognized as

the only complete measure of ecosystem dry matter production (Whittaker 1962) , and

references to production or productivity throughout this paper refer to NPP.
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NPP may be expressed either in calories as the amount of energy required to fix

a given amount of carbon , or as the mass of organic matter produced. Both are

expressed based on a unit area per year. On the average, 1 gram of carbon is

equivalent to about 2.2 grams of organic matter or about 9.35 kelvin calories

(Whittaker 1975 ). This equivalence partially depends on the plant material; the

figures used here are average values. This equivalence is an important reminder

that NPP represents storage of the Sun's energy as plant tissue .

The equation defining NPP is not particularly useful to the land manager because

GPP and Ra cannot be measured accurately in terrestrial ecosystems with present

technology. NPP can, however, be expressed as the sum of its components in the

following and equivalent form:

NPP = AB + D + G ,=

where AB is the increase in standing biomass , D is production of detritus and the

turnover of annual plants or plant parts, and G is the biomass lost to grazing during a

given interval (normally 1 year). These components of NPP can be measured or

estimated in several ways, which will be discussed in the section , "Methods of

Productivity Assessments . " The values to the right of the equal sign in the above

equation represent categories that can, for the most part, be measured with an

acceptable degree of accuracy with current technology.

.

1

The component that most concerns forest managers is biomass increment (AB ) ,

which accounts for the annual increase in dry weight and volume of wood , bark,

foliage , and roots . Biomass increment occurs most rapidly in young stands ; in

overmature stands, it can be zero to a negative quantity ( Grier and Logan 1977) .

Forests are managed for their biomass increment , which correlates with volume

increment. The typical pattern of biomass accumulation for forests as a function of

stand age is shown in figure 1. Note the rapid stabilization of leaf biomass with no

net annual increment occurring after canopy closure . Biomass of branches and stems

increases rapidly at first ; then , increment declines with age . In theory, branch and

stem biomass will eventually reach a zero increment " steady state , " or equilibrium,

where increment is balanced by mortality. In fact , this is unlikely to occur because of

the high probability of human or natural disturbance . With allowances made for

different stand structures and growth rates , the patterns shown for species as widely

different as pin cherry (Prunus pensylvanica L. f . ) in New Hampshire (Marks and

Bormann 1972) and Douglas-fir (Pseudotsuga menziesii (Mirb . ) Franco) in

Washington (Turner and Long 1975) are similiar.
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Figure 1 - Patterns of leaf, branch, and stem biomass accumulation in

atypical hardwood forest at Hubbard Brook, New Hampshire .

Biomass fluctuations before 1900 represent logging by settlers. The

rate of woody biomass accumulation begins to decline about the

same time leaf biomass reaches a steady state. In theory, when total

biomass reaches a steady state, the stand has reached the climax; in

fact, climax stands are rare today because of both natural and human

disturbances. (Data shown are primarily from Whittaker and others

1974) . On the x -axis, A is presettlement forests; B, partial cutting

during the late 19th century; C , reestablishment ofvegetation after

clearcutting in 1900 ; D, period of rapid biomass accumulation; and E ,

reduced biomass accumulation approaching steady-state biomass.

Another major component of NPP is termed " detritus production ." This component

incorporates litterfall, mortality, and turnover of the herbaceous layer, fine roots, and

mycorrhizae. The term " turnover" is used to describe the production of plant parts

that develop, mature, and die in one growing season. In forests , detritus production

varies with stand age . Production of detritus above the ground is relatively small in

young stands. Reported values range from about 15 percent to about 25 percent of

annual net production in immature stands. Turner and Long (1975) and Fujimori and

others ( 1976) show detritus to be about 20 percent of NPP in actively growing young

to mature Douglas-fir stands. But during periods of high competitive mortality, even

relatively young stands (30 to 60 years old) may have up to 60 percent of NPP in

detrital production (Grier and others 1981 ) . In stands older than 60 years, detritus is

the major component of NPP . Net production in several old -growth (450-year-old)

Douglas-fir stands was entirely detritus (Grier and Logan 1977) . In spite of this , net

aboveground production of these old -growth forests was only about 20 percent below

that of young stands on comparable sites (Cole and others 1968 , Fujimori and others

1976, Turner and Long 1975) .

NPP by forests, therefore, declines relatively little with increasing age after some sort

of equilibrium is reached . This equilibrium level is almost always below the maximum

productivity achieved by the stand. As the stand matures, production shifts from

biomass to detritus. The decline in biomass increment is commonly interpreted as a

large decrease in productivity, but productivity may decrease only slightly .

3



The final term in the net production equation is " grazing ." This is often the most

difficult term to estimate or measure , but it should not be ignored . Under extreme

conditions, grazing not only becomes an important term in estimating net production,

but can also reduce future productivity and cause considerable mortality of the

grazed species . Herbivores generally consume the more succulent leaves of forage

plants and not the less palatable woody growth. Grazing is , therefore, use of material

that would otherwise become detritus. For some grasslands, grazing may account for

most of the production in the current year and, hence, most of the net production

from the area. In forests, grazing generally accounts for only a small portion of the

net production . Grazing is often ignored in measurements of forest productivity but

may sometimes represent a fairly large portion of production . Insect outbreaks are an

example of forest grazing that may significantly affect estimates of net production.

In all ecosystems, production occurs both above and below the soil surface. Although

a considerable body of information is available pertaining to net aboveground produc

tion , data on net belowground production are exceedingly sparse (Vogt and others

1986) , especially as part of a productivity study of an entire ecosystem . Estimates

indicate that between 30 and 70 percent of total net productivity of forests occurs

below the soil surface (Grier and others 1981 , Harris and others 1973 , Keyes and

Grier 1981 ) .

If belowground productivity were a nearly constant proportion of total site productivity,

it could be considered as a constant, fixed cost when productivity of wild land ecosys

tems is assessed . But recent studies indicate that the proportion of net production

allocated to belowground structures increases as site quality decreases (Keyes and

Grier 1981 ) and increases with increasing stand age (Grier and others 1981 ) . The

ratio of belowground to aboveground NPP is also drastically different among different

types of vegetation and different species .

Figure 2 shows some theoretical patterns of ( A ) mortality, (B) litterfall, (C ) leaf area,

and (D) aboveground NPP. Production below the ground is not included in these

graphs because data are insufficient at this time . In all three examples of succession ,

the graph begins with secondary succession after some type of disturbance, such as

clearcutting or fire . These are only three of the many patterns possible, but they

should give some idea of how NPP and its components change through stand

development and succession on a site . The first case might represent an even-aged

stand of a fire -adapted species ; for example , lodgepole pine ( Pinus contorta Dougl .

ex Loud . ) , which grows rapidly at first , then begins to stagnate , and is eventually

wiped out by fire and the cycle starts again . The second example is typical of many

all -aged mixed stands , both coniferous and deciduous , where species replacement is

a gradual process and NPP fluctuates around some mean value for long periods .

The third example reflects a lag between successional stages. This occurs when an

early successional stand begins to fall apart but before later successional species

have fully occupied the site .

4
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Figure 2 — Three generalized patterns of stand development during

secondary succession. Panel ' 1 represents repeated stands of a short

lived, intolerant, fire -adapted species. Panel 2represents develop

ment of all-aged, mixed -species stands. Panel 3 represents a slow

transition between pioneer species and succeeding species. The lines

represent ( A) mortality, (B) litterfall, (C) leaf area, and (D) net primary

productivity

Methods of Productivity

Assessment

Forest ecosystems have a large and complex structure that is difficult to measure; as

a consequence, a variety of methods of differing efficiency and reliability are used to

estimate NPP. Whittaker and Woodwell ( 1969) , Newbould (1967) , and others have

extensively reviewed these methods. We will not compare the methods in detail , but

the different techniques will be summarized, along with their inherent strengths and

weaknesses. The technique selected to estimate NPP for a particular study may,

unfortunately, influence the estimate obtained .
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Five approaches to measuring NPP will be discussed: ( 1 ) gas-exchange techniques,

(2) relation to community photosynthetic indices, (3 ) relation to climatic and environ

mental parameters, (4) harvest techniques, and (5) dimension analysis (Art and

Marks 1971 ) . The particular characteristics of the ecosystem being measured and the

goals of the researcher will often dictate the method of NPP assessment used.

Gas -exchange techniques — Forest productivity can be approached through the

analysis of gas exchange of individual trees and the forest as a whole by measuring

the difference between fluxes of carbon dioxide (CO2) as fixed by photosynthesis and

as released by plant respiration. Field leaf and plant cuvettes (chambers) for

measuring gas exchange have been developed to accommodate a variety of

experimental purposes (for example, Schulze and Koch 1971 ) . Field measurements

of gas exchange for the purpose of estimating NPP use the defining equation ,

NPP = GPP - Ra .

The large size of forest dominants and the complexity of forest communities make

monitoring net assimilation of carbon dioxide at the community level difficult and

expensive. Measuring respiration losses of branches, bark, stems , and roots (Botkin

and others 1970) demands extensive labor and technical support and has been done

successfully at the ecosystem level in only two instances : in Brookhaven ,New York

(Woodwelland Whittaker 1968 ), and Oak Ridge , Tennessee ( Reichle and others

1973 ).

The micrometeorological approach is an alternative to growth -chamber analysis in

different canopy strata of the forest (Odum and Jordan 1970) . Whole -community gas

exchange is measured by daytime depletion and nighttime accumulation of carbon

dioxide in the forest atmosphere. Daytime depletion is taken as an estimate of

photosynthetic assimilation , or GPP, and nighttime accumulation is used as an

estimate of respiration . Local temperature inversions can be used to measure

nighttime accumulation of carbon dioxide (Art and Marks 1971 ) . This approach has

very specific site requirements that are rarely found .

Soil respiration has also been used as an index to primary production (Kucera and

Kirkham 1971 , Lieth and Ouellette 1962) . The actual sources of carbon dioxide

diffusing from the soil are difficult to define .

Gas-exchange methods may be appealing in their conceptual simplicity and because

they represent a direct approach to estimating NPP , but they are rarely used : they

are expensive, require sophisticated equipment , and do not provide the growth

information needed by forest managers.

Photosynthetic indices — Certain short cuts to estimating productivity through

photosynthetic indices are explored and reviewed by Art and Marks ( 1971 ) . Some

appropriate indices (besides dry weight of current leaves and twigs) are annual leaf

litterfall, leaf-area index , chlorophyll content per unit of ground area , and light

extinction by foliage (Whittaker 1966) . As an example, leaf litterfall seems to be a

6



relatively constant 20 percent of NPP in young Douglas-fir standsafter canopy
closure.' For deciduous stands, litterfall may be closer to 40 or 50 percent of NPP

and near 100 percent of NPP in grasslands (Bray and Dudkiewicz 1963, Ovington

and others 1963). Measurement of litterfall might provide a reasonable index of NPP

in some stands.

Leaf-area index (average leaf surface area per unit area of ground surface) and

amount of clorophyll per unit area are measures of the "photosynthetic apparatus" of

the community. As such, they may be strongly related (Medina and Lieth 1964) or

weakly related (Bray 1960, Lieth 1973) to NPP. Unfortunately, these indices correlate

poorly with NPP, and further research is needed to determine their utility.

Environmental data — Net primary production has been estimated from measure

ments of environmental data ( Lieth and Box 1972) . In this approach , net productivity

of a given stand is assumed to be controlled and correlated with environmental

factors acting to limit plant growth . Because stand age, composition, and structure

are ignored, these correlations provide an estimate of theoretical productivity for the

site and not necessarily for the stand currently occupying that site . For comparisons

of site productivity potential, correlations between productivity and environment may

be the best approach to site classification .

Environmental variables have been used to predict primary productivity in a variety of

ecosystems ( Sharpe 1975 ). For forests , the most common variables are moisture

availability and temperature; other variables are sunlight intensity, nutrient availability,

and seasonal changes in climatic factors (Sharpe 1975) .

Figure 3 gives an example of correlations between NPP and temperature and precipi

tation on a global scale . Estimates of evapotranspiration, which incorporate both

precipitation and temperature, have also been used to predict NPP ; for example,

Rosenzweig ( 1968) developed logarithmic relations between NPP of climax vegeta

tion and actual evapotranspiration (fig . 4) . On a global scale , Lieth and Box (1972)

used models based on climatic data and actual evapotranspiration and produced

comparable but slightly higher values than Rosenzweig. Models of this type are

generally good only on global or continental scales because they are not sensitive to

local variations in soil properties, microclimate, topography, and site history.

Models using local environmental data certainly have potential, but as yet little has

been done because NPP has not been measured for enough stands and sites in any

one locality to provide a data base large enough for local predictive modeling.

Different environmental factors will obviously be important in different forest types.

Correlations of net productivity with environmental factors on a limited set of climax

communities can be strong; for instance , Whittaker's (1966) study of the relation of

NPP to elevation in Smokey Mountain National Park . When similar models are

applied to early successional communities , the correlations are weaker because

these models cannot account for variations in NPP caused by stand structure or

developmental stage .

5

1

Grier, C.C. Unpublished data on file , Northern Arizona University,

School of Forestry, Flagstaff, Arizona.
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Figure 3 — Estimates of aboveground NPP in relation to mean annual

temperature and mean annual precipitation ( Lieth 1973).

Harvest techniques — The most direct approach to NPP assessment for some

communities or portions of communities (such as herbaceous understory ) is through

harvesting of aboveground plant parts during the growing season (Satoo 1966 , 1970 ;

Zavitkovski 1976) . For annuals or communities of annual plants , biomass can be

almost equivalent to NPP, which makes harvest necessary only once at peak bio

mass accumulation for each species . In more diverse communities , such as the

understory of a deciduous woodland , several harvests may be needed to accurately

assess NPP of species maturing at different times during the growing season

(Woodwell and Whittaker 1968) . In many forest communities, the contribution of the

understory vegetation is small (from 1 to 15 percent) relative to total ecosystem

productivity and is frequently ignored for that reason. Several researchers (for exam

ple , Zavitkovski and Newton 1968) have pointed out , however, the ecological impor

tance of the understory and the need for accuracy in measuring it. Where understory

contribution to NPP is measured, the harvest method is generally used .
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One problem with the harvest method is that the mortality of green plants before and

after peak growth is not generally accounted for. Unless current-year detrital produc

tion is accounted for, NPP will be underestimated. For communities with many

species , many collections must be made to catch each species at peak biomass. The

growth of the current year must be easily identified to use the harvest method on

shrubs and other perennial plants . For some species this can be a problem . Esti

mates of grazing must also be incorporated, and these may be difficult to obtain .

9

The harvest method will probably continue to be the most popular method for assess

ing production of most grass-, herb-, or shrub -dominated communites or community

components. This method is best suited to homogeneous cultivated plants , some

early successional ecosystems, and certain types of forest understory vegetation

(Wiegert and Evans 1964 ).

Dimension analysis — The majority of forest NPP studies are based on direct

measurements of sizes and weights of plants and plant parts (Newbould 1967,

Woodwell and Whittaker 1968) . Three ways to synthesize such measurements into

productivity estimates are ( 1 ) mean-tree , ( 2 ) productivity ratios , and (3 ) regression

analysis .

9



1. Mean -tree : As the term implies , the mean-tree approach applies measures of size

and growth rates of the average tree in a stand to all individuals . It is most suc

cessfully applied to even-aged plantations where trees are similar in size and form

(Ovington 1956) . Madgwick ( 1971 ) found mean-tree estimates of dry weight pro

duction in an old - field stand of Virginia pine ( Pinus virginiana Mill . ) equivalent to

those based on regression methods. The degree of accuracy decreases with

increasing size variability within the stand (Ovington and others 1968, Satoo 1968 ).

The stratified -tree technique is a variant of this method. Stands are stratified by

diameter size classes , each of which is represented by a tree of mean dimensions

for the particular stratum.

2. Productivity ratios: Another estimation method correlates forest stand character

istics with NPP to develop numerical ratios. These ratios are used to estimate NPP

of other ecosystem components. In practice, this requires clipping current twigs of

shrubs and tree seedlings and aboveground herbaceous growth, determining

individual dry -weight productivity ratios, and applying these ratios to stand NPP

(Burger 1940, Whittaker 1966) .

Productivity of larger trees cannot be easily determined by clipping , however. They

are measured through estimated volume increment , defined as one- half the mean

annual wood increment times plant height (Lieth and Whittaker 1975) . Because

wood growth itself is incorporated in the definition , estimated volume increment

expresses productivity in a way that measuring diameter, basal area, and stem

volume do not .

Because growth rates change with tree age and size (Whittaker 1962) , productivity

estimates based on clipping weights and estimated volume increment are not

always consistent . Environmental factors also influence productivity ratios within a

single species ; for example, the ratio of foliage productivity to estimated volume

increment increases with less favorable site conditions (Whittaker 1962) . Despite

these shifts with age and environment, productivity ratios are much less variable

than plant measurements themselves . Thus, they can be applied to mixed-aged

forests where the mean-tree approach would not work (Whittaker 1966) . Ratios of

this sort tend to be quite specific to the area and species for which they were

derived and should not be used out of their environmental context .

3. Regression analysis : Regression equations describing growth (weight and volume)

in response to changing proportions (for example , diameter at breast height (d.b.h.)

and height) are termed " allometric " equations and have been used to estimate

biomass and productivity in a variety of forest types . The great majority of forest

productivity studies in the past 20 years use this method (Baskerville 1965, Grier

and Logan , 1977, Ovington and Madgwick 1959 , Reiners 1972 ) .

10



Regression analysis is conducted on harvested plants spanning the range of sizes

that occur in the stand. The sample trees are felled and measured so that biomass

and productivity can be related (as dependent variables) to diameter (or other

easily measured independent variables) by using regression equations (Art and

Marks 1971 ) . Fujimori and others (1976) , for example, use regression techniques

to calculate annual increases in biomass of stems and branches for several

community types. They estimate annual foliage production by analyzing relations

between leaf production (measured with litterfall traps) and stem diameter.

Increases in shrub biomass are obtained by analyzing the relation between stem

production and stem diameter (at soil surface) times stem length. Net biomass

increment is obtained by subtracting mortality losses during the year. In other

studies (for example, Grier 1976) , regression equations are used to obtain bio

mass estimates at the beginning and end of an interval; biomass increment is the

difference between the two. The other components of NPP are estimated by using

other techniques.

The field work required to develop regression equations with good predictive ability

can be extremely tedious and time consuming. Analysis requires access to comput

ers because of the large amount of data . Once the regressions are developed ,

however, estimates of biomass and productivity can be obtained easily and

quickly. One problem with this sort of analysis is that it does not account for

changes in growth rates and growth forms caused by changes in age , site , or

management (Grier and others 1984) . For this reason , regression equations

developed for one type of forest stand may be applicable only to other forest

stands on the same type of site and with basically the same age and growth

structure . The larger the data base used to develop the regressions, the broader

their application . There is a tradeoff, though , between generality of use and error

of estimate for a particular stand .

The most intensive and detailed application of the regression approach is the

system of dimension analysis of woody plants developed at the Brookhaven

National Laboratory, Long Island , New York (Whittaker and Woodwell 1967, 1968 ,

1969) . This approach is based on the principle that the forms of woody plants in a

wide size range follow the same general design and can be related allometrically .

Complex characteristics of plants can, therefore , be easily related to measured

features . This method provides a satisfactory way to estimate productivity of

woody plant tissue because it is based on measurements of plant parts that

indicate growth per unit of time (for example, wood rings and bud scale scars) .

Problems in NPP

Assessment

One reason NPP has been so actively studied is that it provides a way to compare

ecosystems differing floristically , historically , and structurally. The same things that

make NPP a useful measure also contribute , however, to confusion in interpreting

differences in production rates between ecosystems . Generalized trends of NPP over

time for a given site are still not well known . Until productivity has been determined

for many sites , and through time and successional stages on the same sites , compar

isons will be largely a matter of academic interest and of little direct use to the

manager.
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Several problems are associated with comparing ecosystem dynamics by using NPP.

One problem is a lack of consistency in measuring techniques and another is in

estimating various components of NPP. Individual researchers have pointed out weak

points in their own studies , and several reviews of measuring problems in depth are

available (Ovington 1963, Sharpe 1975) . Because of difficulties with measuring

certain components of NPP, not all published estimates of NPP include all compo

nents . The components most commonly ignored are fine roots, coarse roots, grazing

loss , and the contribution of forest understory to production.

Grazing by herbivores, one of the three major components in the NPP equations , has

only rarely been quantified (Crow 1978, Woodwell and Whittaker 1968 ) . A number of

studies have considered grazing by phytophagous insects as insignificant; however,

several studies have shown that it can account for between 1 and 8 percent annual

NPP (Franklin 1970, Mattson and Addy 1975) . Under outbreak conditions , insects

have been observed to consume all of the annual foliage production of a stand

(Mattson and Addy 1975) . Disregarding other plant parts that are difficult to collect

and quantify , such as reproductive structures, augments underestimation of

community NPP.

.

An inconsistency occurs with the inclusion of mortality as a component of NPP . In

many forests , especially in mature stands , mortality is a highly significant portion of

biomass and productivity. For example, in some old -growth Douglas-fir stands,70
percent of total NPP (5 to 7t ha yr !) was accounted for as mortality (Grier and

Logan 1977) . Even in relatively young stands undergoing high rates of competitive

mortality, the mortality component of NPP may be as high as 40 or 50 percent.

Researchers who completely ignore mortality may be grossly underestimating NPP

(Bradbury and Hofstra 1976) .

A major problem in comparisons of NPP is that it is a rate and, as such , changes

with stand development , age , successional stage , and climatic variability . NPP

studies are generally constrained by time and money, and most stands can be

intensively analyzed for only one or two growing seasons. Extrapolating results and

conclusions from an atypical year is a risk . One way to avoid this problem is to

average growth increment over a long time , but this may result in a different problem .

Averaging growth over 5 to 10 years ignores the growth dynamics of the trees

because constant radial increment is assumed ( Day and Monk 1977 , Whittaker and

Niering 1975) , which is more of a problem in a young, developing stand than in a

mature stand .

An estimate of NPP for one interval in the development of a stand will give a rate

that may or may not represent the rates that could be expected in either past or

future intervals . To imply that one site is more productive than another based on one

measurment of NPP on each site is tentative at best . If both are climax stands , the

data may be somewhat valid ; but if the stands are in earlier successional stages and

actual NPP is being compared, then the comparison may not be meaningful .

Grier, C.C. Unpublished data on file , Northern Arizona University ,

School of Forestry, Flagstaff , Arizona .
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The problem of integrating phenology into NPP assessment is recognized by

Ovington ( 1963) and by Leith ( 1974 ). The effects of seasonality on sampling hard

woods is well known , but comparable data on evergreen species are scarce .

Madgwick (1968) shows that the sampling date can considerably affect the biomass

and productivity estimate by altering the weight of seasonally variable ecosystem

components such as flowers, lower branches, and cones.

Because reliable and accurate NPP data are so difficult to obtain , the results of

previous studies are often extrapolated to other areas (Hanley 1976 ). Regressions of

growth rates on easily measured tree variables are available for many species

(Sollins and Anderson 1971 ) . The overapplication of equations calculated for a

specific forest and region to communities with different site qualities and climates

may result in a large margin of error.

Given the problems associated with measuring and interpreting NPP, one might well

wonder about the value of using NPP. The answer is that currently no other unit of

measurement is available that is as universally applicable. Site comparisons of NPP

for management purposes are not a reality. Further research should clarify our

understanding of NPP and lead to better predictive capabilities.

NPP Estimates of Forest Table 1 lists net productivity rates for a variety of deciduous and coniferous forest

Sites in the United States stands. The stands listed in the table that have the lowest NPP estimates tend to be

either very young (< 10 years ), very old (450 years ), or what is generally considered

noncommercial forest (Picea mariana (Mill . ) B.S.P. in Alaska , Populus tremuloides

Michx. in Michigan, Quercus spp. in Arizona, and Pinus rigida Mill . in New York ). The

stands showing the highest NPP rates are generally young ( 10 to 30 years) or

growing under very favorable conditions, or both .

The inconsistencies in measured variables and the differences in the degree of

precision in producing these estimates make further comparisons difficult. Although

the exclusion of one component, or more , of NPP does not necessarily have a

significant impact on the final estimate, large underestimations are possible. Under

story vegetation , for example, may not be important for some coniferous stands

where little light reaches the forest floor, but in other stands the shrub and

herbaceous layers may make up a large portion of NPP.

There is little correlation between standing biomass and NPP (Table 1 ) . The associ

ation would probably be stronger if biomass of climax stands were correlated with

potential NPP.
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Table 1 - Estimates of net primary productivity in various forest regions and forest types of North America

Forest type and

associated species

Components measured

Age Rts US WIf Mrt Gr Biomass
Location NPP Source

years Vha r ha lyrt

HARDWOOD FORESTS

Mature
.

500 15.3 Whittaker 1966Acer saccharum Marsh .

Aesculus octandra Marsh .

Halesia carolina L.

Tennessee

Smokey

Mountains

222 Whittaker 1966Aesculus octandra Marsh .

Tilia heterophylla Vent.

Prunus serotina Ehrh .

Tennessee

Smokey

Mountains

500

578

11.3

13.1

Alnus incana (L ) . Moench Alaska 20 43 10.8 Van Cleve and others 1971

Alnus rubra Bong. Washington
31-37

.
185 26.3 Turner and others 1976

Alnus rubra Bong. Zavitkovski 1976Oregon

Coast Range

5-20

30-50

7-14

184-208

15-22.2

7-11.2

Michigan ? 30-52 4.6-5.4 Parker and Schneider 1975Alnus rugosa (DuRoi) K. Spreng.

Fraxinus nigra Marsh .

Populus balsamifera L.

83-124 Whittaker and others 1974Fagus grandifolia Ehrh .

Acer saccharum Marsh .

Betula lutea Michx. f .

New Hampshire

Hubbard Brook

98-159

121-189

9.7-13.1

11.1-15.4

84 131Fagus grandifolia Ehrh.

Acer saccharum Marsh .

7.6 Whittaker 1966Tennessee

Smokey

Mountains

29 221 24 Whittaker 1966Liriodendron tulipifera L.

Acer rubrum L.

Robinia pseudoacacia L.

Tennessee

Smokey

Mountains

Tennessee 40-48 133 7.6 Sollins and others 1973Liriodendron tulipifera L.

Quercus spp.

Pinus echinata Mill .

Carya tomentosa Nutt.

Populus tremuloides Michx. New Mexico 80 154

4
.
1

Gosz 1980

Populus tremuloides Michx. Arizona 34 125 10.5 Whittaker and Niering 1975

Michigan 20-70 14-103 2-3.9 Cooper 1980Populus tremuloides Michx.

Populus grandidentata Michx.

Acer rubrum L.

Quercus rubra L.

Wisconsin 39-63 Pastor and Bockheim 1981Populus tremuloides Michx.

Acer saccharum Marsh .

Populus grandidenetaeta Michx.

174

194

10.3

11.5

Wisconsin 50 ? ? • 93-120 7.6-8.7 Crow 1978Populus tremuloides Michx.

Acer rubrum L.

Betula papyrifera Marsh .

Acer saccharum Marsh .

Wisconsin 130Quercus alba L.

Quercus velutina Lam .

Prunus seroteina Ehrh .

264

330

13.7

20.3

DeAngelis and others 1981

Missouri 35-92 98 6.8 Rochow 1974Quercus alba L.

Quercus spp.

New York

Brookhaven

4
3

Whittaker and Woodwell 196864

100

10.7

14.1

Quercus coccinea Muenchh .

Quercus alba L.

Pinus rigida Mill .

Quercus velutina Lam .

Minnesota 45-50 124 9.8 Reiners 1972
Quercus ellipsoidalis E.J. Hill

Acer rubrum L.

See footnotes at end of table .
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Table 1-Estimates of net primary productivity in various forest regions and forest types of North Americaa

(continued )

Components measured

Forest type and

associated species Location
Age

Rts US WIf Mrt Grz Biomass NPP Source

years

117

tha

11

rhayr

1.2ArizonaQuercus oblongifolia Torr.

Quercus emoryi Torr.

Whittaker and Niering 1975

CONIFEROUS FORESTS

Washington 23 Grier and others 198152

77

6.1

17.9

Abies amabilis (Dougl.) Forbes

Tsuga heterophylla (Raf .) Sarg .

Abies procera Rehd.

Tsuga mertensiana (Bong .) Carr. 180 446

583

880

4.5

16.7

12.9Oregon 100-130 Fujimori and others 1976Abies procera Rehd.

Pseudotsuga menziesii (Mirb .) Franco

Abies amabilis (Dougl.) Forbes

Mature 200-310 4.7-14 Whittaker 1966Abies fraseri (Pursh) Poir .

Picea rubens Sarg.

Tennessee

Smokey

Mountains

Arizona 106 357 8.6 Whittaker and Niering 1975Abies lasiocarpa (Hook .) Nutt.

Pseudotsuga menziesii (Mirb .) Franco

Pinus strobus L.

Picea mariana (Mill .) B.S.P. Alaska 130 118 2.1 DeAngelis and others 1981

Minnesota 1-5 0.6-11 0.7-7.7 Ohmann and Grigal 1979Pinus banksiana Lamb.

Populus tremuloides Michx.

Betula papyrifera Marsh.

Tennessee 30 122 11.4Pinus echinata Mill.

Liriodendron tulipifera L.

Harris and others 1973

Idaho 100-250

:

.

265-330 4.7-10 Hanley 1976Pinus monticola Dougl.

Larix occidentalis Nutt.

Thuja plicata Donn

Tsuga heterophylla (Raf.) Sarg.

Pseudotsuga menziesii (Mirb.) Franco

Abies grandis (Dougl.) Lindi.

Mature
.

420 18.2 Whittaker 1963, 1966Quercus prinus L.

Quercus borealis Michx.

Acer rubrum L.

Tennessee

Smokey

Mountains

Tennessee 30-80
.

138 11.2 Harris and others 1973Quercus prinus L.

Carya spp.

Quercus spp.

60-200 140 9.7 Day and Monk 1977Quercus prinus L.

Acer rubrum L.

Quercus coccinea Muenchh.

North

Carolina

Oklahoma 80Quercus stellata Wangenh.

Quercus marilandica Muenchh.

181 12.9 Johnson and Risser 1974

220 15.2

Georgia ? 301Taxodium distichum (L.) Rich.

Nyssa sylvatica Marsh .

7.6 Schlesinger 1978

Louisiana 50-95 400 11.2 Conner and Day 1976Taxodium distichum (L) . Rich .

Nyssa sylvatica Marsh.

Pinus monticola Dougl. Idaho 103 415-675 11.4-17.6 Hanley 1976

488-794 13.1-20

Pinus ponderosa Laws. Arizona 150 Whittaker and Niering 1975162-250 4.9-5.7

Pinus rigida Mill. New York 20-40

60-80

9-11

61-88

1.2-1.5

7.4-8.7

Olsvig -Whittaker 1980

See footnotes at end of table .
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Table 1 - Estimates of net primary productivity in various forest regions and forest types of North America

( continued )

Forest type and

associated species Location

Components measured

Age Rus US WIf Mrt Grz Biomass

rhai yrit

NPP Source

years
tha

Pinus strobus L. North Carolina 8-12
.

43 13.5 Swank and Schreuder 1973

: .Pinus taeda L. Mississippi 10

. .

56 12 Demott 1979

Pinus taeda L. North Carolina 8-12 Nemeth 197316-91

19-108

12-20.3

13.7-13.2

Pinus virginiana Mill. Virginia 17 76 15.3 Madgwick 1968

Pseudotsuga menziesii (Mirb .) Franco Washington 36 172 13.8

203

Dice 1970

17.5

Pseudotsuga menziesii (Mirb .) Franco 40 Keyes and Grier 1981Washington

poor site

Washington

good site

249

306

468

556

7.3

15.4

13.7

17.8

40 Keyes and Grier 1981

Pseudotsuga menziesii (Mirb .) Franco Oregon 150 865 10.5 Gholz 1982

Oregon 90-110 661 12.7Pseudotsuga menziesii (Mirb .) Franco

Acer macrophyllum Pursh

Fujimori and others 1976

Oregon 450 Grier and Logan 1977Pseudotsuga menziesii (Mirb .) Franco

Tsuga heterophylla (Raf.) Sarg.

Thuja plicata Donn

667

811

8.3

11.1

Oregon 450 Grier and Logan 1977Pseudotsuga menziesii (Mirb .) Franco

Tsuga heterophylla (Raf.) Sarg.

Thuja plicata Donn

560

683

2.1

4.8

Pseudotsuga menziesii (Mirb .) Franco Washington 22 Turner and Long 1975

42

73
:

139

209

307

10.8

9.9

5.7

Minnesota 70-100 159 11.4 Reiners 1972Thuja occidentalis L.

Betula papyrifera Marsh .

Tsuga canadensis (L.) Carr. ? 510 10.2 Whittaker 1966Tennessee

Smokey

Mountains

Tsuga heterophylla ( Raf.) Sarg. Oregon 26 193

231

32.2

37.7

Fujimori 1971

Tsuga heterophylla (Raf .) Sarg. Oregon 121 1062 22.8 Grier 1976

Values reported in this table were compiled from results of the studies indicated . Virtually all values are derived from some form of dimension analysis. Where

understory contributions to NPP are reported, values were obtained by harvest. Except where noted, values are for aboveground NPP only.

Rts = roots ; US = understory vegetation; Wit = woody litterfall; Mrt = tree mortality; and Gr2 = grazing.
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Factors Affecting Net Net primary productivity, defined in the previous section , is a measure of forest

Primary Productivity productivity that integrates environmental site conditions, vegetation, and stage of

vegetation development . Because NPP can be determined for any ecosystem, regard

less of structure or developmental stage , it can be used to compare ecosystems as

different as coniferous forests and tidal marshes . Depending on the development and

structure of vegetation present on a given site , NPP may fluctuate over time between

rates near zero and some site -specific maximum.

It is common to speak of the potential productivity of a particular site when evaluating

forest lands , or to classify sites according to their productive capacity. Because NPP

is the measure of productive capacity of a fully occupied site, NPP can possibly be

used to determine site quality . But because NPP increases rapidly with development

of young stands , NPP is not a realistic or practical index of site quality. Actual NPP

on a site may be low even on productive sites shortly after disturbance . For this

reason , the only meaningful measures of productivity for site comparison and

evaluation may be the potential maximum net productivity rates possible for a given

site .

Although maximum or potential NPP rates may be useful for site comparisons, they

are not necessarily something to manage for. They are really only a conceptual

framework to base discussions of site quality on and have yet to be determined for

more than a few sites . Managers of a given site , therefore, need not strive toward

maintaining short -term productivity maximums but instead should strive to preserve

or possibly enhance the potential for long -term productivity.

Environmental factors affecting potential productivity of a site can be separated

two general groups: extrinsic factors and intrinsic factors. Extrinsic factors provide the

framework ecosystems develop on and are most influential in determining long-term

regional productivity potentials . Included are climate, topography, and geology.

Although all three can change or fluctuate over time , these factors are not influenced

by the presence or absence of vegetation .

5

Intrinsic factors are affected by ecosystem processes and are subject to modification

by forest management. Examples of intrinsic factors are certain soil physical, chem

ical, and biological properties and microclimate. Intrinsic site factors generally do not

affect long-term productivity potentials when viewed in terms of geologic time ; but

within the timeframe of forest management , they may raise or lower these potentials

significantly . Because of the inherent complexity of natural systems, some site

factors — for instance , some soil characteristics - cannot be called either entirely

extrinsic or entirely intrinsic. But these two categories do provide a reasonable

framework for the discussion of the factors controlling potential NPP rates at a given

site .

Extrinsic Factors
Extrinsic factors define the physical environment of a site and appear to set uppera

limits on potential productivity. The primary factors affecting plant growth are mois

ture, nutrients, temperature , and light . On a broad scale , these are controlleda

by extrinsic factors . Productivity potential tends to be low whenever one or more of

these factors are limiting . Productivity potential is low in tundra environments as a

result of temperature limitations and low in desert ecosystems as a result of moisture

limitations. Of the three extrinsic site factors, climate appears to exert an overriding

effect on the regional expression of vegetation types . Climate has direct influence on

moisture , temperature, and light regimes , and indirect influence on nutrient availability .
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Climatic data has long been used as a basis for delineating major global vegetation

formations (Holdridge 1947, Thornthwaite 1931 , Walter 1973) . Climatic regimes also

form the basis for the concept of the climatic climax as described by Clements

(1936) . Predictions of regional NPP on a global scale that use one or more climatic

variables have been reasonably accurate . Climatic variables correlating well with

measures of NPP include mean annual temperature, average annual precipitation ,

actual evapotranspiration, and length of the growing season (Lieth and Box 1972,

Rosenzweig 1968) . Correlations of NPP with climatic data are generally only valid on

global and continental scales and tend to break down over smaller geographic areas.

Regional predictions of NPP must include other variables besides just climate . The

other two extrinsic site factors, topography and geology, can have very definite

influences on the productivity of a site . The geology of an area interacting with

climate over long periods of time creates general drainage patterns , landforms, and

types of soil parent material . The soil parent material will affect the nutrient status

and other physical and chemical properties of the soil important for plant growth.

Topography is basically the result of the geologic and climatic history of a region .

Topographic position can have profound effects on microclimate and soilconditions

in hilly or mountainous terrain . South-facing slopes are often significantly warmer and

drier than are north -facing slopes and, hence, may have lower productivity potential

in dry regions or higher productivity in cold regions . Ridgetops may have generally

colder climates, shallower soils , and lower productivity than do lower elevation sites

in the same region. In desert regions, the reverse may be true, with greater produc

tivity possible at the higher elevations owing to greater precipitation . Even in rela

tively flat terrain , low -lying areas subject to periodic flooding or restricted drainage ,

such as river floodplains , swamps, marshes , and bogs, may have much higher or

lower productivity potential than do surrounding upland sites . Several studies have

shown gradients in net productivity associated with elevational or topographic gra

dients (fig . 5) (Westman and Whittaker 1975 , Whittaker 1963, Whittaker and

Niering 1975) .

Separating individual effects of climate , geology, and topography on vegetation

development and potential productivity is nearly impossible because all three interact

in shaping the general physical environment of an area. Because measuring the

actual physical environment of a site is extremely difficult , most forest site classifica

tions use vegetation as an integrative descriptor of site . Some work has been done

to develop predictive models for potential productivity based on site index and

continuous forest-inventory data (O'Neill and DeAngelis 1981 , Sharpe 1975) . Other

models incorporate physical characteristics of the site with vegetation characteristics

( Czarnowski 1964). Existing systems of forest site classification , such as the habitat

type system ( Daubenmire and Daubenmire 1968) , currently being used throughout

the Western States , may provide a framework for estimating productivity potential . All

these predictive models incorporate both extrinsic and intrinsic site factors .
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Figure 5 – Aboveground NPP estimates along an elevational gradient

in the Great Smokey Mountains, Tennessee: (A ) broad -leaved

deciduous forests in moist environments; (B) evergreen coniferous

forests ofmoistenvironments; and (C) pine forests of dry environ

ments (Whittaker 1975 ).

Intrinsic Factors
Intrinsic site factors represent characteristics of site that can affect the productivity of

the site, are influenced by ecosystem processes, and are controllable (or at least

semicontrollable) by management. The most important intrinsic factors are those

dealing with soil properties because they can affect potential productivity. Soil parent

materials are formed from past geological activities and climate , but many of the soil

forming processes are influenced by vegetation development and disturbances such

as fire and erosion. The soil properties affecting productivity potential are the same

ones affecting plant growth in general. Soil moisture-holding capacity, soil nutrient

status, and soil porosity or aeration are the factors that correlate best with site pro

ductivity (Carmean 1975 , Ralston 1964 ). They are considered intrinsic because they

are affected by ecosystem processes and are subject to modification by human

activity.

Moisture availability for plant growth is a function of precipitation and runoff and of

the soil's moisture-holding capacity. The soil water-storage capacity is especially

important in regions with definite drought periods during the active growing season.

Soil physical properties influencing water-holding capacity include texture, structure,

depth, and organic matter content of the various soil horizons. These variables can

be altered by either natural processes or human activities . Activities decreasing soil

moisture-holding capacity generally lower the productivity potential of upland sites.
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9

Soil nutritional status is controlled by a large number of extrinsic and intrinsic site

factors, including geology or parent material, climate , topography, time , fire history,

land-use history, and past and present vegetation. Nutrients essential for plant

growth come from weathering of soil minerals , from atmospheric fallout, from precipi

tation, and through the decomposition of organic materials. Fixing of nitrogen by

symbiotic organisms can also account for significant inputs of nitrogen . Atmospheric

fallout, precipitation , and mineral weathering usually provide nutrients at fairly low but

steady rates. Precipitation inputs of nitrogen , phosphorus, calcium , magnesium, and

potassium are typically in the range of 1 to 8 kilograms per hectare per year (Cole

and others 1968 , Henderson and others 1978) ; however, in areas of high atmos

pheric pollution, such as the Northeastern United States, inputs of nitrogen and

sulfur from acid precipitation and atmospheric fallout may be measurably greater

(Whittaker and others 1979) . Release of nutrients through weathering of primary

minerals is highly dependent on climate and soil parent material. In dry climates, soil

parent materials tend to weather slowly and release rates are low. In warm, wet

climates, weathering is accelerated and nutrient release is more rapid when minerals

readily yielding nutrients are present in the parent material in adequate quantities .

Biological inputs of nitrogen through atmospheric fixation can be important in some

ecosystems. Plant communities with significant components of either snowbrush

(Ceanothus velutinus Dougl. ) , red alder ( Alnus rubra Bong. ) , or other species support

ing nitrogen -fixing symbionts can fix as much as 30 to 200 kilograms of nitrogen per

hectare per year (Davey and Wollum 1979 ). Additional inputs of nitrogen may come

from nonsymbiotic nitrogen - fixing organisms associated with the decay of wood or

from free-living , blue-green algae (Jones and others 1974) .

Initial stages of vegetation succession on a site tend to exploit the mineral resources

of the soil and incorporate nutrients into plant tissue much faster than they can be

replaced by decomposition and weathering. Thus, soils with large nutrient capitals

will initially be more productive than will those with lower nutrient capitals if nutrient

status is a growth -limiting factor. In later stages of succession , dependence on

mineral soil as a source of nutrients decreases and reliance on nutrient cycling

pathways increases. The greater reliance on nutrient cycling in older stands may be

partially explained by the depletion of nutrients in the mineral soil during the early

stages of stand development . Switzer and others ( 1968) show that young southern

pine stands initially obtain 100 percent of their nutrients from the mineral soil . In

contrast over 80 percent of the annual nutrient requirement of a stand that had

reached canopy closure is accounted for by recycling of nutrients returned to the soil

in litterfall and canopy leaching (Jorgensen and others 1975) .
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Nutrient-cycling patterns seem to be very similar for a wide range of forest communi

ties. External nutrient cycling is the process whereby nutrients returned to the soil in

litterfall or canopy leaching are mineralized by decomposing organisms and are then

reabsorbed by the vegetation. Internal nutrient cycling is the redistribution of minerals

from one part of the plant to another. Recent studies indicate that nutrient redistri

bution within conifers is greater on nutrient-poor sites than on nutrient -rich sites

( Turner 1975) and that internal cycling appears to increase with age (Sollins and

others 1980) . Soil fertility, therefore, takes on slightly different meanings depending

on the stage of vegetation development on the site. Early growth of forest stands

may be limited by the existing nutrient capital of the soil . Later growth may depend

more on the rates of mineralization in the organic horizons of the soil. The fertility of

a site is the factor most easily altered through management. It is also one of the

most difficult factors to quantify.

1

Soil aeration is the third soil factor affecting forest productivity and is subject to

change through management. Soil aeration is the process of gas exchange between

soil and atmosphere and is necessary to provide oxygen to the roots and the aerobic

soil organisms and to remove carbon dioxide produced by root and microbial respira

tion . Gas exchange in the soil is a function of porosity and moisture content of the

soil . Insufficient soil aeration can result from either high soil densities or poor

drainage.

3

Medium- to fine -textured soils with high bulk densities have low porosity and are

dominated by very fine pores. This results in high resistance to the transfer of oxygen

and water to the rooting zone. Forest soil bulk densities range from less than 0.8

g /cmº to more than 1.6 g/cm (Brady 1974) . Gravelly soils may have high bulk(

densities without being poorly aerated. Compacted soils with a high proportion of silt

and clay exhibit the poorest aeration . Smith and Wollard (1969) report limitations of

forest productivity on poorly aerated soils. Reductions in soil porosity often result

from soil compaction brought on by management practices. Restricted soil perme

ability can cause reduced infiltration of precipitation and snowmelt and surface

erosion . Compaction of lower horizons can result in perched water tables, anaerobic

conditions, and gleization. Soils saturated with water tend to be poorly aerated

because available pore space is occupied by water, and gas diffusion through water

is slow . If saturated conditions are sustained over long periods, anaerobic conditions

occur and forest growth may be impaired . This reduction in growth may be due to a

lack of oxygen to the roots, which restricts metabolism and thus nutrient and water

uptake. Trees may actually suffer drought stress in saturated soils because lack

of oxygen to the roots inhibits uptake of water. Insufficient aeration also prevents

penetration by deep roots and thereby reduces the availability of plant nutrients

(Leyton and Rousseau 1958) . If anaerobic conditions continue for long periods,

major changes in soil chemical and physical properties are likely.
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Conclusions from the foregoing discussion are that the most productive forest soils

have high moisture-holding capacity, good fertility, adequate aeration, and unim

peded drainage. These soil characteristics represent some of the most important

intrinsic site factors because they can raise or lower the productivity potential of the

site. Any management practice producing a deterioration of any of these factors will

likely reduce site productivity. The time required for the site to recover from

disturbance is a function of the degree of disturbance and the resilience of the soil

(Klock 1983) .

Other intrinsic factors will control the actual NPP of a particular site ; the most impor

tant is vegetation succession and development . Peak productivity for a forest succes

sional sequence generally occurs in the early seral to midseral stages, which are

dominated by fast -growing, shade - intolerant tree species . Peak productivity for a

forest stand occurs at about the same time as canopy closure . Stands having high

initial densities reach peak productivity before stands that are understocked . Some

stands may show a second peak in productivity after a period of competitive mortality

and stand adjustment , but this has yet to be substantiated . Very old stands or

successional stages may have low apparent productivity; however, what happens to

NPP as stands age is still being studied. Aging patterns across all forest types are

probably not consistent: different species or forest types reach maximum productivity

at different times (O'Neill and DeAngelis 1981 ) . Figure 6 shows the general patterns

of NPP and the components of NPP for second -growth Douglas-fir forests in the

Pacific Northwest.

Climatic variability is also extremely important in determining yearly productivity rates.

Very dry years will show lower rates of productivity than might normally be expected,

and wetter years may result in higher productivity. Changes in microclimatic condi

tions , such as shade, humidity , and soil temperature, can also alter productivity.

These changes may be hard to quantify. Changes in microclimatic conditions often

result from changes in stand structure that will affect productivity more than will the

resulting changes in microclimate .

Natural disturbances, such as fire, windthrow , insect outbreaks, and disease will

affect the actual productivity of the site by changing the vegetation structure, composi

tion , developmental state or growth rate, or the microclimatic conditions on the site .

Management practices change NPP in the same ways . Thinning , fertilizing, pre

scribed burning , and harvesting all can alter the actual net productivity rates in the

same manner.

The actual NPP for a particular year or interval therefore depends on the species

present , the age and structure of the stand , and the disturbance history of the site .

NPP will also fluctuate yearly because of climatic variability . Potential productivity ,

on the other hand, is set by the physical environment of the site , but may be dif

ferent for different species on the same site . It does not change unless the physical

environment is altered substantially .

2
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Figure 6 — General patterns of NPP and the components ofNPP for

the first 100 years of Douglas-fir stand development in the Pacific

Northwest. Curvesare foraboveground production only and are

derived from data for about 75 second-growth stands aged 15 to 65
years .

Effects of

Management

Activities on Net

Primary Production

Almost all management activities will produce changes in actual productivity rates.

Those affecting the potential productivity of the site concern the land manager most.

It would be convenient it management practices could be categorized according to

their impact on potential productivity, but this is not possible. An action causing a

long-term decrease in potential productivity on one site could actually enhance

potential productivity on another site. In general, practices causing one or more of

the primary factors influencing plant growth (moisture, nutrients, temperature, and

light) to become limiting or more severely limiting on a site for a prolonged period will

result in a decrease in potential NPP. Conversely , practices acting to remove

limitations or reduce the severity of a limitation will enhance potential NPP.

In this section , we will give examples of management practices that can alter the

potential productivity of the site by changing the physical , chemical, or biological

characteristics of the soil . The examples represent a cross section of the kinds of

practices that can change potential productivity of the site . Most of these examples

are specific to a particular forest type in a particular region. Criteria for selecting a

practice for a given site must be guided by the particular characteristics of that site

and by research results from similar sites .
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Effects of Management

Activities on Soil

Physical Properties

Soil physical properties are susceptible to change induced by a variety of forest

management practices. The physical property most commonly affected is soil struc

ture , which is partially responsible for determining soil moisture -holding capacity and

soil aeration . The original soiltexture, structure, and mineralogy determines to a

large extent the response of the soil to various practices. Also important are the

severity of disturbance, the frequency of disturbance, and the moisture content of the

soil at the time of disturbance.

Soil compaction is a problem commonly associated with a variety of harvesting and

site preparation techniques (Cromack and others 1979 , Stone and others 1979 ,

Switzer and others 1979) . Compaction can reduce aeration and impede water move

ment through the soiland can produce long-term impacts on plant growth and

development (Daddow and Warrington 1983) . If trees growing on the site cannot

adapt to the compacted soil and recovery is slow , the potential site productivity can

be reduced ( Cromack and others 1979) . Observed recovery rates for soils that have

been compacted range from 8 to 40 years with surface soil horizons recovering

sooner than deeper horizons ( Thorud and Frissell 1976) .

Soil moisture conditions at the time of disturbance have a large influence on the

degree of compaction that will occur on a particular soil . Bulk-density increases on

dry soils are confined to the soil surface. The same soils when wet will compact to

greater depths and generally remain compacted longer ( Switzer and others 1979) . In

the Coast Ranges of Oregon and Washington , logging continues through the wet

winter months when soils are often at field capacity . Under these conditions , compac

tion of some soils can be severe and can result in landslides and erosion on steep

slopes (Ketcheson and Froehlich 1978) .

Management practices most commonly associated with compaction are tractors ,

rubber -tired skidders, or other heavy equipment being used for logging , yarding ,

slash piling , and other site -preparation work . Switzer and others ( 1979) found that

changes in bulk density can occur with less than three passes of logging equipment.

Tractor yarding can cause compaction of more than 30 percent of harvested areas in

the Pacific Northwest (Cromack and others 1979) . Soil compaction can often be mini

mized by timing logging to coincide with periods of low soil moisture or by keeping

use of heavy equipment to a minimum on soils susceptible to compaction. Winter

logging on snow can prevent soil disturbance in areas that have winter snowpacks

but remain accessible .

As soil compaction increases , root penetration is impeded until plant growth is

reduced . The " growth -limiting" bulk density of a soil is defined as the threshold where

root growth essentially stops and a reduction in plant growth occurs ( Daddow and

Warrington 1983) . Soils of different textures will be affected to different degrees by

compaction because of the average pore size and mechanical resistance . The

" growth -limiting" bulk density will be higher for soils with a high percentage of macro

pores than for soils of finer texture . Generally , as soils become more compacted, the

bulk densities become greater, pore space is reduced , infiltration is reduced , and the

moisture - holding capacity of the soil is reduced . This compaction can result in greater

surface runoff and erosion on sloping ground and accumulations of standing water in

depressions on flatter ground. Conditions unfavorable for plant growth can result from

poor aeration , reduced moisture availability , and inability of roots to penetrate the soil .
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Studies on the impact of soil compaction on tree growth have been conducted

throughout the United States. In a study on medium - to fine -textured soils in the

Coastal Plain of North Carolina, height growth of 7 -year-old loblolly pine (Pinus taeda

L. ) was negatively correlated to micropore space in the surface soil (Terry 1978 ).

New shoot growth of 4 -month -old loblolly pine planted on a well-used skidroad

measured 5 inches ( 12.7 cm) , while seedlings in the same soil just off the road had

shoots measuring 18 inches (45.7 cm) (Maki 1976) . Switzer and others ( 1979) report

ed 30 to 70 percent reductions in early height growth of loblolly pine on heavily

trafficked and eroded areas. Youngberg (1959) reports a 43 -percent reduction in

seedling height growth in the Pacific Northwest on primary skid trails relative to

uncompacted areas. Significant reductions in the growth of ponderosa pine (Pinus

ponderosa Dougl . ex Laws.) and Douglas-fir are attributed to increased soil bulk

densities created by harvesting operations with 57 -percent reductions in height

growth recorded for 8 -year-old Douglas-fir trees growing in the compacted area

(Froehlich 1973) . Growth reductions of this nature may persist for several years.

Another problem similar to compaction that can occur on exposed soils is the crust

ing of the surface soil . Rain falling on exposed mineral soil can break up soil aggre

gates and disperse fine particles, which causes surface soil pores to become clogged

(Ruark and others 1982) . This clogging of the surface can lead to reductions in

aeration and infiltration and increases in runoff and erosion .

Managers are often faced with the problem of providing a mineral-soil seedbed for

regeneration without causing damage to soil physical properties. The problem has no

easy solution , and often tradeoffs must be made. Because changes in soil physical

properties can be long lasting and can reduce the potential productivity of the site for

long periods, care should be taken to keep mineral soil disturbances to a minimum.

Site preparation techniques that can have major impacts on soil physical properties

include terracing, mechanical scalping , root raking, and some forms of slash piling .

Whenever the integrity of the soil profile is deeply disturbed or surface horizons are

removed, the potential exists for productivity losses . Terracing is an example of an

extreme management practice that can completely alter the integrity of the soil profile

and the physical properties of the soil . This type of drastic site preparation should be

undertaken only as a last resort. All these practices have been effective, however,

under certain conditions and can be carried out without causing losses to productivity

potential.

Prescribed burning can occasionally result in alterations to soil physical properties.

These changes can be either detrimental or beneficial to site quality depending on

fire severity and effects of the fire on soil properties, such as moisture retention ,

organic matter, and erodability. Changes in soil physical properties will generally be

greater with fires of high intensity. One distinct benefit of prescribed burning may be

a reduction in the susceptibility of the stand to severe wildfires , which could have

worse effects.
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A major consequence of burning is the reduction or elimination of the surface organic

layers of the soil. Often, the majority of the forest floor is removed . As a result, the

absorption and retention of water in the surface soil can be significantly reduced

(Pritchett 1979a). Dyrness and others (1957) found that severe burning in the Pacific

Northwest lowers total soil aggregation ; they attribute this to the removal of colloidal

organic matter by fire. They report that after severe fires, the ability of the surface

layers of the soil to retain moisture when exposed to heat is significantly reduced and

conclude that the presence of the surface litter is very important in moderating water

loss from the soil system . Because the organic layers of the soil usually have high

moisture -holding capacity, the decrease in soil organic matter as a result of fire can

reduce the moisture-holding capacity of the soil and increase the susceptibility of the

site to erosion (Dyrness and others 1957 , Pritchett 1979a ).

1

Ash produced in the combustion of organic material is very finely textured and when

deposited on the surface of the soil reduces macropore space and can reduce the

permeability of the soil to water by forming a surface crust (Woodmansee and

Wallach 1978 ). In extreme cases, surface or subsurface soil layers will become

hydrophobic . These hydrophobic layers can increase the probability of overland flow

and erosion and can cause soil horizons below the hydrophobic layer to become

droughty (DeBano and others 1979). Fire increases water repellence in sandy soils

for up to 5 years after a burn (Dyrness 1976) .

1 .

A blackened surface horizon will absorb greater amounts of incident solar radiation

and, hence, cause higher soil temperature and greater water evaporation from the

soil. Moisture stress resulting from high evaporation rates on blackened soils can

cause seedling mortality in mixed - conifer forests in southwestern Oregon (Hallin

1968). Increased soil temperatures associated with bumed soils can also limit seed

ling establishment. On the other hand , adding charcoal to some coarsely-textured

soils may improve their moisture-holding capacity (Tryon 1948 ).

|

1

Light to moderate burns usually have little effect on the physical properties of the

mineral soil; however, intense fires can cause the breakdown of soil aggregates and

the fusion of clay particles into sand -like aggregates in the top several centimeters of

the mineral soil ( Dyrness and others 1957 ). Erosion caused by reduced infiltration

can further alter soil physical properties by removing finely textured particles and

altering the soil structure. These changes may take hundreds of years to reverse and

can reduce the potential productivity of the site substantially. These drastic results

are uncommon and should not overshadow the many beneficial effects of burning.

Other management activities can also cause erosion and mass movement of soils.

One primary activity associated with accelerated surface erosion and mass erosion is

road building (McColl and Grigal 1979, Megahan 1972 ). Dyrness ( 1967) reports that

although logging roads occupied only 2 percent of the area studied , they contributed

up to 72 percent of the mass erosion after a storm . Between 3.7 and 9.4 percent of

the land surface in heavily logged watersheds in the Klamath River basin of Oregon

is currently or was recently subject to some form of erosion ( Coates and Collins

1981 ) . This percentage probably represents an extreme, but it serves to illustrate

how large a proportion of the landscape can suffer lowered potential productivity as a

result of erosional processes associated with logging.

2
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Compaction, erosion, and changes associated with intense burning are the primary

contributors to changes in soil physical properties that result in reductions in potential

productivity .

Elects of Management

Activities on Soil

Chemical Properties

The potential productivity of a site can be raised or lowered by management activities

causing a permanent or long- term increase or decrease in the availability of nutrients

essential for plant growth. Productivity can also be lowered by actions raising the

concentration of some chemical element to concentrations toxic to plant growth . The

nutrient balance and chemical status of a soil is dynamic rather than static . Nutrients

are constantly being added to soil through weathering, atmospheric fallout, and

decomposition. Nutrients are also continually being removed from soil by vegetation

and by leaching to groundwater. The availability of any nutrient in the soil depends

not only on the total amount in the soil but also on a whole complex of factors

including soil moisture and temperature, concentrations of other nutrients, soil pH ,

and microbial activity.

Most mature forest ecosystems conserve nutrients present at, or below , growth

limiting amounts. For this reason , most forests have relatively low rates of nutrient

losses caused by leaching. Nutrients such as nitrogen and phosphorus often show a

net accumulation over time. Because the chemistry of the soil is controlled by many

interrelated and often fluctuating factors, almost any management activity can bring

about soil chemical changes. Often these changes are short lived and have little

impact on site quality. Occasionally, the changes cause increases or decreases in

actual productivity that will last for several years. Rarely, a chemical change can

result in permanent site degradation or in decreases in potential productivity that last

longer than the length of a rotation . The types of soil chemical changes and the mag

nitude and duration of these changes determine whether or not potential productivity

will change and, if so , for how long.

Nutrient Losses

Associated with

Harvesting

Any time organic matter is removed from a site, a net loss of nutrients from that site

also occurs . In timber harvesting or thinning, nutrient losses tend to be proportional

to the volume removed . The proportion of the total site nutrients tied up in trees

ditfers for different forest types and also for different sites within the same general

forest type. On the average , temperate coniferous forest sites may have only 10 to

15 percent of total nitrogen and phosphorus and 30 to 40 percent of total potassium

stored in trees (Pritchett 1979b ). Tropical forest sites often have a much greater

proportion of total site nutrients stored in trees: up to 30 percent of the total nitrogen

and 80 to 90 percent of the total phosphorus and potassium (Pritchett 1979b). The

proportion of site nutrients present in trees also varies with the age of the stand and

the development of a pronounced humus layer ( Tamm 1980 ). The greater the propor

tion of total site nutrients present in the trees, the greater the potential for site

degradation through harvesting.
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In conventional harvesting, where only the bole or stemwood is removed, nutrient

losses tend to be low . Conventional harvesting of an old -growth Douglas-fir forest

in the Cascade Range in Oregon removed 65 percent of the total site biomass but

only 12 percent of the total site nitrogen ( Cromack and others 1979 ). Stemwood and

bark of most temperate forest trees account for about 65 to 85 percent of the total

biomass but only 25 to 50 percent of the total nitrogen in the trees (Marion 1979,

Morrison and Foster 1979 ). Concentrations of other nutrients occur in the stem in

about the same proportion as nitrogen. Nutrient losses from stem removal, averaged

over the length of the rotation, tend to be less than 1 kg ha lyri'for phosphorus

and sulfur, up to 10 kg ha* yr for nitrogen and potassium, and between 5 and
-1

15 kg.hayr ' for calcium (Pritchett 1979b) . Natural inputs of nutrients will often

compensate for losses of this magnitude, resulting in no loss of long -term productivity

potential. On nutrient poor sites having a high percentage of total nutrients stored in

the trees, productivity potentials could be lowered . Some reductions in potential

productivity can be offset by lengthening the next rotation or by fertilizing the site

(Wells and Jorgenson 1979 ).

-1 -1

Harvest practices removing more than just stemwood also remove a greater propor

tion of the site nutrients . Whole -tree harvests can increase average nitrogen -removal

rates in some temperate coniferous forests by 100 percent and in some temperate

broadleaf forests by as much as 215 percent (Marion 1979). The actual increase in

nutrient losses brought on by whole - tree harvesting varies greatly with species , age,

and site productivity, but harvest methods removing more than just the stem result in

substantially greater nutrient losses ( Morrison and Foster 1979) . The absolute

amounts removed are less important than the time required for the site to replace the

lost nutrients. Kimmins (1977 ) refers to this as the return to an "ecological condition

that existed prior to rotation ." The recuperation time after whole - tree harvest of a jack

pine (Pinus banksiana Lamb. ) stand in Ontario was estimated at 39 years ( Morrison

and Foster 1979) . Weetman and Webber ( 1972) conclude that on well-drained soils

with a high cation-exchange capacity, a whole-tree harvest of spruce stands every 50

years would not result in long-term productivity losses . Other species on different

sites could have recovery rates very different from these .

Nutrient losses associated with removing organic matter from a site are affected not

only by the magnitude of removal but also by the frequency of removal . If rotation

lengths are shorter than the time required for a site to naturally replace nutrients lost

in harvest, then productivity losses will occur. Poor sites may require fairly long rota

tions to prevent productivity losses . Better sites would initially be able to recover

faster and support more frequent harvests. Intensive , short -rotation plantations are

similar to agricultural crops and, as such , will probably require fertilizing and other

practices associated with intensive agriculture to maintain productivity (Hansen and

Baker 1979) . Repeated light cuts , such as commercial thinnings and selection har

vests , tend to remove more nutrients from a site over time than a single cut at the

end of a rotation ( Patric and Smith 1975) . Thinnings capture biomass that would

otherwise return nutrients to the soil through mortality and natural decomposition . In

general , any activity that increases the yield from a site will also increase the nutrient

losses from that site . Switzer and others ( 1979) report a generalized trend for south

ern pine forests where each 1 -percent increase in yield produces a 3 -percent

increase in nutrient losses .
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Nutrient Losses

After Harvesting

The nutrient status of a forest site can be markedly altered by forest harvesting. One

change is the removal of nutrients in the harvested timber; other changes are related

to harvesting effects on nutrient cycling. Bormann and Likens (1979) refer to the

period after timber harvesting as a " reorganization phase" of stand development,

during which hydrologic, energetic, and biogeochemical processes may fluctuate

drastically. In undisturbed stands , these processes tend to be relatively constant and

predictable. Changes occurring during this period include reduction or removal of

competition for light, nutrients, and moisture by the trees; changes in the micro

climate; and deposition of large quantities of organic matter that otherwise would be

deposited slowly over time . The measured ecosystem responses to these changes

include increases in streamwater discharge, increases in nutrient concentrations in

leachates moving out of the soil , and increases in the rate of forest- floor decomposi

tion (Bormann and Likens 1979, Covington 1981 , Kimmins and Feller 1976) . Nutrient

losses through leaching are often substantial and can result in either short- or long

term site degradation . Short-term improvements in nutrient availability may also occur

from the breakdown of organic matter in the forest floor or in the slash left on the site .

Reductions in transpiration tend to increase soil moisture. Loss of the canopy also

results in higher soil temperatures that, when combined with increased soil mois

tures, seem to create conditions favorable for increased rates of decomposition,

mineralization, and nitrification on many forest sites. Nitrification produces mobile

nitrate anions that may pair with soil cations such as calcium , potassium , and mag

nesium. Because uptake of nutrients is greatly reduced after harvest, the result may

be a loss of nutrients by leaching . Nitrification may be the primary driving force in

observed nutrient losses after harvesting (Wells and Jorgensen 1979) , or it may

explain only part of the measured loss in cations (Kimmins and Feller 1976) . Other

anions such as the bicarbonate anion , a byproduct of decomposition, may also

contribute to losses from cation leaching ( McColl and Grigal 1979) .

The amounts of nutrients lost to leaching differ considerably depending on forest

types, site characteristics, environmental conditions, and postharvest conditions.

Vitousek and Melillo ( 1979) present a compilation of recorded nitrate losses after

clearcutting. Some sites show almost no increase in nitrate leaving the site in stream

water or by deep leaching ; others show nitrate after harvesting to be 20 times that

found in uncut stands. In general, nitrate losses are apparently greater for deciduous

than for coniferous forests . For coniferous forests in the Pacific Northwest, nitrate

losses after clearcutting are generally 2 to 10 times those of preharvest amounts

(Cole and Gessel 1965, Kimmins and Feller 1976, Sollins and McCorison 1981 ) .

Losses of other nutrients by leaching are usually less than nitrate losses but differ

considerably depending on the site and the ion mobility . Nutrients released through

decomposition and mineralization may simply move from the organic horizons to the

mineral horizons without any appreciable losses. Even on sites where losses by

leaching are high , these losses can still be considered low relative to the losses

attributable to timber removal (Sollins and McCorison 1981 ) .
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If revegetation of the site is rapid, the accelerated leaching losses usually last for

only a few years. Even with immediate revegetation of the site, however, a lag of at

least one year occurs in which more nutrients are mobilized than can be taken up

by the vegetation (Bormann and Likens 1979) . The nutrients released through

decomposition of the forest floor and increased nitrification can enhance the

growth of regeneration on the site . On some sites, such as boreal forests where

decomposition is very slow beneath the forest canopy, exposure of the forest floor is

necessary for maintaining adequate nutrient supplies (Patric and Smith 1975 , Viro

1974 ). If slash is left on the site , it may act as a nutrient sink and release nutrients

slowly as the new stand matures (Covington 1981 ) . Slash can also act to immobilize

nitrogen by increasing the ratio of carbon to nitrogen . Immobilized nitrogen is not

immediately available for plant growth but can act as an important pathway for

preventing leaching losses of nitrogen .

Effects of Burning on

Soil Chemistry

Site preparation can also alter soil chemical properties and, hence , site productivity .

Slash burning is a common site preparation method that can affect soil chemical

properties tremendously. A great deal of controversy is often associated with using

fire because of the wide variety of effects, some of which are definitely detrimental to

site quality and some of which are beneficial .

Fire speeds up decomposition; organic matter that would normally take several

years to decompose is converted to ash, and carbon , nitrogen and other elements

are released as gases. The volatilization of nitrogen during burning can cause sig

nificant losses of total site nitrogen . The amount of nitrogen volatilized depends on

the intensity of the burn and the characteristics of the fuel . At extreme temperatures,

all nitrogen in the fuels will be volatilized ( Boyer and Dell 1980) . Intense wildfires on

some sites can result in nitrogen volatilization losses totaling 60 percent of the site

nitrogen (Grier 1975) . Prescribed burning willgenerally remove a much smaller per

centage of the site total . Kimmins and Feller ( 1976) estimated nitrogen volatilization

losses from slash burning after old -growth harvest at 530 kg /ha. Losses of nitrogen

after second-growth harvests seem to be considerably smaller — about 150 to 300

kg/ha (Grier 1972) . Slash burning would probably be ill advised on sites with very low

total nitrogen reserves. On other sites , volatilization losses may be insignificant .

(

Some elements are also lost as particulates in smoke during burning , but much

more than half of the original biomass supply of mineral elements other than nitrogen

remain on the site as ash (Woodmansee and Wallach 1978) . These nutrients are in

a relatively soluble form and are, thus , more or less available for plant uptake . Their

solubility , however, also increases the chance for losses from surface runoff and

leaching . Temporarily increased concentrations of cations in streamwater after

burning are common ( DeByle and Packer 1972, Kimmins and Feller 1976) . Heavy

rains immediately after burning can result in substantial nutrient losses . Wind erosion

after burning can also cause nutrient losses .

Many researchers report an increase in pH after burning (Boyer and Dell 1980 ,

Nisley 1978 , Woodmansee and Wallach 1978) . The increase in soilpH is usually

short lived in areas of high precipitation , but in areas of low precipitation , elevated

soil pH may last for several years. Increase in soilpH can increase nitrification and

enhance availability of other nutrients . It can also have effects on soil microbial

populations.
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As long as nutrients in the ash are not immediately lost through erosion or leaching,

they become available for plant growth and may increase productivity temporarily. In

boreal forests in Scandinavia where nutrients tend to become immobilized in the

forest floor, burning can improve the plant- available nutrient status of the site for 10

years or more (Viro 1974 ). After burning of a ponderosa pine site, availability of

potassium , phosphorus, calcium, magnesium , sulfur, and nitrogen increased (Nisley

1978 ). Flushes in growth after burning are common in many areas of the world and

are generally attributed to increased solubility and , hence, availability of cations and

to increased rates of nitrification on some sites . This period of increased nutrient

availability may last only a few months or may persist for several years. Increases in

nutrient availability may occur even if substantial loss of total site nutrients occurs .

Burning can also reduce the cation -exchange capacity of the soil for at least a year

from the loss of organic exchange sites (DeBano and others 1979). This loss could

be important on sites where the exchange capacity of the soil is almost entirely in the

organic horizons.

Burning will almost always result in some loss of nutrients , especially nitrogen ,

through volatilization or leaching. Other avenues for nutrient losses from burning can

be minimized by avoiding severe fires and conditions leading to accelerated erosion .

Prescribed burning should be avoided on sites having very shallow , nutrient-poor

soils , on very steep slopes where the erosion potential is great , and on some other

sites where nutrient losses may severely reduce productivity potential. Prescribed

burning is a powerful silvicultural tool that usually has less impact on a site than do

alternative means of accomplishing the same goals . Burning on most sites has little

effect on potential productivity and on many sites will bring about a temporary

increase in site productivity.

Soil Chemical Changes

Caused by Fertilization

Where forest growth is limited by availability of one or more nutrients , fertilization

may increase productivity, at least temporarily. Tree growth responses have been

observed after a variety of chemical and organic fertilizers were applied . Nitrogen is

the nutrient most frequently applied to forest stands , but phosphorus and potassium

are common in some areas. Additions of micronutrients have also produced marked

increases in growth on sites that had deficiencies . Several physical and biological

site factors control the ability of an ecosystem to circulate and supply growth -limiting

mineral nutrients added through fertilization . These factors in large part determine the

magnitude and duration of growth response. Factors influencing fertilizer response

include soil physical, chemical, and biological properties, climatic conditions, species,

age of stand, stocking, form and amount of fertilizer applied , and season of applica

tion . If available moisture or some other factor is the primary growth -limiting factor on

the site, then fertilizing may have little effect. Even if nutrients are known to be

limiting, a growth response does not always occur. Many unknowns still limit our

understanding of nutrient cycling pathways and the long -term impacts of fertilizing on

site quality and potential productivity.
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Additions of elements such as phosphorus, potassium , magnesium, and some of the

micronutrients occasionally produce relatively long -lasting growth responses if condi

tions are such that these nutrients are efficiently cycled in the ecosystem (Ballard

1979 ). Applying nitrogen usually does not raise the potential productivity of the site

and can generally be considered a crop treatment rather than a site treatment (Miller

1981 ) . The observed growth response to nitrogen fertilizers usually lasts between 5

and 10 years (Ballard 1979, Brix 1983, Davey 1968, Peterson 1982, Weetman and

others 1980) . After this period, growth is usually at or near that of controls . The main

effect of nitrogen fertilizer is to shorten the rotation . Long -term impacts on potential

productivity are difficult to assess and probably not common .

The amount of applied nitrogen actually taken up by the trees is estimated to be 10

to 50 percent (Ballard 1979, Cole 1979, Davey 1968 , Otchere Boateng 1979) .

Nitrogen not taken up by the trees may be stored, lost, or immobilized in a variety of

ways. Substantial amounts of nitrogen added as urea can be hydrolized to ammon

ium, which can then replace cations on exchange sites (Cole 1979) . Losses can

occur through leaching if nitrification converts added nitrogen to nitrate ions . Gaseous

losses can occur either through denitrification , the reduction of nitrate to gaseous N ,

or through volatilization of ammonia compounds. Although losses from leaching and

gaseous losses may be substantial under certain conditions, the difference between

nitrogen amounts applied as fertilizer and nitrogen amounts taken up by the trees is

often the result of immobilization. Immobilization is greatest with urea fertilizer,

especially at low dosages (Overrein 1971 ) . With low dosages, a growth response in

the trees may not occur because the added nitrogen is rapidly immobilized by the

soil microbial population (Davey 1968 ). A short - term reduction in growth may occur if

the applied dosage is insufficient to meet requirements of the soil microbes (Miller

and others 1976) .

Additions of nitrogen to the soil can cause loss of cations, which could cause nutrient

imbalances or reductions in soil fertility. Cole ( 1979) reported significant losses of

potassium , calcium, and magnesium after fertilization with urea without any leaching

of nitrate . When increased nitrification occurs from increased soil pH and an abun

dant source of ammonium , it can lead to cation loss through leaching . On nitrogen

deficient sites, however, populations of nitrifiers tend to be low , and a delay is

associated with the buildup of nitrifying bacteria before increased nitrification can

occur (Johnson 1979 ). A buildup of nitrifying bacteria can be beneficial on sites

normally having low rates of nitrification . Weetman and others ( 1980 ) report higher

nitrification rates persisted 15 years after black spruce (Picea mariana ( Mill . ) B.S.P.)

sites in Canada were fertilized .

S

Fertilizing can have still other effects on the site . Balanced fertilizing can be bene

ficial in reducing insect and disease susceptibility ; however, fertilizing with nitrogen

alone can occasionally increase the susceptibility of the stand to insect or disease

attack (Ballard 1979) . Nitrogen fertilizing can also reduce cold and drought hardi

ness ( Ballard 1979 ). One of the greatest dangers is the possibility of creating

nutrient imbalances ( Davey 1968) . Additions of nutrient elements to the soil should

be undertaken with some knowledge of the soil because nutrient amendments can

affect the availability of other elements . Site productivity can be lowered by creation

of nutrient imbalances.

32



Improvements in the nitrogen status of the soil also can be achieved through the use

of nitrogen - fixing plants. These plants have certain advantages over chemical fertil

izers on severely disturbed soils or when stands are very young because the plants

provide steady levels of nitrogen over time and improve the soil through additions of

organic matter (DeBell and Miller 1979) . One drawback to using nitrogen - fixing plants

is that they often compete with the desired tree crop for other growth -limiting factors

such as moisture and other nutrients .

Adding nutrients to the soil is one of the few forest-management activities that can

increase potential productivity. Many questions on the fate of fertilizers after they

have been applied are still unanswered ; the long -term effects of fertilizers on soil

chemical and biological properties are still largely unknown. Fertilizing can often

cause significant increases in growth and productivity, but it can also decrease site

fertility by creating nutrient imbalances or by losing other elements.

Effects of Pollutants on

Soil Chemistry

Increasing attention is being paid to the effects of air pollution on forest growth . Acid

rain in the Northeastern United States is thought to be affecting thousands of acres

of forest land. Most of the studies on acid rain deal with the effects on the trees

themselves. Tamm and Cowling ( 1976) suggest that growth reduction in forest trees

exposed to acid rain is due to several factors including erosion of the cuticle , loss of

stomatal control, necrosis of internal plant cells , alteration of leaf and root exudate

processes, disturbance of normal metabolism , and interference with reproduction .

Many of these conditions increase the susceptibility of the trees to other stress

factors .

Very little work has been done on the long -term effects of acid rain or other air

pollution on soil fertility. As Krug and Frink (1983) point out, separating effects of acid

rain from normal processes of soil acidification accompanying vegetation succession

and soil formation is very difficult. The primary effects of pollutants on soils seem to

be changes in pH, increased availability of certain nutrients such as sulfur and

nitrogen, and changes in the redox state of the soil (Zinke 1980) . These changes in

turn affect soil chemistry and soil microorganisms. Increased additions of nitrogen or

other minerals through pollution sometimes actually enhance plant growth ; on the

other hand , additions of certain heavy metals through fallout from a pollution source

may reach concentrations in the soil that are toxic to plant growth . Concentrations of

heavy metals in the soil around smelters occasionally stop tree growth altogether

(Smith 1981 ) . Even if the source of heavy -metal pollution is eliminated, the time

needed before soil containing toxic concentrations of heavy metals is again able to

support normal vegetation is unknown . Much work remains on the problem of long

term productivity losses or gains associated with air pollution.

Summary
Site productivity is a function of time and a variety of factors related to soil and

climate . These various site factors may be collectively lumped into two categories:

extrinsic and intrinsic . Extrinsic factors are those over which the ecosystem has no

marked influence and include soil parent material , topography, and regional climate .

Intrinsic factors are those influenced by the presence of the ecosystem and process

es occurring within it . Intrinsic site factors include a range of soil -forming processes:

forest influences such as shade , increased humidity , and altered soil water regime ;

nutrient conservation, especially nitrogen ; formation of surface and soil organic

matter; and the effects of water, nutrient , and carbon cycling on site productivity.
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The other important factor influencing ecosystem productivity is time , which may be

considered either in the long or short term. Long-term effects of time include the

processes of soil development and plant succession. Short-term effects include

changes in stand development and recovery after minor disturbance. Development of

a productive soil from raw material can require thousands of years . Changes in site

conditions permitting climax vegetation to become established can take hundreds of

years, and natural reestablishment of a forest after severe site disturbance can

occupy similar intervals . But recovery of former productivity after timber harvest may

take as little as 3 years (Marks and Bormann 1972) .

The relation between productivity and time , extrinsic site factors , vegetation , and

intrinsic site factors is complex and cannot be easily modeled. Except for time , each

is a composite of a large number of factors ranging from plant species to specific

combinations and seasonal patterns of precipitation and air temperature . Extrinsic

factors and vegetation can be considered dependent variables mutually influencing

one another and productivity.

Solar radiation , altitude , slope and aspect , precipitation , and temperature regimes are

essentially the boundaries the forest manager must work within . These boundaries

place upper limits on site productivity no matter what other factors are operating .

Irrigation, for example , may be used to alter site water balance for small areas . But

large scale modifications of the effect of regional climate are generally not economi

cally feasible , at least not now . Land managers interested in maintaining or increas

ing land productivity must focus on managing intrinsic site factors and vegetation .

Managing vegetation has been the primary focus of forest managers in the past , so

considerable research has been done on site preparation, regeneration , spacing and

stocking, and comparisons of even- versus uneven-aged stand management. This

silvicultural research has been of considerable value ; now, forests can usually be

harvested and reliably regenerated with a desirable species using standardized

techniques. Unfortunately, the effects of vegetation management on intrinsic site

factors has received relatively little systematic attention .

Most of the research on management effects on intrinsic site factors has used the

case study approach and focused on narrow , specific questions . For example ,

studies of the effects of clearcutting on nutrient loss from soils have been more

concerned with changes in streamwater quality (Cromack and others 1979 ,

Fredriksen 1971 , Harr 1976, Kimmins and Feller 1976) than in determining the effect

nutrient losses have on site productivity. Studies of slash burning have similarly

focused on changes in soil properties ( Tarrant 1956 , Viro 1969, Wells and others

1979) and nutrient losses ( Cole and others 1975) without determining whether these

changes and losses have any effect on site productivity .
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Studies of forest productivity, on the other hand, have lacked the systematic ap

proach needed to relate productivity to measurable site characteristics. Certainly,

normal or empirical yield tables relate the production of forest products to stand age

and site index. Information of this sort is necessary for managing forests for product

yield , but such information has severe limitations. Site index cannot be reliably deter

mined on a clearcut. In species conversion operations, site index for an existing

species may not represent an equivalent site index for another species. Work such

as that done by Steinbrenner (1979 ), who developed techniques for estimating site

index from measurements of various extrinsic and intrinsic site characteristics, shows

a way around some of these problems. Such techniques are, however, species

specific, fail to deal with the dynamic nature of forest ecosystems, and are based on

observation of past rather than future productivity.

Another problem with earlier productivity studies is their focus. Most studies on forest

management have been extensive in nature and have been concerned primarily with

wood yield rather than total productivity. Granted, the two are often closely corre

lated, but not always. Most studies of net productivity have been intensive and have

had primarily an ecological focus. Such studies have concentrated on ecosystems of

scientific rather than management interest, such as those in the pygmy forests of

coastal northern California (Westman and Whittaker 1975) . The distinction between

these two study emphases is important: The more extensive forest-yield studies

show different volume yields from different species on the same site, and the more

intensive studies of net production indicate that total productivity, within limits, may

be independent of species. Forest yield studies show the production of wood for a

given species on a given site at a given age. Although net productivity also varies

with stand age , measurements of NPP on mature stands may indicate the potential

productivity of the site .

Early attempts to use productivity information to predict forest yields were often

misleading. Yields of forest products from tropical forests tend to fall well below

expectations created by reports of high NPP because litterfall rather than biomass

increment is the dominant component of NPP in tropical forests ( Jordan 1983) .

Although tremendously productive from the standpoint of carbon fixation , tropical

forests may produce wood at low rates. Average wood production in the tropics is

apparently about equal to or slightly less than wood production in temperate zone

forests ( Jordan 1983) . Investments in forest stands should be based not only on the

potential NPP of the site but also on the ability of the site to produce the desired

products.

When attempting to assess the effect of forest management on site productivity, the

researcher almost immediately encounters several obstacles . One is the lack of

consistent, comparable measures of productivity within or among forest regions .

Another is the tendency toward the " case study" approach for determining manage

ment effects on site factors . A third obstacle is the failure of researchers to provide

adequate descriptions of research site characteristics , which makes any comparisons

difficult and subjective . The final obstacle is the lack of attention to the effects of

management practices on site productivity. Notable exceptions to this are thinning

and fertilization research .
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These obstacles have produced a paradox. The literature is full of studies on the

effect of a given forest practice on one or more intrinsic site factors , and literature is

also reasonably well supplied with reports of growth and yield for various site

qualities. But so far, this information has not been brought together.

Present research does suggest certain general trends; for example, a number of

researchers report declines in volume yields from soil compaction by rubber-tired

skidders (see Froehlich 1974 ). Thus we can generalize and say that , typically, use of

rubber - tired skidders will cause reduced volume growth because of soil compaction .

But several perfectly valid questions remain. What degree of compaction causes how

much growth loss? At what time of the year is compaction a problem ? Is compaction

always a problem ? Are some species less sensitive to compaction than others? And

so on . Similar generalities can be made about slash burning , herbicide application ,

fertilizing, site preparation, road and landing construction, thinning and other forest

management practices . Similar questions can be asked of each generality .

Predicting the impact of forest management on site productivity requires information

beyond the site -specific data currently available . A systems-analysis approach with

clearly defined objectives may be the best way to focus on the problem and the

approach best suited to providing the research direction necessary for future studies .

Research

Recommendations

We believe that several questions need to be answered and several potential lines of

research followed to predict management impacts on site productivity. Is productivity

a site characteristic, and as such , more or less independent of species and age?

One way to answer this question is to do ( 1 ) regional surveys of site productivity in

essentially unmanaged stands to obtain baseline information on productivity, and (2)

research on the relation between site productivity and the various extrinsic site

factors. Recent research (described in the "Introduction") indicates that up to 80

percent of the variation in site productivity may be explained by simple regressions

on site water balance or other extrinsic variables . This correlation approach may be a

fruitful direction for new regional research .

The intrinsic site variables having major direct or indirect influence on productivity

must be identified . Soil texture , aeration , nutrient status , and thermal regime seem

likely candidates , but other factors such as litter decomposition rates should not be

overlooked.

Finally, systematic , quantitative research into management impacts on the various

intrinsic site variables is necessary and must be combined with research into the

sensitivity of these factors to management and the sensitivity of productivity to

changes in these variables .

The major elements of the research described should be conducted within the frame

work of systems analysis . The ultimate objective of such research would be a com

puter model that could realistically predict management impacts on productivity. This

model probably would not need the detail attempted in ecosystem modeling by the

United States/International Biological Program (see Reichle 1970) because the

objectives would be different . A model indicating the direction of productivity after

management-increased , decreased , or unchanged—would be a significant first step .
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Conclusions Knowledge about rates of NPP in forested ecosystems of the Unites States is

steadily accumulating. Through the work of researchers using increasingly sophisti

cated techniques, data are being gathered for comparing and cross checking a range

of forest ecosystems. An important next step is to synthesize and integrate these

data to identify trends, limiting factors, and ecosystem characteristics influencing the

magnitude of growth rates. The data must be extended to address problems such as

the shifting of ecosystem dynamics through time .

Although our knowledge of the patterns and characteristics of NPP of forest sites

seem small relative to the number of unknowns that still exist , some aspects of NPP

are well documented .

1. NPP varies with stand development and is highest at the time of canopy closure in

young , newly established stands.

2. In the early stages of stand development, NPP is largely a function of biomass

increment. In later stages of development, NPP may be largely composed of

detrital production .

3. NPP may decline slightly with stand age but will not approach zero until harvest

ing, fire, or some other disturbance removes most of the vegetation .

4. High rates of NPP do not necessarily indicate high yields of forest products. The

relative proportion of detrital production to biomass increment can be an important

factor here .

This regional synthesis of NPP values for forest ecosystems has pointed out areas

where further information is needed . Research efforts should be directed toward

several activities.

1. Gather more information on specific aspects and components of NPP that remain

largely unknown; for example , production of fine roots, loss to herbivores (fungi,

insects ), and effects of seasons.

2. Accumulate more information on forest types that have not been intensively

studied ; for example, southern Rocky Mountains, northeastern coniferous forests ,

and deciduous forests of the Pacific Northwest.

3. When comparing existing NPP data , isolate differences to learn what specific

increments of moisture, temperature, and nutrients result in specific NPP, yields ,

biomass, or other measure of productivity .

4. Collect more detailed data on soils and other environmental elements so NPP can

related to more permanent ecosystem parameters and eventually predictive

equations can be developed .

Regional analysis and predictive modeling of NPP for forest communities are useful

in assessing the ability of these communities to convert sunlight into usable energy.

Data integration will provide baseline data for future comparisons of net primary

productivity in ecosystems influenced by forest-management activities.
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English Equivalents 1 millimeter (mm) = 0.0394 inch

1 centimeter (cm) = 0.3937 inch=

1 cubic centimeter (cm3) = 0.0610 cubic inch

1 meter (m) = 39.37 inches or 3.2808 feet

1 square meter (m2) = 10.7639 square feet3

1 gram (g) = 0.035274 ounce (avdp.)

1 hectare (ha) = 2.471 acres

1 kilogram (kg) = 2.2046 pounds

1 metric ton (t) = 2,204.6 pounds

1 metric ton per hectare (t/ha ) = 893 pounds per acre
3

°C = (° F - 32)/1.8=
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Edgerton , Paul J. 1989. Productivity of forests of the United States and its

relation to soil and site factors and management practices : a review. Gen.

Tech . Rep. PNW-GTR-222 . Portland , OR : U.S. Department of Agriculture ,

Forest Service, Pacific Northwest Research Station . 51 p.

Data on net primary biological productivity of United States forests are sum

marized by geographic region . Site factors influencing productivity are reviewed .

This paper is a review of existing literature in the productivity of various forest

regions of the United States , the influence of site factors on forest productivity ,

and the impact of various forest -management practices on site productivity.
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Abstract McHugh, Paul; Olson , Douglas; Schallau, Con ; Lindall, Scott; Akhavi-Pour,

Hossein ; Maki, Wilbur. 1989. Alaska IPASS database preparation manual. Gen.

Tech . Rep. PNW-GTR-233. Portland, OR : U.S. Department of Agriculture, Forest

Service, Pacific Northwest Research Station . 79 p.

Describes the data , their sources , and the calibration procedures used in compiling a

database for the Alaska IPASS (interactive policy analysis simulation system) model .

Although this manual is for Alaska , it provides generic instructions for analysts prepar

ing databases for other geographical areas.
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Chapter 1. Introduction

The purpose of this manual is to help users of IPASS (interactive policy analysis

simulation system) gather and format the socioeconomic data needed to run IPASS,

and to understand the sources and limitations of the data used in the model. Al

though this manual describes the preparation of a database for Alaska with the

IPASS model, it should be a valuable guide for developing databases for other areas.

The IPASS model is a dynamic, recursive socioeconomic simulation model with a

regional input-output table as its core module . Demand for a region's goods and

services drives the model. At the same time , however, output is constrained by the

availability of capital and labor. Employment and labor supply , in turn , affect the

simulated demographic structure of the region.

Users need to be familiar with the publication “ IPASS: An Interactive Policy Analysis

Simulation System " (Olson and others 1984) , which is referred to in the rest of this

paper as 'the IPASS user manual.”

Readers who plan to use this data preparation manual in depth — that is , to compile

or modify an IPASS database — will probably wish to refer to the "IPASS Technical

Manual , " which describes the workings of IPASS in detail. It may be obtained by

writing to one of the following:

Douglas C. Olson

Pacific Northwest

Research Station

Forestry Sciences

Laboratory

3200 Jefferson Way

Corvallis, OR 97331

Professor Wilbur Maki

Department of Agricultural

and Applied Economics

231 Classroom Office Building

University of Minnesota

St. Paul , MN 55108
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Organization of This

Manual

Chapter 2 provides an overview of the IPASS database . It explains the "book

keeping" parameters used in the database and some special IPASS conventions

such as subscripts, rate-of -change parameters , special sectors , and so on . It is

important to read chapter 2 before reading the rest of the manual .

Chapters 3 through 9 correspond to the various “modules " (each module requires

related groups of variables) into which IPASS may be conceptually divided . Each

chapter lists and defines items from the database that are used in that module, then

discusses their data sources and possible derivation methods.

Chapter 10 discusses procedures for validation of the data collected and calibration

of the resulting simulation model .

Appendix 1 is a glossary of the variables and parameters contained in the IPASS

database . The process of data "resectoring" is discussed in appendix 2. Appendix 3

gives the computer-readable format of the database .

The Alaska IPASS

Database

The IPASS requires users to compile a database of about 100 socioeconomic para

meters and variables pertaining to the region under study .

Data items used in the IPASS model and database can be divided into two cate

gories: parameters , which ordinarily do not change during the course of a simulation ,

and variables, which do change in value with each year of the simulation .

Data Sources Nearly all the data sources cited in this manual are agencies of the Federal or State

governments . Sometimes Federal and State data overlap considerably. For example ,

regional employment and earnings data are available from both State and Federal

agencies . Users may find it advantageous to draw on both sources in preparing their

estimates .

Sometimes, the only available data are national averages . (One important example is

the production-capital -to -output ratio , CAPPRRI . ) Users should remember that these

national data may or may not reflect actual conditions in the study region . National

average data , therefore , are best seen as a starting point . Such data may be modi

fied before or during calibration , based on the analyst's judgment and any region

specific data available .

A final caution in regard to government data : Although this manual emphasizes

published data sources , readers should not be misled into neglecting the much

greater quantity of unpublished material. Within the limitations of disclosure regula

tions and staff time , State and Federal agencies are often able and willing to provide

access to highly usefulunpublished data . "Ifyou don't see it,ask !” should be the

motto of the IPASS database builder.
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A significant portion of the Alaska IPASS database is derived from the Alaska

IMPLAN ( interindustry model for planning) input/output ( 1/0) table (see Siverts and

others ( 1983) for a description of the IMPLAN software ). In this manual, we assume

that users have an I/O table obtained either from the USDA Forest Service IMPLAN

system or from some other source. We do not describe how I/O tables are derived .

Unless noted otherwise, the term “ I/O table” refers specifically to the regional input/

ouput transactions table.

We assume the user's I /O table contains final demand vectors for regional exports;

personal consumption expenditure; gross private capital formation ; change in busi

ness inventories; and Federal, State , and local administrative government (excluding

government enterprise agencies) purchases. We also assume that the table includes

rows for what are referred to in this manual as " primary inputs"; that is , regional im

ports and the components of value added. The latter consist of employee earnings,

indirect business taxes, and " other value added " ( direct business taxes, depreciation

allowance, dividends, and retained earnings) .

In creating a new transactions table , the user needs to decide on the number and

definition of the industrial sectors and occupational groups to be used in the model.

These choices should be guided by the nature of the region's economy, availability

of data, and the purposes for which IPASS will be used . The IPASS software can

accept as many as 75 input/output sectors and nine occupational groups.

No data , published or unpublished , are available for some parameters in the

database—most notably , some of the annual-rate -of-change parameters. Instead,

such parameters are initially either set to zero or estimated subjectively, based on

informed opinions or the analyst's best guess. These values can then be adjusted

during the calibration of the model. ("Calibration ," discussed in chapter 10, is the

process of adjusting values of various data items so that the resulting simulation is

more or less consistent with historical data for the time between the base year and

the present .)

Physical Format

of the Database

The IPASS model reads data from a computer file . Appendix 3 shows the precise

order and column-by-column layout of each item . The items are divided into 25

" format groups."
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Chapter 2. IPASS Conventions

This chapter discusses the special "bookkeeping" parameters used by IPASS. It also

explains certain conventions of IPASS notation and terminology and some of its

special features . Familiarity with this chapter is essential to understanding the rest of

the manual.

Bookkeeping

Parameters

The IPASS database includes several parameters that are not used in calculations

but do serve as a framework for the rest of the model :

2.1 NAMER The first 10 characters of the name of the region .

2.2 NAMER1 The rest of the name of the region (as many as

10 characters ).

2.3 IYEAR The base year of the simulation that is , the year

of record for the variables in the database.

2.4 NIS The number of industrial sectors (NIS) to be

modeled; may not exceed 75 .

2.5 NOC The number of occupational groups (occupations)

to be modeled ; must be a minimum of 6 and a

maximum of 9 .

The name given to each industrial sector i ; INDUSN2.6 INDUSNI

may not exceed 10 characters .

5



2.7 NOCUP1; The first 6 characters of the name given to

occupational group j .

2.8 NOCUP2; The rest of the name given to occupational

group i (as many as 6 more characters ).

Subscripts Used in

This Manual

A variety of subscripts are used with the variables and parameters discussed in this

manual .

The years for which the simulation is run are denoted with a subscript t . By IPASS

convention , the most recently completed year of simulation is denoted by “ 4 ," the

previous year by '4-1 ," and the current year by 4 + 1 . " Also by convention , t = 0 for the

base year of the simulation , t = 1 for the 1st year , and so on.

=

3

Industrial sector is denoted by i and sometimes also by k . The subscripts j and

sometimes m are used for occupational groups. The subscript representing age, a ,

ranges from 1 to 66 , where a = 1 corresponds to age 0-1 , 2 to age 1-2 , ... , 64 to

ages 64-65 , and 65 to ages 65 and above. ( Note that a is greater by 1 than the

chronological age of each age class . ) Some variables are divided into age groups,

with a subscript of g . Sex is subscripted as s . Finally , certain parameters are allowed

to range across four or five time intervals, denoted by v .

"M1" Variables A number of IPASS variables represent last year's value of some variable. All of

these contain the identifier "M1," for current year minus one , in their name.

Other Conventions .

All variables and parameters refer specifically to the study region unless other

wise defined .

.

All monetary variables not otherwise specified are expressed in thousand dollars

($1,000) .

.

" Census " is used in this manual as shorthand for the decennial census of popu

lation .

Rates-of-Change Certain parameters in the database represent the expected annual rate of change for

particular variables . These rates of change are represented as fractional increases ( if

negative , fractional decreases) in the related variable . The rate of change parameters

are used by IPASS in the following manner (where VAR is the associated variable

and v stands for the appropriate time interval):

VARt+ 1 = VAR: * ( 1 + RATE -OF-CHANGEv) .

This means that variable VAR will change at a compound annual rate equal to the

specified rate of change . Most rates of change in IPASS must be estimated from

published projections for the variable involved . Given projected values of VAR for

years to to tn , the following formula for estimating rate of change may be used :

RATE-OF-CHANGE (to to tn ) = { [tn-to] th root of (VAR (tn ) /VAR (to ) ] } – 1
-

=
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For example, if data for VAR were available for 1977 and 1980 , the rate of change

would be equal to the cube root of(VAR1980 / VAR1977), minus 1. For most States,

published estimates or projections for an annual rate - of-change for use in the data

base are not available and must be derived from other sources. For example, in the

Alaska model, growth projections to the year 2030 (U.S. Department of Commerce

1986 ) were initially used and then were modified during the calibration phase (see

chapter 10) .

Sector " NIS " The highest numbered industrial sector in the model, NIS, represents the admini

strative activities of Federal, State, and local governments. It is unlike the other

sectors in that administrative government is a nonproduction sector, and hence is

exogenous to the I/ O table . Because it is mainly unaffected by market forces, it is

handled separately.

Throughout this manual, for all data items subscripted by an industrial sector code,

the value for the NISth sector should be set equal to zero , except where explicitly

noted .

Format of the

Description

The format for description of the IPASS variables and parameters derived from

published sources is :

Variable or parameter name

Data

Procedure : compilation and derivation procedure or both

Identity: the equation used to formulate the variable or parameter

7





Chapter 3. Investment Module

This module simulates the annual investment decisions by regional industries on

replacement and expansion of their capital stocks. The IPASS model constrains

these decisions based on the current and accumulated retained earnings of each

sector.

Data Requirements The following components of the investment module are described in this chapter:

Variables: Parameters:

3.17 PCHCOR;

3.18 INVLMAI

3.19 INVLMCI

3.1 Xi

3.2 XM1 ;

3.3 XD;

3.4 XS

3.5 XLi

3.6 XTOT;

3.7 PRCAP:

3.8 PACAP

3.9 CAPPRRI

3.10 CAPPAR;

3.11 DEPRPRI

3.12 DEPRPA

3.13 EINVPR;

3.14 EINVPA

3.15 RINVPRi

3.16 RINVPA;

$



Variables :Data Sources and

Derivation Methods

3.1 Xi Regional gross output for the base year , for each industrial sector i :

Data : Obtained from the gross output column of the Alaska

IMPLAN I /O transactions table (Siverts and others

1983 ) . See 6.1 for agriculture and fisheries.

Procedure : XNIS , by IPASS convention , is set equal to the earnings

of employees in sector NIS ( EARNNIS) .

3.2 XM11 Regional gross output for the year before the base or the current

year, for each sector i :

Data : See Xi (3.1 ) .

Procedure : In the absence of data for XM1 , data may be

approximated by setting them to either Xi or kXi , where

k is close to (and probably less than) 1.0 (for example ,

0.97 of 1982 Xi ) . Data may be adjusted as needed

when the model is calibrated .

3.3 XD; Gross output required to meet final demand , for each sector i :

Procedure: We assume that demand is being met by Xi . So

demand is initially set equal to Xi .

3.4 XS Maximum gross output given current capital stocks , for each sector i :

Procedure: Output capacity is a function of the output demanded

the previous year , which we assume is initially 97 per

cent of the current year's output . Also we assume that

capacity is triggered when output demanded is 80 per

cent of capacity . Therefore , set XS; equal to

( XD; * 0.97)/0.80 .

3.5 XLi Maximum gross output , given current labor force constraints for

each sector i :

Procedure: Set equal to Xi for the base year.

3.6 XTOT
Total regional gross output for all sectors :

Procedure : This variable is the sum of Xi ( 3.1 ) for all sectors .
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3.7 PRCAP Production capital stock , for each sector i :

lori :
Data : Production capital/output ratio derived for parameter

CAPPRR (3.9) .

Alaska gross output capacity (XSi) for the State (3.4) .ka

5

nings

Procedure: The national production capitaloutputratio was

multiplied by Alaska output data for each industry. The

resulting number is production capital stock for each

Alaska industry. Units are in thousand dollars.

it
Identity: PRCAP; = CAPPRR; * XSi.

3.8 PACAP Pollution - abatement capital stock , for each sector i :

Data : Pollution abatement capital/output ratio derived for

parameter CAPPAR (3.10) .

Alaska gross output capacity (XSi) for the State (3.4) .here

ple,

Procedure: The national pollution abatement capitaloutput ratio

was multiplied by Alaska output capacity for each

industry. The resulting number is pollution abatement

capital stock for each Alaska industry. Units are in

thousand dollars .

Identity: PACAP; = CAPPAR; * XSi.

wtori: 3.9 CAPPRR; Production capital/output ratio at full capacity, for each sector i:

Data :
ed

per

Chat

U.S. gross private capital stocks for plant and equip

ment (U.S. Department of Commerce 1985c) . U.S.

gross output data (U.S. Department of Labor 1986 ).

Der

Procedure : The data were for 75 Alaska sectors. Nonmanufacturing

data were not available for 1981 and 1982, so the 1980

value for each industry was inflated to 1981 and 1982

values by a U.S. output deflator.

For 1979 to 1982 , total U.S. gross stocks were divided

by U.S. output for each year. The lowest value from the

period was selected for each industry to represent its

full capacity capital/output ratio .

Identity : CAPPRR; = U.S. private gross stocksi / USGO .
3

11



3.10 CAPPARi Pollution-abatement capital/output ratio at full capacity , for each

sector i :

Data: U.S. pollution abatement gross capital stocks for plant

and equipment (U.S. Department of Commerce 1985d) .

U.S. output data ( U.S. Department of Labor 1986) .

Procedure : The data were resectored to 75 Alaska sectors .

Nonmanufacturing pollution abatement data are not

available . Pollution abatement capital for manufacturing

was estimated by use of data from two articles: “ Plant

and Equipment Expenditures by Business for Pollution

Abatement, 1981 and Planned 1982 " (Woodward

1982 ) ; “ Plant and Equipment Expenditures by Business

for Pollution Abatement , 1973-80 and Planned 1981"

( Rutledge and O'Conner 1981 ) .

The ratio of pollution abatement capital stock to pri

vate capital stock was derived for nonmanufacturing

industries. This ratio was then applied to the U.S.

pollution abatement gross stock data for nonmanu

facturing for 1979 to 1982. The result was an estimate

of pollution capital for the missing nonmanufacturing

sectors .

For 1979 to 1982 , total pollution abatement capital

stocks were divided by U.S. output for each year. The

lowest value was selected for each industry, repre

senting full capacity pollution abatement capital/output .

The U.S. ratio was applied to the Alaska sectors .

Identity : CAPPARI = U.S. pollution abatement gross

stocksi/USGO .

3.11 DEPRPR; Depreciation rate for production capital , expressed as a fraction of

gross output , for each sector i :

Data : U.S. Department of Commerce ( 1985e ) .

Procedure : Data from 1979 to 1982 were used . Replacement

investment capital was divided by U.S. gross output

for the previous year . The average for the period for

each industry was calculated . The average depreciation

rate formed the capital depreciation parameter.

Identity : DEPRPR; = replacement investmenti ( t ) / USGOi( t - 1 ) .

12



3.12 DEPRPA; Depreciation rate for pollution - abatement capital is expressed as a

fraction of the product of gross output for each sector i :

Data :ant

350) .

U.S. Department of Commerce (1985e) , U.S. Depart

ment of Labor (1986 ).

ning

int

ion

Procedure : The data were resectored to 75 Alaska sectors by use

of a LOTUS conversion program . Nonmanufacturing

pollution abatement data are not available . Data from

the period 1979 to 1982 were used. Replacement

investment for pollution -abatement capital was divided

by U.S. gross output for the previous year. The average

for the period for each manufacturing industry was

calculated. The average depreciation rate formed the

capital depreciation parameter.

less

Identity (for manufacturing sectors ):

1 DEPRPRI = replacement investmenti(t) / USGOi(t- 1).

Because there are no data on depreciation of pollution

abatement equipment for nonmanufacturing sectors,

we assume that it depreciates at the same rate as

production equipment for these sectors. Therefore,

DEPRPA; = DEPRPR; * PACAP /PRCAPi.

ate

3.13 EINVPRi Expansion investment in production capital, for each sector i :

he

Procedure: This variable is set equal to zero .

ut

3.14 EINVPA; Expansion investment in pollution - abatement capital , for each

sector i :

Procedure : This variable is set equal to zero .

í 3.15 RINVPRi Replacement investment in production capital , for each sector i :

Procedure: This variable is set equal to zero .

3.16 RINVPA Replacement investment in pollution abatement capital , for each

sector i :

Procedure: This variable is set equal to zero .

Ton

Parameters:

3.17 PCHCOR; Annual rate of change in CAPPRRi :

Procedure : This parameter currently is not used and is set to zero .

13



3.18 INVLMA; Liquidity preference—that is , investment limit for accumulated net

business income ( retained earnings) , expressed as the fraction

reinvested , for each sector i :

Procedure : The value for this parameter , before calibration , is

0.5 for all sectors except NIS .

3.19 INVLMCI Investment leverage ratio ; represents the investment limit for current

net business income , expressed as a multiple of net business

income , for each sector i :

Procedure : The precalibration value for this coefficient is 12 for all

sectors except NIS .

NOTE : INVLMAI and INVLMC; are used by IPASS to determine the

maximum capital available for investment , as follows :

*

( Maximum capital investment) i , t = (NBUSINC. , t *

INVLMA; ) + (ACNETBl1,4 * INVLMC ; ) .

NBUSINCI, (which does not appear in the database) is simulated

net ( after tax ) business income plus depreciation from year t .

ACNETBli, tis accumulated net business income over time (retained

earnings) . ACNETBli, t can become negative to account for debt

incurred for capital expenditures.

14
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Chapter 4. Final Demand Module4

All the components of final demand are derived by this subsystem . All components

are summed to obtain total final demand by sector. The total final demand is the key

input to the production module ( chapter 5) .
jed

&

Data Requirements The following components of the final demand module are described in this chapter:

Variables: Parameters :

4.19 GROWTHRiv

4.20 REGMKSRI

4.21 BINCHRI

4.22 PIDITR

4.23 PCER

4.24 ELASINI

4.25 INVMATK,

4.1 USGO

4.2 REGMKS;

4.3 EXPORT

4.4 EXPORTT

4.5 BINCH

4.6 BINCHT

4.7 PCE

4.8 PCESUBT

4.9 PCET

4.10 PCETM1

4.11 FGOVE

4.12 FGOVET

4.13 SGOVE

4.14 SGOVET

4.15 GPCF

4.16 GPCFT

4.17 FD

4.18 FDT

15



Variables:Data Sources and

Derivation Methods

4.1 USGO; U.S. gross output for each industrial sector i :

Data : U.S. Department of Labor ( 1986) , U.S. Department of

Commerce (1984 ) .

Procedure: 155 - sector tabulation should be converted to Alaska

75 sectors. USGO for the last or NIS sector (admini

strative government) must be obtained separately . By

IPASS convention , gross output of the NIS sector is

equated to the NIS sector earnings . Government

earnings were obtained from unpublished Regional

Economic Information System (REIS) data .

4.2 REGMKS; Regional market share for each sector i :

Data : Alaska exports from Alaska 1/O ; USGO (4.1 ) .

Procedure : The national gross output data should be converted to

75 Alaska sectors . Alaska exports are then divided by

national gross output .

Identity : REGMKS; = EXPORT; / USGO;.

4.3 EXPORT Exports from the study region, including final purchases by all firms ,

tourists , and other entities not residing within the study region , for

each sector i :

Data: Obtained from the export column of the Alaska

IMPLAN I /O model .

4.4 EXPORTT Total exports for all sectors :

Procedure : This is the total of EXPORT; for all i .

4.5 BINCHI Business inventory change for each sector i :

Data : Obtained from the change in business inventory ( sales

and purchases) columns of the Alaska IMPLAN 1 /O

model .

4.6 BINCHT
Total business inventory change for all sectors :

Procedure : Add the vector of business inventory change , BINCHI .
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4.7 PCE Personal consumption expenditure for the output of each sector i :

Data : Obtained from the personal consumption expenditure

( PCE or household) columns of the Alaska IMPLAN

I/ O model.

o
f

4.8 PCESUBT Total personal consumption expenditure for outputs of industries in

the region:

c
oа

Hi

Ву

S

Procedure : This variable is the total of PCE; for sectors 1 to NIS .

(See also PCET . )

4.9 PCET Total personal consumption expenditure , base year:

Procedure: This variable is obtained from the PCE column of the

transactions table . It includes imports, and other

primary inputs that are not included in PCESUBT.

4.10 PCETM1 Total personal consumption expenditure for the year before the

base or current year:ito

by

Procedure : This variable may be approximated by the value of

PCET * 0.97.

4.11 FGOVEi Federal Government purchases from regional industry i :

ms,

or Data : This variable is obtained from the Federal Government

expenditures column of the Alaska IMPLAN I/O model .

4.12 FGOVET Total Federal Government purchases from regional industries :

Data : FGOVEi (4.11 )

Procedure : Add FGOVE; for all sectors.

4.13 SGOVE
State and local government purchases from regional industry i:

Data : Obtained from Alaska IMPLAN I/O model .

ales 4.14 SGOVET Total State and local government purchases from regional industries :

Procedure : This variable is the total of SGOVE; for all sectors .

4.15 GPCF Gross private capital formation ; that is , the amount of each sector's

output that is purchased as investment capital by other industries

in the region :

I

Hi.

Data : This is the gross private capital formation column of

the Alaska IMPLAN I/O model.

17



4.16 GPCFT Total gross private capital formation , all sectors :

Procedure : This variable is the total of GPCF for all sectors .

4.17 FD ; Final demand for each sector i :

Procedure : This variable is the sum of all final demand vectors

( BINCHI , EXPORTI, PCE , FGOVE , SGOVEi , and

GPCFi) for each sector .

4.18 FDT Total final demand , all sectors :

Procedure : This variable is the total of FD; for all sectors .

Parameters :

4.19

GROWTHRi,v Annual growth rate for USGO , for each sector i , for

time intervals (V) 1970-79 , 1980-84 , 1985-89 , and 1990+ :1

Data : U.S. Department of Labor ( 1986) .

Procedure : The rate of growth for four time periods was estimated

based on the formula :

Identity : At+ n = At ( 1 + rog)", where rog = rate of growth.
=

4.20

REGMKSR Annual rate of change in REGMKS , for each sector i :

Data : U.S. Department of Commerce ( 1986 ) .

Procedure : U.S. and Alaska employment data were obtained from

BEA ( Bureau of Economic Analysis) . The rate of

change in employment was calculated for both the

United States and Alaska for : 1973-78 , 1978-83 ,

1983-90 , 1990-95 , 1995-2035 . Data for some sectors

that were not disclosed were estimated from REIS data .

The rate of change of regional market share for Alaska

was derived by subtracting the rate of change in

employment in the United States from the rate of

change in employment in Alaska .

Identity : REGMKSRi = annual rate of change in employment

in Alaska minus annual rate of change of employment

in the United States for each industry i .

18



4.21 BINCHRi Ratio of business inventory to gross output for each industrial sector:

Data : U.S. Department of Commerce (1985a) .

Procedure : The business inventory data and BLS (Bureau of

Labor Statistics) gross output data were converted to

the 75 Alaska sectors . We assume that to produce a

given output an industry must have a certain inventory

of parts on hand . With a change in output the change

in business inventory is a proportional amount repre

sented by the ratio ( for each sector i ) : BINCHR; = BEA

business inventoryi / BLS U.S. gross outputi.

4.22 PIDITR Ratio of disposable income to personal income:

Data : U.S. Department of Commerce (1984, 1985a) .

Procedure : Average ratio for the years 1982-85.

4.23 PCER Ratio of personal consumption expenditure to disposable income:

Data : U.S. Department of Commerce ( 1984, 1985a ).

Procedure: Average ratio for the years 1982-85 .

4.24 ELASINI Income elasticity of demand for each sector i :

Data : From the Alaska IMPLAN I/O model.

Procedure: The personal expenditure data should be converted

to 75 Alaska sectors. The data are then normalized by

dividing personal consumption expenditure by the

number of households in each income class .

The income elasticity of demand is created by dividing

the percentage change in per capita expenditure for

each industry by the percentage change between the

average income of each income class - low , medium ,

and high , which we set at $5,500, $20,306, and

$ 40,000, respectively, for 1982.

Identity : { ( PCEM - PCEIL) / [ (PCEM + PCEIL) / 2]} /

{ (AVE INCIM - AVE INCIL) /

[(AVE INCİM + AVE INCIL) / 2]} .

The same identity was calculated for medium income

to high income classes . The average between the

low -to -medium class and the medium-to- high class

was used for the final IPASS parameter.
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4.25 INVMATK, Investment matrix , representing the fraction of sector k capital

purchases supplied by capital-goods- producing sector i :

Data: U.S. Department of Commerce, Bureau of Economic

Analysis ( 1980) . The BEA investment matrix has 77

columns of capital -goods -purchasing industries , and

either 155 or 43 rows of capital -goods -producing

industries (depending on which version is used) .

Procedure: A three-step procedure was used , as follows :

Step 1 is to calculate the fraction that each element

of an industry's vector of purchases from capital

producing industries represents of total capital

purchases by that industry.

Step 2 is to adjust the new matrix to reflect the

absence or underrepresentation of specific capital

goods-producing industries in the region (that is , how

much is imported ). This is done by multiplying each

row by the appropriate location quotient ( LQ) , subject

to the constraint that LQ is less than or equal to 1 .

Step 3 requires the converting of the result in step 2

to adapt the table to Alaska sectoring , which in this

case is a matrix of 74 by 74 .

NOTE : The 1977 BEA investment matrix , and the 1982

location quotient for each study region , were used .
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Chapter 5. Production and Regional

Output Module

The production and regional output modules can be viewed as the hub or pivot point

of IPASS . They translate the final demands calculated by the first three modules into

a vector of gross output , from which employment and population are derived. They

also constrain gross output according to the capacity of the region's capital stock .

Data Requirements The only database item introduced in the production module is the Leontief matrix,

also called the [ 1 -A1-' or inverse matrix . This matrix is derived mathematically from

the regional 1/0 table . It yields the vector of estimated gross output , (Xi] , when multi

plied by the vector of total final demand , [FDk] ; that is ,

(LEMATI , k] (FDk] = [Xi) .

The Leontief inverse matrix is discussed further in the IPASS user manual (Olson

and others 1984) and in Miernyk ( 1965 ) .

For the best approximation of the interindustry transaction matrix and final demand

vectors , IMPLAN data were modified (for example , Alaska industry - specific data

series for gross output and primary inputs were introduced ). A staff person from the

Alaska Department of Labor , Research and Analysis Section — who had access to

nondisclosable earnings and employment data-assisted in the development of the

Alaska IMPLAN transaction tables .
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The income payments for primary inputs-namely , indirect business taxes , proprie

torial income , and property income — were adjusted to the new gross output values

and IMPLAN ratios. In addition , the final demands were converted from commodity

demands to industry demands by multiplying the vectors of final demands by the

market share matrix (the make -coefficient matrix , where the sum of the column is

equal to one ( 1 ) as opposed to the by-products matrix where the sum of the row

equals one ( 1 ) ) . The I /O model was then rebalanced so that the sum of industry

outlay equaled the sum of output .

The final adjustment involved internalizing truck , water, and air transportation activ

ities to reflect the higher transportation costs of doing business in Alaska . One -third

of IMPLAN exports for truck , water , and air transportation was redistributed to Alaska

origins .

5.1 LEMATIK The Leontief inverse matrix :

Data : Alaska IMPLAN transaction matrix .

(
Procedure : This matrix was derived by the Leontief inversion of

the modified IMPLAN VO transactions matrix .

NOTE : LEMAT does not include the administrative government

sector (sector NIS) ; that is , its dimensions are ( NIS- 1 ) by ( NIS- 1 ) .

Da
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Chapter 6. Employment Module

This module calculates employment demanded and earnings by sector, as well as

total government employment. It is closely linked with the labor force module (chap

ter 7) .

Data Requirements Variables: Parameters :

6.11 OUTPHWRI,V

6.12 HRWPWR;

6.13 WKWPYRİ

6.14 RSGEMP

6.15 RFCEMP

6.1 EMPLOY

6.2 EMPLOYT

6.3 OUTPWKI

6.4 HRWPW;

6.5 WKWPY

6.6 HRWPY;

6.7 OUTPHW;

6.8 SGEMP

6.9 FCEMP

6.10 FMEMP
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Variables :Data Sources and

Derivation Methods

6.1 EMPLOY Employment for each sector i :

Data : Alaska Department of Labor ( 1985) .

U.S. Department of Labor ( 1986) ; data for the com

mercial fish harvesting industry cover wage and salary

earners only ; therefore , employment and earnings

impacts willbe conservative. Employment estimates

for the agricultural sectors ( IMPLAN I/O sectors 1-23)

were derived from Alaska 1 /O ratios of employment to

gross output .

6.2 EMPLOYT Total employment for all sectors :

Procedure : This variable is the total of the EMPLOY; vector.

6.3 OUTPWK Annual output per worker for each sector i :

Data : Xi (3.1 ) .

EMPLOY ( 6.1 ) .

Procedure : Convert output data from thousands of dollars to

dollars by multiplying by 1,000 , then divide converted

output by employment.

Identity : OUTPWK; = Xi * 1000 / EMPLOY .=

6.4 HRWPW; Hours worked per week per worker for each sector i :

Data : Alaska Department of Labor ( 1982a) .

Procedure : The hours -worked -per-week data were disaggregated

to 75 Alaska sectors .

6.5 WKWPY Weeks worked per year per worker for each sector i :

Data : Assumed 52 weeks per year , including vacation .

6.6 HRWPY; Hours worked per year per worker for each sector i :

Data : Hours worked per week (HWRPW) , weeks worked

per year (WKWPY) .

Procedure : Multiply hours worked per week by weeks worked

per year.

Identity : HRWPY ; = HWRPW; * WKWPY .

2
4



6.7 OUTPHW; Gross output per hour worked , for each sector i :

Data : Output-per-worker data are from OUTPWK ; hours

worked -per-year data are from HRWPY.

Procedure: Divide output per worker by hours worked per year.

Identity : OUTPHWi = OUTPWKI / HRWPY;.

6.8 SGEMP State and local administrative -government employment:

Data : Alaska Department of Labor ( 1982b) .

6.9 FCEMP Federal civilian administrative -Government employment:

Data: Alaska Department of Labor ( 1982b) .

6.10 FMEMP Federal military (that is , noncivilian ) employment:

Data : U.S. Department of Commerce (1984) .

Parameters:

6.11

OUTPHWRi ,v Annual rate of change in OUTPHW ; for time period v ( 1970-79,

1980-84, 1985-89, 1990-94 , 1995+) :

Data : U.S. Department of Labor ( 1986) .

Procedure: Annual rate of growth for time intervals, v , can be

estimated for the output and hours of work of the

employed work force by using the annual rate of

change calculation from chapter 2 .

Identity : OUTPHWRi.v = (OUTPHW1,11 / OUTPHW1,t0)[1/(11-10))– 1 ;to ]
where

to is the beginning year and 11 is the end year of time

period v .

6.12

HRWPWR Annual rate of change in HRWPW;:

Data : This parameter is set equal to zero .
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6.13

WKWPYRI Annual rate of change in WKWPYi :

Data : This parameter is set equal to zero until calibration , at

which time it ( and/or HRWPWRi , immediately above )

may be given nonzero values as needed to adjust

overall HRWPY .

6.14 RSGEMP Annual rate of change in SGEMP:

Procedure : RSGEMP is initially set equal to zero .

6.15 RFCEMP Annual rate of change in FCEMP:

Procedure: RFCEMP is initially set equal to zero .
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Chapter 7. Labor Force Module

The chief function of the labor force module is to model the interaction between the

demand for and the supply of available workers by occupational category. It serves

as a bridge between the employment and population modules.

Data Requirements
Variables: Parameters :

7.16 LFPARMRg,v

7.17 LFPARFRg.v

7.18 OCUPij

7.19 RCONINR;

7.20 RCOMOTR;

7.21 INMIGR

7.22 OTMIGR;

7.1 LFPARME

7.2 LFPARFg

7.3 LBFAGEGE

7.4 LBFT

7.5 LBFOCUR;

7.6 EMPLOYS

7.7 EMPLOYD

7.8 UNEMP;

7.9 UNEMPT

7.10 COMIN;

7.11 COMOUT;

7.12 COMINR;

7.13 COMOUTR;

7.14 INMIGOC

7.15 OTMIGOC;
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Variables :Data Sources and

Derivation Methods

7.1 LFPARF, Female labor force participation rates for 12 age groups , subscripted

" g ":

Data : Labor force data , U.S. Department of Commerce ,

Bureau of the Census ( 1983a) , POPFa (8.2 ) .

Procedure : Female labor force by age was grouped into 12 IPASS

age classes as follows : 0-13 , 14-15 , 16-17 , 18-19 ,

20-24 , 25-29, 30-34, 35-44, 45-54, 55-59 , 60-64 , and

65+ . The labor force participation rate was then

estimated for each age group as a ratio of labor force

to population.

Identity : LFPARFg = female labor force for age group g /sum

of POPFa of 1 -year age classes ( a) corresponding to

age group g.

7.2 LFPARME Male labor force participation rates :

Data : Labor force data , U.S. Department of Commerce,

Bureau of the Census (1983a) , POPMa (8.1 ) .

Procedure : Male labor force by age was grouped into 12 Alaska

IPASS age classes as follows : 0-13 , 14-15 , 16-17 ,

18-19 , 20-24, 25-29 , 30-34, 35-44, 45-54 , 55-59 , 60-64,

and 65+ . The labor force participation rate was then

estimated for each age group as a ratio of labor force

to population .

Identity : LFPARM = male labor force for age group g/sum

of POPMa of 1 -year age classes ( a ) corresponding to

age group g .

7.3 LBFAGEGg Number in labor force , male and female , by age group g , as defined

for LFPARFg and LFPARMg above :

Data :
LFPARFg ( 7.1 ) , LFPARMg (7.2 ) , POPMa (8.1 ) , and

POPFa (8.2 ) .

Procedure : LBFAGEGg = summation of a = first to last year of=

age classg [(LFPARMg* POPMa) + ( LFPARFg * POPFa) ] .

7.4 LBFT
Total number of persons in the labor force :

Data : LBFAGEGg ( 7.3 ) .

Procedure : LBFT = summation of g = 1 through 12 LBFAGEGg .
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7.5 LBFOCUR; Fraction of total labor force represented by each occupation j :

Data: U.S. Department of Commerce, Bureau of the

Census ( 1983c) , LBFT (7.4) .

Identity : LBFOCUR; = labor force in occupational group j / LBFT.
t

1

1

7.6 EMPLOYS; Employment supplied , by occupation j :

Data : LBFT (7.4 ) , LBFOCURj (7.5) , COMIN; ( 7.10) , and

COMOUT; (7.11 ) .

Identity :

*

EMPLOYSj (regional labor force, by occupational

group j ) = LBFT * LBFOCURj + (COMIN; - COMOUTH),

where

COMIN; and COMOUTj are the number of incommuters

and outcommuters, respectively , by occupation j .

7.7 EMPLOYD; Employment demanded , by occupation j :

Data ; Xi (3.1 ) , OUTPWK; (6.3) , and OCUPij (7.18) , the

industry by occupation matrix — that is , the proportion

of occupation j required by each sector i .

Procedure : Calculation based on current employment by industry

and the occupational matrix OCUPij, 7.18 below.

Identity :
=

EMPLOYD; = summation i = 1 to NIS of EMPWFD; **

OCUPij,

where

EMPWFDi = ( Xi * 1000 ) / OUTPWKI .
=

7.8 UNEMP; Unemployment by occupation j :

Data :
EMPLOYSj (7.6) and EMPLOYD; ( 7.7 ) .

Identity : UNEMP; = EMPLOYS; - EMPLOYDj .
=

7.9 UNEMPT Total regional unemployment :

Data : UNEMP; ( 7.8 ) .

Procedure : This variable is the total of the UNEMP; vector.

7.10 COMIN; Number of incommuters by occupation j :

Data : Assumed to be zero for Alaska .
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7.11 COMOUT Number of outcommuters by occupation ;

Data : Assumed to be zero for Alaska .

7.12 COMINR; Fraction of otherwise -vacant jobs filled by incommuters , by

occupation j :

Data : Assumed to be zero for Alaska .

7.13

COMOUTR; Fraction of those otherwise unemployed who commute to jobs

outside the region , by occupation j :

Data : Assumed to be zero for Alaska .

7.14 INMIGOC Number of inmigrants by occupation j :

Data : Set equal to zero for the base year.

7.15

OTMIGOC Number of outmigrants by occupation j :

Data : Set equal to zero for the base year.

Parameters :

7.16

LFPARFRg. Annual rate of change in LFPARFg during time intervals (v )

1970-80 , 1981-85 , 1986-90 , and 1990+:

Data : U.S. Department of Labor , Bureau of Labor

Statistics ( 1979 ) .

7.17

LFPARMRg.v Annual rate of change in LFPARMg :

Data : Same source as for 7.16 .

7.18 OCUPj Industry -occupation matrix ; that is , the fraction of employment for

each industry i supplied by members of occupation j :

Data : U.S. Department of Commerce , Bureau of the

Census ( 1983c) .

Procedure : The census occupation profile was aggregated to eight

Alaska IPASS occupation categories : managerial ,

professional , technician , service , operatives , clerical ,

sales , and farm . The 75 Alaska industry sectors were

derived from Census of Population sectors . Finally ,

each row entry was divided by the row total .
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7.19

RCOMINR Annual rate of change in COMINR; and

7.20

RCOMOTR Annual rate of change in COMOTRj :

Data : These rates of change may be set to zero in the

absence of judgmental estimates and adjusted during

model calibration .

7.21 INMIGR; Fraction of any unfilled jobs ( net of those filled by incommuters)

that will be filled by inmigrants in the coming year, by occupation j :

Data : Initially set at 1.0 , then adjusted during the calibration

of the model .

.22 OTMIGR; Fraction of any unemployed workers ( net of those who outcommute)

migrating out of the region during the coming year , by occupation j :

Data : Initially set at 0.10 and then adjusted during the

calibration of the model .
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Chapter 8. Population Module8

This module models the changes in each of the region's age-sex cohorts because of

birth, death, and inmigration and outmigration. Migration forms the link with the labor

force module and thus with the regional economy. Demographic changes, in turn ,

affect next year's economy.

Data Requirements Variables : Parameters :

8.1 POPMa

8.2 POPFa

8.3 POPMT

8.4 POPFT

8.5 POPT

8.6 POPTM1

8.7 FERTILYa

8.8 NMIGDISa,s

8.9 RMIGDISas

8.10 NEMDEPR

8.11 REMDEPR

8.12 INMIGMA

8.13 INMIGFA

8.14 OUTMIGMA

8.15 OUTMIGFA

8.16 ACFERTYa,y

8.17 MFBIRTR

8.18 DEATHRMa

8.19 DEATHRFA

8.20 NMIGDIRas

8.21 RMIGDIRas

8.22 RNEMDEP

8.23 RREMDEP

8.24 CORTMVFa

8.25 CORTMVMa
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Variables :Data Sources and

Derivation Methods

8.1 POPMa Male population, subdivided into sixty -six 1 -year age classes

(age 0-1 , 1-2 , ... , 64-65 , and 65+) :

Data : Alaska Department of Labor ( 1987) .

Procedure : The population data by age and gender are available

from the above -mentioned publication for age classes

less than 1 year to 85 and older . The male population

was divided into sixty -six 1 -year age classes .

8.2 POPFA Female population, subdivided as is POPMa:

Data :
Alaska Department of Labor ( 1987) .

Procedure : The population data by age and gender is available

from the above -mentioned publication for age class

of less than 1 to 85 and older. The female population

was subdivided into sixty - six 1 -year age classes

(age 0-1 , 1-2 , ... , 65+) .

8.3 POPMT Total male population:

Data : POPMa (8.1 ) .

Procedure: Total of POPMa for all ages.

8.4 POPFT Total female population:

Data : POPFa (8.2 ) .

Procedure: Total of POPFa for all ages .

8.5 POPT Total population , base or current year :

Data : POPMT (8.3) and POPFT (8.4) .

Procedure : Total of POPMT and POPFT.

8.6 POPTM1 Total population for the year before the base or current year :

Data : Alaska Department of Labor ( 1987 ) .

Procedure: Total of all age classes ( male + female ) for previous

year.
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8.7 FERTILYa Fertility rate in births per thousand females , by sixty-six 1 -year age

classes :

Data : Alaska Department of Labor ( 1986) .

Procedure: The data are births per thousand women and are

published in 5-year age classes from ages 10 to 49.

The parameter was created by applying the 5-year

age class to the 1 -year age classes required for IPASS.

ble

es

ion

8.8

NMIGDISа, Age -sex distribution of any net inmigrants from outside the study area :s

Data : U.S. Department of Commerce, Bureau of the Census

( 1972 , 1984) .

!

on

Procedure: The 1970 data are available for in -and-out migration

by males and females for 5-year age classes . Data are

also available for total in -and -out migration for 1980 by

age class ; however, the data sources do not break

down migration between males and females. Because

the 1980 migration data are not classified by sex , esti

mates were derived from 1980 gross totals by age and

1970 distributions by age and sex ; that is , the 1970

data were used to distribute 1980 total migration by

sex and age classes .

Ratios representing the age-class distributions for

1970 were created by dividing each age class by the

total for male and female inmigrants forming an age

sex distribution . The differential between male and

female migration distribution was then calculated .

The next step was to get an estimate of 1980 migra

tion patterns. The same distribution procedure was

applied to the 1980 migration data to create total

migration distribution by age. The 1970 differential

between male and female inmigrants was then applied

to the 1980 total migration distribution data . The result

is a breakdown of inmigration to Alaska by age and

sex classes for 1980 .

NOTE : The total of all the fractional components — that is , age class

by sex - is equal to 1 .

3
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8.9

RMIGDISa, s Age-sex distribution of net outmigrants from the region :

Data :
U.S. Department of Commerce (1972) ; U.S. Depart

ment of Commerce, Bureau of the Census (1984) .

Procedure : This procedure is similar to 8.8 . Again, because the

1980 migration data are not classified by sex , estimates

were derived from 1980 gross totals by age and 1970

distributions by age and sex ; that is , the 1970 data

were used in distributing 1980 total migration by sex

and age classes . Ratios representing the age-class

distributions for 1970 were created by dividing each

age class by the total for male and female inmigrants

forming an age-sex distribution . The differential between

male and female migration distribution was then

calculated.

The 1980 outmigration distribution by age was formed

by dividing each column entry by the column total. The

1970 differential between male and female outmigrant

distribution was applied to the 1980 total migration

distribution by age to form a 1980 migration distribution

by age and sex . The 1980 migration distribution by

5-year age classes was then disaggregated into sixty

six 1 -year age classes .

NOTE : The sum of all the fractional components — that

is , age class by sex - is equal to 1 .

8.10

NEMDEPR
National employee dependent rate ; that is , the average population

per member of the U.S. labor force age 20 or older:

Data: U.S. Department of Commerce, Bureau of the Census

( 1983b) .

Procedure: Total U.S. population was divided by total U.S. labor

force age 20 and older.

Identity : Total U.S. population /total U.S. labor force age 20+ .
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8.11

REMDEPR Regional employee dependent rate :

Data :Depart

1984).

U.S. Department of Commerce, Bureau of the Census

( 1983a) ; Alaska Department of Labor ( 1987) .

Procedure : Total Alaska population was divided by total Alaska

labor force age 20 and older.

use the

' , estimates

ind 1970

) data

by sex

-class

Identity : REMDEPR = Alaska population / Alaska labor force

age 20+.

y each 8.12 INMIGMa Number of male inmigrants, by 1 -year age classes:

nigrants

al between

en

Data: Alaska Department of Labor ( 1985) .

Procedure: The total number of inmigrating males for 1982 was

multiplied by the vector of age distribution to create a

vector of male inmigrants.

Identity :
s

formed

otal. The

migrant

ition

stribution

INMIGMa = number of male inmigrants * NMIGDISA

( male) .

8.13 INMIGFa The number of female inmigrants by 1 -year age classes :
n by

sixty

Data : Alaska Department of Labor ( 1985) .

s — that
Procedure : The total number of inmigrating females for 1982 was

multiplied by the vector of age distribution to create a

vector of female inmigrants.

Identity :
ulation

INMIGFa = number of female inmigrants * NMIGDISA

(female) .

Cens
us

8.14

OUTMIGMA Number of outmigrating males , by 1 -year age classes :

Data : Alaska Department of Labor ( 1985) .
abor

Procedure : The total number of outmigrating males was multiplied

by the vector of age distribution to create a vector of

male outmigrants .
0+.

Identity : OUTMIGMa = number of male outmigrants + RMIGDISA

( male) .
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8.15

OUTMIGFA The number of outmigrating females :

Data : Alaska Department of Labor ( 1985 ) .

1

1
Procedure : The total number of outmigrating females was multi

plied by the vector of age distribution to create a vector

of female outmigrants .

Identity : OUTMIGFa = number of female outmigrants

* RMIGDISa(female) .

Parameters :

8.16

ACFERTYay Annual rate of change in the fertility rate (FERTILY ) by 1 -year age

classes over time intervals , 1970-79 , 1980-84 , 1985-89 , and 1990+ :

Data: Alaska Department of Labor ( 1986) .

Procedure : Projections are available for 1970 to 2000 by year and

by 5-year age classes . The parameter was created by

using the standard rate of change equation . There are

sixty -six 1 -year age classes . Age class 1 represents

less than 1 year , and age class 66 represents age

65 years and older.

Identity :
-1

(

ACFERTYa ,v = ( FERTILYa (11 ) / FERTILYa (0)] [ 1 /( 11-10 ) ) - 1;

where

to is the beginning year and t1 the ending year of time

interval v.

8.17 MFBIRTR Ratio of male births to total births:

i

Data : 1

U.S. Department of Health and Human Services,

Public Health Service ( 1987a ) .

!

Procedure : Male births for Alaska was divided by total Alaska births.

Identity : MFBIRTR = male births / total births.
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8.18

DEATHRMa Male death rates, per capita , by 1 -year age classes :

Data : U.S. Department of Health and Human Services,

Public Health Service (1987b) , Alaska Department of

Labor ( 1987 ).
multi

a vector

Procedure: Overall deaths for males for 1982 obtained from data

source were in 10-year age classes .

Population data came from the Alaska population

projections and were available by 1 -year age classes

for 1982. The number of deaths was divided by the

total number of people in each age class. The result

was a per-capita death rate for each 10-year age class

( less than 1 year and 1 to 4 years were separate from

the 10-year breakdown). The death rate was disaggre

gated to 1 -year age classes based on the 10-year

figure. The age classes in the data set are 1 to 66;

1 is less than 1 year and 66 is 65 years and older.

ar age

1990+ .

ar and

Identity : DEATHRMa = male deathsa / male populationa.
led by

re are

ents

ge

8.19

DEATHRFa Female death rate by 1 -year age classes :

Data :

21-40)] _1;

U.S. Department of Health and Human Services,

Public Health Service ( 1987b) , Alaska Department of

Labor (1987) .

time

Procedure: Overall deaths for females for 1982 obtained from data

source were in 10-year age classes .

birth
s

Population data came from the Alaska population

projections and were available by 1 -year age classes

for 1982. The number of deaths was divided by the

total number of people in each age class . The result

was a per-capita death rate for each 10-year age class

( less than 1 year and 1 to 4 years were separate from

the 10-year breakdown) . The death rate was disaggre

gated to 1 -year age classes based on the 10-year

figure . The age classes in the data set are 1 to 66 ;

1 is less than 1 year and 66 is 65 years and older.

Identity : DEATHRFa = female deathsa / female populationa .

3
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8.20

NMIGDIRas Annual rate of change in NMIGDISa, s and

8.21

RMIGDIRas Annual rate of change in RMIGDISas:

1

Procedure: These parameters were set equal to zero and may be

adjusted during calibration .
1

1

8.22

RNEMDEP Annual rate of change in NEMDEPR and

8.23

RREMDEP Annual rate of change in REMDEPR :

Procedure : These rates of change were set equal to zero and

may be adjusted during the calibration .

CI

9

8.24

CORTMVMa The proportion of each of the region's male cohorts, by single-year

age class , which moves in (+) or out ( - ) of the region for reasons

other than job availability ( for example, college , retirement, lack of

information on job availability , or the region's attractiveness) and

8.25

CORTMVFA Same as CORTMVMa for females :

Data

Procedure: These parameters were set equal to zero and may be

adjusted during calibration as needed .

Data

Deriv
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Chapter 9. Value Added Module

ingle-year

reasons

nt, lack of

SS) and

The value added module estimates input/output " primary inputs "—imports, wage and

salary payments, business taxes , and net business income .

Data Requirements
Variables: Parameters :

dmay be

9.1 IMPORT

9.2 BUSTAXR

9.3 ACNETBli

9.4 EARNI

9.5 EARNT

9.6 EARPWK;

9.7 NBUSINCi

9.8 VALADRI

9.9 REGIMPR

9.10 IBTRI

9.11 PCHITRI

9.12 EARPWKRIV

9.13 PIEARNR

9.14 UNCOMPR

9.15 TRANPR

9.16 PROPINR

9.17 PIT

9.18 PITM1

Variables :
Data Sources and

Derivation Methods

9.1 IMPORT (Gross) import from outside the region , by industrial sector i :

Data : Data obtained from Alaska IMPLAN model. See

Siverts and others ( 1983) .
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9.2 BUSTAXR Ratio of business income taxes to pretax business income , for each

sector i :

Data :
U.S. Department of the Treasury, Internal Revenue

Service ( 1981 ) , Alaska Department of Revenue ( 1984 ) .

Procedure : Data were obtained for number of returns , net taxable

income, foreign credits , and income taxes paid after

credit for the United States . The average net income

per return was calculated as well as the average

income tax paid after credit (foreign tax credit was

added back into taxes paid) for each return . The

income tax rate for Alaska was applied to the average

income per return to get an estimate of Alaska taxes

per firm . Alaska uses a progressive corporate income

tax structure that was introduced in 1981. In addition ,

the State uses apportionment and , for multistate or

multinational firms , taxes only the portion of a firm's

income that is derived from operations within Alaska .

In approximating the rate structure for Alaska, data

from the Alaska Department of Revenue were used .

This information included total Alaska net taxable

income and total taxes paid by industry. The Alaska

tax rate then was calculated by dividing total taxes

paid by sector by total income of firms showing net

taxable income for 1982. This information approximates

the average tax rates faced by different industries

under the apportionment scheme. The data were then

disaggregated to 75 Alaska sectors .

The ratio was calculated by dividing total corporate

income taxes paid by total pretax income.

Identity : BUSTAXR; = total taxes paid ; / total incomei .

NOTE : BUSTAXR ; includes both State and Federal income tax .

9.3 ACNETBli Accumulated net business income after taxes , including depreciation

allowances , minus funds already leveraged for investment , by

industrial sector i :

Procedure: This variable was set equal to zero before calibration .

( This implicitly assumes that all sectors are at equilib

rium with respect to the tradeoff between liquid and

fixed assets . This assumption could be relaxed during

calibration . )
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9.4 EARNI Employee earnings, by sector i:

Data : This variable comes from the earnings data provided

by the Alaska Department of Labor. Data for the com

mercial fish harvesting industry cover wage and salary

earners only . Therefore, the impact of earnings will be

conservative. Earnings for commercial fish harvesting

were calculated by assuming that the average crew

person worked 4.2 months and earned an average of

$9,000 . This translates to total annual earnings of

about $214 million . For agricultural sectors , earnings

were derived from gross output by use of Alaska

IMPLAN ratios of earnings to gross output .

9.5 EARNT Total employee wage and salary earnings :

Procedure : Sum EARN; for all sectors .

9.6 EARPWK; Average earnings per worker, by sector i :

Data : EARN; (9.4 ) and EMPLOY: (6.1 ) .

Procedure: Divide total earnings by total employment (units in

dollars) .

Identity : EARPWK; = (EARN; * 1000) / EMPLOY;.

9.7 NBUSINCI Current net business income after taxes , including depreciation

allowances, by industrial sector i :

Procedure: This variable is set equal to zero .

Parameters :

9.8 VALADRI Value added /output ratio , by sector i :

Data : Total value added is obtained from the Alaska

IMPLAN model (see Siverts and others 1983) . Xi (3.1 ) .

Procedure : Divide value added by gross output for each sector i .

Identity : VALADRi = (total value added) i / Xi .

The opportunity exists to modify IMPLAN value- added

parameters by using gross state product data pro

duced by the U.S. Department of Commerce, Bureau

of Economic Analysis ( 1988) .
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9.9 REGIMPRi Ratio of regional imports to gross output , by sector i :

Data : IMPORT (9.1 ) and Xi (3.1 ) .

Procedure: Divide regional imports by output for each sector i .

Identity : REGIMPR; = IMPORT; / Xi .

9.10 IBTRI Ratio of indirect business taxes to gross output , by sector i :

Data : Indirect business taxes are obtained from the IMPLAN

model (Siverts and others 1983) . Xi (3.1 ) .

Procedure : Divide indirect business taxes by regional gross output .

Identity : IBTRi = ( indirect business taxes) ; / Xi .
=

9.11 PCHITRI Annual rate of change in BUSTAXR;:

Procedure : This variable is set equal to zero .

9.12

EARPWKRi,v Annual rate of change in earnings per worker, including sector NIS

for time period v ( 1970-79 , 1980-84, 1985-89 , 1990-95 , 1995+) :

Data : U.S. Department of Commerce ( 1986) .

Procedure : Alaska data were obtained from BEA . The rate of

change in employment was calculated for Alaska for

each time period v . Because of disclosure problems

in the Alaska OBERS database , estimates for missing

sectors were derived from REIS data ( U.S. Department

of Commerce 1984 ) .

Earnings per worker were calculated for each period by

dividing earnings by employment.

The rate of change in earnings per worker for Alaska

was derived by the usual rate of change equation

described in chapter 2 .

Identity :
=

EARPWK ; = ( EARN; * 1000) / EMPLOY :

then

EARPWKR41,v =

( EARPWK11 / EARPWK10)(1/(11 – to)) - 1;

where

t0 is the beginning year and 11 the ending year of time

period v .
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9.13 PII ARNR Personal income/earnings ratio :

Data : U.S. Department of Commerce (1984) .

)ri Identity : PIEARNR = PIT / EARNT.

Procedure : Personal income divided by earnings gives the

PIEARNR variable .

9.14

UNCOMPR
PLAN Ratio of unemployment compensation payments to earnings :

Procedure : NOT USED - set to zero .

output

9.15 TRANPR Ratio of transfer payments to earnings :

Procedure : NOT USED — set to zero .

9.16 PROPINR Ratio of proprietors' income to earnings:

Procedure : NOT USED - set to zero .

9.17 PIT Total personal income for the base year:
NIS

-) :
Data : U.S. Department of Commerce (1984 ).

9.18 PITM1 Total personal income for the year before the base year:

U.S. Department of Commerce (1984) .
Data :

for
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t
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=ka

time
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Chapter 10. Model Calibration and Validation

Procedures

This chapter describes general steps involved in calibrating and validating an

IPASS database . " Calibration " is the process of modifying the database so that the

simulation -generated values of key socioeconomic variables are acceptably close to

their actual historical values ( if available) and/or third party forecasts over a given

period of time . This period of time , which extends from the model's base year to the

most recent year for which data are available, is the "baseline" period. Parameters

and rates of change that allow simulation of the baseline period can be used in

estimating future values when there are no third -party forecasts .

1

Because no two regions are alike , to spellout the process of calibration in " cook

book " form is not possible . Rather, the principles laid out in this chapter are to be

viewed as guidelines .

Preliminaries 1. Why calibration ? A user new to IPASS might understandably wonder why his or

her painstakingly constructed database would need more than a small amount of fine

tuning . There are several reasons.

Trends based on national data were used to estimate some of the variables and

parameters . Examples might include key parameters such as CAPPRRI , OCUPij,

and INVMATki; and some of the rate -of-change parameters such as EARPWKRI ,

OUTPHWRI , LFPARM ( F) Rg . Other variables (for example , POPM ( F)a and LFPARMg)

ordinarily must be estimated by interpolating or extrapolating from decennial census

data . A structural change in the economy might negate the usefulness of past trends

for forecasting.
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1

Even if all the historical data for the base year itself were completely accurate , cer

tain key parameters cannot be accurately estimated until the calibration stage . These

parameters embody regional trends that are not easily derived from available data .

(One important example is REGMKSRi , the rate of change in regional market share . )

The IPASS model is flexible enough to allow incorporation of almost any of a region's

idiosyncrasies into the simulation . As calibration proceeds , various parameters will be

"massaged" to bring the simulation into better agreement with recorded history.

Through this process , the user inevitably gains a better understanding of the region

and its unique socioeconomic features . Furthermore , the regional trends thereby

incorporated into the database serve to improve the realism of simulations that

extend into the future .

1

It is important to stress that the user's goal is not to try to force the simulation to

match the year-to -year fluctuations in value added , employment , and so forth. What

is called for is simply a reasonably close match with the overall historical trends and

projections .

Initia

Calib

2. Baseline data. An essential preliminary step is to gather as much year-by- year ,

detailed historical data for the baseline period as is reasonably possible ; ideally ,

regional data for gross output , gross product , earnings , employment , unemployment ,

and population , and conceivably others the user might have a particular interest in .

Finding published data for all these variables for a given region would be unusual ,

however.

Gross output data are generally difficult to obtain for years other than those in which

the various economic censuses (for example , Census of Manufactures) are con

ducted . Production data are sometimes available at the State level for some indus

tries, however , particularly resource sectors such as agriculture , minerals , logging ,

and fisheries. These data may be presented as " value of sales " or " value of ship

ments . " These values , however , are approximations because gross output repre

sents production that may not always be sold or shipped the year it is manufactured ,

and shipments may come from inventories .

For the sectors for which gross output data are not generally available , gross re

gional product (GRP) data-if available—are a good second choice for calibration .

The GRP data are the same as value added ( except when GRP is defined to include

income from sites outside the region — that is , gross domestic product) , so it would be

used to calibrate simulated value added .

Finally , employee earnings are a major and , generally , a fairly stable component of

value added and , therefore , can be used when GRP is not available .

1

Technical Tips
.

1

1. Using IPASS Special Programming Options. During calibration , the user often

needs to know about the changing values of variables not found in any of the display

tables . One way to obtain this information is to have IPASS save a complete , up

dated database for one or more years of the simulation ( see question 17 in appendix

E of the IPASS user manual ) . A simpler way of getting specific information about vari

ables , however , is to use the " special IPASS programming" options referred to on

pages 39-50 of the IPASS user manual ( Olson and others 1984 ) .

1
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2. Using IPASS to modify an existing database (the zero -years simulation ). A

special feature of IPASS allows it to be used as a tool for modifying a database. The

first step is to invoke the parameter-change feature of IPASS by answering " Yes" to

question 5 , " Do you want to modify the original database?" (Question numbers here

refer to the flowchart on pages 65-69 of the user manual . ) For help on how to use

the parameter -change feature , see pages 50-54 of the user manual.region's

rs will be

ry

region

eby

et

Once the desired parameter changes have been made, question 7 : "How many years

do you want to simulate ? " needs to be answered with " 0 " (zero )-hence, the phrase

" zero -years simulation ." This will cause IPASS to skip to question 16. To save the

modified database, answer "Yes" to question 17, "Save database for future use?"

and then specify a new name for the new database when prompted by IPASS .

ato

What

Js and

Initial Steps in

Calibration

1. The initial simulation . The first step in the calibration process is to conduct an

IPASS simulation with the new database. This should cover several years and most,

if not all , of the display tables . There are two purposes for this initial simulation .

The first is to find data - entry errors . These are often obvious from a review of the

data tables.
year,

ly,

yment

est in.

sual,

Figure 1 illustrates this type of error and is the first of a series of examples in this

chapter based on the southeast Alaska region. In this example , the database value

added ratio for "other gov" (VALADRNIS) was inadvertently set to zero . As a result,

base-year value added for sector 75 (sector NIS) shows up as zero in figure 1. Even

more glaring is the negative value for other value added for that sector (IPASS

computes other value added by deducting earnings from value added) .which

on

ndus

ging

hip

re

Missing or extra lines in the database will also show up at this stage. A missing line

will cause IPASS to return an "EOF (end of file ) encountered " error message. Extra

lines will usually cause gross errors in the simulation .

cture
d

MITERMEDIATE PURCHASES , IMPORTS , AND VALUE ADDED INDICATORS OF SPECIFIED SECTORS ,

SOUTHEASTERN ALASKA 1977 .

SECTOR VALUE ADDED

110 .

INTERMEDIATE

PURCHASESNAME EARNINGS OTHER TOTAL IMPORTS

re

tion.

inclu
de

ould be

1

2

3

1

( THOU )

0 .

0 .

5 .

( THOU )

0 .

0 .

1 .

DAIRY & POUL

MEAT ANIML

GRAINS

OTHER CROT

M SERV

FORESTRY

FISHERY

( THOU )

0 .

0 .

0 .

0 .

225 .

635 .

4971 .

( THOU )

0 .

0 .

1 .

1 .

412 .

570 .

34190 .

( THOU )

0 .

0 .

4 .

5 .

674 .

10818 .

50000 .

6 . 1 .

1086 .

11415 .

84190 .

477 .

1970 .

21310 .7

73

ent of
ST & LOC Eur

SCPAP

OTHER GOV

TOTAL,

5356 .

43 .

182040 .

399870 .

5109 . 1511 .

0 .

-191539 .

9920 .

0 .

4673 .

1038 .0 .

181539 .

442581 . 158094

0 .

600675 .

0 .

206315 .

Figure 1-Spurious value-added-to -output ratio (caused by

improper data entry) generates an inconsistent total for value

added for the "other gov“ sector.
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Besides revealing typographical errors , the initial simulation will help a user check for

internal consistency within the database . Variables to check for consistency between

the database and the base-year display-table values (fig . 1 ) include EMPLOYDj (em

ployment demanded) , EMPLOYS; ( employment supplied ) , UNEMP; (unemployment ) ,

and the " totals ” variables . Sharp differences between base -year and year-one values

can also signal inconsistencies . One important example of the latter problem involves

GPCFi , as discussed below .

2. Reconciling GPCF and INVMAT. The GPCF ( gross private capital formation)

vector in the database is from the Alaska IPASS IMPLAN model. For all years after

the base year , however, simulated GPCF is the product of the vector of projected

total investment and INVMAT (investment matrix from Bureau of Labor Statistics

sources). The data from the two sources must be reconciled . For sectors with large

discrepancies in GPCF between the base year and the first year of simulation , the

corresponding column(s) of INVMAT may be increased or decreased . The analyst

may also choose to modify base-year GPCF; by shifting some of the GPCF dollars to

(or from) another component of final demand , such as EXPORTI . The analyst must

decide which method produces the more realistic portrayal of the region . If there is

no clear rationale either way , discrepancies in GPCF may be handled by allocating

half the difference to GPCF and half to INVMAT.

The following examples illustrate two ways of handling differences in GPCF (figs . 2

and 3 ) .

Example 1 : A typical case . For sector 51 , the “Truck Transportation" sector , there is

no basis for preferring the base-year value for GPCF to its simulated value for the

first year.

In this situation , the best approach to reconciling the two values is to divide the differ

ence between them equally . Accordingly, both GPCF51 and column 51 of INVMAT

will be adjusted so that simulated GPCF for both 1977 and 1978 will equal its aver

age value over the two years — that is , 195 .9

In addition , another component of final demand must be adjusted to offset the

change in GPCF so that total final demand remains constant . Here , exports were

adjusted . This , in turn , also necessitated a small adjustment to REGMKS51 .

GPCF before adjustment GPCF after adjustment

Sector 1977 1978 1977 1978

51 Truck Tran

52 Water Tran

50

176

341

20

195

176

194

176

Figure 2-Gross private capital formation for southeastern

Alaska for selected sectors , before and after GPCF

reconcilement
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DO YOU WANT TO MODIFY THE ORIGINAL DATA BASE ?

( YES OR NO)

Y

WHAT PARAMETERS DO YOU WANT TO MODIFY ?

TYPE UP TO TEN NUMBERS ( 1.120 )

19,17,2,117,4

HOW DO YOU WANT TO MODIFY

19 GROSS PRIVATE CAPITAL FORMATION ( FIXED )

1,51,1 , -146

SECTOR 51 , 1 WAS 348.70000 IS ...

0

194.70000

HOW DO YOU WANT TO MODIFY

17 INVESTMENT MATRIX

6,51,292 .

SECTOR 1,51 WAS

SECTOR 2,51 WAS

SECTOR 3,51 WAS

SECTOR 4,51 WAS

SECTOR 5,51 WAS

SECTOR 6,51 WAS

SECTOR 7,51 WAS

.00128

.00128

.00288

.00288

.00095

.00077

.00077

IS

IS

IS

IS

IS

IS

IS

.00581

.00581

.00784

.00784

.00372

.00308

.00308

WAS ...SECTOR 73,51

SECTOR 74,51

SECTOR 75,51

.00062

.00000

.00000

IS

ISWAS

WAS

.00242

.00000

.00000IS ..

0

HOW DO YOU WANT TO MODIFY

2 REGIONAL EXPORTS

1,51,1,146 .

SECTOR 51 , 1 WAS

0

1681.20000 IS ... 1827.20000

HOW DO YOU WANT TO MODIFY

117 REQUIRED OUTPUT OF FINAL DEMAND

1,51,1.8.1

SECTOR 51 , 1 11879.32300

0

WAS ... IS 11887.42300

HOW DO YOU WANT TO MODIFY

4 REGIONAL MARKET SHARE

1,51,1 , .00005862

SECTOR 51 , 1 WAS

0

.00005 IS ... .00006

DO YOU WANT TO MAKE ANY OTHER PARAMETER MODIFICATIONS ?

(YES OF NO)

N

HOW MANY YEARS DO YOU WANT TO SIMULATE ?

0

YEAR 1977 HAS BEEN REACHED

DO YOU WANT TO SEE THE NEW DATA TABLES ?

( YES OR NOI

N

SAVE 1977 DATA BASE FOR FUTURE USE ?

Y

UNDER WHAT FILE NAME DO YOU WANT TO SAVE THE DATA?

THE NEW DATA BASE HAS BEEN SAVED UNDER THE NAME

IP77NEX8

PURGE IT WHEN YOU NO LONGER NEED IT BY TYPING

PURGE , 1P77Ex8

CONTINUE SIMULATION ?

N

IT HAS SEEN A PLEASURE TO WORK WITH YOU ,

HAVE A NICE DAY

Figure 3—Using the parameter change option to increase

purchase of sector 51 for GPCF by 292 percent.
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The various adjustments required are summarized in general form below . Values for

sector 51 are given in parentheses . Figure 3 shows how these changes to the ex

ample database were made by use of the IPASS parameter change feature . Their

effect on the simulation can be seen in figure 2 .

Define ADJ = (GPCF1.0=0 - GPCF ,c= 1)/ 2. ( Example 1 : ADJ = (50 - 341 ) /2 = -146. )

Database variables are then adjusted as follows :

( a ) Add ADJ to GPCFi .

(b ) Subtract ADJ from EXPORTi .

(c ) Recalculate REGMKS; = REGMKS;- ADJ;/ USGO;.

(d ) Change column i of INVMAT by a percentage corresponding to the fraction -ADJ

I GPCFi , t = 1 . ( Example 1 : 146/50 = 292 percent.)

Example 2 : A special case . At times the analyst may have a rationale for regarding

either base-year GPCFi or GPCF; for a subsequent year as correct . For example , the

GPCF vector from the IMPLAN 1/0 table may be more representative of the region

than is INVMAT, which is derived from national data .

Just the reverse happens with water transportation ( sector 52) . GPCF52 is much

larger in year 1 than in the base year . Water transportation in the southeast Alaska

region is known to be proportionately much more important in the study region than

in the United States . This provides a clear rationale for choosing the larger ( 1978)

value .

The needed adjustments are thus :

( a ) Set base -year GPCF; equal to GPCFit= 1. ( Example 2 : 196 in place of 20. )

( b) No change to INVMAT.

(c ) Change EXPORT; as needed to offset the change in GPCFi.

( Example 2 : 20 – 196 = -176 . )

(d ) Adjust REGMKS; for consistency with adjusted EXPORT ( see example 1 ) .

Calibrating Key

Variables

Calculated values of certain variables determine the values of other variables in a set

sequence of cause and effect . For example , levels of gross output determine the

desired level of employment that provokes inmigration or outmigration . To calibrate

the simulation that is , to adjust certain parameters or variables to bring simulated

values into rough alignment with the desired projected values is , therefore , neces

sary. This is accomplished one variable at a time and in the approximate order of its

computation by IPASS .

The recommended order of calibration is :

1. Gross output or , if it is not available , its proxies - value added and earnings .

2. Employment .
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ex

heir

3. Earnings (if not used as a proxy for gross output) .

4. Population.

5. Labor force and unemployment.

36. )

The sequence of calibration is iterative, but the recommended order is such that

changes in succeeding variables have the least possible impact on preceding
variables .

The analyst's objective will influence the calibration process. An investigation of em

ployment trends , for example , would not require as rigorous a calibration of GPCF as

would an analysis of investment trends . Finally , keep in mind that it will always be

possible to force the model to achieve more precision . The point at which the user

should stop calibration is mainly a matter of judgment.

-ADJ

1

ding

1. Gross output or value added. These two variables are calibrated most readily by

changing the simulated level of regional exports. This, in turn, is done by adjusting

REGMKSRi (rate of change in regional market share) . This can be illustrated by the

sawmill sector in southeastern Alaska . Table 1 shows estimates for historical value

added from the base year through 1983. Although these estimates fluctuate consid

erably over the 7-year period , there is a gradual downward trend . The "precalibration"

column in table 1 gives the results of a simulation before any calibration was

attempted.

e, the

ion

ר

ska

han

8)

Because of the fluctuations just mentioned, the analyst must first select a single tar

get value (and year) representative of the overall trend . Ordinarily, the historical value

for the latest year ( 1983, in this case) is used . The 1983 value , however, is sharply

lower than those for preceding years . The more gradual overall trend, therefore, is

represented by a proxy value for calibration purposes. In this case, a value of

17,500—roughly midway between the 1982 and 1983 values — is used to calibrate

1983 value added.

Table 1 - Historical and simulated value added , sawmills sector, southeastern

Alaska, 1977-83

Simulated value added

Year Historical

value added

Pre

calibration

Post

calibration

Deviation of

simulated value from

historical value

Thousand dollars -
-

Percent
a set

ete

ed

5

fits

1977

1978

1979

1980

1981

1982

1983

20,737

17,691

24,053

25,029

20,471

19,608

15,429

20,737

20,141

19,740

20,226

20,696

20,859

21,357

20,737

19,432

18,272

18,062

17,933

17,696

17,512

+10

-24

-28

-12

-10

+13
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The next step is to compute the level of exports for the target year that would yield

the desired value added . First , we estimate desired gross output :

Xi . 1983 Xi , 1977 * ( value addedi , 1983 / value addedi , 1977)

66,059 * ( 17,500/20,737)

55,747.

Next , because Xi = FDi + intermediate salesi , we modify equation ( 1 ) , section (4.20 ) ,

to obtain desired exports, as follows :

EXPORTI , 1983 Xi , 1983 - ( intermediate salesi , 1983 + other FDi , 1983 ) .

Using values from a previous simulation for the parenthetical expression above , we

obtain :

EXPORTi,1983 = 55,747 - 12,886 = 42,861 .

Finally , rearranging equation ( 2 ) , section (4.20 ) , using values from the southeastern

Alaska database for GROWTHRi.v, and solving :

9

( 1 + REGMKSR :) (EXPORTI,1983/ EXPORT1,1977) /

[ ( 1 + GROWTHR1,1)2 + ( 1 + GROWTHRI.2) 1* , 41

(42,861 /51,865) / [ (1-0.0120)2 + ( 1 + 0.01316)41

-0.03581 ;

2

REGMKSRI =

=

-0.04119 .

Table 1 shows simulated value added from this new REGMKSR , along with the

corresponding percentage deviation from the historical estimates .

Although the export vector is the main component of final demand that might be

manipulated for calibration purposes , there may be others . Occasionally , for example ,

it may be appropriate to adjust GPCF . Suppose that , in response to rising levels of

investment , GPCFi seems to grow disproportionately for a given sector . The corres

ponding column in INVMAT could then be reduced by an approximate proportion .

Another factor that can sometimes influence gross output is the supply of funds avail

able for investment . If the after-tax cash flow of a sector is lower than its need for

investment capital , investment will be unable to keep up with demand . This may be

appropriate in some instances . In other instances , however , the analyst may want to

remove the inhibiting effect of capital shortage on investment ; a number of methods

can be used .

The first step is to find out more about the simulated flow of cash for investment by

the industry in question . This is done via IPASS special programming option 8 , "DO

YOU WANT TO PRINT OUT COMPONENTS OF BUSINESS INCOME CALCULA

TIONS ?" The simulation should be run for at least 2 or 3 years to give the analyst a

fairly clear picture of what is occurring .
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Then , if simulated NBUSINCi shows up as negative or close to zero , its value will

need to be increased . This can be done by reducing any of the other components of

value added - earnings, indirect business taxes , and direct business taxes .

120).

Means of adjusting earnings (EARN;) are discussed below (section 3) . Indirect and

direct business taxes may be adjusted by their tax-rate parameters . These are , re

spectively , IBTRi (which represents the fraction of gross output paid as indirect taxes)

and BUSTAXR; (the fraction of pretax business income paid as tax) . The ratio of

value added to gross output (VALADR ) can also be increased . Although this "unbal

ances ” the I/O model , it may be justifiable if the model represents a time period when

prices were depressed for a given industry:83).

we
Once NBUSINCI reaches a satisfactory level , the user may vary the resulting flow

of cash for investment by adjusting INVLMCI , which represents the fraction of

NBUSINC; available for investment. The user might also choose to give ACNETBI;

nonzero values — for example , for an industry that is investing despite relatively low

profitability .

ern

2. Employment. Once calibration of gross output/value added is complete , employ

ment may be adjusted by varying output per worker. Output per worker, in turn , is the

product of output per hour worked, hours worked per week, and weeks worked per

year. Specifically , IPASS derives employment as follows :

1

EMPLOY; = Xi/OUTPWK; = Xi / (OUTPHW1,v * HRWPW ;

* WKWPY ).

Each variable in the denominator of the right-hand - side expression can be made to

vary over time by adjusting the variables associated rate-of-change parameter . The

relevant equation is :

ple

of

s

( EMPLOY1,1VXi,t) / (EMPLOYn +t,j/Xn +t,i) = OUTPHW1,2 ( 1 + OUTPHWRi,v)"

HRWPW , ( 1 + HRWPWR; )"

* WKWPY1,0 ( 1 + WKWPYRI)" .

gil

Which rate (s) of change should be adjusted ? Special knowledge about a given

industry - for example , changes in commodity prices or production technology over

the calibration period — may suggest the appropriate choice . Otherwise, for simplicity

either HRWPWR; or WKWPYR¡ can be used. An exception is an industry in which

the trend of output per worker itself is known to change . In that event , the time

interval subscripting of OUTPWHRi enables the rate of change in output per worker

to be varied over time . In solving for OUTPHWRi,v , note that the equation given

above becomes slightly more complicated than is shown if the period from year t to

tun overlaps more than one of the time intervals denoted by the subscript v .

0

5

3. Earnings. IPASS computes earnings as a function of employment. Earnings ,

therefore , are ordinarily calibrated simply by adjusting the rate of change in earnings

per worker ( EARPWKRi.v) . This parameter may be solved in the following equation :
2

EARNt+n , i = EMPLOYt+n , i * EARPWKti * ( 1 + EARPWKRi.v) " .
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This procedure should not be followed , however , if earnings is the first variable to be

calibrated . Instead , earnings are adjusted by manipulating gross output , as discussed

above .

NOTE : IPASS calculates employment and earnings for administrative government

(sector NIS) in a different manner than for other sectors . The following equations

summarize the algorithm involved :

=

SGEMP + 1

FCEMP1+ 1

FMEMPt+ 1

EMPLOYNIS,6 + 1

EARNNIS ,t + 1

3

SGEMP. * (PCESUBT6+ 1/PCESUBT ) + ( 1 + RSGEMP) .

FCEMP, * (POP/POP- 1 ) * ( 1 + RFCEMP) .

FMEMPT.

SGEMPt+ 1 + FCEMPt+ 1 + FMEMPt+ 1 .

EMPLOYNIS ,t+ 1 * EARPWKNIS ,6+ 1 .

The fact that total population (POPT) and total personal consumption expenditures

for local production (PCESUBT) are part of the above algorithm means that sector

NIS must be calibrated iteratively — that is , as a series of increasingly better approxi

mations. The first of these adjustments is best accomplished at this point - that is ,

before population is calibrated . Then, when population is itself adjusted , simulated

PCESUBT will change . The first two equations above show that as these latter two

variables shift , so will sector-NIS employment. The analyst may switch to and from

calibrating the sector-NIS variables and calibrating population for as many iterations

as are needed to approximate historical trends.

7

One additional note : as was mentioned earlier in this manual , in IPASS , XNIS and

value -addednis are defined as equal to EARNNIS . This means that to avoid discrep

ancies , the following conditions should be met :

( a ) OUTPWKNIS = (OUTPHWNIS * HRWPWNIS * WKWPYNIS) = EARPWKNIS .

( b) OUTPHWRNIS,V , HRWPWRNIS , and WKWPYRNIS should have the same

net effect on OUTPWKNIS as EARPWKRNIS has on EARPWKNIS .

( C) VALADRNIS should equal 1 .

4. Population. Total population may be calibrated by any or all of the three types of

population change that are incorporated into an IPASS simulation : natural (births

minus deaths ) , economic (employment - related ) migration , and noneconomic

( nonemployment- related ) cohort migration .

The first , natural change in population , ordinarily need not be manipulated during the

calibration because available data on fertility and death rate are generally reliable .

Another method is to vary the average population impact of each economic

migrant . In other words , one may change the ratios representing the average total

number of household members who enter or leave the region because of a work

er's employment - related migration . Either the ratios themselves (REMDEPR and

NEMDEPR ) or their rates of change (RREMDEP and RNEMDEP) may be adjusted .
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Finally , nonemployment-related migration (which might include students, retired

people , and unsuccessful job seekers) can be adjusted . Noneconomic migration is

manipulated by the CORTMVMa and CORTMVFa vectors. This can be a very impor

tant step in calibrating population .

Some analysts may wish to calibrate not only total population but also its distribution

by age and sex. One means of doing this is by NMIGDISa,s and RMIGDISans, which

specify age and sex distribution of those migrating in and out for economic reasons.

A second approach is to manipulate CORTMVMa and CORTMVFa to alter the distri

bution of noneconomic migration .

5. Labor force and unemployment. IPASS computes unemployment directly from

projected labor force. Their relation in the IPASS algorithm may be expressed as

follows:

UNEMP, 0+ 1 = (LBFT+ 1 * LBFOCURj) - actual EMPLOYj,t+ 1e

+ (COMIN; , 1+ 1 – COMOUT3,0+ 1).

Total labor force is computed by multiplying labor force participation rates for each

age group and sex into the corresponding groupings of population and totaling the

result. Therefore, the principal means of calibrating total labor force is by altering

labor force participation rates. This is done through their rate -of -change parameters,

LFPARFRg.v and LFPARMRg.v. When manipulating these rates, the analyst may use

his or her knowledge of local trends . One problem caused by rate of change in fe

male labor participation is that although it has increased historically and is expected

to continue , many new participants work only part time . IPASS , however, works with

annual average employment ; hence , three workers, for example, may share one

IPASS job and leave two for IPASS unemployment . To avoid high unemployment

and outmigration , it has been necessary to reduce LFPARFRg.v.

Once labor force is calibrated , any additional adjustments to unemployment may

be accomplished by the variables affecting commuting . These are COMINR; and

COMOTR ; and their rate-of-change parameters RCOMIN ; and RCOMOTRj . (The

base-year distribution of unemployment across occupational groups may also be

altered by changing LBFOCURj . )
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Appendix 1. Glossary of Variables and

Parameters

Variable

name Chapter

Format

group Definition

ACNETBI 9.3 20 Accumulated net business income after

taxes, including depreciation allowances,

by sector i

ACFERTY , 8.16 2 Annual rate of change in the fertility rate

(FERTILY) by 1 -year age classes over time

intervals (V) 1970-79 , 1980-84, 1985-89,

and 1990+

BINCHI 4.5 10 Business inventory change over the previous

year, in thousand dollar ($1,000) units , by

sector i

BINCHRI 4.21 20 Ratio of change in business inventory to

change in gross output , by sector i

BINCHT 4.6

1
1

Total business inventory change ($1,000)

BUSTAXR; 9.2 20 Ratio of business income taxes paid to pre

tax business income, by sector

CAPPARI 3.10 22 Pollution -abatement-capital/output ratio , by

sector i
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1

CAPPRR 3.9 21 Production -capital/output ratio, by sector i

COMIN ; 7.10 7 Number of incommuters (those who work in

but live outside the region ), by occupation i
1

1

COMINR; 7.12 7 Fraction of otherwise vacant jobs filled by

incommuters, by occupation ;

COMOUT 7.11 7 Number of outcommuters (those who work

outside but live inside the region ), by occu

pation ,

1

COMOUTR; 7.13 7 Fraction of those otherwise unemployed who

commute to jobs outside the region

CORTMVFa 8.24 5 Fraction of each female cohort by 1 -year age

classes that move in (+) or out (-) of the

region for reasons other than job availability

(for example, college or retirement)

CORTMVMa 8.25 5 Same as CORTMVFa for male cohorts

DEATHRFA 8.19 2 Female death rate (per capita) by 1 -year age

classes

DEATHRMa 8.18 2 Male death rate (per capita ) by 1 -year age

classes

DEPRPA 3.12 22 Depreciation rate for pollution -abatement

capital (expressed as a fraction of gross

output), by sector i

DEPRPRI 3.11 21 Depreciation rate for production capital

( expressed as a fraction of gross output),

by sector i

EARN 9.4 16 Worker earnings ($1,000) , by sector i

EARNT 9.5 18 Total worker earnings for all sectors ($1,000)

EARPWKI 9.6 16 Average earnings per worker by sector i

EARPWKRIV 9.11 16 Annual rate of change in EARPWK; over

time intervals (v) 1970-79 , 1980-84 , 1985-89 ,

1990-94, and 1995+

EINVPA 3.14 22 Expansion investment in pollution abatement

capital ($1,000) , by sector i
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EINVPRi 3.13 21 Expansion investment in production capital

($1,000) , by sector i

ELASIN 4.24 13 Income elasticity of demand for the output

of each sector i

EMPLOY; 6.1 14 Number of employees, by sector i

EMPLOYD 7.7 8
Employment demanded, by occupation i

EMPLOYS
7.6 8 Employment supplied, by occupation ;

EMPLOYT 6.2 19 Total employment for all sectors

EXPORT: 4.3 10 (Gross) exports from the study region

($1,000) , by sector i

EXPORTT 4.4 11 Total exports from the study region ($1,000)

FCEMP 6.9 17 Federal civilian administrative Government

employment

FD; 4.17 10 Final demand ($1,000) , by sector i

FDT 4.18 11 Total final demand ($1,000)

FERTILYa 8.7 2 Fertility rate in live births per 1,000 females,

by sixty -six 1 -year age classes

FGOVE 4.11 10 Federal Government purchases ( $ 1,000)

from each industry i

FGOVET 4.12 11 Total Federal Government purchases

($1,000)

FMEMP 6.10 17 Federal military employment

GPCFi 4.15 10 Gross private capital formation ($1,000) , by

sector i

GPCFT 4.16 11 Total gross private capital formation ($1,000)

GROWTHRi,v 4.19 1
Annual rate of growth of USGO; for time

intervals (V) 1970-79 , 1980-84, 1985-89 ,

1990-94, and 1995+

HRWPW: 6.4 15 Average hours worked per week per worker,

by sector i
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HRWPWR 6.12

1
5

Annual rate of change in HRWPWi, by sec

tor i

HRWPY; 6.6 15 Average hours worked per year per worker,

by sector i

IBTRI 9.9 20 Ratio of indirect business taxes to gross

output, by sector i 1

IMPORTI 9.1

2
0

(Gross) imports from outside the region

($1,000) , by sector i

INDUSN; 2.6 9 The name given to each industrial sector

( 10 characters maximum )

INMIGFa 8.13 4 Number of inmigrating females by 1 -year

age classes

INMIGMA 8.12 4 Number of inmigrating males by 1 -year age

classes

INMIGR; 7.21 8 Fraction of any unfilled jobs (net of those

filled by incommuters) that will be filled by

inmigrants during the coming year, by occu

pation ;

INMIGOC 7.14 7 Number of inmigrants, by occupation i

INVLMA 3.18 13 Investment limit for accumulated net business

income (retained earnings ), expressed as

the fraction re -invested , by sector i

INVLMCi 3.19 13 Investment limit for current net business

income, expressed as a multiple of net

business income, by sector i

INVMATKI 4.25 25 Investment matrix : the fraction of sector k

capital purchases supplied by capital-goods

producing sector i

IYEAR 2.3 1 The "base year" for the simulation ; that is ,

the year of record for database variables

LBFAGEGE 7.3 6 Number in labor force by age groups (g )

0-13 years , 14-15 , 16-17 , 18-19 , 20-24 ,

25-29 , 30-34 , 35-44 , 45-54 , 55-59 , 60-64,

and 65+
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LBFOCUR 7.5 7 Fraction of the total labor force represented

by each occupation i

LBFT 7.4 19 Total labor force

LEMATIJ 5.1 24 The ( 1 -A)-' input-output matrix, also called

the inverse or Leontief matrix

LFPARFg 7.2 6 Female labor force participation rates for

12 age groups (see LBFAGEG above)

LFPARFRg,v 7.17 6 Annual rate of change in LFPARFg for time

intervals ( v) 1970-79, 1980-84, 1985-89, and

1990+

LFPARME 7.1 6 Male labor force participation rates by age

group (see LBFAGEG above)

LFPARMRg ,v 7.16 6 Annual rate of change in LFPARMg (see

LFPARFR above)

MFBIRTR 8.17 3 Ratio of male births to total births

NAMER 2.1 1 Name of region ( first 10 characters)

NAMER1 2.2 1
Name of region (second 10 characters)

NEMDEPR 8.10 3 National employee dependent rate ; that is ,

average population per member of the labor

force who is age 20 or older

NIS 2.4 1 Number of industrial sectors

NMIGDIRas 8.20 5 Annual rate of change in NMIGDISa,s

NMIGDISas 8.8 5 National migration distribution ; that is , age

sex distribution of any net outmigrants from

the region , by 1 -year age classes (a) and

sex (s)

NOC 2.5 1 Number of occupational groups

NOCUP1j 2.7 8 The first six characters of the name given to

occupational group i

NOCUP2j 2.8 8 The rest of the name given to occupational

group i
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OCUPij 7.18 23
Industry -occupation matrix : the fraction of

employment in industry i represented by

occupation ;

OTMIGOC
7.15 7 Number of outmigrants by occupation ;

OTMIGR; 7.22 8 Fraction of any unemployed workers (net of

those who outcommute) migrating out of the

region in the coming year, by occupation ;

OUTMIGMA 8.14 4 Number of outmigrating males, by 1 -year

age classes

OUTMIGFa 8.15 4 Number of outmigrating females, by 1 -year

age classes

OUTPHWI 6.7 15 Output per hour worked per worker, by

sector i

OUTPHWR.V 6.11 14 Annual rate of change in OUTPHW; by time

intervals (v) 1970-79, 1980-84, 1985-89,

1990-94 , and 1995+

OUTPWKI 6.3 14 Average annual output per worker, by sector i

PACAP; 3.8 22 Pollution abatement capital stock for each

sector i ($1,000)

PCEi 4.7 10 Personal consumption expenditure ($1,000)

O, by sector i

PCER 4.23 18 Ratio of change in PCET to change in

disposable income

PCESUBT 4.8 11
Total personal consumption expenditure for

outputs of industries in the study region

($1,000)

РСЕТ 4.9 18 Total personal consumption expenditure

(includes imports to the region; in $1,000)

PCETM1 4.10 18 PCET for the previous year ($1,000)

PCHITR 9.10 20 Annual rate of change in BUSTAXRi , by

sector i

PCHCOR 3.17 21
( Not currently used by IPASS)

PIDITR 4.22 19 Ratio of disposable income to personal

income
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PIEARNR 9.12 18 Ratio of personal income to earings

PIT 9.16

1
8

Total base -year personal income

PITM1 9.17 18
Total personal income for the year before

the base year

POPFa 8.2 2 Female population, subdivided into sixty - six

1 -year age classes (age 0-1 , 1-2 , ... , 64-65,

and 65+)

POPFT

8
.
4 3 Total female population

POPMа 8.1 2
Male population , by age (see POPF)

POPMT 8.3 3 Total male population

POPT 8.5 3 Total population

POPTM1 8.6 3 Total population , year before base (or

current) year

PRCAP 3.7

2
1

Production capital stock ($1,000) , by sector i

PROPINR 9.15 18 Ratio of total proprietors' income to total

earnings

RCOMINR; 7.19 7 Annual rate of change in COMINR;

RCOMOTR; 7.20 7 Annual rate of change in COMOUTRİ

REGIMPRI 9.8 20 Ratio of regional imports (IMPORTI) to gross

output (Xi) , by sector i

REGMKS 4.2 12 Regional market share (EXPORT; as a

fraction of USGO) for each sector i

REGMKSR 4.20 12 Annual rate of change in REGMKS

REMDEPR 8.11 3
Regional employee dependent rate; that is,

the average population per member age 20

or older of the regional labor force

RECEMP 6.15 17 Annual rate of change in FCEMP (Federal

civilian employment)

RINVPA; 3.16 22
Replacement investment in pollution

abatement capital ($1,000) , by sector i
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RINVPRi 3.15 21 Replacement investment in production

capital ($1,000) , by sector i

RMIGDIRas 8.21 4 Annual rate of change in RMIGDISa,s

RMIGDISa,s 8.9 4 Fractional distribution , by single year of age

and by sex , of any net outmigrants from the

region

RNEMDEP 8.22 3 Annual rate of change in NEMDEPR

RREMDEP 8.23 3 Annual rate of change in REMDEPR

RSGEMP 6.14 17 Annual rate of change in SGEMP

SGEMP 6.8 17 State and local administrative -government

employment

SGOVE 4.13 10 State and local government purchases (in

$1,000) from each sector i

SGOVET 4.14 11 Total State and local government purchases

($1,000)

TRANPYR 9.14 18 Ratio of total transfer payments to total

earnings

UNCOMPR 9.13 18 Ratio of unemployment compensation to

total earnings

UNEMP;
7.8 8 Unemployment by occupational group i

UNEMPT 7.9 19 Total unemployment

USGO 4.1 12 U.S. gross output ($1,000) , by sector i

VALADRI 9.7 20 Ratio of value added to gross output (Xi) ,

by sector i

WKWPY; 6.5 15 Average number of weeks worked per year

per worker, by sector i

WKWPYRI 6.13 15 Annual rate of change in WKWPYR;

Xi 3.1 9 Actual gross output ($ 1,000) , by sector i

XDi 3.3 9 Gross output required to satisfy final

demand ($ 1,000) , by sector i
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XLi 3.5 9
Maximum gross output possible, given

current labor force ( and capital stock )

constraints ($1,000) , by sector i

XM1i 3.2 99 Gross output for the year before the base

(or current) year ( $ 1,000 ), by sector i

XS; 3.4 9 Maximum gross output possible, given

current capital stock constraints ($1,000) ,

by sector i

XTOT 3.6

1
1

Total actual gross output ( $ 1,000)

7
3





Appendix 2. Sectoring the Input-Output

Industries

Much of the data in the IPASS database is subscripted by sector. The sectoring

process consists of the following steps: ( 1 ) choosing the number and nature of the

sectors to be used ; (2 ) defining them on a standardized basis , commonly the Stand

ard Industrial Classification (SIC) code; (3) constructing a sectoring table ; and

(4) converting data from other sectoring schemes.

Choosing a sectoring scheme can be more art than science. Choices are limited by

the sectoring in the I/O model being used . For example , IMPLAN is based on the

537 - sector BEA (1977) scheme. Sectors can be aggregated ( combined ). In devising

a sectoring plan , points to consider include intended uses of the model (for example,

study of impacts of or on particular industries), available time and resources, and

ease of resectoring (for convenience , sector definitions can parallel those used by

BEA and BLS) .

7
5



Next , a sectoring table is prepared. This should list and number each sector and

define it by listing the appropriate SIC code(s) . The table should also list , for each

sector, the number( s ) of the corresponding sector(s ) for important sources of sec

tored data , such as BLS and BEA . Here is a sample excerpt from a sectoring table :1

Sector no . and

industry title

SIC code

( 1972 version)

BLS 155

industry

BEA 466

industry

56 , communication 48 118-119 463-464

57 , electrical utility pt 491 , pt 493 120 465

58 , gas utility 492 , pt 493 121 466

59 , water and sewer 494-497 , pt 493 122 467-468

60, wholesale 50-51 123 469

61 , retail 125 47052-57 , 59 , 7396,

8042

The notation "pt" ( "part of" ) indicates that only a portion of the numbered industry is

included in the sector. In the example , SIC class 493 consists of "combination" utili

ties (those providing more than one kind of service ). Any data falling under SIC 493

must therefore be distributed among IPASS sectors 57-59 . One method of distribu

tion is based on the relative amounts of economic activity in each utility .

" Fractional" sectors like these can be awkward to handle . The sectors in the above

example , however, were purposefully given definitions that coincide with the BLS and

BEA sectors listed so that data from these sources , at least , are easily converted.

Once the sectoring table is prepared , converting data based on other sectorings to

the IPASS sectors begins . For fractional sectors , the analyst must estimate what

proportion of the source - data sector should be allocated to each IPASS sector.

These proportions can be derived from data sources with sufficient sector detail (for

example , "County Business Patterns " —U.S . Department of Commerce , 1982-85) .
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Appendix 3. Physical (Computer-Readable)

Format of the IPASS Database
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The original IPASS program was in the Fortran language , and the data file is in " Fixed Format " meaning that each data element must
An " X " marksbe in a particular position in the data file . Formats given below are in Fortran notation with an example for each .

a column not read by the program ,

Format Group NAMER IYEAR NIS NOC

1 ) X < -... A20 .... > < / 4> < 14> < 14>

Southeastern Alaska1977 75 8

( one line )

2) N POPM ( I ) POPF ( I ) DEATHRM ( I ) DEATHRF ( ! ) FERTILY ( 1 ) ACFERTY ( 1 , 1 )ACFERTY (1,2)ACFERTY (1,3)ACFERTY( 1,4 )

X12X < - . F12.0 .. >< •• F12.0 .. > < F12.6 .- > < • . F12.6 .- > < • . F12.6 .- > < • . F12.6 .. > < • . F12.6 .. > < • . $ 12.6 .. > < •• F12.6 •• >

20 4213 3395 0.002971 0.001193 65.0 0.006056 0.003980 0.003850 -0.000510

( 1 = 1 to 66 lines )

3) POPMT POPFT POPT POPTM1
MFBIRTR NEMDEPR REMDEPR RNEMDEPR RREMDEPR

X < - . F12.0 -- > < •• F12.0 -- > < •• F12.0 .. > • . F12.0 .. > < • F12.6 .. > < •• F12.6 .. > < .. F12.6 .. > < • . $ 12.6 .. > < •• F12.5 .. >

210193 186067 396210 396210 0.510265 2.590000 2.930000 0.000000 0.000000

( one line )

4) N INMIGM ( I ) INMIGF ( I ) OUTMIGM ( I ) OUTMIGF ( I ) RMIGDIS (1,1)RMIGDIS ( 1,2)RMIGDIR ( I , 1 ) RMIGDIR ( 1,2)

X12X < • . $ 12.0 -- > < .. F12.0 -- > < • . F12.0 -- > < • . F12.0 -- > < •• F12.6 .. > < •• F12.6 -- > < • . $ 12.6 .. > < •• F12.6 .. >

1 0.0 0.0 0.0 0.0 0.023780 0.023780 0.000000 0.000000

( 1 = 1 to 66 )

5) N NMIGDIS(1,1)NMIGD IS( 1 , 2 )NMIGDIR ( 1 , 1)NMIGDIR ( 1.2 ) CORTMVM ( I ) CORTMVF ( 1 )

X12X < - . F12.6 .. > « . F12.6 .- > < •• F12.6 -- > < • . F12.6 .. > « • . F12.6 .. > < • . F12.6 .. >

1 0.020593 0.025666 0.000000 0.000000 0.000000 0.000000

( 1 = 1 to 66 )

6)

LFPARMR ( 1,2 ) LFPARMR ( 1.4 ) LFPARFR ( 1,2 ) LFPARGR ( 1,3 )

N LFPARM ( I ) LFPARF ( I ) LFPARMR ( 1,1 ) LFPARMR ( 1,3 ) LFPARFR ( I , 1 ) LFPARFR ( 1,3 ) LBFAGEG ( 1 )

X12X < - F10.6 > < • F10.6 - > < • F10.6 >« • F10.6 . > « • F10.6 . > « : 710.6 - > < • F10.6 - > < • F10.6 - > < • F10.6. > « • F10.6 - > < •• F12.6 .- > ( 1 = 1 to 12 )

3 0.368095 0.308241 0.005650 0.005650 0.005650 0.005650 0.017301 0.017301 0.017301 0.017301 4817.0

7) N LBFOCUR ( J ) INMIGOC ( J ) OTMI GOC ( J ) COMINCJ ) COMOUT ( J ) COMINR ( J ) COMOUTRCJ) RCOMINR ( J ) RCOMOTR ( J ) .

X12X < • . $ 12.6 .. > < •• F12.0 -- > < • . $ 12.0 -- > < •• F12.0 -- >< • . $ 12.0 -- > < •• F12.6 .- > < • . $ 12.6 -- > < • . $ 12.6 -- > < • . $ 12.6 .. >

1 0.093280
0 0 0 0 0.000000 0.000000 0.000000 0.000000

( J = 1 to NOC )

8) N NOCUP INOCUP2 EMPLOYS ( J ) EMPLOYD ( J ) UNEMP ( J ) INMIGR ( J ) OTMIGR ( J )

XI2X < - A6 - > < •A6 - > < •• F12.0 - . > < •• F12.0 -- > < • . F12.0 .. > < •• F12.6 .. > < :: F12.6 .. >

1 MANA . GERS 19218.0 18922.0 796.0 1.000000 0.010000

( J = 1 to NOC )

9) N INDUSN ( I ) X ( T ) XD ( I ) XM1 ( 1 ) XS ( 1 ) XL ( I ) XHOLD ( I )

XI2X < - . A10 .- > < • .. F15.3 ••••••• F15.3 •••••• F15.3 • • > < f15.3 > 15.3 • > < • F15.3

1 DAIRY , POUL 3958.000 3705.990 3490.060 3633.980 3598.000 3598.000

... >
( 1 = 1 to NIS )

10) N PCE ( I ) GPCF ( I ) BINCH ( 1 ) EXPORT ( I ) SGOVE ( I ) FGOVE ( I ) FD ( 1 )

x2x4.615.3 > < f15.3.515.3 > < 15.3 ••> < 15.3 • > < F15.3 ••••••• F1s.3 ... > ( 1 = 1 to NIS )

1 2698.000 0.000 1.000 14.000 69.000 8.000 2781.000

11 ) XTOT PCESUBT GPCFT BINCHT EXPORTT SGOVET FGOVET FDT

x < F15.3 > < 15.3 > 15.3 > < F15.3 • 15.3 • > 15.3 k ... F15.3 ... > ... F15.3 ... > ( one line )

11817703.299 1755579.000 585594.000 44224.000 4829339.000 404842.000 55129.000 8273691.000

12) N USGO ( 1 ) GROWTHR ( 1 , 1 )GROWTHR( 1 , 2 )GROWTHR (1,3)GROWTHR (1,4 )GROWTHR ( 1,5 ) REGMKS ( I ) REGMKSR ( 1 )

X12X < •• F12.0 -- > < •• F12.6 .. > < •• F12.6 .. > < •• F12.6 .- > < •• F12.6 .. > < • F12.6 .. > « •• F12.9 .. > < • . $ 12.6 .. >

1 15002000.0 -0.040864 0.011892 0.026731 0.026731 0.026731 0.000000933 -0.067564

( I = 1 to NIS )

13)
N ELASIN ( 1 ) INVLMA ( I ) INVLMC ( I )

X12X < -- F12.6 .. > .. F12.6 -- > < •• F12.6 .. >

1 0.200000 0.500000 14.000000

( 1 = 1 to NIS )

14) N EMPLOY ( 1 ) OUTPWK ( 1 ) OUTPHWR (1,1 )OUTPHWR (1,2 )OUTPHWR (1,3 )OUTPHWR ( 1,4 )OUTPHWR( 1,5 )

XI2X < • . F12.0 .. > < • . F12.0 .- > < • . $ 12.6 .. > < •• F12.6 .. > < • 712.6 .. > < • . F12.6 .- > < • . F12.6 .. >

1 70.0 51400 -0.006130 0.032380 0.045903 0.045093 0.045093

( 1 = 1 to NIS )

15) N OUTPHW ( I ) HRWPWCT ) HRWPWR ( 1 ) WKWPY ( 1 ) WKWPYR ( I ) HRWPY ( I )

X12X < - . F12.6 -- > < • . F12.2 .- > < •• F12.6 -- > < .. F12.2 .- > < • . F12.6 -- > < •• F12.2 .. >

1 22.063879 44.80 -0.006806 52.00 0.000000 2329.00

( 1 = 1 to NIS )

16) N EARN ( I ) EARPWK ( 1 ) EARPWKR ( 1 , 1 )EARPWKR ( 1 , 2 )EARPWKR ( 1,3 )EARPWKR (1,4 )EARPWKR (1,5 )

X12X < - . F12.0 -- > < .. F12.0 - . > « . F12.6 .. > < .. F12.6 -- > < •• F12.6 .- > < • . F12.6 .. > < •• F12.6 .. >

1 70.0 51400 0.000000 0.000000 0.000000 0.000000 0.000000

( 1 = 1 to NIS )

17) SGEMP FCEMP FMEMP RSGEMP RFCEMP

X < - . F12.0 - > < .. F12.0 .. > < .. F12.0 -- > < • . F12.6 .. > < .. F12.6 .. >

29591 16367 24984 0.000000 0.000000

( one line )
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18)
PIT PITM1 UNCOMPR TRANPYR PROP INR PIEARNR PCER EARNT PCET PCETM1

X < - . $ 12.0 -- > < • . $ 12.0 -- > < .. F12.6 .- > < .. F12.6 .- > < •• F12.6 .. > < • . $ 12.6 .. > < F12.6 .- > < • . $ 12.0 -- > < • . $ 12.0 .. > < •• F12.0 -- > ( one line )
4771974 4973239 0.000000 0.000000 0.000000 1.289729 0.941673 3386712 3402978 3402978

19 )
LIFT EMPLOYT EMPM1T UNEMPT PIDITR

Xco . 112.0 .. > < •• F12.0 -- > < • . $ 12.0 .. > < • . F12.0 -- > < • . F12.6 .. >

196791 193711 193711 19395 0.846775

( one line )

20 ) N VALADR ( I ) ISTR ( T ) REGIMPR ( I ) BUSTAXR ( I ) PCHITR ( I ) IMPORT ( 1 ) ACNETBI ( 1 ) BINCHR ( 1 )

X :2X < - . F : 2.5 .. » « F12.6 -- > < • . $ 12.6 .- > < • . $ 12.6 .. > « • . 712.6 .- > < •• F12.0 -- > < .. F12.0 .. > < • . F12.6 .. >

1 0.630906 0.032796 0.093107 0.279900 0.000000
335 0 0.433000

( 1 = 1 to NIS )

21 ) PRCAP ( I ) CAPPRR ( I ) EINVPR ( I ) RINVPR ( I ) PCHCOR ( I ) DEPRPR ( ! )

X12X < - . F12.0 .. > < •• F12.6 .. > .. F12.0 -- > < • . $ 12.0.. > . F12.6 .. >< •• F12.6 .. >

1 4936 1.358390 0 0 0.00 00 0.071668

( 1 = 1 to NIS )

22 ) PACAP ( ! ) CAPPAR ( I ) EINVPA ( T ) RINVPA ( I ) DEPRPACT )

Xi2x < • . F12.0 .. > < •• F12.6 .. > < F12.0 .. > .: 112.0 .. > < •• F12.6 .. >

1 103 0.028249 0 0 0.071668

( 1 = 1 to NIS )

N

23 ) ( The following is shown as having a columns , this assumes NOC =9 , which is the maximum number of columns which can be used . )
OCUP ( 1,1 ) OCUP ( 1,2 ) OCUP ( 1,3 ) OCUP ( 1,4 ) OCUP ( 1,5 ) OCUP ( 1,6 ) OCUP ( 1,7 ) OCUP ( 1,8 ) OCUP ( 1,9 )

X12X < - . F12.6 .. > < • . 712.6 .- > < • . F12.6 .. > < • . $ 12.6 .. > < •• F12.6 .. > < •• F12.6 .. > < • . F12.6 .- > < • . F12.6 .. > < •• F12.6 .. > ( 1 = 1 to NIS )
1 0.074300 0.000000 0.000000 0.000000 0.114000 0.000000 0.000000 0.811700

( The following is shown assuming 75 industries ( i.e. , NIS : 1 = 74 ) ) :

LEMAT ( 1,1 ) LEMAT ( 1,2 ) LEMAT ( 1,3 ) LEMAT ( 1,4 ) LEMAT ( 1,5 ) LEMAT (1,6 ) LEMAT ( 1,7 ) LEMAT ( 1,8 ) LEMAT ( 1,9 )

LEMAT ( 1,10 ) LEMAT ( 1,11 ) LEMAT ( 1,12 ) LEMAT ( 1,13 ) LEMAT ( 1,14 ) LEMAT ( 1,15 ) LEMAT ( 1,16 ) LEMAT ( 1,17 ) LEMAT ( 1 , 18 )

N

24 )
LEMAT ( 1,64 ) LEMAT ( 1,65 ) LEMAT ( 1,66 ) LEMAT ( 1,67 ) LEMAT ( 1,68 ) LEMAT ( 1,69 ) LEMAT ( 1,70 ) LEMAT ( 1,71 ) LEMAT ( 1,72 )

LEMAT ( 1,73 ) LEMAT ( 1,74 )

X13X < --F12.10 .- > < ••F12.10 .. > < • .512.10 .. > < ••F12.10 .. > < ••F12.10 .- > < ..F12.10 .- > < ••F12.10 .. > < •• F12.10 .. > < ••F12.10 .. >

XXXX < - . 512.10 .. > < •• F12.10 .- > < • .512.10 .- > < •• F12.10 .. > < •• F12.10 .- > < •• F12.10 -- > < •• F12.10 .. > < •• F12.10 .. > < -- F12.10 .- >

XXXX < --F12.10 .- > <••F12.10 .- > < •.512.10 .- > < •• F12.10 - > < ••F12.10 .- > < •• F12.10 .- > < ••F12.10 - > < •• F12.10 - > < •• F12.10 .. >

XXXX < -- F12.10 - > < •• F12.10 .. > ( This section repeats for each 1 = 1 to NIS : 1 )

( The following is shown assuming 75 industries li.e. , NIS : 75 ) ) :

N INVMAT ( 1,1 ) INVMAT ( 1,2 ) INVMAT ( 1,3 ) INVMAT ( 1,4 ) INVMAT ( 1,5 ) INVMAT ( 1,6 ) INUMAT ( 1,7 ) INVMAT ( 1,8 ) INVMAT (1,9 )

INUMAT ( 1 , 10 )INVMAT (1,11) INVMAT( 1 , 12 )INVMAT (1,13) INVMAT(1,14) INUMAT( 1,15 )INVMAT( 1,16 ) INVMAT(1,17 )INVMAT( 1 , 18 ).

25 ) INVMAT( 1,64 )INVMAT (1,65 )INVMAT(1,66 )INVMAT(1,67) INVMAT(1,68 ) INVMAT ( 1,69 ) INVMAT (1,70 ) INVMAT (1,71)INUMAT(1,72 )

INVMAT( 1,73 ) INVMAT (1,74 )INVMAT (1,75 )

X13X <--F12.10 -- > < •• F12.10 - . > <•• F12.10 .. > < •.F12.10 .- > < • .512.10 - . > <•• F12.10 .. > < •• F12.10 .- > <•• F12.10 -- > < •-F12.10- >

XXXX < - . 712.10 .- > < •• F12.10 -- > < •• F12.10 -- > < •• F12.10 .- > < •• F12.10 .- > < •• F12.10 .. > < -- F12.10 .- > < • .F12.10 -- > < • .512.10 .- >

XXXX<--F12.10 .-><.-F12.10 --><--F12.10 ..><--F12.10 -- ><.-F12.10--><••F12.20 ..><--F12.10 .- ><.-F12.10.-> s--F12.10.->
XXXX < -- F12.10 - . > < ••F12.10 - > < • .F12.10 .- > ( This section repeats for each 1 = 1 to NIS )
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McHugh , Paul ; Olson , Douglas ; Schallau, Con ; Lindall, Scott ; Akhavi -Pour,

Hossein ; Maki, Wilbur. 1989. Alaska IPASS database preparation manual.

Gen. Tech . Rep . PNW-GTR-233. Portland, OR : U.S. Department of Agricul

ture, Forest Service, Pacific Northwest Research Station . 79 p .

Describes the data, their sources, and the calibration procedures used in compiling

a database for the Alaska IPASS ( interactive policy analysis simulation system )

model. Although this manual is for Alaska, it provides generic instructions for

analysts preparing databases for other geographical areas.

Keywords: IPASS , policy analysis, impact analysis, input/output analysis, dynamic

simulation , computer simulation .
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Foreword The concept of establishing naturalareas for education and scientific research is not

new. As early as 1917 in the United States , the Ecological Society of America set up

the Committee on the Preservation of Natural Conditions and published its findings in

1926. Other professional societies — Society of American Foresters , the Society of

Range Management, and the Soil Conservation Society of America - proposed

programs to identify and set aside areas where natural forest , range, and soil

conditions could be preserved and studied .

The name Research Natural Area (RNA) was adopted and, in 1966 , the Secretaries

of Agriculture and the Interior formed the Federal Committee on Research Natural

Areas to inventory research sites established on Federal land and to coordinate their

programs . A 1968 directory from the Federal committee listed 336 RNA's nationwide ,

of which 13 were in Alaska.

By 1969 , the International Biome Program ( IBP) was active across the United States ,

and a tundra biome team was headquartered at the University of Alaska . The IBP

proposed the establishment of an ecological reserves system for Alaska- " field sites

uniquely suited for natural research and education . All identified sites...to illustrate

one or more ecological phenomena particularly well . " Called Research Natural Areas

in the United States , such areas are still called Ecological Reserves in Canada and

other parts of the world .

In 1973, the Joint Federal-State Land Use Planning Commission for Alaska assumed

the role of lead agency in establishing Research Natural Areas and provided badly

needed funds and staff support. By fall 1976 , a resource planning team of the

commission had prepared a comprehensive plan for establishment and management

of the RNA's . A total of 222 sites , representing a wide range of physiographic regions

and planning areas in the State , were recommended .

In 1976, the commission formed the Ecological Reserves Council to represent

Federal , State , and private agencies. It also entered into a contract with the

University of Alaska to assist in carrying out the Council's recommendations.

Present members of the Ecological Reserves Council are :

U.S. Department of the Interior:

Bureau of Land Management

Fish and Wildlife Service

National Park Service

U.S. Department of Agriculture :

Forest Service

Alaska Region

Pacific Northwest Research Station

National Marine Fisheries Service

Alaska Department of Fish and Game

Alaska Federation of Natives

University of Alaska Fairbanks

A management -coordinator position for gathering on -the -ground data for the

Research Natural Areas in Alaska has been filled since 1978 by Dr. Glenn

Juday - originally under the planning commission , then by contract between the

University of Alaska and the USDA Forest Service .



In 1985 , the Ecological Reserves Council proposed to the Director of the Forest

Service's Pacific Northwest Research Station that the reports for the Research

Natural Areas be published formally by the Station. The Station agreed to publish

them in the General Technical Report series, the first being, "Alaska Research

Natural Area : 1. Mount Prindle ."

KENNETH H. WRIGHT ( Retired)

USDA Forest Service

Abstract Juday, Glenn Patrick. 1988. Alaska Research Natural Area : 1. Mount Prindle . Gen.

Tech . Rep. PNW-GTR -224. Portland, OR : U.S. Department of Agriculture , Forest

Service, Pacific Northwest Research Station . 34 p .

The 2412 -hectare Mount Prindle Research Natural Area is located in central Alaska

on the border of the Steese National Conservation Area and White Mountains

National Recreation Area . It is managed by the U.S. Department of the Interior,

Bureau of Land Management , Steese-White Mountains District . Mount Prindle was

selected as a Research Natural Area (RNA) because it contains outstanding

examples of solifluction lobes ; habitat for wheatear (a small thrushlike bird ), caribou ,

and Dall sheep ; the yellow-flowered mustard Draba paysonii, which is uncommon in

Alaska ; a diversity of alpine plant communities; and examples of both glaciated and

unglaciated subarctic landforms . Other features of scientific interest, including two

debris torrent channels and the rare moss Oligotrichum falcatum Steere , were

discovered during site documentation . The highland region centered on Mount

Prindle was once the heart of the calving area for the Steese -Fortymile caribou herd

but was mainly abandoned in the early 1960's ; the reason it was abandoned is not

known . Mount Prindle RNA is characterized by an unusually high number of

scientifically and educationally interesting natural features , typical of this portion of

the Yukon-Tanana uplands , within a compact area. The area has high potential for

public education and research use.

Keywords: Alaska, alpine tundra , caribou (Rangifer tarandus), cryoplanation terrace ,

Dall sheep (Ovis dalli ), debris torrent , Draba paysonii, ecosystems, glaciations ,

granite , Natural Areas ( Research) , Research Natural Area, scientific reserves,

solifluction lobe , tors , treeline .



Contents 1 Introduction

4 Access and Accommodations

4 Structures and Trails

4 Parking, Roads , and Rights-of-Way

5 Reasons for Establishing the Research Natural Area

7 Environment

7 Climate

8 Geology

14 Soils

17 Biota

17 Vegetation

22 Fauna

27 History of Disturbance

27 Mineral Potential

29 Research

29 Maps and Aerial Photographs

30 Units of Measure

30 References





Introduction Mount Prindle was named in 1960 for Louis Marcus Prindle (1865-1956) , a geologist

with the U.S. Geological Survey who worked in central Alaska from 1902 through

1911 ( Orth 1971 ) . The mountain and its associated ridge system form the boundary

between the White Mountains National Recreation Area and the Steese National

Conservation Area in central Alaska. The location of Mount Prindle Research Natural

Area (RNA) is shown in figure 1A ; access in figure 1B . Both the White Mountains

and the Steese areas were established by the Alaska National Interest Lands

Conservation Act of 1980 and are managed by the Bureau of Land Management ,

U.S. Department of the Interior. The Mount Prindle RNA includes most of the

complex summit region of the mountain (fig . 2 ) .

Management of the Mount Prindle RNA is the responsibility of the Steese /White

Mountain District Manager, Bureau of Land Management , U.S. Department of the

Interior ( 1150 University Avenue, Fairbanks , AK 99709) . Permission is not needed for

educational use and observational, nondestructive research, but scientists interested

in using the area are urged to contact the district manager and the Alaska Ecological

Reserves Coordinator, Agricultural and Forestry Experiment Station , University of

Alaska Fairbanks , Fairbanks , AK 99775 , to outline activities planned.

Mount Prindle RNA was established through the Land and Resource Management

Plans for the Steese National Conservation Area and the White Mountains National

Recreation Area . The plans contain special management direction for the RNA. The

guiding principle of management is prevention of unnatural activities that modify

ecological processes . Long-term research can be conducted in the RNA with minimal

interference and reasonable assurance that land development will not interfere with

the research. In return , scientists and visitors should notify the district manager of

their proposed use , abide by any applicable regulations , and provide the agency with

published results or progress reports.

In the late 1970's , an area encompassing Mount Prindle , but larger than the RNA,

was nominated as a National Natural Landmark (Young and Walters 1982) . A Mount

Prindle RNA was first proposed during the joint land use planning for the Steese

National Conservation Area and the White Mountains National Recreation Area . A

1982 planning document defined the natural features needed to qualify areas for

designation as new RNA's in the Steese and White Mountains areas (Juday and

others 1982 ) . Mount Prindle was visited and studied for RNA suitability using these

criteria in 1982. When land resource management plans for the Steese and White

Mountains Areas were drafted in 1983 , the public was asked to comment on use of

Mount Prindle as an RNA . Mount Prindle RNA was established in 1986 by the final

adoption of the revised Steese and White Mountains plans ( Bureau of Land Manage

ment 1984a , 1984b) . The RNA encompasses 2407 ha , about 60 percent in the White

Mountains National Recreation Area and 40 percent in the Steese National

Conservation Area .

1



B
Mount Prindle

Research

Natural Area
Circleg

White

Mountains Steese National
Yukon

River
Conservation Area

National

Recreation

Area

Twelvemile Summit

Steese National

u.s. Sourdough Conservation Area

Creek Road
Creek

Road

St
oe
se

Hi
gh
wa
y

s.

E
l
l
i
o
t
t

H
i
g
h
w
a
y

s

fFox
Kilometers

20 40 60Fairbanks o
80

Boundaries

Roads

.... Cross -country trails

ALASKA

А

Mount Prindle RNA

Р

✓

Figure 1-Mount Prindle Research Natural Area . A. Location .4

B.Access .

The Steese and White Mountains plans also established a primitive recreation

management zone in the uplands surrounding the RNA . The primitive recreation

zone is an area of important Dall sheep and caribou habitat that will be kept free of

mining and other human disturbance . The plans approved a new shelter cabin site

southeast of the RNA and a trail corridor in or near the RNA. The trail corridor, a

zone within which a trailcan be built , passes between locations east and west of the

RNA ; the actual route of the trail has not been identified . The need to avoid sensitive

features of the RNA will be a factor in determining the precise location of the trail and

cabin .

2
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Figure 2–Boundary and topographic map of Mount Prindle Research

Natural Area (contours in feet).

The principal historical use of the Mount Prindle area has been geologic study,

caribou hunting , and mineral prospecting. Geologic study and prospecting began with

the work of L.M. Prindle in the early 1900's . As the Steese -Fortymile caribou herd

drastically declined in the 1940's and 1950's , sport hunting declined in importance.

Since the 1970's , recreation ( mainly hiking ) and scientific study have assumed

greater importance as uses of the area. Through the mid- 1980's , however , the RNA

has had only a few visitors in any year.

The Mount Prindle RNA is located in the Steese-White Mountains District of the

Bureau of Land Management . The summit of Mount Prindle is located at 65°27' N. ,

146°30' W. (fig . 3) . The RNA occupies allor portions of sections 15 , 16 , 21 , 22 , 26 ,

27 , 28 , 34 , and 35 of T. 8 N. , R. 6 E. , and all or portions of sections 1 , 2 , 3 , 10 , and

11 of T. 7 N. , R. 6 E. , and most of section 6 , T. 7 N. , R. 7 E. , Fairbanks Meridian .

The highest elevation within the RNA is 1611 m ; the lowest elevation is about 762 m .

1

3



Figure 3 — Aerial view of west-facing portion or ine summit of Mount

Prindle, March 11 , 1986 .

Access and

Accommodations

Structures and Trails

As of 1986, there were no structures in or near Mount Prindle RNA. The Steese

National Conservation Area land use plan identifies a site just south of the RNA, on

the floor of American Creek Valley , where a trail shelter or cabin will be built as funds

allow . A trail corridor, as defined in the Steese and White Mountains plans , connects

the Twelvemile Summit area on the Steese Highway, American Creek Valley , and

the Bear Creek lowlands at the head of Beaver Creek . When trail construction is

funded , the Bureau of Land Management will conduct an environmental analysis to

determine where the trail will be . If certain natural features in the RNA are found to

be sensitive to disturbance , the trail will be built to avoid the RNA or an appropriate

portion of it .

Parking, Roads, and

Rights-of-Way

The Mount Prindle RNA can be reached by road three ways . Visitors taking the

Nome Creek route must park at the end of the U.S. Creek road southwest of the

summit and walk about 16 km cross -country into the area (fig . 1B) . The U.S. Creek

road is a medium -standard public access road off the Steese Highway. The U.S.

Creek road is passable by most vehicles except after heavy rains ; it is not main

tained in the winter. The U.S. Creek road ends at Nome Creek; a very low stand

ard road continues about 7 km along Nome Creek toward Mount Prindle. The

cross -country portion of the Nome Creek route rises gradually through the upper

most reaches of Nome Creek Valley and approaches the RNA along the lowlands of

Champion Creek of west Mount Prindle (fig . 2) . The White Mountains National

Recreation Area land use plan approved the relocation , extension , and upgrading of

the Nome Creek road into a major access route for recreational use of Beaver Creek .

A survey for the new road was completed in 1987; construction will begin when funds

are appropriated.

The second access route is along Sourdough Creek , due south of the summit of

Mount Prindle . The Sourdough Creek road (fig . 1B) is a placer mining access road

and is passable mainly by four-wheel-drive vehicles . The road ends 15 km from the

summit . The route from the end of the road to the peak is cross -country; most of the

elevation gain is within the first 3 km . The Sourdough Creek road provides access to

the main watershed divide ridge system of the region , which leads to the summit of

Mount Prindle .
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The third access route begins at the Twelvemile Summit trailhead parking area on

the Steese Highway southeast of the summit (fig . 1B) . The Steese Highway is a

high - standard paved and gravel road maintained throughout the winter (as funds

permit) . From the trailhead , visitors must walk cross -country along the ridge summit .

The Twelvemile Summit route follows generally favorable , rolling alpine terrain for 25

to 30 km , depending on which part of the RNA a visitor is approaching . No

rights -of-way affect the RNA.

Reasons for

Establishing the

Research Natural

Area

Juday and others ( 1982) defined the natural feature " type needs " used in the search

for RNA's in the Steese National Conservation Area and White Mountains National

Recreation Area . Type needs are plant communities , rare plants , geologic features ,

and animal species that are characteristic of a given region and are necessary for a

complete and representative system of RNA's. They are of central importance for

developing management guidelines . For animal species , the occurrence of the target

species in some particular setting or habitat usually makes up the type need . A rich

combination of type needs was found at Mount Prindle , and these needs (table 1 )

are the basis for this description of the RNA.

The Mount Prindle region contains excellent examples of both glaciated landforms

and periglacial (unglaciated ) features in proximity , illustrating how two sets of

different cold -climate processes produce very different landscapes . At least four

glacial advances spanning several hundred thousand years are evident . The small

glaciers of Mount Prindle were isolated in a vast unglaciated region and were barely

nourished by the ice age climates . The features marking the fluctuations of these

small glaciers are useful in studies of past climates . The periglacial landscape

processes have operated for even longer periods and have produced remnant

features such as tors and cryoplanation terraces , as well as depositional features

such as solifluction lobes (for definition , see table 1 ) . The solifluction lobes in the

RNA are some of the best developed in central Alaska.

Cliffs and monoliths produced by both sets of processes are regionally important as

perches for raptors and escape-terrain for Dall sheep. Boulders and rockpiles are

important nesting habitat for the wheatear, a thrushlike songbird that migrates to

Eurasia for the winter. Two recently active debris torrent channels have carved the

east face of Mount Prindle, providing spectacular evidence of large-scale weathering

processes. Mount Prindle is one of the highest elevations in the western Yukon

Tanana uplands and is habitat for a yellow-flowered mustard Draba paysonii, a

plant common in the Rocky Mountains but rare in Alaska . A rare moss was also

discovered in the RNA. The area was the core of the calving area for the Steese

Fortymile caribou herd until the early 1960's and is still important summer range for a

smaller, resident caribou herd . The RNA also supports many typical alpine plant

communities and a typical assemblage of alpine and treeline birds and small

mammals . Mount Prindle RNA has an unusually high number of scientifically and

educationally interesting natural features , both rare and typical of the central and

western portion of the Yukon -Tanana uplands , within a relatively compact area .

Because the RNA is close to a road system and will eventually have trails and cabins

for public use , it has a high potential for supporting public education and scientific

research .
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Table 1 – Natural feature type needs used in the selection of the Mount Prindle

Research Natural Area

Type needs Comments and definition

Animal species :

Mammals

Dall sheep Occurrence in alpine areas of the central

Yukon-Tanana uplands , isolated from the main

Brooks Range and Alaska Range populations

and with good examples of escape terrain

Caribou Occurrence in overwintering habitat

Bird

Wheatear Occurrence in alpine regions with perching ,

foraging , lookout , display , and nesting habitat

on large boulders or rocks

Plant species :

Uncommon plant ,

Draba paysonii A small yellow-flowered mustard known in

Alaska previously from only two locations

Geologic features :

Landforms

Cliffs Vertical exposures of essentially unvegetated

bedrock

Periglacial features Stone stripes , stone polygons , and especially

solifluction lobes ( areas of slow downslope

movement of seasonally thawed, saturated fine

soil that creeps over frozen subsoil)

Plant communities:

Moist white spruce slope forest

( treeline variant)

a

White spruce (open needleleaf) a

a

Moist willow flood plain tall shrub Willow (willow thickets)

Birch dry upland dwarf shrub Mesic shrub birch -ericaceous shruba

Ericad upland dry dwarf shrub Shrub birch -ericaceous shrub boga

Snowbed herb -graminoid meadow Alpine herb -sedge (snowbed) a

Upland tussock meadow Tussock tundraa

Foliose lichen Foliose and fruticose lichena

a

Closest Alaska vegetation classification system unit of Viereck and others ( 1986 ) .
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Environment

Climate

Only short, fragmentary records are available about the climate of the Yukon - Tanana

upland region of interior Alaska. Some inferences about precipitation at high eleva

tions have been made on the basis of downstream hydrologic behavior of the Chena

River at Fairbanks. Santeford ( 1976) produced a linear regression defining the

increase in precipitation above the Fairbanks (the nearest first- order station , mean

with increasing elevation. The increase was expressed as multiples of the Fairbanks

mean. Precipitation doubled at about the 750-m elevation . These inferences and

some records from the Caribou -Poker Creeks research watershed ( Haugen and

others 1982) indicate that the mean annual precipitation near Mount Prindle is

between 600 and 1000 mm, two to three times as much as at Fairbanks.

Strong winds rearrange snow into drifts and snowbeds that locally augment the

annual total . Areas blown free of snow (deflation patches) are drier than the mean

annual precipitation would indicate (fig . 4 ) .

Mean annual temperatures in the RNA are well below freezing, although local varia

tions caused by mountain effects, variation in aspect, and cold air inversions are

extreme. A snowpack begins accumulating at the highest elevations from Septem

ber 1 to October 1 , although snow can fall almost any time except for a few weeks

near the summer solstice . Precipitation is at a minimum in spring and early summer;

it increases in typical monsoon fashion throughout the summer. Summer rainshowers

produced by terrain - induced convection are typical of the area .

Figure 4 — Aerial view of upland tundra in the central portion of Mount

Prindle ResearchNaturalArea, March 11, 1986. Snow deflation and

collection areas can be seen on the slightly undulating landscape .
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Geology ? Bedrock geology . - The Mount Prindle region is part of the Yukon -Tanana Terrane

(Pessel and others 1987) . The Yukon-Tanana Terrane includes at least two

sequences of metamorphic rocks that are Paleozoic to Late Precambrian in age.

Both metamorphic sequences were formerly known as Birch Creek schist (Mertie

1937) but were differentiated in later research ( Pessel and others 1987). The

metamorphic layers form a gradient from slightly altered rocks north and west of

Mount Prindle to intensively metamorphosed rocks south of the mountain . Pessel and

others (1987) propose the name "Grit-metagrit sequence" for the metamorphics that

underlie the region around Mount Prindle . They interpret these rocks as originating in

a submarine sediment fan . The sediments were mainly channel and overbank

deposits. Three units were recognized in the sequence : ( 1 ) an upper grit layer, (2) a

lower grit layer, and (3) a marble - chlorite marker that divides the upper and lower grit

layers ( Pessel and others 1987) . The lower grit and marble -chlorite layers are

assigned to Late Precambrian age . The upper grit layer is Late Precambrian or

Cambrian .

The Mount Prindle RNA contains portions of two plutons ( injected magma) of the

Hope granite suite ( Burns and Newberry 1987) . The Hope suite is part of a belt of

Late Cretaceous to Early Tertiary intrusive bodies extending across east-central

Alaska into the Yukon Territory ( Burns and Newberry 1987) . The Mount Prindle

pluton makes up the summit in the southern portion of the RNA (fig . 5) , and a part of

the Quartz Creek pluton makes up the highlands in the northwest part of the RNA

(fig . 6A) . Biotite and muscovite in the granites of the Mount Prindle pluton have been

Portions of this section first appeared in Natural Areas Journal(Juday 1987);

used with permission of the Natural Areas Association .

Figure 5 – Southeast-facing granitic summit of Mount Prindle is black

with felsic lichens; looking west.
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dated by the K-Ar method as 58.5 – 1.8 to 56.5 + 1.7 million years old (Holm 1973) .

The emplacement of both the Mount Prindle and the Quartz Creek plutons in the

latest Cretaceous or early Tertiary transformed the surrounding schist to upper

hornblende hornfels within a surrounding zone of about 1 km (fig . 6A) (Holm 1973) .

The plutons are displaced by at least four prominent faults or lineaments in the

vicinity of the RNA (Swainbank 1987) . The northeast-trending Nome Creek Fault

( Holm 1973) extends into the RNA about 3 km north of the summit (fig . 6A) ; the

northeasterly trending lineament cutting across upper Champion Creek is a strong

regional feature (fig . 6A) (Swainbank 1987) .

Bedrock geology of the RNA is shown in figure 6B. Precambrian pelitic schists with

small outcrops of marble make up the highlands between the Quartz Creek and

Mount Prindle granite plutons . Moderate lower slopes are covered with Quaternary

colluvium . Quaternary alluvial deposits are restricted to narrow zones along American

Creek and Quartz Creek.

The Mount Prindle pluton has been differentiated into three granites based on

chemical composition and mineral crystal size (Smith and Pessel 1987) . The intrusive

sequence began with an early coarse -grained phase . A later fine -grained ,

equigranular phase cuts across the earlier rocks. A late phase is represented by fine

equigranular/porphyritic granite with zinwaldite mica (Smith and others 1987) . Burns

and Newberry ( 1987) combined the first and second phase granites of the Mount

Prindle pluton into one intrusive unit based on the lack of intrusive contacts between

them and the composition of rare earth elements ; figure 6B reflects this approach.

The last intrusive event was the emplacement of a rhyolite porphyry dike in the early

granites and the adjacent schist north of the summit (fig . 6B ).

Veins of topaz and tourmaline are characteristic of the Mount Prindle pluton ; small

amounts of flourite are reported in the RNA ( Holm 1973 , Weglarz and Albanese

1987) . Weglarz and Albanese ( 1987) mapped two areas of greisen immediately north

of the summit of Mount Prindle , and three smallflourite occurrences . Greisen is an

altered granite rich in quartz and mica that is characteristic of regions where tin is

mined.

Glacial geology.-Mount Prindle stands out in the largely unglaciated Yukon-Tanana

uplands as a location with clear evidence of local multiple alpine glaciations ( fig . 6C)

( Péwé and others 1967) . Weber and Hamilton ( 1984) state :

The Mount Prindle area exhibits dramatic evidence for Pleistocene

glaciation . Deep cirques occupy the heads of a radiating series of

U-shaped troughs 9 to 11 km long that change abruptly downval

ley into V-shaped canyons . Sharp narrow aretes between smooth

cirque headwalls contrast with nearby unglaciated uplands that

exhibit tors , cryoplanation terraces , and other nonglacial erosion

forms .
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The contrast between the gently rolling nonglacial topography and areas of clear,

recent (as well as older and more subtle) glaciation makes the Mount Prindle RNA

an outstanding educational resource (fig . 7) . Weber and Hamilton (1984) recognize

evidence for four glacial episodes at Mount Prindle . The earliest and the most

extensive was the Prindle Glaciation (fig . 6C) , which took place more than 250,000

years ago but probably less than 700,000 years ago . The Prindle Glaciation

produced extensive glacier deposits in valleys south and west of the mountain that

were not covered by later glacial advances. These deposits suggest that the climate

during Prindle Glaciation was different from the Wisconsinan (most recent ice age)

because Mount Prindle must have intercepted a greater flow of moist air from the

south during Prindle times . A possible explanation is that the Alaska Range was not

as effective a barrier to Pacific moisture as it is now , most likely because it was lower

in elevation (Weber 1986) .

Weber and Hamilton (1984) place the subsequent Little Champion Glaciation before

125,000 years ago . The Little Champion probably corresponds to the Illinoian

Glaciation of the mid -North American chronology. Glacially scoured cirques of Little

Champion age have not been greatly altered by cryoplanation . Valley floors of Little

Champion age have been only slightly incised by modern streams (Weber and

Hamilton 1984) .

The American Creek Glaciation is probably of early Wisconsinan age and took place

earlier than 40,000 years ago. During the American Creek Glaciation , most of the

valleys radiating from the summit of Mount Prindle supported glaciers , but they did

not fill the valleys laterally and did not extend downvalley as far as during the Little

Champion Glaciation . The fourth and latest glaciation was the Convert Glaciation in

late Wisconsinan times . It produced ice only in small areas totaling about 100 ha,

mainly in northeast -facing cirques around the peak of Mount Prindle. No feature of

Figure 7 — Glaciated U -shaped valley of American Creek seenfrom

the summit of MountPrindle. This glacial valley in the rolling Tanana

Yukon uplands is isolated by greatdistances from other glacial terrain .
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the Convert Glaciation extends below 1025-m elevation . A rock glacier still occupies

the north -facing cirque at the head of Convert Creek . Its position suggests that it

formed as a periglacial feature during the Convert Glaciation ; the weathered forms of

the rock resemble those deposited in the American Creek Glaciation . The rock

glacier probably incorporated the older rock during its advance in Convert times .

Excellent examples of the terminal moraines from both the American Creek and Little

Champion Glaciations are present in the American Creek Valley just east of the

boundary of the RNA (fig . 6C) . Weathered , oxidized till can be seen in unvegetated

exposures on the steep sides of the valley at about the position of the terminal

moraines of both glaciations (fig . 8) . A series of very small ponds mark a probable

stagnant ice zone on the floor of American Creek Valley. These ponds may have

formed as ice block depressions but more likely were thawing centers in ice -rich

permafrost in the terminus region (Weber and Hamilton 1984) . These are the only

lakes in the region , and they provide a small bit of wildlife habitat diversity. The

terminal moraine region there supports a special plant community , an open lichen

mat with isolated trees and shrubs on nutrient-poor gravel pavements. The ancient

Prindle moraine lies at about the current treeline position on the south-facing slope

above American Creek.

Periglacial features. The Quartz Creek pluton in the northwestern portion of the

RNA was affected by only the earliest ( Prindle and Little Champion) glaciations ;

portions of the level upland surface there and elsewhere in the RNA were never

glaciated (fig . 6C) . Unglaciated areas and areas of older glaciation have been

shaped by special landscape weathering processes characteristic of cold regions .

Frost action in cold regions produces erosional debris features and remnant

landforms. Other processes transport frost - shattered debris downslope and produce

depositional landforms.

Figure 8 — Two terminal moraines and scars on north -facing slope

above American Creek, section 6, T. 7 N. , R. 7 E. The oldest

moraine is farthest downvalley, to the left or east (not shown) .
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The broad ridge summit in the northwest portion of the RNA is a cryoplanation

terrace (fig . 9 ) . Péwé (1975) defines cryoplanation terraces as:

...large bedrock steps or terraces on ridgecrests and hilltops

( Eakin , 1916, p . 78) ; the terraces possess at least one scarp (as

cending and (or) descending) and a tread surface . The tread or

" flat" area is 10 to several hundred meters wide and long , and

slopes from 10 to 15º , parallel to the ridgecrest . Terrace scarps

are from 1 to 30 m high . ... terraces ... are more poorly developed

on granite and tilted sedimentary or low -grade metamorphic rocks.

Residual bedrock knobs (tors) project above some terrace treads.

...As terraces form, frost- rived debris is shed as a blanket of mass

wasting material from the terraces down the slopes to creek valley

bottoms.

Several granite tors occur in the northwest section of the RNA (figs. 6D and 9) . They

protrude from land surfaces that are actually deep accumulations of rock and boulder

debris. These granite features are locally important components of wheatear habitat.

Frost-shattered rubble is often sorted by freeze -thaw action into stone stripes. A

particularly striking set of stone stripes is found in the RNA in the area of

Precambrian schist between granite plutons (figs . 6A and 6D) .

Figure 9 - Aerial view of a cryoplanation surface (in background

horizon)in the granite tors area of thewestern portion of Mount

Prindle RNA, March 11, 1986. Tallest tors are 10-12 m high. This

area supports one of the densest concentrations of nesting

wheatears, which hop down into the hollow spaces in rockpiles sur

rounding the tors .
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Soils Most of the Mount Prindle RNA is underlain by continuous permafrost. An area of

white spruce forest on the lowest elevation , south -facing slopes above American

Creek may be free of permafrost, or the soils there may have a very deep active

layer . One of the most striking features of the area is the very large and

well-developed solifluction lobes on south-facing slopes (figs . 6D and 10) . Solifluction

lobes are formed over permafrost when warm , steep slopes thaw and cause a

gradual creeping downhill movement of a slurry of rock , soil, vegetation, organic

layers of soil , and water. The downslope fronts of the lobes in the western portion of

the RNA are marked by near-vertical scarps as high as 2 m. Well- developed stands

of willows grow on several of the advancing fronts (fig . 11 ) . Occasionally, the upper

portions the lobes are marked by tension cracks in the vegetation and organic soil

layer up to 1 m wide ; these cracks reveal the churning mixture of angular stones ,

soil , and organic fragments below (fig . 12) . These solifluction lobes are among the

largest in central Alaska.

Weber and Hamilton ( 1984) describe some of the characteristics of moraine and till

soils in the Mount Prindle region. They provide information on color and depth of

weathering, which indicate the relative age of the glaciations they name.

Figure 10 — Well-developed solifluction lobes on south -facing slopes
above American Creek , 2.5 km west of the summit of Mount Prindle.

Dark lines marking lobate shapes around the lower margin are willow

shrubs.
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Figure 11 - Close view of willow shrubs along a 1.7 - m scarp at head
of a solifluction lobe .

Figure 12—Tension crack at the upslope tail of a large solifluction

lobe. Churned soil and rock are obvious in the crack ; plot frame is 0.2

by 0.5 m .
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Two debris torrent channels on the west slope of Mount Prindle ( fig. 6D) are

interesting landforms within the RNA. Neither was obvious during a visit to the site in

June and late July of 1982, but they were a striking feature in September (fig . 13) .

The channels probably formed in September 1982. Heavy, late summer rains

saturated soils in the region. At high elevations such as Mount Prindle , this interval of

heavy precipitation was terminated by cold temperatures and snow . During the 1st

week in September, a very strong warming trend, centered in east -central interior

Alaska , melted the accumulated snow very rapidly . The thaw on top of saturated

soils released a torrent of water that was funneled into two oversteepened channels .

The water moved downhill , picking up soil , rocks, and vegetation , and scouring out

the channels . The debris torrent load was deposited in two fans at the base of the

mountain (fig . 14) . These surfaces offer an outstanding opportunity for successional

studies in which the timing and character of the initial disturbance event are known .

Two shorter, thinner, and shallower tracks mark the same channels in a 1981 aerial

photograph of the area, indicating that the activity may be periodic.

Figure 13— Two debris torrent channels , west- facing slope of Mount

Prindle , in the southwest cornerof Mount Prindle Research Natural

Area, on September 24, 1982 , 2 weeks after a scouring flood .
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Figure 14 — Aerial view of the two debris torrent channels on the

west-facing slope of Mount Prindle , March 11 , 1986 .

Biota

Vegetation

Rare plants . - Time available for site documentation work at Mount Prindle RNA was

limited . As a result, the main goals in relation to vegetation were : ( 1 ) to verify the

presence of any uncommon plant species on the type needs list (table 1 ) or other

unexpected or special species, and (2 ) to determine the presence of plant

communities on the type needs list. No permanent plots or documentary photo

stations were established , although voucher specimens of plants of special interest

were made (table 2) . Plants were collected along the main ridge crest from the

summit of Mount Prindle to the northern end of the RNA. The two most notable finds

were Draba paysonii, a yellow -flowered mustard (fig . 15) , and the rare moss

Oligotrichum falcatum Steere. For many years o . falcatum was known in Alaska

only in the Brooks Range (Murray 1985) . Including the Mount Prindle collection ,

there are now two collections from interior Alaska, as well as two from western

Alaska (Long 1985) .

The taxonomy of Draba paysonii, including the typal variety and a variety treleasii,

was defined by Hitchcock ( 1941 ) in a revision of the western Drabas. He described

the plant as:

Common and quite widespread on rocky ridges near timberline

and above in our western mountains from Wyoming to Alberta;

west to British Columbia , the Cascade and Olympic Mountains of

Washington ; south to the region of Lake Tahoe , California , and

Mt. Rose, Nevada.
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Table 2 – Plant species collected in the Mount Prindle Research Natural Area,

July 1982a

Collection

number Species

DM8523 Potentilla elegans Cham. & Schlecht. - a species described

as "rare" in Hultén's ( 1968) " Flora of Alaska" ; a scattered

distribution in 3 locations in Alaska and several areas in

eastern Siberia ; only 1 previous collection in the

Yukon-Tanana uplands

DM8524 Oxytropis nigrescens ( Pall ) Fisch . ssp . bryophila (Greene)

Hult. — a well-distributed Beringian species

DM8526 and

DM8527 Draba paysonii Macbride - a Rocky Mountain species now

known to be highly disjunct to east-central Alaska

DM8528 Senecio yukonensis Pors .-a species distributed almost

exclusively in the higher elevations of the Yukon -Tanana

uplands , adjacent high elevations in the Yukon Territory,

parts of the Alaska Range , and the eastern Brooks Range of

Alaska. Although not a rare species overall , some of the

most abundant occurrences are in the Yukon-Tanana

uplands .

DM8529 Claytonia porsildii Yurtsev - a proposed new name for the

taxon treated as C. arctica Adams by Porsild ( 1975) .

Claytonia porsildii may be related to C. sarmentosa C. A.

Mey. , which is a widespread Beringian endemic of far

eastern Siberia and all of northern Alaska . Claytonia arctica

previously has been reported from Siberia and the Near

Islands of the Aleutians , 3 collections in the central Brooks

Range, and the Olgilvie Mountains in Yukon Territory.

Identification of the collected material is not final .

Collected by David Murray; preserved in the University of Alaska Fairbanks Herbarium .

Mulligan ( 1971 ) , however, identified only one population of D. paysonii in Alaska , at

Mount Harper ( 64°14' N. , 143°21 ' W. ) , 180 km southeast of Mount Prindle . Another

collection at the University of Alaska Herbarium (Lloyd A. Spetzman , 6/25/1957) was

made on Horn Mountain , south of the Alaska Highway, at the edge of the Macomb

Plateau ( 64°38' N. , 144°43' W. ) . The Alaska populations are separated by more than

1600 km from the northern margin of the principal range in central British Columbia .

Mulligan ( 1971 ) reviewed the cytotaxonomy of three closely related Draba species of

Canada and Alaska , D. ventosa A. Gray , D. ruaxes Payson & St.John , and D.

paysonii. Draba paysonii is a triploid ( 2n = 42 , basic chromosome number x = 14) ,

which reproduces asexually . It produces viable seed apomictically without pollen

stimulation . Pollen grains of greenhouse - grown plants were from 0 to 25 percent

fertile .
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Figure 15 — Draba paysonii, a yellow - flowered mustard, uncommon in
Alaska .

Plant communities. Figure 16 shows the pattern of plant communities in the RNA.

Map units are defined in terms of plant community type needs ; table 1 identifies the

nearest Alaska vegetation classification system level IV equivalent (Viereck and

others 1986) . Table 3 is a list of the common plants seen in the RNA.

The dry dwarf shrub tundras , both ericad and birch , are typically distributed on the

granite ridge crests of both the summit region (Mount Prindle pluton) and the

northwestern tors area (Quartz Creek pluton ). In general, Mount Prindle supports

typical " granite tundra ." Dwarf birch shrub tundra , corresponding to both ericad and

birch dry dwarf shrub tundra on the type needs list, is typical of semistabilized

slopes. Betula nana and B. glandulosa are dominant species of these types.

Common species are Arctostaphylos alpina, Arctagrostis latifolia, Dryas integrifolia,

Salix arctica, S. reticulata, S. phlebophylla, Carex bigelowii, Hierochloe alpina,

Vaccinium vitis-idaea, Ledum palustre, and Empetrum nigrum .

An interesting variant is the recurring pattern of vegetation on white gravel soils

formed from the decomposition of marble outcrops (fig . 6B) . Common species

include Anemone narcissifolia, Dryas integrifolia, D. octopetala, Astragalus spp . ,

Ledum decumbens, Salix phlebophylla, Parrya nudicaulis, and moss . In addition to

the species noted in the herbarium collection list , Pedicularis langsdorfii, Diapensia

lapponica, Loiseleuria procumbens, and Corydalis pauciflora were also seen on the

ridge crest .
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Quartz Creek

SHM

BUS Birch (dry ) upland ( dwarf ) shrub

EUS Ericad (dry ) upland ( dwarf ) shrub

FL Foliose lichen
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SHM Snowbed herb-graminoid meadow

TS Tall shrub

UTM Upland tussock meadow
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Figure 16 – Vegetation cover map of MountPrindle Research Natural

Area; interpreted from NASA color infrared high altitude aerial photo

at approximate contactscale of 1 :63,000, project 02929 ALK 60 ,

frame number 8863, photo taken August 5 , 1980 .

Some of the driest boulder areas on the ridge crests are dominated by foliose

lichens . At about 1400 -m elevation , vascular plant cover becomes sparse and lichens

dominate . The foliose lichen cover on the granitic surfaces of the upper slopes of the

summit is nearly complete , except on the harshest and most exposed sites . This

community, because of its nearly black color (especially when the lichens are

unhydrated) , is often mistaken for the bare surface of a granitic exposure (fig . 5 ) . The

summit is unusually rich in these felsic (granitic ) lichens , and identification of

specimens is still underway.

Upland tussock meadow is particularly common on slopes and benches underlain by

Precambrian schist between the two granitic plutons . Stone stripes are prominent ,

but they are overtopped by a continuous soil and vegetation mat . Prominent species

are Eriophorum vaginatum , Vaccinium uliginosum , Empetrum nigrum , Petasites

frigidus, and Polygonum bistorta in addition to species already mentioned.
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Table 3 — Common vascular plants seen in the Mount

Prindle Research Natural Area

Scientific name Common name

b

Polar grass

Alpine bearberry

Milk vetch

Glandular birch

Dwarf birch

Bigelow sedge

b

Lapland cassiope

Porsild spring beauty

b

b

b

b

b

Anemone narcissiflora L.

Arctagrostis latifolia ( R.Br. ) Griseb .

Arctostaphylos alpina (L. ) Spreng .

Astragalus spp .

Betula glandulosa Michx .

Betula nana L.

Carex bigelowii Torr.

Carex rotundata Wahlenb.

Cassiope tetragona ( L. ) D. Don

Claytonia porsildii Yurtsev

Corydalis pauciflora (Steph . ) Pers .

Diapensia lapponica L.

Draba paysonii Macbride

Dryas integrifolia M. Vahl

Dryas octopetala L.

Empetrum nigrum L.

Eriophorum angustifolium Honck.

Eriophorum vaginatum L.

Hierochloe alpina (Sw. ) Roem & Shult

Juncus triglumis L.

Ledum decumbens (Ait.) Small

Ledum palustre L.

Loiseleuria procumbens (L. ) Desv.

Minuartia obtusiloba (Rydb. ) House

Oxytropis nigrescens (Pall . ) Fisch .

Parrya nudicaulis ( L. ) Regel

Pedicularis langsdorfii Fisch .

Petasites frigidus ( L. ) Franch .

Picea glauca (Moench ) Voss

Polygonum bistorta L.

Potentilla elegans Cham . & Schlect

Salix arctica Pall .

Salix phlebophylla Anderss .

Salix reticulata L.

Senecio yukonensis Pors .

Vaccinium uliginosum L.

Vaccinium vitis - idaea L.

Black crowberry

Cottongrass

Cottongrass

Alpine holy grass

b

Narrow-leaf Labrador-tea

Labrador-tea

Alpine azalea

b

b

b

Langsdorf lousewort

Coltsfoot

White spruce

Bistort

b

Arctic willow

Skeletonleaf willow

Netleaf willow

b

Bog blueberry

Mountain -cranberry

a

Scientific names follow Hultén ( 1968) , unless noted ; common names follow

Hultén ( 1968) and Viereck and Little (1972).

Species does not have a common name.

CProposed name for C. arctica Adams .
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Snowbed herb -graminoid meadows are located on wet seeps at the base of

persistent snowbanks . Snowbanks form in deep crevices , channels , and concave

slopes where swirling winds off the summit drop their snowload. The vegetation

under the snowbeds themselves is species -poor, consisting primarily of Cassiope

tetragona. Snowbed meadows support Eriophorum angustifolium , Carex rotundata ,

and Juncus triglumis, among other species ; Diapensia lapponica and Dryas

octopetala are found on raised frost boils .

Moist white spruce slope forest ( treeline variant) is found in the western portion of the

RNA, above American Creek in the southeastern portion of the RNA (fig . 16) . Some

of this forest is at elevations higher than 920 m, which is unusually high for forests in

this part of Alaska . One white spruce increment core showed a count of 100 rings ,

indicating an origin some time before 1882, possibly in response to climatic warming

that began in the 1830's . The American Creek (early Wisconsinan ) moraine below

the forest has constricted the drainage of American Creek, producing a dense , moist

willow flood plain (tall shrub ) community on the infill basin of the dammed-up flood

plain .

A special botanical feature of the RNA is tall willow stands on the scarps of large

solifluction lobes on the south-facing slopes above American Creek . They provide a

means of geobotanical dating of the activity of the solifluction lobes .

Fauna
The principal wildlife groups of interest in the Mount Prindle RNA are ( 1 ) birds,

especially the northern wheatear and other songbirds and shorebirds; and (2)

mammals, especially two species of big game - caribou and Dall sheep .

Birds . — The northern wheatear is a thrushlike, alpine tundra ground -dwelling bird

(fig. 17) . The western North American population of the wheatear nests in alpine

areas of central and western Alaska and adjacent Yukon Territory, then migrates to

Eurasia or North Africa to overwinter. This traditional migration pattern is consistent

with a route available during the Pleistocene when Alaska was isolated from the rest

of North America by the cordilleran ice sheets but maintained a broad land

connection to Eurasian tundra steppe via the Bering land bridge. Gabrielson and

Lincoln ( 1959) describe the wheatear as "particularly common in the complex of

mountains between the Yukon and Tanana where most of the birds in the National

Museum have been collected . " The granite tors portion of the northwest part of the

RNA is prime wheatear habitat . Wheatears nest in the crevices and cavities of the

deep rockpiles that form from the frost-shattering of erosion -resistant ( mostly granite)

rock (Armstrong 1983 , Chernov 1985 , Gabrielson and Lincoln 1959 ) . Chernov (1985)

describes the summer diet of wheatears as restricted to slower moving , large,

surface -dwelling insects ( fig . 18 ) . He reports that wheatears prefer crane-flies and are

one of the few birds that consume large numbers of bumblebees (Bombus

hyperboreus, B. lapponicus, and B. balteatus). Large beetles , especially carrion

( Thanatophilus spp . ) , carabid ( Pterostichus spp . ) , and water beetles ( Colymbetes and

Graphoderus), are also important food for wheatears . Chernov ( 1985) notes that in

Eurasia the wheatear is 1 of only 10 subarctic bird species that eat predominantly

animal food . In Eurasia , the wheatear has become established in human settlements ,

but this relation does not seem to hold in North America .
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Figure 17 — Wheatear male (center) perching on rock at Eagle Sum

mit (30 km east of Mount Prindle). Wheatears are white and gray with

black spots,a natural camouflage among the lichen -covered granite

tors in their nesting habitat; photo courtesy of R.H. Day, University
of Alaska.

Figure 18 — Wheatear male with large insect in beak; photo, courtesy

ofR.H. Day, University of Alaska .

During the site visit in late June 1982 , adult foraging male wheatears were observed

feeding heavily on aquatic insects , which they brought back to nests under the

granite tors . They could be approached to within 2 m, and the duration of their

foraging trips and nest visits were easily timed .

Table 4 is a checklist of birds known or likely to occur in the RNA. Birds sighted in

the tundra uplands of the RNA include the Lapland longspur and horned lark .

Lapland longspurs are insectivorous; this species consumes a considerable biomass

of invertebrates. Custer and others ( 1986) estimated that each adult Lapland

longspur near Barrow captures between 3,000 and 10,000 insects and seeds per day

for self-maintenance during the warm season , and an additional 3,000 insects per

day when raising five young.
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Table 4 - Checklist of birds known to occur or that may occur in

the Mount Prindle Research Natural Areaa

Order and common name Scientific name Comments

Anseriformes :

Mallard

Green -winged teal
Greater scaup

Lesser scaup

Anas platyrhynchos

Anas crecca

Aythya marila

Aythya affinis

Probable migrant on pond

Probable migrant on pond

Probable migrant on pond

Probable migrant on pond

Falconiformes:

Red - tailed hawk

Rough -legged hawk

Golden eagle

Marsh hawk

Gyrfalcon

Peregrine falcon

Buteo jamaicensis

Buteo lagopus

Aquila chrysaetos

Circus cyaneus

Falco rusticolus

Falco peregrinus

Seen in vicinity

Seen in White Mountains

Galliformes :

Spruce grouse

Willow ptarmigan

Rock ptarmigan

Canachites canadensis

Lagopus lagopus

Lagopus mutus Remains of kill seen near tors

Probable along streams

Seen in vicinity

Charadriiformes :

Semipalmated plover

American golden plover

Spotted sandpiper

Northern phalarope

Long - billed dowitcher

Semipalmated sandpiper

Least sandpiper

Pectoral sandpiper

Long - tailed jaeger

Mew gull

Charadrius semipalmatus

Pluvialis dominica

Actitis macularia

Lobipes lobatus

Limnodromus scolopaceus

Calidris pusilla

Calidris minutilla

Calidris melanotos

Siercorarius longicaudus

Larus canus

Common in vicinity

Probable migrant at low elevation

Strigiformes :

Great horned owl

Short-eared owl

Boreal owl

Bubo virginianus

Asio flammeus

Aegolius funereus

Piciformes:

Hairy woodpecker

Downy woodpecker

Picoides villosus

Picoides pubescens

Probable in spruce forest

Probable in spruce forest

Seen in snowbed meadow at tors

Seen in White Mountains

Seen in vicinity

Probable in spruce forest

Probable in spruce forest

Seen in forest , American Creek

Seen nesting under tors

Passeriformes :

Alder flycatcher

Horned lark

Violet-green swallow

Cliff swallow

Gray jay

Common raven

Black -capped chickadee

Boreal chickadee

Dipper

American robin

Varied thrush

Hermit thrush

Swainson's thrush

Gray -cheeked thrush

Mountain bluebird

Wheatear

Townsend's solitaire

Arctic warbler

Ruby-crowned kinglet

Water pipit

Bohemian waxwing

Northern shrike

Orange - crowned warbler

Yellow warbler

Wilson's warbler

Gray-crowned rosy finch

Hoary redpoll

Common redpoll

Savannah sparrow

Dark-eyed junco

Tree sparrow

Chipping sparrow

White -crowned sparrow

Golden -crowned sparrow

Fox sparrow

Lapland longspur

Snow bunting

Empidonax alnorum

Eremophila alpestris

Tachycinela thalassina

Petrochelidon pyrrhonota

Perisoreus canadensis

Corvus corax

Parus atricapillus

Parus hudsonicus

Cindus mexicanus

Turdus migratorius

Ixoreus naevius

Catharus guttatus

Catharus ustulatus

Catharus minimus

Sialia currucoides

Oenanthe oenanthe

Myadestes townsendi

Phylloscopus borealis

Regulus calendula

Anthus spinoletta

Bombycilla garrulus

Lanius excubitor

Vermivora celata

Dendroica petechia

Wilsonia pusilla

Leucosticte tephrocotis

Carduelis hornemanni

Carduelis flammea

Passerculus sandwichensis

Junco hyemalis

Spizella arborea

Spizella passerina

Zonotrichia leucophrys

Zonotrichia atricapilla

Passerella iliaca

Calcarius lapponicus

Plectrophenax nivalis

Seen in White Mountains

Seen in vicinity

Seen in forest , American Creek

Seen in forest, American Creek

Seen in forest , American Creek

Seen in snowbed meadow at tors

Probable migrant only

a

Nomenclature follows USDA Forest Service ( 1979) and American Ornithologists ' Union (1957) .
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Several shrub -thicket birds that nest on the ground or low in trees , including fox

sparrow , white - crowned sparrow , hermit thrush , and Wilson's warbler , were sighted in

the forest patch above American Creek . Mount Prindle is also a raptor nesting area;

it probably supports golden eagles ( Bureau of Land Management 1984a , 1984b) .

Mammals.-- Table 5 is a list of mammals for Mount Prindle RNA. Caribou are the

largest ungulates in the RNA. From about 1900 to 1960 , the migratory

Steese -Fortymile herd , 1 of 102 caribou herds in North America, used the Mount

Prindle region as its traditional calving ground (Valkenburg and Davis 1986) . The

RNA still supports animals from the smaller, resident White Mountain herd of about

800 animals (Williams and Heard 1986) .

The Steese -Fortymile herd historically ranged between the Whitehorse and Lake

Laberge area of south-central Yukon in Canada to the area between the Tanana and

Yukon-Porcupine Rivers in Alaska. Since the early 1960's , its range has contracted

to the Yukon-Tanana uplands between the Yukon-Alaska border and the Steese

Highway. Valkenburg and Davis ( 1986) cite several population estimates for the herd

for a 65 -year period. In 1920, the estimated herd size was more than 580,000 ; it

declined to about 60,000 in the early 1950's and 5,300 in 1973 ; then increased to

about 14,000 in 1984. Generally, the reliability of population estimates has improved

since the late 1950's .

From about 1900 to the winter of 1960 , Mount Prindle was in the center of the

Steese -Fortymile herd calving area that encompassed alpine areas of the White

Mountains between Beaver Creek and the Steese Highway. In the late 1950's , the

herd began to calf also in the upper Birch Creek drainage . For the years 1961

through 1963 , Mount Prindle was a secondary calving area only . Since 1964 , the

Steese -Fortymile herd has not used Mount Prindle as a calving ground but has

calved instead farther and farther southeast . Between 1980 and 1985 , the herd

dispersed widely over a large area during calving , even using forest habitats below

treeline . In both tundra and forest calving habitat , Eriophorum flower buds are the

principal late winter food of caribou (Valkenburg and Davis 1986) .

Caribou typically are faithful to a calving ground even though the portion of it they

use may shift from year to year. The complete abandonment of the White Mountain

calving ground, centered around Mount Prindle , is the only well-documented case of

its kind (Valkenburg and Davis 1986) . The reasons for the abandonment are not

known. The Steese -Fortymile herd may reoccupy the White Mountain calving ground

some time in the future .

Currently , caribou from the smaller resident White Mountain caribou herd forage in

the RNA in the spring and early summer, but they calve in the Lime Peak area , 20

km to the northwest.
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Table 5Checklist of mammals known to occur or that may occur in the Mount

Prindle Research Natural Area
a

Order and common name Scientific name Comments

Insectivora :

Masked shrew

Dusky shrew

Arctic shrew

Pygmy shrew

Sorex cinereus

Sorex obscurus

Sorex arcticus

Microsorex hoyi

Chiroptera:

Little brown myotis Myotis lucifugus Possible in forest

Lagomorpha:

Collared pika

Snowshoe hare

Ochotona collaris

Lepus americanus

Specimen from Eagle Summit

Rodentia :

Alaska marmot

Arctic ground squirrel

Red squirrel

Beaver

Northern red -backed vole

Tundra vole

Singing vole

Muskrat

Brown lemming

Porcupine

Marmota boweri

Spermophilus parryii

Tamiasciurus hudsonicus

Castor canadensis

Clethrionomys rutilus

Microtus oeconomus

Microtus miurus

Ondatra zibethicus

Lemmus sibiricus

Erethizon dorsatum

Specimen from Eagle Summit

Possible in forest

Carnivora :

Coyote

Gray wolf

Red fox

Black bear

Grizzly bear

Marten

Ermine

Least weasel

Mink

Wolverine

River otter

Lynx

Canis latrans

Canis lupus

Vulpes vulpes

Ursus americanus

Ursus arctos

Martes americana

Mustela erminea

Mustela nivalis

Mustela vision

Gulo gulo

Lutra canadensis

Felis lynx

Artiodactyla:

Moose

Caribou

Dall sheep

Alces alces

Rangifer tarandus

Ovis dalli

Shrub zone in valleys

Former calving ground

Seen in area

a

Nomenclature follows USDA Forest Service ( 1979 ) .
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In April 1983, the Bureau of Land Management, in cooperation with the Alaska

Department of Fish and Game , began a study of Dall sheep in the Steese and White

Mountains areas. Several animals were radio - collared; their movements were

followed as long as the radios functioned . The study was still active in 1987 ; results

will be published after its completion (Bruce Durtsche, Bureau of Land Management,

personal communication) . Dall sheep forage in the RNA in the spring and early

summer. They have been observed moving up in elevation with snowmelt and the

appearance of new green forage. The Dall sheep move through the area in ram

bands and ewe bands.

Dall sheep seldom use even productive areas of alpine forage extensively unless

escape terrain (cliffs and rugged ground) is available (Nichols 1978a, 1978b) . Escape

is their principal form of defense against predators. Being mostly unglaciated , the

central and western Yukon-Tanana uplands generally lack cliffs and steep or rough,

broken ground. The cliffs of the glacially carved upper American Creek Valley serve

as a regionally scarce area of escape terrain (fig . 6D) . By the standards of the

Alaska Range or Brooks Range, however, the escape terrain available to sheep at

Mount Prindle is suboptimal. Even much of the old glacial topography in the area is

weathered and subdued .

One of the most significant ways Dall sheep use the RNA is as a traditional lambing

ground. Dall sheep lambing takes place in the upper American Creek Valley ( Bruce

Durtsche, personal communication ). The populations of Dallsheep in the

Yukon -Tanana uplands are few and are isolated from genetic interchange with the

large populations of the Alaska Range and Brooks Range ( Nichols 1978a, 1978b ).

Large mammals in such circumstances typically require special conservation

measures , such as protection of sensitive habitat and careful monitoring and control

of mortality .

Grizzly bear feed intensively in the Mount Prindle region in the spring. Intensive-use

feeding areas for bears are relatively uncommon in the Steese National Conservation

Area.

History of

Disturbance

Mineral Potential

The Mount Prindle - Lime Peak area was the subject of an extensive mineral

assessment by the Alaska Division of Geologicaland Geophysical Surveys (DGGS)

in 1986 and 1987 (Smith and others 1987) . The DGGS estimates a 50-percent

probability that a 141 510-ha area surrounding Mount Prindle contains as much tin

and silver as a moderate-sized tin district-290 000 metric tons of tin and 311 000 kg

of silver with a gross value of about $3 billion . This estimate was made by comparing

the geology and mineralization of the study area with mining regions elsewhere in the

world . The estimate is for comparative purposes and does not represent a judgment

that any resources are economically recoverable .

The Hope suite granite plutons strongly resemble tin -producing regions such as

Cornwall in southern Great Britain ( Park and MacDiarmid 1964 , Smith and others

1987) . About two -thirds of the tin and silver potential in the DGGS assessment area

is associated with specific portions of the Lime Peak pluton ; the other third is divided

among the remainder of the Lime Peak pluton and the Quartz Creek and Mount

Prindle plutons . The potential for uranium and lode gold was also defined in the

DGGS assessment .
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Holm ( 1973) reports a tin anomaly (values to 200 p/m) in the upper American Creek

drainage . Newberry ( 1987) identifies a granite dike and greisen vein in a cliff 2 km

south of the southwestern corner of the RNA that is probably responsible for the high

tin values downstream . Newberry ( 1987) states , "Hence, although they are

themselves of negligible economic value , the rocks on upper American Creek

indicate the local development of moderate -grade chlorite greisens in the Mt. Prindle

pluton and may imply the presence of higher- grade mineralization at depth . " Another

tin anomaly on an unnamed tributary of American Creek 2 km south of the

southeastern corner of the RNA was also judged not significant itself but an

indication of mineralization at depth .

In the mid- 1970's , a significant uranium anomaly was discovered in a spring system

at the base of Mount Prindle, outside the RNA. Barker and Clautice ( 1977) report

uranium concentrations of as much as 400 p/m from stream sediments , and values

up to 570 p/m from sediments at the spring. The anomaly probably represents a

hydrologically controlled local concentration . The MAPCO Corporation conducted a

2-year diamond drilling program for uranium but obtained only dry holes in the Mount

Prindle pluton (Burton and Newberry 1987) . The Hope suite granites showed no

signs of major uranium mineralization in the DGGS assessment (Burton and

Newberry 1987) .

No significant gold prospects were mapped in the region of the Mount Prindle RNA in

the DGGS assessment (Newberry and others 1987) . Weber and Hamilton (1984)

report:

The origin of gold in this area is not clearly understood, but it is

probably related to Tertiary dikes , veins , and small hypabyssal in

trusions rather than to the main Mount Prindle intrusion . To the

best of our knowledge , no gold is being mined within the area that

was once occupied by glaciers . These ice bodies probably eroded

alluvial placer deposits that had developed in the upper parts of

each valley so that gold presently is found only below the maxi

mum glacial extents .

Estimates of the tin and silver resources of the entire Mount Prindle pluton (including

the most promising areas south of the RNA) at the 25-percent probability level and

lower are available ( Pessel and Newberry 1987) . These resources ( if they exist ) are

probably buried at some depth in granite . Recovery of any minerals that may exist

would require tunneling and shaft construction , in addition to a new road system and

support facilities . The entire mineral assessment region is withdrawn from mineral

development by the current land and resource management plans for the Steese

National Conservation Area and the White Mountains National Recreation Area .

Proposals to revise or amend the plans for mineral development will be evaluated by

the Bureau of Land Management for their effects on scientific , ecological , and

recreational resources as required by the Alaska National Interest Lands

Conservation Act .
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Research One of the principal research attractions of the Mount Prindle RNA is the opportunity

for studying alpine landforms, both glacial and nonglacial . The large solifluction lobes

on the south -facing slopes above American Creek give researchers the opportunity to

monitor solifluction creep rates and processes. The especially well-developed stands

of willows that occupy the scarp fronts of the creep zone are several decades old

and could be useful in determining past movements . The debris torrent channels on

the west slopes , which were scoured in late summer 1982 , provide a unique

opportunity for studying alpine tundra succession on a surface of known age . The

time of the earliest (Prindle) glaciation in the RNA has been fixed within only a broad

range ; further research is needed to refine the dating of this glaciation.

The reasons for the abandonment of the traditional calving area at Mount Prindle by

the Steese -Fortymile caribou herd is a major research question . The RNA is an ideal

location for initiating studies of winter caribou habitat relations . Most theories of the

cause for the abandonment have focused on predation or disturbance of caribou and

have neglected habitat factors . Plant (especially lichen ) communities in the RNA

have the appearance of partial recovery from a closely grazed or cropped condition .

If Mount Prindle again becomes a major calving ground, a comparison of the

"resting" versus the grazed condition of the caribou range would be valuable .

Another wildlife research opportunity involves the breeding population of wheatears.

During the site visit in 1982, wheatears could be approached to within 2 m, indicating

the opportunity for studying behavior of this small bird . The RNA also offers good

opportunities for studies of wheatears' use of specific habitat features , such as

boulders and rock crevices for nesting .

The compilation of the flora of the Mount Prindle RNA is not complete . This is

especially true of the nonvascular plants , including "felsic " lichens and mosses . The

population of Draba paysonii should be monitored occasionally and other rare alpine

species searched for . At least one permanent alpine vegetation transect should be

established on a physiographically stable surface. The small treeline area in the

southeast portion of the RNA above American Creek would allow a study of treeline

dynamics ; trees on treeline sites outside the RNA could be cored or even

destructively sampled in conjunction with study of the trees within the area.

Further research on Dall sheep and caribou in the RNA is needed, especially Dall

sheep lambing in the RNA. The importance of restricted cliff habitat for raptors , Dall

sheep , and caribou needs to be determined.

1

Maps and Aerial

Photographs

Mount Prindle is on the Circle B-5 , B -6 , C -5 , and C-6 USGS topographic quadrangle

maps ( 1 :63,360 scale , 1954 base with 1963 revisions ) . Holm ( 1973) provides a

bedrock geology map at about 1 : 10,500 scale . Weber and Hamilton ( 1984) present a

map of the glacial geology of the Mount Prindle area at about 1 : 125,000 scale . The

set of maps that accompanies the DGGS mineral assessment of the Lime

Peak- Mount Prindle area (Smith and others 1987) covers most aspects of geology

and mineralization of the Mount Prindle RNA. All maps in the set are at 1 : 63,360

scale . Maps of the bedrock geology (Smith and Pessel 1987) and mineral

occurrences (Weglarz and Albanese 1987) in this series are particularly useful .
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Controlled vertical air photo coverage of the Mount Prindle RNA is available : color

infrared high altitude airphotos, taken from a U-2 , are available for August 23 , 1981 ,

and August 5 , 1980 , at contact scale of about 1 : 63,000 ; airphoto frame number 8863

( 1980 airphoto ) gives complete coverage of the Mount Prindle RNA. The

Steese-White Mountains District Office of BLM in Fairbanks can provide up-to-date

information on maps and air photo coverage of the area .

Units of Measure When you know : Multiply by : To find :

Hectares (ha) 2.47 Acres

Meters (m) 3.281 Feet

Kilometers (km) 0.621 Miles

Celsius (°C) 1.8 then add 32 Fahrenheit (°F)

Kilograms (kg) 2.203 Pounds

Kilograms 32.151 Troy ounces

Metric tons 1.103 Tons
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Juday, Glenn Patrick. 1988. Alaska Research Natural Area: 1. Mount Prindle. Gen. Tech . Rep.

PNW-GTR-224 . Portland, OR : U.S. Department of Agriculture , Forest Service, Pacific

Northwest Research Station . 34 p .

The 2412 -hectare Mount Prindle Research Natural Area is located in central Alaska on the border

of the Steese National Conservation Area and White Mountains National Recreation Area. It is

managed by the U.S. Department of the Interior, Bureau of Land Management, Steese -White

Mountains District. Mount Prindle was selected as a Research Natural Area (RNA) because it con

tains outstanding examples of solifluction lobes; habitat for wheatear (a small thrushlike bird ),

caribou, and Dall sheep ; the yellow -flowered mustard Draba paysonii, which is uncommon in Alas

ka; a diversity of alpine plant communities; and examples of both glaciated and unglaciated sub

arctic landforms. Other features of scientific interest, including two debris torrent channels and the

rare moss Oligotrichum falcatum Steere were discovered during site documentation . The highland

region centered on Mount Prindle was once the heart of the calving area for the Steese -Fortymile

caribou herd but was mainly abandoned in the early 1960's; the reason it was abandoned is not

known . Mount Prindle RNA is characterized by an unusually high number of scientifically and

educationally interesting natural features, typical of this portion of the Yukon - Tanana uplands,

within a compact area . The area has high potential for public education and research use.

Keywords: Alaska, alpine tundra, caribou (Rangifer tarandus), cryoplanation terrace, Dallsheep

( Ovis dalli), debris torrent, Draba paysonii, ecosystems , glaciations, granite, Natural Areas

(Research ), Research Natural Area, scientific reserves, solifluction lobe, tors , treeline.
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Foreword Resource managers in the United States and Canada must face increasing demands for both

timber and wildlife . Demands for these resources are not necessarily incompatible with each

other. Management objectives can be brought together for both resources to provide a bal

anced supply of timber and wildlife . Until recently , managers have been hampered by lack of

technique for integrating management of these two resources. The goal of the Habitat Futures

Series is to contribute toward a body of technical methods for integrated forestry in British

Columbia in Canada and Oregon and Washington in the United States. The series also applies

to parts of Alberta in Canada and Alaska, California, Idaho , and Montana in the United States.

Some publications in the Habitat Futures Series provide tools and methods that have been

developed sufficiently for trial -use in integrated management. Other publications describe

techniques not yet welldeveloped. All series publications, however, provide sufficient detailfor

discussion and refinement . Because , like most integrated management techniques, these

models and methods have usually yet to be welltested, before application they should be

evaluated, calibrated (based on local conditions) , and validated . The degree of testing needed

before application depends on local conditions and the innovation being used . You are encour

aged to review, discuss , debate , and-above alluse the information presented in this

publication and other publications in the Habitat Futures Series .

The Habitat Futures Series has its foundations in the Habitat Futures workshop that was

conducted to further the practical use and development of new management techniques for

integrating timber and wildlife management and to develop a United States and British Colum

bia management and research communication network . The workshop - jointly sponsored by

the USDA Forest Service and the British Columbia Ministry of Forests and Lands , Canada

was held on October 20-24, 1986 , at the Cowichan Lake Research Station on Vancouver

Island in British Columbia, Canada.

One key to successful forest management is providing the right information for decisionmaking .

Management must know what questions need to be asked , and researchers must pursue their

work with the focus required to generate the best solutions for management. Research , devel

opment, and application of integrated forestry will be more effective and productive it forums,

such as the Habitat Futures Workshop, are used to bring researchers and managers together

for discussing the experiences , successes , and failures of new management tools to integrate

timber and wildlife .

British Columbia Ministry of Forests and Lands R.M. Ellis

U.S. Department of Agriculture, Forest Service Richard S. Holthausen
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Abstract Thomas, Jack Ward ; Leckenby, Donavin A.; Lyon , L. Jack ; Hicks, Lorin L.;

Marcum , C. Les. 1988. Integrated management of timber -elk -cattle : interior

forests of Western North America. Gen. Tech . Rep. PNW-GTR-225. Portland,

OR : U.S. Department of Agriculture , Forest Service, Pacific Northwest Research

Station. 12 p.

The need for and the evaluation of elk -habitat evaluation models are reviewed, and a

state -of-the- art example is presented that incorporates distribution of elk- habitat use

related to distance from cover/forage edges, distance from roads, cover quality , and

forage quantity and quality.

Keywords: Integrated management, timber management, wildlife habitat

management, grazing management, models .
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Problem Analysis

The Issue

The Rocky Mountain elk (Cervus elaphus nelsoni) often receives consideration in

forest management in the intermountain West, where the species primarily lives in

mountainous terrain characterized by conifer forests at relatively high elevations and

grass and shrublands at lower elevations . The issue we analyze in this paper is how

this elk habitat is evaluated in forest planning and management.

Concerns The Rocky Mountain elk (hereafter elk) is highly valued for both hunting and esthe

tic reasons . The elk is primarily associated with publicly owned lands ; for example,

about 94 percent of the Rocky Mountain elk in the United States in the late 1970's

resided for all or most of the year on National Forests (Thomas and Sirmon 1985a,

1985b) . Many societal demands are made on public lands in North America for

numerous resources including fish and wildlife , livestock grazing, minerals, recrea

tion , timber, and water. Simultaneous exploitation of these lands for two or more

resources requires both the understanding of interactions between management to

achieve goals for each purpose and the manipulation of these interactions to meet

management objectives. These interactions are not confined to biological relations

but are also influenced (probably most strongly) by an admixture of economic , social ,

and political factors. Management of the elk is complicated further by a mixture of

public and private land within the ranges of most elk herds. Objectives sometimes

vary widely between owners of the lands , between owners and government agencies

responsible for the elk , or both .

The compatibilities and conflicts between land-management practices that result in

various forest and rangeland products have become better recognized as more

unmanaged land has been brought under management . Land-use planning has

revealed and dealt with the need for allocating resources between factions that

demand different amounts under various circumstances.

Consideration and resolution of multiple -use management problems are complicated

by the need , whether formalized or implied , to consider cost/benefit ratios and by

questions of equity among user groups , regions , and classes of landowners . Resour

ces from managed land that are perceived as amenities , such as elk , do not have

market values and often do not receive the same emphasis as commodities that

produce revenue for agencies, individuals , or communities.

Land management has become complex - biologically, economically , socially ,

politically , and administratively - over a brief period . Wildlife biologists must operate

effectively and efficiently in the arenas where the fate of elk and elk hunting is being

determined through two evolving processes: ( 1 ) habitat evaluation by means that can

be incorporated with evaluations of other resources in land-use planning and (2 )

credible expressions of economic values associated with exploitation of elk . This

discussion is confined to consideration of habitat evaluation .

Historical Approaches

to Issue Resolution

Three historical phases have affected elk : unregulated natural resource exploitation

from 1850 to 1920 , recovery of elk habitat and numbers from 1920 to 1960 , and the

management from 1960 to present . The period from 1850 to 1900 was characterized

by unregulated hunting of elk and by severe overgrazing of elk ranges by domestic

livestock . Elk were extirpated from much of their range and dramatically reduced in

numbers to less than 90,000 by 1922 .

1



Then, elk numbers began to increase because of protection from unregulated hunt

ing, drastic reductions in livestock numbers on USDA Forest Service lands , and

reintroductions of the species to former range . By 1935, elk had recovered to the

point where hunting was permitted, and 3,378 elk were legally taken by hunters. The

number of elk legally killed by hunters increased to 19,020 in 1945 , 67,454 in 1955,

77,334 in 1965, and 103,830 in 1975 (Potter 1982) . Rocky Mountain elk populations

were estimated at 422,665 in 1976 (Bryant and Maser 1982) . Obviously, the control

of elk killed by hunters, reintroductions, and enhanced range conditions through

control and distribution of livestock numbers were dramatically successful.

By 1960, the management emphasis of National Forests that contained primary elk

habitat began to change from forest protection and regulation of grazing to timber

harvest and management. Associated with this change in management was a dra

matic increase in road construction in previously unroaded or lightly roaded areas .

When considering elk , land managers began to focus more on the effects of timber

management (Lyon 1979) , livestock grazing , and human access from increasing

miles of roads. Elk numbers and hunting quality became and continue to be the

issues and are addressed here .

The pre-1979 literature on the effects of timber management, roads, and livestock

grazing on elk habitat is summarized by Lyon and Ward ( 1982) ; Nelson ( 1982) also

reviews livestock grazing impacts on elk . Literature on other elk- habitat influences

was reviewed by Lyon and others ( 1985) .

Before the development of the first widely applied elk -habitat models in 1975 (Black

and others 1976, Thomas and others 1976, Thomas and others 1979 ) biologists

addressed habitat considerations for elk in managed forests with recommenda

tions - lists of "do's and don'ts " (Lyon 1975 and 1980 , Pedersen and others 1980 ,

Ruedigger 1977 , Ward 1980) . The most comprehensive, best documented, and

well -supported recommendations were reported by investigators with the Montana

Cooperative Elk-Logging Study 1970-1985 (Lyon and others 1985 ) ; several

recommendations are given here as examples :

1. " Security during logging operations...Preparation of timber sales in elk summer

range should include planning to attain minimum losses in habitat security during the

period of road construction and logging .

2. " Redistribution of elk ... Timber sales should be planned in a manner that minimizes

potential problems arising from temporary redistribution of elk onto adjacent or other

nearby property.

3. " Traditional home range use by elk ...Before timber sales are established and new

roads are constructed, information should be obtained concerning traditional use

patterns and distribution of elk harvest so that cutting can be timed and roads placed

to have the least undesirable effect on both elk and elk hunting .
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4. "Road construction and design ...As part of the location and design of transporta

tion systems , existing habitat occupancy and movement patterns and probable elk

crossing areas should be identified and provisions made to maintain security for

unimpeded movement... A number of considerations can help to minimize the loss of

habitat security:

.

Locate permanent and high-volume traffic roads in those areas least used by

elk.

.

Design secondary roads, in both construction and layout , to facilitate eventual

closure . This is particularly important where roads enter drainage heads .

Maintain frequent dense cover areas adjacent to the road .

Avoid road construction in saddles or low divides frequented by elk in crossing

ridges between drainages.

Construct roads to the lowest standard that will meet management objectives .

In important elk range this usually implies a low -speed, single-track

construction without large cut slopes , fills , or straight stretches .

•

Dispose of road right-of-way slash so it does not inhibit elk movement .

Locate roads, even temporary roads, to avoid disturbance of moist sites and

other areas of concentrated use by elk .

Avoid areas of important elk winter range.

5. "Road management...Where maintenance of elk habitat quality and security is an

important consideration , open road densities should be held to a low level , and every

open road should be carefully evaluated to determine the possible consequences for

elk ... High priorities for closure

.

roads in the heads of drainages, saddles , and low divides ,

•

roads through moist areas and wet meadows,

.

loop roads that encourage through traffic ,

trunk roads with many dead-end side roads under one-half mile in length ,

.

midslope roads in the lower two-thirds of the drainages ( especially in fall ) ,

.

roads in known calving areas (especially in spring ) ,

.

roads in winter range concentration areas ( especially in winter) , and

.

roads in areas with poor cover (especially in fall ) .
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6. " Clearcuts...In order to assure that forage produced in clearcuts is in fact available

for use by elk , openings should satisfy the following criteria :

Slash cleanup inside clearcuts should reduce average slash depths below 1.5

feet . Slash in excess of 1.5 feet will reduce elk use by more than 50 percent.

.

Openings should be small , even though openings up to 100 acres may be

acceptable where the adjacent forest edge supplies adequate security.

In western Montana , some security cover is provided within openings by

vegetation growth, and elk use increases in older cuttings . In central Montana,

the younger openings are preferred by elk ; security should be provided by

designing clearcuts so that the best available cover occurs at the uncut edge.

Thinning adjacent to clearcuts is not recommended .

Additional security , which will significantly increase elk use of clearcut

openings , can be provided with appropriate road closures .

Assessment of how effective such "guidelines " or " recommendations " have been in

influencing timber , road, and livestock management to benefit elk is difficult to make.

Our impression is that they have had a positive influence on elk habitat over what

would have occurred in their absence . The degree of attention paid to such guide

lines , however, varied from location to location depending on circumstances—the

most obvious being the acceptance and effectiveness of the wildlife biologists and

the receptiveness of managers. Such management guidelines derived from and

supported by research are , nonetheless , essential tools for evaluating or guiding elk

habitat management.

By 1976 , modeling was becoming the order of the day in land-use planning and in

analysis of effects from alternative forest management actions . The variables that

many biologists believed strongly influenced elk use of habitat were combined into

models that could be jointly considered with models describing timber, livestock , and

other resource responses to the same or different management actions.

The first elk - habitat model (Mark 1 ) that received widespread use was derived for

use in the Blue Mountains of Oregon and Washington ( Black and others 1976,

Thomas and others 1979 ) . This model was based on the size , spacing , and juxta

position of cover ( hiding and thermal cover) and openings in the forest (created or

natural) called forage areas (see Peek and others 1982 for a discussion of cover).

These relations were generalized into cover/forage ratios as one criterion of habitat

effectiveness and scored from a 0 to 1.0 scale . The score was then multiplied (dis

counted) by a record score ( again , on a 0 to 1.0 scale) derived from the number

of miles of road per square mile of habitat ( Lyon 1983) to produce a habitat

effectiveness index .

From experience in field use and testing of its criteria and assumptions , the Mark I

model evolved to the Mark IV model ( Leckenby 1984) . This evolution has been

described by Thomas and others ( 1988 ) . The Mark IV model will be described later

in this paper as a case example of an elk - habitat management tool .
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Other models designed to help evaluate elk habitat in managed forests began to

appear after 1976. Models were designed for specific situations by biologists from the

Interagency Study Team ( 1977) for northern Idaho , from the Montana Department of

Fish and Game and the USDA Forest Service ( 1977) for central Montana, and from

the northern region of the USDA Forest Service and the Montana Department of Fish

and Game (1977) for eastern Montana, as well as by Leege ( 1984) for northern

Idaho , by Wisdom and others ( 1986) for western Oregon and Washington, and by

Thomas and others ( 1979) for eastern Oregon and Washington. Lyon and others

( 1984) reported specific sets of evaluation criteria for the Bitterroot, Kootenai ,

Bridger-Teton, and other National Forests .

Lyon and others ( 1985:48) described these modeling efforts as follows :

The major strength of this localized interagency approach to man

agement planning is that results from many different studies of elk

can be integrated with local knowledge of habitats and elk behavior

... local guidelines represent a further level of precision and a poten

tial for managers to recognize the importance of elk behavior in

relation to local environmental conditions . Almost without exception ,

prescriptions for maintaining productive elk habitat now include both

the physical components (thermal cover, hiding cover, foraging

areas) and some components related to elk behavior within the

physical environment (cover interspersion, road density , livestock

management, and traditional use) . Many prescriptions also recognize

the influence of habitat change on recreational hunting , with the

result that land managers and game managers are working together

to integrate hunting seasons and harvest goals . Strong cooperative

relationships between informed and involved agencies and land

owners are essential where maintenance of elk populations is a

management objective .

From research on elk reaction to each variable , general agreement seems to exist on

which variables should be included in elk- habitat models . Much less knowledge and

agreement, however, exists on how the variables interact to exert an overall influence

on elk -habitat effectiveness .

The models and techniques of habitat evaluation described above have had an effect

on how the managed forest landscape is evolving aboutthat there is little doubt .

The impact has been considerable where these evaluation criteria have been used

over a 10-year period. Thomas and others ( 1988) said of the Blue Mountains :

Up to now , the developing managed forest landscape has been

sculpted by silvicultural practices , primarily regeneration cuts , applied

timber sale by timber sale . The cumulative effect is a managed

landscape molded , to a large extent , by elk habitat considerations....
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More difficult to know is if the models accurately reflect habitat effectiveness for elk.

Such evaluations are extremely complicated and most elk -habitat models predict only

effectiveness of the habitat to facilitate elk use . They are neither designed nor expec

ted to predict elk numbers or productivity. Consequently, evaluation of elk and timber

coordination guides are rare . Exceptions do exist (Leckenby 1984 and Lyon 1984) ,

and more such evaluations are sorely needed . Resource management agencies are

receiving considerable pressure to demonstrate that any constraints on timber or

livestock grazing activities benefit elk and are thereby justified . Alleviating skepticism

will require more monitoring and evaluation of current elk-habitat models.

Management Context

and Alternatives

Considering the present state of competition in allocation of forest resources during

land-use planning , particularly on public lands , we believe it is likely that : ( 1 ) an

increasing emphasis will be placed on the use of models in making management

decisions ; (2 ) biologists considering elk habitat in managed forests will have to pro

duce, evaluate , and upgrade habitat -evaluation models that express values that can

be integrated into forest planning ; (3 ) these models must be useful at levels from

overall forest planning to evaluation of management units and the layout of timber

sales ; (4 ) the number of biologists and resources to conduct analyses will continue

to erode and there will be greater reliance on remote sensing and machine handling

of analyses ; and (5 ) habitat-evaluation models must reflect the primary facets of

elk- habitat concerns in the fewest variables that can serve as a reasonable facsimile

of habitat interactions and that can be formulated for quick and efficient measure

ment and analysis .

We believe the only alternative to such modeling is to hold on to old ways of pre

senting concerns and of trying to impose ad hoc constraints on those interested in

producing and harvesting wood and forage . Experience to date indicates that such

a course of action would be relatively ineffective , expensive , and difficult compared

with the use of models . Key to effectiveness is determining overall trends and , then ,

exercising leadership to guide these trends to their most beneficial conclusions . Few

alternatives seem to exist to modeling if wildlife biologists want to be effective in

accounting for and influencing changes in elk habitat in managed forests .

To be effective, wildlife biologists must learn to participate effectively in a new game

or , perhaps , an old game but with new rules and techniques. This will require

additional skills in remote sensing , coordination with other specialists , and com

munication in various user groups . The levels of sophistication and application of

modeling , remote sensing , and biopolitics will likely increase in the near future .

Forest managers of public land , particularly in the United States , are legally and

politically required to account for elk welfare during allocation of resources in forest

management . As conflicts over resource allocations intensify , the reaction by critics

to models that produce constraints on or reductions in commodity production willbe

insistence on model verification . Managers must have confidence in the model that is

commensurate with the intensity of the conflict over resource allocation — that is , the

more money and jobs at stake , the more intense the political activity, and the higher

the chances of appeal or court action , then the higher the degree of confidence

required. Conflicts will likely intensify with each cycle of planning and allocation

because demands increase when the "resource pie " remains the same size or

3
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shrinks. In short, the pressure willconstantly be on wildlife biologists to improve

and evaluate the models and to monitor the application in the process of allocating

lands for elk habitat in managed forests.

Case Example

of a Habitat

Evaluation Model

The Mark IV model that has been developed for evaluating elk winter ranges in the

Blue Mountains of Oregon and Washington (Thomas and others 1988) serves as an

example of a timber-cattle -elk management tool in the Habitat Futures Series. This

model contains the habitat components identified by Lyon and others ( 1985 ,

p . 48) as common to existing models and prescriptions of elk- habitat conditions ,

including both the physical components (thermal cover, hiding cover, foraging areas)

and some components related to elk behavior within the physical environment (cover

interspersion , road density , livestock management, and traditional use) .

The original Mark I model (Thomas and others 1986) was developed by a team

representing all governmental agencies that would be using the model. This bio

political approach assured the highest probability of implementation of the model.

The model was field tested by Forest Service and Oregon Department of Fish and

Wildlife biologists and revamped to overcome problems uncovered by users .

An intensive extension program was then undertaken by the developers of the

model . From 1976 to 1986, about 85 presentations and workshops were conducted

to describe the model and to train potential users . As time went by , these training

sessions were expanded to include use of remote-sensing and computer -aided

analysis techniques .

Biologists in other geographical areas developed models they felt were more appro

priate to their geographical area, resource base, information base , and social situa

tion . It seems inevitable , and probably desirable , that each group of biologists will

create a different version of how the basic habitat components listed above by Lyon

and others ( 1985 ) are considered in evaluating habitat in various geographical areas .

This allows adjustments for local conditions and gives biologists and agencies owner

ship in their product, which enhances confidence in the model and the chances that

the model will be applied in management. A downside exists , however, to having a

variety of extant models . Critics may label variety as nonstandardization and suggest

this as evidence of inaccuracy (or lack of precision) . Demands may then be made for

more proof that models accurately reflect the need for described habitat components.

We believe , however , elk select habitat on the basis of what is available , and forest

lands are very different from one geographical area to another . Models of elk habitat

can be expected , therefore , to also vary from one geographical area to another.

If the elk -habitat evaluation models are to gain widespread use, the models must be

couched in terms understandable to other natural resource specialists , particularly

those trained in forestry and range management. The best of models is worthless if it

is not used and to be used , a model must be understood.
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By 1979, the confidence of users increased to the point that the Regional Forester

for the Pacific Northwest Region of the Forest Service and the Director of the Oregon

Department of Fish and Wildlife formally agreed that the Mark i model would be the

basis of all evaluation of elk habitat in the managed forests of eastern Oregon. Since

its distribution , the tool has been constantly evaluated by users through field applica

tion . In addition , extensive research conducted between 1976 and 1986 by the

Oregon Department of Fish and Wildlife and the Forest Service ( Leckenby 1984)

tested the hypotheses on which the Mark I model was founded ( Black and others

1976, Thomas and others 1979) . Those hypotheses were supported by the new

information that provided more precise and site -specific data to support refined

considerations of the variables in the model . Habitat conditions resulting from

application of the model have not been monitored , and no monitoring is planned

because of the lack of resources to conduct such activities. This is a glaring fault.

Use of elk -habitat evaluation models to estimate impacts on elk habitat from alter

natives presented in National Forest plans has intensified political reactions as land

use planning has proceeded ; for example , on the Wallowa-Whitman National Forest ,

several alternatives in the 1986 draft Forest Plan predict reduced timber harvest

levels because of consideration given to elk habitat . Several groups have protested

vigorously to any reduction in timber harvest because of management for elk habitat.

A Congressman expressed disbelief and called for proof that levels higher than cur

rent levels of timber harvest would reduce elk populations . He was concerned that

jobs would be sacrificed before proof existed that elk populations would be reduced

from present or increased levels of timber harvest.

Questions Arising From

Use of the Models

The habitat effectiveness models were based on research of how elk selected among

and distributed use between habitat attributes . Consistent patterns of selection of

various habitat attributes were assumed to indicate a biological advantage to elk . The

assumption that purposeful and consistent behavior patterns by elk yield some bene

fit to the animal is probably valid . An extension of this assumption — that the habitat

variable in question is necessary for the welfare and existence of the species - is

much less certain . This extension is the target of critics who are primarily concerned

with the economic and social impacts of meeting the elk -habitat objectives that have

been determined with habitat- evaluation models.

At least five areas of research should be pursued to resolve problems with or

strengthen confidence in use of the example model:

1. Develop capabilities to consider elk- habitat needs on a seasonal basis .

2. Describe relations between volume of traffic and elk willingness to use adjacent

habitats .

3. Develop procedures to predict competition between elk and other ungulates on a

site - specific basis .

4. Develop abilities to quantify the contribution of elk-habitat attributes to elk welfare .
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5. Develop means of evaluating interactions between elk -habitat attributes in describ

ing overall habitat quality.

6. Develop means of converting elk - habitat indices into potential numbers of elk that

can be supported by or produced from such habitats.

Discussion Beyond understanding the social and political conditions of natural resource man

agement on public lands , wildlife professionals must learn to act effectively under

such conditions — whether or not they agree with them. Changing these conditions is

an aspect addressed on the political and legal levels and not at the technical level .

Whereas before , wildlife biologists addressed a situation with a list of " do's and

don'ts," modeling is now essential for effective management. The time for ques

tioning whether to model or not to model is over . Wildlife managers must use models

or withdraw from the game of wildlife management.

The next question is how to model . The temptation is to model with biological

purity as the guiding principle . Welland good, but effectiveness requires further

considerations - primarily recognition that modeling is a communication tool between

researchers , wildlife managers , planners, other natural resource managers , and ,

ultimately , the discerning public . The goal is overall forest management . Wildlife,

and certainly the welfare of single species , is merely a part of subset of the overall

consideration .

The tool (the model) is simply a means to enhance communication , a mechanism

through which to conduct evaluations . By itself , the model is nothing . It comes to life

through application and through " selling " by the developers to the users . The selling

and the need for improving the product never stops .

Users and proponents of elk- habitat models must be able to separate technology and

its application from personal desires and biases . Forest management for multiple use

implies less than maximization of any product, and compromise between uses and

user groups is essential . The manager must make those decisions as constrained by

law and plan . The specialist's job is to develop and apply technical means of predict

ing outcomes from various alternatives and to deal with ongoing management on a

site -specific basis .

The best technology will not , of itself , produce resolution of natural resources man

agement problems . After all , problems are the product of human recognition and

interpretation and are with us always . The guiding principles , however, for developing

and applying tools to enhance elk welfare in forest management include the following :

1. Do the best you can with what you've got . It is pointless to decry the state of

knowledge. Remember forest management will proceed with or without inclusion of

information on elk habitat presented in an effective manner . Construct models with

available information and , therefrom , derive rational assumptions. Involve manage

ment specialists for other resources in development and extension of models to users .

2. Validate the models , whether the entire model or components of the model .

3. Direct research to provide additional information for model improvement.
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4. Monitor results obtained through use of the model on the ground.

5. Update the model as required based on validation results, new research,

monitoring, and experience in use.

We believe it is imperative that biologists develop models to ensure appropriate

consideration of elk - habitat in forest management. The models that have been

developed are in general agreement about which habitat attributes should be con

sidered (thermal and hiding cover, foraging areas, cover interspersion, road density,

and livestock management) . Much less agreement exists, however, on how these

attributes should be formulated into elk -habitat evaluation models. Interactions be

tween habitat variables in the same model have not been explored , and effects of

such interactions are apt to be profound. Models that are in use have rarely been

evaluated . Such evaluations are sorely needed but extremely difficult to conduct with

adequate precision .

Managers are pressing for development of models of elk habitat that will predict elk

numbers and productivity . Such exercises may be futile because elk numbers are

influenced dramatically by factors not accounted for in site -specific habitat models,

such as weather anomalies , disease , hunting , management objectives , and so forth .

Elk-habitat models will receive increasing scrutiny as land-use planning intensifies .

These models may well guide management strategies that constrain timber or live

stock management opportunities. As these constraints are readily and inevitably

converted to opportunity costs (that is , money and jobs) in the political arena , expect

that the value of the elk-habitat models will be vigorously scrutinized and that pres

sure to improve these models will be constant.
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Foreword Resource managers in the United States and Canada must face increasing demands for both

timber and wildlife. Demands for these resources are not necessarily incompatible with each

other. Management objectives can be brought together for both resources to provide a bal

anced supply of timber and wildlife . Until recently, managers have been hampered by lack of

technique for integrating management of these two resources. The goal of the Habitat Futures

Series is to contribute toward a body of technical methods for integrated forestry in British

Columbia in Canada and Oregon and Washington in the United States. The series also applies

to parts of Alberta in Canada and Alaska, California, Idaho , and Montana in the United States .

Some publications in the Habitat Futures Series provide tools and methods that have been

developed sufficiently for trial-use in integrated management. Other publications describe

techniques not yet well developed . All series publications, however, provide sufficient detail for

discussion and refinement . Because, like most integrated management techniques, these

models and methods have usually yet to be well tested, before application they should be

evaluated, calibrated (based on local conditions ) , and validated. The degree of testing needed

before application depends on local conditions and the innovation being used. You are encour

aged to review , discuss, debate, and - above all - use the information presented in this

publication and other publications in the Habitat Futures Series .

The Habitat Futures Series has its foundations in the Habitat Futures workshop that was

conducted to further the practical use and development of new management techniques for

integrating timber and wildlife management and to develop a United States and British Colum

bia management and research communication network . The workshop - jointly sponsored by

the USDA Forest Service and the British Columbia Ministry of Forests and Lands, Canada

was held on October 20-24, 1986, at the Cowichan Lake Research Station on Vancouver

Island in British Columbia , Canada.

One key to successful forest management is providing the right information for decisionmaking .

Management must know what questions need to be asked, and researchers must pursue their

work with the focus required to generate the best solutions for management. Research, devel

opment , and application of integrated forestry willbe more effective and productive if forums ,

such as the Habitat Futures Workshop, are used to bring researchers and managers together

for discussing the experiences , successes, and failures of new management tools to integrate

timber and wildlife .

British Columbia Ministry of Forests and Lands R.M. Ellis

U.S. Department of Agriculture, Forest Service Richard S. Holthausen
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Abstract Nyberg, J. Brian ; McNay, R. Scott; Kirchhoff, Matthew D. [and others ). 1989.

Integrated management of timber and deer: coastal forests of British Columbia

and Alaska. Gen. Tech . Rep . PNW -GTR -226 . Portland, OR. U.S. Department of

Agriculture, Forest Service , Pacific Northwest Research Station. 65 p.

Current techniques for integrating timber and deer management in coastal British

Columbia and Alaska are reviewed and evaluated . Integration can be improved by

setting objectives for deer habitat and timber, improving managers' knowledge of
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Problem Analysis Throughout Western North America, deer are the big -game animals most sought

after by hunters and other recreationists. On the Pacific coast from Alaska to north

ern California , two subspecies of black -tailed deer attract about 3.5 million hunter

days of effort each year (table 1 ) . Columbian black -tailed deer (Odocoileus hemionus

columbianus (Richardson )) occupy the coastal area from Estero Bay, California, to

Rivers Inlet on the central British Columbia coast, and Sitka black -tailed deer (O. h.

sitkensis Merriam ) range from Rivers Inlet north to Prince William Sound, Alaska

(Wallmo 1981 ) .

Table 1 - Hunting recreation generated by black -tailed deer

State or Province Years of survey Hunter -days per year

Alaska

British Columbia

California

Oregon

Washington

1983

1980-84

1980-84

1980-82 , 1984

1984

69,820

217,653

1,229,125

1,471,648

500,000

Total 3,488,246

Sources: Alaska Department of Fish and Game, British Columbia Wildlife Branch , California

Department of Fish and Game, Oregon Department of Fish and Wildlife, Washington

Department of Game.

In British Columbia and Alaska, black-tailed deer inhabit coniferous forests most of

the year. As timber harvesting and stand management activities affect more than

100 000 hectares (240,000 acres) annually , the area of forest land unaffected by

humans is declining steadily. In many areas of south -coastal British Columbia, deer

habitats have changed since the 19th century from predominantly mature and old

growth forests to mosaics of even-aged stands of young conifers, among which are

interspersed remnant patches of original old growth . Habitats are free from the im

pacts of humans only in parks, reserved forest lands , and areas of Alaska and

northern British Columbia where logging has not been economically attractive.

Most forest land in British Columbia and Alaska is owned by Federal, Provincial, or

State governments that seek multiple or integrated use of the land. Forest managers

must strive to supply both timber and deer, among many other resources. This pre

sents difficult challenges : deer depend on forested habitats that are sometimes de

graded and sometimes improved by logging and silviculture , but deer can also

interfere with establishment of new tree crops.' Managers must attempt to balance

needs for winter habitat with timber harvesting, browsing damage with huntable pop

ulations , and forage availability with rapid growth in tree volume . Further, the actual

number of deer in a managed area may not reflect the habitat's capability because

1

' This discussion emphasizes the effects of forestry

activities on deer habitats . Although the impact of deer on

forests (especially browsing damage to seedlings) is also

significant,that topic is not central to the theme of the

paper and is not discussed further.
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numbers often change from factors beyond the land manager's control, such as pre

dation and hunting. Periodic severe winters in British Columbia and Alaska add to the

management challenges. Young clearcuts, for example, may produce high deer num

bers over a series of years with little snow , but be relatively unproductive of deer

during years with severe winters.

Nevertheless, because of its effect on habitat quality, forest management can be

a powerful tool for manipulating land capability to produce deer (Hall and Thomas

1979, Nyberg 1987 , Witmer and others 1985) . For good or ill , every tree felled ,

planted , or fertilized has an impact on habitat value. To choose their methods and,

ultimately, to satisfy their clients, public forest managers need guidance on how to

allocate land to timber and deer production and how to integrate management of the

two resources . The following discusses past and present approaches to providing

this guidance in British Columbia and Alaska and outlines a handbook designed to

improve integrated management of timber and deer in coastal British Columbia.

Historical Approaches

to Resolving the Issue

The historical, social, and economic contexts of forest management differ markedly

between British Columbia and Alaska, leading to differences in management strate

gies and flexibility. British Columbia's old -growth timber and forest land are the best

in Canada, generating revenues that dwarf the economic value of deer. For example,

forestry revenues (stumpage, royalties, rent, and incidental income) to the Province

from the Vancouver Forest Region were $ 50.97 million (Canadian) in 1981 (British

Columbia Ministry of Forests 1982) . This figure does not include multiplier effects

or taxes levied on timber companies and forest workers. The value of deer hunting,

including total expenditures and a willingness-to -pay estimate, was approximately

$ 15.38 million for the same area (estimated from figures in Reid 1985a, 1985b ).

Coastal forests, however, are the habitats in the Province that produce the most

deer, and deer are highly valued by the public for esthetic and quality -of- life reasons

(Reid and others 1986) . Land -use legislation provides little guidance to tradeoffs

between timber and deer: the British Columbia Forest Service is instructed only to

"plan ...so that the production of timber and forage , the harvesting of timber,...and the

realization of ...wildlife ...and other natural resources values are co -ordinated and

integrated ..." (Ministry of Forests Act, Revised Statutes of British Columbia Chapter

72, Section 4(c) , 1979) . Managers have received little guidance on how to " co

ordinate and integrate " resources on a forest -land base that long ago was allocated

almost entirely to timber production and has been heavily harvested since.

Alaskan forests, on the other hand, are less valuable and productive than those of

British Columbia. Of the nearly 6.8 million hectares (16.7 million acres) of Federal

land on the Tongass National Forest in southeast Alaska, only 257 000 hectares

(635,000 acres) were considered " commercially important" (that is , more than 30,000

board feet per acre) by Smith and others ( 1983) , although 708 000 hectares (1.75

million acres) are scheduled for eventual harvest (USDA Forest Service 1986) . Deer

populations are more lightly used in Alaska than in British Columbia, although still

highly valued. Land-use law for the National Forests of the United States requires a

more formal planning program than for the Provincial Forests of British Columbia,

including land-use zoning , explicit evaluation of management options for all forest

resources, and public consultation . Forest managers are assisted by more wildlife

specialists in the United States than in British Columbia .
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Deer habitat on forest land in both British Columbia and Alaska has, in the past,

been provided in two ways: by allocating land to remain as unmanaged old growth

and by managing young forests to produce habitat requirements that are in short

supply. Both methods have often been applied on large land units such as Tree

Farms and National Forests. The land -allocation approach has been used where

mature and old -growth stands provide unique winter ranges that cannot be replaced

by managed stands. These winter-range stands are reserved temporarily or perma

nently from harvesting or other management. This is conservative management:

timber production is sacrificed to ensure that adequate winter habitat is available .

The land -management approach has employed many systems for incorporating

deer -habitat concerns in harvesting or silvicultural operations, but the goal has

usually been to ensure that cover and forage areas are provided in appropriate

spatial patterns and temporal sequences.

Land allocation has been an important management tool for deer in Alaska and

mountainous areas of British Columbia because snowy winters in these areas im

pose more severe stresses than further south . When snow at high elevations or in

openings buries vegetation and limits mobility, deer must forage either at lower

elevations or in habitats where snow is intercepted by overhead conifers . Mature

and old -growth stands with patchy canopies provide snow interception and forage

( including ground vegetation and arboreal lichen litterfall) (Bunnell and Jones 1984) .

When logging removes critical winter habitat, many deer die during long, snowy

winters ( Jones and Bunnell 1984), and populations sometimes remain depressed for

many years thereafter (Hebert 1979, Olson 1979 ).

.

1

In British Columbia, old growth on public land is allocated as deer habitat at the

request of the Ministry of Environment and Parks, which is responsible for managing

deer populations. The British Columbia Forest Service, the land management agen

cy, then defers logging of the requested blocks. These "winter-range " blocks, on

southerly slopes at low elevations, typically are 20-75 hectares (50-185 acres) and

make up less than 15 percent of a management unit, such as a medium -sized water

shed. No legislated allocation usually exists; forest managers simply refuse to ap

prove logging plans that propose harvesting these designated winter ranges. In a few

cases, legal protection has been granted by establishing winter-range areas as Eco

logical Reserves ( Tsitika Planning Committee 1978 ). Approved or requested winter

range deferrals total over 100 000 hectares (240,000 acres) in south -coastal British

Columbia

Old -growth retention for deer habitat has caused considerable turmoil since 1970.

Most of the stands now deferred in British Columbia were, at one time, included in

the land base used to calculate annual allowable cuts, and many deferred stands still

are . Continued deferral will eventually require less cutting, meaning fewer jobs and

lower timber revenues than exist today. Also , many winter ranges are easily acces

sible by road, making them prime candidates for low - cost logging. No decision has

been made on their long-term future, although a study designed to lead to such a

decision was completed in 1983 (British Columbia Ministry of Environment and

Ministry of Forests 1983 ).

3



Old - growth forests are allocated for wildlife production in southeast Alaska's Tongass

National Forest through the National Forest planning process. The relatively small

percentage of forest land scheduled for harvest in southeast Alaska makes land allo

cation more feasible there than in British Columbia. All old growth, however, is not

equally valuable as winter deer habitat. The highest volume stands of old -growth

western hemlock ( Tsuga heterophylla (Raf.) Sarg .) and Sitka spruce (Picea sitchen

sis (Bong . ) Carr.) (usually located on valley bottoms and lowest slopes) provide

superior winter habitat, particularly during periods of deep snow (Schoen and others

1984 , 1985 ; Kirchhoff and Schoen 1987) . In other seasons, and in low - snowfall

periods during winter, deer move higher up the slopes and expand their ranges into

volume old -growth stands ( Schoen and others 1984, Schoen and Kirchhoff

1985) . Areas with diverse old -growth stands, therefore, produce maximum numbers

of deer.

Alaskan land managers would like to predict the quantity and juxtaposition of habitat

types needed to carry desired levels of deer through given winter conditions, but little

scientific basis yet exists for making such predictions. Deer managers have advoca

ted preserving entire watersheds to assure that deer can meet their needs for habitat

during all seasons (Matthews and McKnight 1982 , Schoen and others 1984 ). The

practicality of this approach is limited , however, because of the large amount of land

that would be excluded from the timber base.

Deer managers in southeast Alaska, therefore, increasingly advocate protection of

stands or patches of habitat that are of highest value to deer during severe winters.

These same stands are also in shortest supply . Deer managers assume that suffi

cient quantities of other habitats will remain after logging to meet deer needs be

cause the vast majority of old growth is noncommercial or marginally commercial.

Thus , as in British Columbia , the question of land allocation is increasingly directed

at a relatively small but important fraction of the land base .

The land- management approach has been used to enhance nonwinter and mild

winter habitats in conjunction with harvesting and silvicultural operations. This ap

proach incorporates adjustments in pattern and timing of forest treatments to provide

desired cover and forage values for deer. In British Columbia, four concerns are

common : ( 1 ) adjustment of clearcut size to reduce distance to cover, (2) short -term

delays in logging (3-10 years) to allow security (hiding) cover to develop in adjacent

regenerating stands , (3) sequential logging of timber blocks near winter ranges to

ensure spring forage is available in young cut-over areas throughout the rotation

period , and (4) early and heavy thinning to maintain high levels of forage production

in young stands. In Alaska the most important issues are the extent of cut-overs ,

the effects of thinning on forage and cover, and the effects of the trees cut during

thinning on deer mobility.
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Differences in administration of forest management in British Columbia and Alaska

are reflected in how deer habitat concerns are incorporated into management plans .

In British Columbia, responsibility for planning and conduct of logging and silviculture

is delegated, in most areas, to private firms holding area -based cutting rights. Gov

ernment agencies, led by the British Columbia Forest Service, approve and monitor

company programs. Companies have no responsibility for wildlife, so logging plans

are initially developed without reference to deer needs. Company plans , first sub

mitted to the Forest Service, are sent (" referred ") to the Ministry of Environment and

Parks for their comment on wildlife and fishery impacts. After discussion , where

necessary , some or all Ministry of Environment and Parks comments are reflected

in the plan eventually approved by the Forest Service . This referral system is simple

and requires few wildlife staff; however, it discourages incorporation of deer habitat

concerns early in the planning process and often leads to use of undesirable

negotiating tactics by advocates of wildlife and timber (Thomas 1985 ).

Planning of National Forest management in Alaska uses the interdisciplinary team

approach. This approach is used occasionally for high -value watersheds in British

Columbia. Under this system , the lead agency brings together a group of its own

experts and others to formulate a set of joint resource objectives and develop an

integrated resource plan. This process has several advantages , among them the

encouragement of effective deer habitat management through recognition of habitat

objectives from the start of the planning process and the establishment of a common

understanding of problems and potentials. The interdisciplinary team approach con

sumes much staff time, however, and requires many specialists for each team. As

with other approaches, success depends on good information about timber and deer

resources and an adequate understanding of the ecological relations linking the two.

Lack of staff ( especially Ministry of Environment and Parks and Forest Service wild

life biologists) is the primary reason for infrequent use of interdisciplinary planning in

coastal British Columbia .

1

Management

Context and

Alternatives

Allocation of old growth as deer habitat is controversial in British Columbia and

Alaska. Some old growth is undoubtedly required; the important question is the

extent of reserves required to satisfy public demands for timber, deer, and other

forest resources and values . All alternatives to old - growth retention as winter habitat

are impractical or unproven ( table 2) .

To date, both the referral system and the interdisciplinary approach have been less

than satisfactory. Timber objectives and programs typically dominate the planning

process, in part because measurable objectives for other forest resources have not

been established . Even on National Forest land in Alaska, where timber management

activities should or are required to be consistent with other goals of the forest plan ,

lack of a systematic means of integrating wildlife and timber objectives has discour

aged joint management of the two resources . Also , information exchange between

forest and deer managers about interactions among deer, habitat, and forest prac

tices has been sporadic. This is particularly true in British Columbia where specific

resource responsibilities are segregated in different agencies. Biologists and forest

ers , lacking both clear objectives for deer habitat and tools to assess habitat

responses, are thus poorly equipped to plan innovative integrated programs.
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Table 2 – Alternative strategies for managing winter deer habitat (Nyberg and others 1986)

Approach Advantages Disadvantages

Retain old -growth ranges. Loss of revenue and employment

from timber industry because of low

rate of logging.

Best ranges maintained;

therefore, deer capability

maximized.

Other environmental, social, esthetic ,

and cultural values retained .

Possible to harvest old growth later

if desired .

.

. .

Cut old growth and accept

heavy deer losses during

snowy winters.

Increased revenue and

employment from logging.
O

Reduced hunting and viewing

opportunities.

Other environmental, social, esthetic ,

and cultural values of old growth lost.

Options for future harvest of old

growth foregone.

.

. .Cut old growth and feed

deer artificially. .

.

Increased logging revenue

and employment.

Deer populations maintained

in some areas.

Deer more visible at feed

depots .

Expensive .

Impractical in many areas because

of lack of road access .

• Increased risk of disease, predation,

and habitat deterioration when deer

are concentrated at feed depots.

Reduced "wildness" of deer.

Other old - growth values lost.

.

0

. .

Cut old growth and manage

younger stands to act as

winter ranges.

Increased logging revenue

and employment.

Deer populations at least

partially maintained .

.

Expensive silvicultural investments

required .

• Volume and product quality reduced

in managed winter ranges.

• Probably more feasible in Douglas-fir

than hemlock /spruce forests .

• Other old -growth values lost.

• Promising but not proven to be

feasible .

.

. .

Wildlife agencies or

private groups purchase

old -growth stands and

dedicate to preservation.

Forest owners compensated

for losses .

Deer populations and other

old -growth values maintained .

Extremely expensive.

Logging revenue and employment

foregone.
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Before management of timber and deer in coastal British Columbia and Alaska can

improve, two needs must be met. First, clear and achievable objectives for deer

habitat or deer populations must be stated and communicated to all planners. Re

gional wildlife and habitat plans, currently in preparation by the Ministry of Environ

ment and Parks, USDA Forest Service, and Alaska Department of Fish and Game ,

promise to address this need. Second, those who develop forestry plans must be

able to evaluate the impacts of proposed activities on deer while management

options are being considered. This could be accomplished by providing foresters

either with assistance from wildlife biologists or with a basic understanding of deer

ecology and habitat needs plus analytical and planning tools for evaluating impacts

of proposed management activities.

1

No prospects exist for major change in resource administration in British Columbia

nor for significant increase in government resource staff. More one-to -one interaction

between foresters and biologists, therefore , appears impractical. The alternative, an

improved understanding of deer habitat and forestry plus simple planning tools, is

possible. Several examples in the United States already exist. These examples

arose from the need for National Forest managers to provide documented, objective

assessments of the impacts of forestry programs to comply with requirements of the

National Forest Management Act of 1976 (U.S. Laws, Statutes, etc. 1976) and other

legislation (Thomas 1979 ). Beginning with guidelines for deer and elk habitat in

Oregon and Washington (Black and others 1976) , this approach that encourages

improved understanding and use of simple planning tools has developed along

several pathways, including tabular and graphical analysis systems (Thomas and

others 1979 , Witmer and others 1985) and computerized simulation models

(McNamee and others 1986 ). The USDA Forest Service is applying the approach

nationwide under their Wildlife and Fish Habitat Relationships program ( Nelson and

Salwasser 1982) .

1

The habitat assessment procedures, whether pencil-and -paper or computer models,

share several important characteristics. Deer habitat values are expressed in quan

titative units so that assessment of forestry impacts is objective. Because habitat

objectives are stated in numerical terms for specific areas, deer are on equal footing

with timber in the determination of forest goals. Further, because impact assess

ments must be open to public scrutiny, interactions between forestry, habitats , and

deer are described in simple relations reflecting the most important ecological factors.

Thus a written explanation of assessments is provided, the assumptions and hypo

theses of the assessment procedures are exposed to critical review , and communica

tion of key knowledge about deer between biologists and foresters is encouraged.

Other advantages of the assessment procedures are that biologists need not be on

call as experts to forest managers and that forest managers need not let inadequate

knowledge prevent them from considering deer needs if biologists are not available.
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The characteristics of these assessment procedures make an approach leading to

improved understanding suitable for coastal British Columbia, as well. Quantified

habitat objectives, simple relations expressed as assessment tools, and improved

communication would foster better integration of timber and deer management. But

risks are involved . Oversimplification of complex ecological relations between deer

and forests may, in some situations, produce misleading results. Written procedures

based on generalized knowledge can never completely replace the judgment of an

expert biologist. As with any structured approach, the assessment procedures are

best applied by seasoned biologists and foresters working together. Whenever pos

sible , other methods for assessing habitat impacts should also be evaluated . Given

the current level of integration of timber and deer planning in coastal British Colum

bia , however, the risk of taking this new approach seems acceptable. Where land

management is the preferred strategy for resolving deer habitat issues, this planning

approach (called " habitat relations analysis " here ) offers a convenient, systematic

vehicle for consideration of deer habitat needs. The application of this approach to

deer habitat management in coastal British Columbia is illustrated below .

1

.

Case Example : Handbook on Deer Habitats in Coastal Forests of

Southern British Columbia

In the management handbook described in the appendix, deer-forestry interactions

are simplified to present only the basics of ecological relations. A more complete

description of these relations is provided here .

Relations Between

Black - Tailed Deer

and Their Habitat

Change comes to coastal deer habitats in three ways : through the natural succession

of vegetation communities; through human impacts, including forest management;

and through natural catastrophes such as wildfires. Deer respond to these changes

behaviorally, physiologically, or in both ways.

Biologists usually plan deer management programs for populations rather than indi

viduals . For black -tailed deer, the concept of the population is vague, largely because

deer tend to be solitary or to occur in small , loosely knit groups (Geist 1981 ) and be

cause few barriers to population dispersal exist other than large expanses of ocean .

Thus , populations cannot be defined by herds that migrate between traditional sea

sonal ranges or by stable resident groups in particular areas. The common definition

of a black-tailed deer population, which is used here , is the deer occurring in a given

geographical area such as a watershed .

9

Several parameters can be used to monitor deer responses to environmental

changes : behavioral responses can be detected as changes in home-range size ,

migration patterns, seasonal range locations, and timing and pattern of daily move

ments; physiological responses, such as changes in body condition , number of

offspring, and survival of adults and their offspring. These measures are usually

taken from a sample assumed to represent the population , and the most frequently

observed response is used to characterize the population. Deer have varied percep

tions and behaviors, however; means and modes do not express the full range of

behavioral strategies . Several behavioral categories (for example , migrators and

residents) need to be recognized. Means or modes can then be more appropriately

applied to such parameters as physiological responses when the sample is stratified

by behavioral categories.
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DENSITY OF DEER

PER UNIT AREA

PRODUCTIVITY SURVIVAL

HUNTING

AND

PREDATION

BODILY RESERVES OF ENERGY

ENERGY EXPENDED TO LOCATE FOOD .ENERGY ACQUIRED FROM FOOD

(quality , quantity )
AVOID PREDATORS ,

AND SOLAR RADIATION MAINTAIN BODILY FUNCTIONS

( spatial distribution of food

and cover ( security . thermal , snown]

ABIOTIC AND BIOTIC ENVIRONMENT

( weather . physiography , vegetation community )

Figure 1-Factors that influence the density of deer. Arrows

indicate the flow of energy.

1

Figure 1 depicts relations among factors that determine physiological responses.

Density of deer is a function of productivity ( largely determined by body condition)

and survival (most influenced by weather, predation, and hunting) . Parasites, dis

ease, and accidental deaths are seldom important limitations on black -tailed deer

populations. Habitat management must recognize the relative importance of the

mortality factors. For example , increased forage abundance may provide no benefit

to deer if predators or hunters limit populations, although increased security cover

may be greatly beneficial .
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A number of habitat variables interact to determine the quality of deer habitat. The

least manageable, but nevertheless important, are the physical characteristics of the

landscape. Slope, aspect, and elevation are especially important because they affect

temperature , solar irradiation, and precipitation. During winter and spring, moderate

to steep slopes on southerly aspects at low elevations are often extremely important,

particularly in areas subject to snowy winters such as the mountains of Vancouver

Island and the coastal mainland . These sites are the warmest and have the shallow

est snowpacks, quickest snow melt, and earliest flush of new growth . In the summer,

northern aspects and high elevations offer cool temperatures and delayed maturation

of vegetation. In all seasons, steep , rugged slopes provide security (escape) for deer.

Whereas physical features determine the underlying capability of any area but are

essentially unaffected by forestry, vegetation communities provide two essential

habitat factors that can be easily managed: food and cover. Although these generic

terms imply a host of different concepts and environmental factors, they describe

useful categories and are widely accepted.

Food — The annual cycle of plant growth and availability has important consequences

to deer. At the onset of the growing season when forage quality is at its peak, most

preferred forages such as fireweed ( Epilobium angustifolium L. ) , red huckleberry

( Vaccinium parvifolium Smith ), and trailing blackberry ( Rubus ursinus Cham. and

Schlecht .) exceed deer requirements for digestible energy (greater than 50 percent

dry -matter digestibility) and protein (greater than 16 percent protein content for

growth and lactation ) (Robbins 1983) . Forage biomass peaks in summer after quality

has begun to decline . During late autumn and winter, both quantity and quality of

forage decrease , reaching levels seldom sufficient for maintaining the physical con

dition of deer (Rochelle 1980) . The composition of diets shifts away from herbaceous

species that dominate during spring and summer toward increasing browse and coni

fer foliage in winter (Cowan 1945 , Gates 1968 , Rochelle 1980) . Huckleberry, salal

(Gaultheria shallon Pursh ), western redcedar ( Thuja plicata Donn ex D. Don ), and

arboreal lichens ( Alectoria, Bryoria, and Usnea spp. ) are among the most important

winter foods. Certain evergreen herbs such as bunchberry ( Cornus canadensis L. ) ,

five-leaved bramble (Rubus pedatus J.E. Smith) , and fern-leaved goldthread (Coptis

asplenifolia Salisb. ) remain highly digestible and are highly preferred when available .

2

The quality of habitat is determined by a number of factors, including overstory char

acteristics and seasonal changes in food composition and availability . The over

story competes with understory plants for light , moisture , and nutrients and, in turn ,

affects the composition, quantity, quality, and structure of forage from the understory.

The overstory also affects abundance of arboreal lichens in mature and old -growth

stands. Because of the nature of the digestive system of deer and differences in the

availability and quality of forage , diets are diverse and vary among seasons and

areas .

3

Figure 2 illustrates factors that influence nutrient intake . The composition , size ,

growth stage , and productivity of the plant community determine the forage types

available and their nutritional quality ; deer behavior and limitations of the digestive

system determine what food is used . Weather conditions , especially drought and

snowfall, further restrict the availability of forage .
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Figure 2 – Factors that influence energy and nutrient intake.

Cover - In coastal British Columbia, cover is important for three reasons : ( 1 ) to

reduce energy expenditures for thermoregulation and for locomotion during periods

of snowpack accumulation , (2) to limit food burial by snow , and (3 ) to allow deer to

escape or hide from hunters and predators (fig . 3) . Cover can be vegetative or

topographic. Trees and shrubs reduce energy expenditures for thermoregulation by

moderating the effects of heat, cold , wind, and rain (Beall 1974, Leckenby 1977 ).

Topographic features providing shade or windbreaks also reduce thermoregulatory

costs . Coniferous cover allows deer to expend less energy when moving because

trees intercept snow , reducing depth of the snowpack below (Harestad and Bunnell

1981, McNay 1985 ). The energy cost of moving through 25 centimeters ( 10 inches)

of snow is about 2.5 times that of moving through 10 centimeters (4 inches) , and the

cost rises even faster as snowpacks become deeper (Parker and others 1984) . When

snowpacks are deep, food is also more available under moderately dense coniferous

canopies than in the open .

1
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ENERGY EXPENDITURE

DIFFICULTY

OFMOVEMENT

REPRODUCTIONTHERMAL /
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COVER
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MAINTENANCE
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SPATIAL ARRANGEMENT :

OF FOOD AND COVER

Figure 3 — Factors that influence energy expenditure.

Both vegetation and topography provide security cover. The value of dense vege

tation as cover from hunters is well documented; its value for use in escaping pred

ators is often speculated but unproven . Topographic variability provides other oppor

tunities for deer to select good vantage points, hide from view , and escape into

rugged terrain (Geist 1981 ) . Deer experience other energy expenditures not signifi

cantly affected by cover, such as the costs of basic metabolism , reproduction, growth ,

and rumination (fig . 3) .

Habitat Suitability - Suitability of habitat for deer is determined by the interaction

of land capability, the potential for nutrient intake , and the modification of energy

expenditure ( fig. 4) . Many variables could be used in assessing forestry impacts on

energy intake and output, including diet composition , seasonal availability and quality

of foods, deer behavior, the spatial arrangement of food and cover, microclimate,

snowpack accumulation , and security cover. Surrogates will have to be used for

some of these factors, and relations must be expressed simply to be applied to

forestry programs that cover large areas . The appendix illustrates the application of

this approach to deer habitats in coastal British Columbia.
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tailed deer.

Handbook

Implementation

The handbook "Deer Habitats in Coastal Forests of Southern British Columbia" (de

scribed in the appendix ) represents a new approach to integrated management in

coastal British Columbia. Because no clear policies or objectives have been set by

the British Columbia Forest Service for deer production on Crown forest lands , and

because some forest managers are not confident of the knowledge base and reason

ing that supports habitat management requests from the Ministry of Environment and

Parks, a vigorous program will be required to introduce the handbook to managers

and promote its use . The integration of timber and habitat management must be

shown to have a logical basis that can be easily understood and applied . The hand

book must be viewed not as another large paperweight but as a reference source and

planning tool that can help managers do their jobs better.
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Key handbook users will be those who prepare, review , and approve management

plans for logging and silviculture:

1. Among the private forest companies and forest consultants: foresters, engineers,

and technicians on logging and forestry staffs of field divisions, and consultants to

divisions .

2. In the British Columbia Ministry of Environment and Parks: biologists and

technicians on the habitat management and wildlife staffs of regional offices.

3. In the British Columbia Forest Service: foresters and technicians on the timber and

silviculture staffs of district offices.

Although others will likely use the handbook, including planners and educators, the

technology - transfer program will target key users . Goals will be to familiarize these

users with the handbook's purpose and content and to demonstrate its application in

day -to -day tasks to encourage implementation in routine management.

Several principles will guide the technology-transfer program :

.

Managers must understand why they should use the handbook. Integrated -use

policies and the high values of both black -tailed deer and coastal forests will be

emphasized. Problems with the current system for integration will be discussed.

A major objective will be to summarize ecological principles and management

techniques that forest and deer managers employ. The aim is not to make expert

deer biologists of foresters or vice versa but rather to explain in a simple fashion

the most useful relations linking forestry and habitat quality.

O

A balanced but complete overview of the ecological aspects of forestry -deer

interactions will be provided, emphasizing beneficial as well as negative effects

of forestry practices on deer habitats .

The handbook will not provide guidelines or specify prescriptions; that is , it will

not tell managers how to manage. Instead, it will address questions such as: " If I

carry out a given action, what will be the resulting effect on deer habitat ? "

.

Whenever possible, written material will be supplemented with on -the -ground

demonstrations and trials . Managers will be encouraged to participate in testing

and implementing ideas and strategies so that improvements can be made

quickly.
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With the initial distribution, upper management will encourage field staff to read and

use the handbook. Next, a training program will be developed for field personnel.

Acceptance and use of the handbook by field practitioners should lead to its eventual

implementation in routine procedures.

1

Initially , no new policy will likely be established to require forest or deer habitat

managers to use the handbook. The most needed information and tools, therefore ,

must be provided in as simple and useful a package as possible. If initial use by a

few enthusiastic cooperators - particularly in areas with persistent deer-forestry

problems provides a " foot in the door" and improves integrated management,

wider application should follow .

Training program - Trainees will include staff from the Ministry of Environment and

Parks, the British Columbia Forest Service, and forest companies in mixed groups to

encourage cooperation and interchange of ideas. Emphasis will be placed on show

ing how the handbook can be used to evaluate the effects of a proposed forestry

plan on deer, to enhance a particular seasonal range, and to develop alternative

approaches for maintaining or improving deer habitat when planning a logging or

silvicultural program .

Two -day training sessions will cover theory and practical applications with example

plans and field tours. Further training will be scheduled to reach new users or to

follow up the first session. Concurrently, several field demonstration sites will be

prepared to illustrate key concepts, particularly winter-range creation in young

forests, enhancement of forage with thinning, and herbicide impacts on forage

species. Already, two demonstration sites have been established on Vancouver

Island that show how winter range can be created, and others will be added soon .

Operational trials will be needed to test the practicality and effectiveness of

winter -range creation and spring -forage management in young stands.

The handbook will later be supplemented with a pocket-sized field manual address

ing issues such as stand suitability for thermal and security cover, distance - to - cover

relations, and spring forage management. Habitat assessment procedures also likely

will be computerized in conjunction with implementation of the British Columbia

Forest Service geographic information system.

Handbook Evaluation Evaluation of handbook effectiveness is needed to gauge success and guide further

development. In the absence of measures of public welfare or satisfaction that would

reflect the " real" success of the handbook, four indices could be used :

1. Measures of changes in deer habitat use that result from implementation of

specific ideas or techniques from the handbook, such as winter-range creation in

young stands.
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2. Measures of changes in deer abundance or health , such as density, animal

condition , or reproductive success .

3. Measures of changes in management or planning systems, such as widespread

acceptance of the handbook, decreases in number of controversies over forestry

plans , or reduced delays in plan preparation and approval.

4. Measures of changes in resource use, such as the profitability of forestry opera

tions conducted under integrated plans , hunter success rates, or number of

hunter -days spent afield .

Of the four, the most easily quantified measures of management success are the

commodities produced from forest land: wood products and deer harvested or

viewed. These are subject to many other influences besides forest management,

however, including international and local demand, weather conditions, and prices of

competing products. Thus , although harvest levels for timber and deer are already

routinely monitored by government, more information is needed for evaluation of land

management programs. Salwasser and others ( 1983) stressed this in arguing for

wildlife monitoring programs on United States public lands that track populations and

habitat quality.

To supplement harvest information usually gathered for timber and deer, monitoring

should focus on points 1 and 3 above. These indices must also be interpreted cau

tiously . Evaluation of habitat use requires assumptions about how deer select habi

tats , and actual population responses may not be reflected by evaluation categories,

such as "best" habitat ( Schamberger and O'Neil 1986) .

Evaluation of the handbook's effect on management systems requires cooperation

from users . Without procedures for enumerating problems encountered by managers,

as they try to incorporate deer habitat concerns in forestry planning, evaluation is

difficult. Because the occurrence of problems has not been measured in the past,

measurement of improvement is also difficult. As public attitudes change and the

amount of old growth decreases, habitat concerns will become increasingly promi

nent . The number of management problems may remain constant or increase re

gardless of the handbook's success. The results of monitoring management systems ,

therefore , must be interpreted cautiously and with these influences in mind .

Questions A number of questions about design and use of the handbook remain unanswered .

These include :

1. Will the handbook assist management significantly if management agencies do not

develop more detailed policies and procedures for integrated management for

timber and deer?

2. Has the desired balance between background information and practical manage

ment procedures been achieved?
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3. Has the simplification of ecological relations for management interpretation been

overdone; that is, are there " dangerous oversimplifications" ?1

4. How can the value and effectiveness of the handbook be determined ? Can

managers monitor results and adapt where required ?

Summary As two of the most valuable products of forest land, timber products and black -tailed

deer are important concerns of resource managers in British Columbia and Alaska.

With changing economic conditions and public attitudes, the preeminence of timber

harvesting will likely be challenged by other resource concerns on public land . Thus,

although forest management will continue to affect most of the land base in British

Columbia and a smaller but still significant proportion of land in southeast Alaska,

timber harvesting will drive the planning system to a smaller degree in the future .

The increasing emphasis on nontimber values in the United States is clearly demon

strated by the evolution of statutory and administrative standards for planning the

uses of National Forest lands over the past 30 years ( Thomas 1979) . In British

Columbia, lower public pressures and lack of legislation like that in the United States,

among other reasons, have slowed progress toward better planning systems. The

Province, however, likely will see a similar trend in land management priorities. For

instance, of the residents of coastal British Columbia who were contacted during a

recent public opinion poll, one-third regarded preservation of heritage values, wildlife,

and natural beauty as more important than forest products or forest industry jobs,

and four- fifths felt their government should be more active in setting and enforcing

environmental standards on forest land (Decima Research Limited 1986) .

Timber management is by far the dominant force shaping habitat conditions; thus ,

although informally, foresters manage wildlife. Forestry plans should , therefore ,

incorporate objectives for both deer and timber. When developing alternative pro

grams to achieve these objectives, managers should consider the use of forestry

activities to improve habitat where possible and to mitigate detrimental effects of

timber management.

Only by managers and researchers from both the forestry and wildlife communities

sharing knowlege will integrated management improve. Managers must identify pro

blems and questions arising from land management, and researchers must provide

solutions and answers . For example, a crucial topic for research is the development

of procedures for assessing long -term influences of forestry on habitat. Planning

horizons that now span 5 years need to be extended to at least 20 years and prefer

ably to the length of the rotation period. Tools for planning need to be based on

existing data ( inventories) and current levels of management sophistication . Compli

cated models requiring extensive data collection are not helpful to managers with

little time and less money.
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Foresters and deer managers, as applied biologists, share much in their backgrounds

and motivations. With objectives clearly stated and knowledge effectively communi

cated, they would be free to cooperate in developing and testing new solutions to

problems for which neither group currently has answers. Even with a common under

standing of ecological relations and resource goals , disagreement will still exist over

some issues . Effective communication , however, can help resolve many disputes and

is the surest way to build mutual respect.

A new handbook for deer habitat management in coastal British Columbia is

presented as an example of a stepping stone to improved integrated management.

The handbook also should be useful as an educational and a planning tool.
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INTRODUCTION

One of the key products of the Integrated Wildlife-Intensive Forestry

Research ( IWIFR) Program will be a handbook entitled "Deer and Elk

Habitats in the Coastal Forests of Southern British Columbia " . It will

incorporate new knowledge gained from IWIFR , background information on

deer , elk , and forestry , and descriptions of existing policies and

procedures for management of deer and elk habitats in the area . The

handbook is being designed to serve a number of users in different ways ,

the most important being as a problem - solving tool and as an educational

document for managers of forests and wildlife . A large group of authors ,

including staff from the British Columbia Ministry of Forests and Lands ,

the British Columbia Ministry of Environment and Parks , and the

University of British Columbia , are currently preparing a draft version .

Final printing and distribution to users is expected in mid-1987 .

Here , we provide aa summary of the design principles , the planned

content , and the expected uses for the handbook , and selected examples of

pages from several handbook sections as they are expected to appear in

the final publication . The examples illustrate only the sections dealing

with coastal black - tailed deer ; separate sections describing elk ecology

and habitat management techniques will be included in the final

handbook . Because of space limitations , some parts of the handbook are

not discussed here . A detailed table of contents for the handbook ,

beginning on page 39 , indicates the full projected content .

This summary is intended both to inform readers about the handbook

and to stimulate criticism of the design , organization of information ,

level of detail provided , and potential usefulness of the finished

document . Your comments on the concept and proposed content of the

handbook will be carefully considered by the handbook team as they

complete its preparation . A form for written comments to the editors is

provided on page 43 .
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DESIGN PRINCIPLES

Rationale

The handbook is designed with three key principles in mind :

1 . It must be easy for several different organizations ( forest

companies , B.C. Forest Service ,Forest Service , Ministry of Environment and Parks )

and people with different backgrounds (biologists, foresters ,

technicians ) to use .

2 . It must be a useful tool both in assessing the impacts of forestry

plans on deer and elk habitat ( " reactive" situations like the

referral system) and in preparing habitat management plans for key

areas ( " proactive " situations) .

3 .. It must not tell managers how to manage , by specifying constraints or

rules to be followed everywhere . Instead , it must describe

relationships between forestry and habitat quality in ways that allow

the impacts of proposed forestry activities to be evaluated .

Decisions , based on impact evaluations , will be left to forest and

wildlife managers .

.

Features

To direct the various users to appropriate portions of the handbook ,

a Reader's Guide will be included in the front material ( see pages 6

and 7 for the Reader's Guide example ) .

The contents of the handbook will be organized in three parts . Part

I ( described on pagepage 8 ) will provide the knowledge managers need to

incorporate deer and elk habitat concerns in forestry programs : e.g. ,

management priorities , ecological principles , forestry impacts on

habitat , animal impacts on forestry , and techniques for managing

important habitats . Part II ( described on page 22 )
will provide a

systematic procedure for applying the information from Part I in

planning . Part III ( described on page 28 ) will provide detailed

supporting information for Parts I and II in several appendices .

Several themes or " building blocks " will be used throughout to

simplify the complicated ecological interactions between the animals and

the forests into practical management issues : 1 ) snowpack zones

( Figure 1 )1 ) will be used to stratify the handbook area into two zones

with different management concerns and strategies ; 2 ) forage and

cover requirements will be usedused to provide a means of assessing the

impacts of changes in forest conditions ; and 3 ) seasonal ranges

( winter , spring , summer ) ( Figure 2 ) will be used to describe the changing

importance of habitat components through the year .

The handbook is intended to provide a practical reference book for

use mainly in the office . It will be accompanied or followed by a

companion pocket manual , shortened and repackaged for field use .
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READER'S GUIDE

This handbook is intended to give answers to deer and

elk habitat management questions for a wide range of

users . The Reader's Guide is provided to help users

find these answers as quickly as possible, with a

minimum of page turning .

PURPOSE EXAMPLE SITUATION

ECOLOGICAL BACKGROUND 1. Learn ecological principles relating deer

to habitat and forestry.

2. Develop a training program on approaches

to habitat management.

PLANNING 1. Prepare a Silviculture Plan meeting deer

habitat objectives.

2. Prepare a 5 yr Development Plan meeting

deer habitat objectives.

ASSESSING PLANS 1. Determine if potential conflicts exist between

forestry and deer habitats .

2. Recommend measures to minimize impacton

forest/deer resources.

3. Determine the deer habitat value of specific

stands .
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To use the Reader's Guide, first select your general

purpose in consulting the handbook (e.g. , planning)

from the three categories in the left column on the

opposite page. Then read across to select an example

situation similar to yours . The example questions listed

below will lead you to the section (s) of the handbook

that should provide the information you need.

Finally, at the beginning of the appropriate section of

the handbook, you will find a detailed table of contents

that should list the topics that interest you .

EXAMPLEQUESTIONS PARTI page #

What makes good winter ranges ? →DEER ECOLOGY 15

67
What are the common habitat

management approaches used by

the Ministry of Environment ?

FORESTRY /DEER

INTERACTIONS

9
3

What problems will deer

cause in managed stands?

HABITATMANAGEMENT

TECHNIQUES

What is the potential impact

of proposed forestry activities?

What are the techniques to reduce

impacts on deer ?
PART II

PROCEDURE

How can potential conflicts

be identified ?

1. DETERMINE LAND USE

2. DETERMINE VALUES

3. DETERMINE CAPABILITY

4. ASSESS HABITAT

5. SET PRESCRIPTIONS

6. IMPLEMENT & MONITOR

148

150

152

154

158

160

How should prescriptions be

formulated ?

Which understory communities

supplythe best spring forage ? PART III

UNDERSTORY COMMUNITIES
167

HABITATSUITABILITY MODELS 213

GLOSSARY
243
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PART I - DEER AND ELK ECOLOGY , FORESTRY IMPACTS , AND HABITAT MANAGEMENT

Content

This section , the longest of the handbook , will contain three major

components (Figure 3 ) :

1 . The Introduction (Chapter 1 ) and ecologyecology chapters (Chapters 2 ,

Deer Ecology , and 3 , Elk Ecology ) , will provide background on the
values of coastal forests , deer , and elk , the habitat management

system currently being used , and the ecological principles relating

the animals and their key habitats . These chapters willwill also

introduce the themes of snowpack zones , food and cover requirements ,

and seasonal ranges , which recur throughout the handbook .

2 . Chapter 4 , Interactions Between Deer , Elk , and Forestry , will

describe the impacts of forestry practices on deer and elk and the

ways in which deer and elk affect forest management .

3 . Chapter 5 , Habitat Management Techniques , will describe techniques

that forest and wildlife managers can use to manipulate specific

habitat features or seasonal ranges to achieve an objective or reduce

a conflict . Detailed information to supplement this section will be

contained in the appendices .

The following pages contain details and examples of Chapters 2 , 4 ,

and 5 .

Rationale

Part I is designed to provide managers with the information they need

to understand the interactions between the animals , their habitats , and

forestry activities ; and with the tools (management techniques ) they can

use when assessing or managing habitats as described in Part II .

3
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PART I

DEERAND ELK ECOLOGY, FORESTRY IMPACTS,

AND HABITAT MANAGEMENT

CHAPTER 5 -HABITAT MANAGEMENT TECHNIQUES

-Food

-Cover

-Management in the Shallow Snowpack Zone

-Management in the Deep Snowpack Zone

CHAPTER 4 -FORESTRY/ANIMAL INTERACTIONS

-Habitat Management Policies and Procedures

-Key Habitat Problems

-Forestry Impacts on Deer and Elk

-Door and Elk Impacts on Forestry

CHAPTER 3 ELK ECOLOGY

CHAPTER 2 -DEER ECOLOGY

-Life Cycle

-Requirements from Habitat

-Meeting the Requirements

-Home Ranges

-Seasonal Ranges

-Critical Habitat Features

CHAPTER 1 -INTRODUCTION

-Deer , Elk and Forests : The Resources and Their Management

-Snowpack Zones

Figure 3 . Overview of Part I.
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PART I , CHAPTER 2 : BLACK - TAILED DEER ECOLOGY

Questions Answered

This chapter will address questions such as : "As a resource manager ,

what should I know to understand the habits of deer in my area and what

they need to survive? "

Content

Chapter 2 will provide an overview of deer habitat ecology in

coastal British Columbia , with a discussion of important behavioural and

physiological influences on habitat use . It will include a brief

discussion of the characteristics and distribution of all deer

British Columbia , and provide details on the distribution and life of

black-tails on the coast . The habitat requirements of deer food ,

cover , and water -- will be explained , and the annual variations in these

needs related to the seasons and life cycle ( see example on pages 12 and

13 ) . The ways in which deer attain these requirements will be covered in

a section annual and seasonal ranges ( Figure 4 ) .4 ) . The typical

topographic and vegetative features of winter range , spring range , and

summer range in the two snowpack zones will be described in detail , with

emphasis on changes in food and cover requirements as deer move between

seasonal ranges . The importance of a mixture of seasonal ranges and

habitat requirements will be covered in a section on juxtaposition and

interspersion , and the critical features of the seasonal ranges will be

listed to summarize the chapter .

on 0

Use

This chapter should be useful to anyone needing information on the

basics of black-tailed deer ecology and the important features of deer

habitat in coastal British Columbia . We anticipate it will be of most

interest to forestry staff who were not educated in wildlife , but who

regularly deal with deer habitat concerns . It should also be useful as a

training tool for new recruits to the wildlife and habitat protection

staffs of the Ministry of Environment .
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SHALLOW SNOWPACK ZONE

DEEP SNOWPACK ZONE

Port McNeilEuro
Koching

3
9

Campbell River
Powell River

و
Squamish

Sechelt

Port Alberni VANCOUVER

Maple Ridge

Duncan

VICTORIA

WINTER RANGE
SUMMER RANGE

SPRING RANGE

SPRING RANGE

SUMMER RANGE
WINTER RANGE

a
Annual home range for a

resident deer in the

shallow snowpack zone .
Annual home range for a

migratory deer in the

deep snowpack zone.

Figure 4. Typical home range patterns in the two snowpack zones .
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BLACK -TAILED DEER ECOLOGY

DEER REQUIREMENTS

Deer have three basic requirements : food, water, and

cover. Cover can be classified into three categories

based on its ability to reduce stress imposed by an

animal's immediate microclimate ( thermal cover ),

provide security, and intercept snow .

digestion typical of mammalian stomachs begins.

One beneficial result of ruminal fermentation is that

deer can partially digest complex carbohydrates, such

as cellulose, that mammals without rumens cannot

utilize .

Food -

· Potential limitations

Deer obtain a portion of their water and all of their

energy, protein , vitamins, and minerals from their food .

In southwestern British Columbia both digestible energy

and protein are scarce enough to limit deer abundance

or health in specific seasons on many ranges.

Phosphorous also may be limiting . Phosphorous

requirements are about 0.25 to 0.30% dietary dry

matter which are higher than concentrations found in

red huckleberry, an important deer food . There is no

evidence that vegetation in the region is deficient in

other nutritional requirements.

In most plants the chemical composition of stem and

leaf tissue and the places where nutrients are stored

change markedly with the seasons. In newly grown

material during spring most of the important nutrients

are simple compounds located in cell sap, where they

are readily digestible ( Figure 14 ) . As the tissue ages

potential nutrients become more complex and are

stored in the walls of cells where they are less

digestible. As the season progresses further these

walls toughen by adding lignin and become

increasingly indigestible . The total amount of energy

in plant leaves and stems actually differs little between

species or even seasons, but in some plants more of

the energy is present in compounds deer cannot

digest. Forbs such as fireweed contain less fibre and

more of the energy in them is digestible . The higher

quality of these plants results from the manner in

which changes in plant composition interact with the

rumen fermentation process or digestive physiology

of deer. This interaction has important implications to

habitat management.

Nutritional deficiencies result from the ways in which

the digestive system of deer interacts with seasonal

changes in the chemical composition of their foods. In

the rumen, the first chamber of the four - chambered

stomach found in deer and all other ruminants,

microbes ferment the food before it passes to the

fourth chamber (the abomasum ) where enzymatic
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Figure 14. Seasonal differences in the cell composition of the current year's growth of three important deer forage

species.
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Digestive physiology — quantity and quality
- SPRING AND EARLY SUMMER DIET

Abundant protein

and energy

to body

Low fibre and

high nitrogen forage,

therefore high

digestibility

Only energy and protein are commonly limiting to

deer in south coastal B.C. Energy is necessary to run

the processes or 'deer machinery '; proteins are

necessary to build and service the machinery.

Proteins are critical structural components, important

in reproduction and growth , but are also active as

enzymes, hormones, and transport mechanisms in

the body. To provide sufficient energy and protein

both quantity and quality of forage are important.

Healthy microbes

Rapid

transit

DIET DURING SEVERE WINTERS

As the complexity of carbohydrates increases through

the year (e.g. , from starch to cellulose) , both the

amount of calories deer can extract and the rate at

which these are extracted decline. Fermentation then

slows, less energy is available, food stays longer in

the rumen , and the deer's intake of all nutrients is

restricted . If rumen microbes can obtain only small

amounts of energy from incoming food, the rate at

which they synthesize protein also is reduced ( Figure

15) . Most of the protein used by deer comes from

microbes in the rumen. Amounts of nitrogen in the

forage can become sufficiently low that microbes can

no longer synthesize protein or ferment cellulose at a

rate sufficient to maintain deer. There may be

abundant food but its quality is poor. On ranges with

very low quality food deer can starve with their

stomachs full .

Little protein

and energy

to body

High fibre and

low nitrogen forage,

therefore low

digestibility

Dying microbes

Congestion

This seasonal pattern of changing forage quality

happens to some degree on all ranges. As new

growth ages the proportion of available nitrogen

decreases, the amount of less digestible fibre or cell

wall increases, and the proportion of undigestible fibre

( lignin) increases . As a result, most vascular plants

are far less valuable to deer in winter than in the

spring or summer. As they age some plants also

develop secondary compounds, such as tannins or

other phenolics, which further reduce their digestibility.

Figure 15. Effects of good and poor forage quality on

rumen function .

The volume of a ruminant's 'fermentation tank '

(rumen -reticulum ) increases with its weight and is

about 3.5 times larger in elk than in deer (Bunnell and

Gillingham 1985) . Elk can consume greater amounts

of less digestible forage than deer without filling their

'tanks ' and seriously reducing the amount of energy

obtained per unit time . The narrower mouth of deer

permits them to be more selective, but to be

productive they still must eat more highly digestible

forage than elk require.
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PART I , CHAPTER 4 : FORESTRY /ANIMAL INTERACTIONS

Questions Answered

This chapter will follow up on the ecological relationships discussed

in Chapters 2 and 3 by answering questions such as :

" What are the current policies and planning systems used to protect

and manage deer and elk habitat? "

the effects of individual forestry activities on habitat

values?"

.*What effects do deer , elk , and habitat management have on forests

and forestry programs ? "

Content

Chapter 4 will cover several topics that are of daily concern to

forestry and habitat management staff . It will firstfirst describe the

policies and procedures used by the Ministry of Forests and Lands ,

the Ministry of Environment and Parks , and forest companies to address

habitat concerns that arise during the planning of logging and

silvicultural operations . The major habitat problems ( winter range ,

spring range , etc. ) will be covered next , followed by a discussion of the

nature , extent ,extent , and impacts of eachof common forestry activity ( e.g. ,

logging, site preparation , thinning ) . An example of the forestry impacts

section is provided on pages 16 and 17 . Finally , the ways in which deer

and elk affect forestry will be described , including both direct effects

such as browsing of tree seedlings and indirect effects such as logging

deferrals to protect key habitats .

This chapter and the following one (Chapter 5 ) will be closely linked

( Figure 5 ) . Chapter 4 will provide answers to questions that are often

site specific , arising from plans generated by forest companies or the

Forest Service . A typical question would be : " If I weed this plantation

with a herbicide , what will be the effects on deer ? " Chapter 5 , Habitat

Management Techniques for Deer , will address a different question : " How

can I manage forested habitats to achieve a desired deer or elk objec

tive? " . Both chapters , however , will focus on how forest management

alters deer and elk habitat , and what actions may be appropriate to

maintain or improve this habitat .

Use

Chapter 4 will be most useful as an educational or training

document for those people needing a better knowledge of forestry/animal

interactions ; and as guide to habitat problems and opportunities

arising from specific forest treatments . Foresters , biologists , and

technical staff should all find it applicable to their interests .

а
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CHAPTER 4 Forestry /Animal Interactions

FORESTRY

ACTIVITIES

D

o

o

m

O :

0
:
0
7

Herbicide application

D. following planting

HABITAT

IMPACTS

Security and thermal cover

improved after green -up

Da

D
o

O

Q

0
0
:
2
0

Spring forage2
0
0
9

00:00:0000:00 reduced immediately

cano Lood

CHAPTER 5 Mabitat Management Techniques

improve spring forage

Figure 5 . Major components of Chapter 4 ( Interactions Between Deer , Elk

and Forestry ) and its linkage to Chapter 5 ( Habitat Management Techniques

for Deer and Elk ) .
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FORESTRY /DEER INTERACTIONS

LOGGING grown to at least 3 m high , unless patches of small

residual conifers remain uncut. On the other hand , the

removal of the shading overstory and of the below

ground competition by tree roots leads, by the third

growing season following logging, to an increase in

the quantity of forage available (Kellman 1969) . This

major flush of vegetation often provides 15-20 years

of valuable forage in clearcuts (Figure 46 ).

More than 95% of coastal logging employs

clearcutting. There are several advantages of

clearcutting over selective harvesting systems on

most sites . Most important are its suitability for

regenerating preferred tree species such as Douglas

fir and western hemlock which grow best in full sun,

the efficiency it allows in yarding logs on steep terrain ,

and the elimination of damage to standing residual

trees when large old - growth trees are felled and

yarded. The vast majority of trees are felled with

chainsaws, but there is a trend toward increased use

of mechanical feller-bunchers in small timber.

Mechanized cutting is expected to further increase in

importance as forests are converted from old - growth

to younger stands.

Second, the composition of the understory changes

due to soil disturbance during yarding, as pioneer

plant species invade freshly exposed soil in full

sunlight . Subsequent site preparation activities such

as slash -burning often enhance the species shift. This

change of understory produces more spring and

summer forage, especially herbs such as fireweed, at

the expense of shrubs which form the bulk of the

winter forage supply .

Among the many types of yarding systems in use,

high -lead yarders and ground skidders are most

common. Skidders cause far more soil disturbance

and are usually limited to slopes less than 30 % . In

recent years high -lead yarding has begun to decline

in importance as many companies switch to grapple

yarding, a form of skyline logging ( Figure 44) .

Third, logging leaves woody debris on the site. This

debris may, depending on the nature of the logged

stand and the value of the wood, pose a serious

barrier to deer use by preventing or discouraging

them from moving through it . The debris problem is

most severe in old -growth stands of hemlock and

redcedar due to the high porportion of non

merchantable wood in many of these stands and

because many trees break or shatter when felled .

Debris is usually a minor concern when mature and

old - growth Douglas-fir is being logged. Debris less

than 30 cm high has little effect on deer unless it

Logging affects deer in three ways. First, cutting of

overstory trees immediately reduces the amount of

cover provided by the stand . After logging, the site will

have no value as thermal , security, or snow

interception cover (Figure 45) until a new stand has

Guyline

Haulback line

an Mainline

Mobile tailspar

Whe
n

punat
husty

Grapple

Yarder

Decked logs

ti
na

DENT

AM

Figure 44. A typical grapple -yarding system in coastal British Columbia.
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covers more than 50 % of the ground, but at slash

depths greater than 30 cm , deer expend large

amounts of extra energy in moving about because

they must jump over obstacles. These energy costs

increase most dramatically when there are more than

25 obstacles greater than 30 cm high in every 100 m

of travel (Figure 47) . Extremely heavy debris loads

can also limit the long-term vegetation response of a

site by occupying most of the potential growing sites .

Figure 45. Recently logged areas provide poor

habitat for deer when snow is deep .

Figure 46. Abundant and diverse communities

of herbs and shrubs provide excellent

spring and summer forage in many

clearcuts .

2.0

50 obstacles / 100 m

SUMMARY : EFFECTS OF LOGGING1.8

1.6

1.4

Effect on --Detrimental when slash is deep

Access ( > 30 cm ) and abundant ( > 25

obstacles /100 m) .1.2

25 obstacles/ 100 m
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0
0

m)

1.0 -

Effect on

Cover
0.8

0.6

10 obstacles / 100 m

- A major detriment until a new crop

is established. Loss of thermal and

security cover may be ameliorated

somewhat if patches of small

residual trees remain . Loss of snow

interception cover may be critical

for deer in some areas .

0.4

0.2 T

T

0 10 20 27 30 40 50 54

Obstacle height (cm)

Effect on

Forage

Figure 47. Effects of density and height

woody debris on energy expended

by deer walking on level terrain .

Adapted from Figure 9 of Parker et

al. (1984).

- A minor detriment in the first year

after logging due to destruction of

understory plants and soil

disturbance. A major benefit in the

long-run for herb production initially

and shrub production later. Benefits

may persist for 20 years.
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PART I , CHAPTER 5 - HABITAT MANAGEMENT TECHNIQUES FOR DEER AND ELK
O

Questions Answered

The types of questions addressed in Chapter 5 will include :

"What approaches or techniques are available to improve the quality

or amount of deer habitat requirements , including rooted forage ,

lichen forage , thermal cover , security cover , and cover from snow? "

" What are the characteristics of good seasonal ranges in each

snowpack zone , and which techniques are best used to improve the

quality of these ranges? "

" How do variations in the size and interspersion of forage and cover

areas affect habitat quality in each season? "

Content

This chapter will begin with a discussion of the various forestry

techniques ( silvicultural and logging activities)logging activities) that can be used to

improve each of the two types of forage and three types of cover

identified as key habitat requirements ( Chapters 2 and 3 ) . Usually these

techniques will require one or more of the routine forestry treatments

covered in Chapter 4 (Figure 6 ) , but other unusual techniques that would

only be used on limited areas of very high value will also be included

( e.g. , artificial dispersal of arboreal lichens) . The application of

these techniques to management of the three seasonal range types in each

snowpack zone will then be described . An example for winter range in the

deep snowpack zone is shown on pages 20 and 21 . The chapter will

conclude with a summary of similarities and differences in techniques

between the two zones , and a discussion of alternative means for

resolving the key habitat concerns outlined at the beginning of Chapter 4 .

.

Use

as

The emphasis in this chapter will be on the planned management of

forested areas as deer and elk habitat . This approach will sometimes be

used by Ministry of Environment staff in managing areas such the

Skagit Recreation Area , where recreation -- rather than forestry is

the top priority . More often though , it will be employed by small teams

of foresters and biologists
and biologists from government and industry to evaluate

short- term options for enhancing habitat during forest management , or for

mitigating negative effects of a particular forest practice .
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CHAPTER 4 Forestry Animal Interactions

FORESTRY

ACTIVITIES

Herbicide applicaton

following planting

improved after green - up

0 O Spring torage

reduced immediately

DO

CHAPTER 5 Habitat Management Techniques

Old growth

Dense young stand

Log and burn to

improve spring forage

Figure 6 . Example of a technique to improve deer habitat , from Chapter 5 .
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HABITAT MANAGEMENT TECHNIQUES FOR DEER

DEEP SNOWPACK ZONE: WINTER RANGE

Retention Of Old Growth

or lichen clumps separate. Second, older stands often

have an understory of young cedar and hemlock

which can provide thermal cover, security cover, and

forage during winter.

In the deep snowpack zone, old -growth forests on

favourable topography provide the best winter range.

Their value as winter range results primarily from the

large size of the trees present and the heterogeneous

nature of the canopy, and less from the age of the

trees. Because trees are large their crowns intercept

snow effectively, which reduces snow depth on the

ground and, therefore, the costs of deer movement

and the rate at which rooted forage is buried . They

also provide a deep canopy which entraps radiation

and produces good winter thermal cover. The

heterogeneous nature of the canopy, resulting from

natural mortality and irregular regeneration of conifers,

provides gaps which permit patches of shrubby

forage species to thrive . These gaps also encourage

a more open -grown form among adjacent trees which

provides a favourable environment for arboreal

lichens , an important winter forage.

When snow is deep and the costs of moving about

are great, deer do best when all their needs can be

met within small areas. Some, but not all old -growth

forests provide these needs; heterogeneous canopies

allow them all to occur in close proximity (Figure 73) .

For these reasons, the most effective way to provide

winter range in the deep snowpack zone is to retain

old -growth on favourable topography (Table 5) .

The factors that need to be considered in selecting

old -growth blocks for retention as winter ranges are

numerous (p. 107) . Many stands will have all the

desired features but those that are lacking in some

respect, such as having no rock outcrops, may still

provide valuable habitat. In some cases several

stands with apparently equivalent habitat

characteristics may be available for designation as

winter ranges to be deferred or preserved from

logging. The levels of past deer use in the stands, as

indicated by pellet-group surveys, can be used to

identify the highest value stands.

Although large trees and variable canopies are most

significant, age of the trees also appears to be

important, for two reasons. First, older trees grow

more slowly and shed bark less rapidly, allowing

arboreal lichens to accumulate on a relatively stable

substrate and drop to the ground as branches break

The Ministry of Environment recommends that winter

ranges occupy about 10% of the land area below 800 m

ASPECT 0 - 45°

and

315-36001

45 - 90 °

and

270 - 315 °

90 - 270 °

Snowpack

Zone
Slope

Slope

position

A
I
I

< 40 % 40-60 % > 60 % < 40 % 40-60 % > 60 %

Valley

bottom

Unsuit

able

Unsuit- Moderate

able Low

N/A

Low Optimum

Unsuitable Moderate

Mid

slope

Unsuit

able

Unsuit

able

Low

Low

Moderate Low Optimum Optimum

Moderate Unsuitable Optimum Optimum

Upper

slope

Unsuit

able

Unsuit

able

Low

Low

Moderate Low Optimum Optimum

Low Unsuitable Low Moderate

Slopes >

1000 m

Unsuit

able

Unsuit

able

Unsuit

able

Unsuit

able

N/A

Shallow

Deep

Shallow

Deep

Shallow

Deep

Unsuit

able

Unsuit

able

Unsuit

able

Shallow

Deep

Table 5. Topographic influences on the capability of the landscape to provide winter and spring ranges for deer.
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elevation in each watershed where deer capability

is high and high levels of deer production are desired .

On Vancouver Island , winter range blocks should be

at least 20 ha in size and be spaced at intervals of no

more than 5 km in each high - priority watershed (D.C.

Morrison , personal communication ). These

recommendations for block size and spacing were

derived from early radio -telemetry studies of deer

movement (Harestad 1979) and may be revised

considerably as spatial patterns of habitat are

investigated further during the second phase of the

Integrated Wildlife -Intensive Forestry Research

Program
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canopies for snow interception
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Figure 73. Good winter ranges provide many important habitat features in close proximity to each other.

DESIRED FEATURES OF OLD -GROWTH RANGES

TOPOGRAPHY

Southerly aspects

Moderate tosteep slopes (40-80 % )

Lower elevation (< 1000 m )

Minimal shading by adjacent mountains during winter

Scattered rock outcrops or small bluffs

FOREST STRUCTURE AND COMPOSITION

Heterogeneous canopy averaging 65-75% crown closure, with

-Large trees

- Small patches with high crown closure ( >75% ) for snow interception

- Small patches with open canopies (<65% ) for forage production and

some snow interception

- Small openings for forage production and high solar irradiation

Abundant beard lichens ( Alectoria, Bryoria, Usnea)

Abundant winter browse in the understory

Patches of conifers in the understory for security cover, thermal cover,

and, if western redcedar or hemlock, food
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PART II PLANNING , MANAGING , AND MONITORING HABITATS

Content

The second major portion of the handbook will contain its " working

tools " in a six-step procedure . This procedure will be designed to

help managers apply the information from Part I in day- to-day

management . It will cover all the major aspects of planning for habitat

management , from setting habitat objectives and evaluating habitat

capabilities to developing management prescriptions and monitoring

results . Extensive cross-references to information sources elsewhere in

the handbook will be provided .

The following pages describe the structure of Part IIII (Figure 7 ) ,

discuss the steps in the procedure , and give an example of the content of

one step ( Step 3 ) .

Rationale

Most managers faced with heavy workloads and resource problems of

many types will not be able to become familiar with all the detailed

information contained in Part I. They need to extract only the pieces of

information relevant to a specific problem , be it maintaining adequate

security cover in a heavily logged valley or enhancing spring for age

during a large-scale silviculture program . The procedure for assessing

and managing habitat will be designed to fit with and complement other

planning systems such as the logging plan referral system .
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PART II

PLANNING, MANAGING, AND MONITORING HABITATS

CHAPTER 6 -A PROCEDURE FOR ASSESSING AND

MANAGING HABITATS

PROCEDURE OVERVIEW

WHEN TO USE THE PROCEDURE

PROCEDURE STEPS

STEP 1 -Determine Land Use

STEP 2 -Determine Resource Values

STEP 3 -Determine Capability

STEP 4 -Assess Habitat

STEP 5 -Set Prescriptions

STEP 6 -Implement and Monitor

Figure 7 . Structure of Part II of the handbook .

4
5



PART II , CHAPTER 6 - A PROCEDURE FOR ASSESSING AND MANAGING DEER AND ELK

HABITATS

.

Questions Answered

The key question to be addressed by the procedure is : "How can I use

the information in the handbook to prepare a forestry plan that will have

acceptable impacts on deer and elk , or to identify opportunities for

habitat improvement ? "

Content

The procedure for assessing and managing habitats will be designed to

provide users with a framework for evaluating habitat conditions and

resolving habitat management problems , such as those that may arise

during preparation of a 5-Year Development Plan for area with

high-quality deer habitat . The procedure will be composed of six steps

(Figure 8 ) , each of which will direct users to the sources of information

they will need , either in the handbook or elsewhere .

an

-- -

Step l will help the user determine the influences that historical ,

current , and proposed use in the area could have on options for habitat

management ( e.g. , the proximity of wilderness park land ) . At the second

step , the user will determine the area's priority for habitat management

by evaluating potentials and constraints for deer production and use

( e.g. , the severity of winters in the area and the road access

available ) , and then consulting wildlife managers to confirm their goals

for the area . The value of the timber resource and limitations on its

use such as economic and seasonal accessibility will also be

determined at Step 2 . Next , in Step 3 , the topography and vegetation of

the area will be evaluated ( see example on pages 26 and 27 ) to provide

the basis for estimating food production and the value of the cover

available ( Step 4 ) . The objective of these steps will be to compare the

land's current suitability as deer habitat with its potential capability

and its projected suitability in future under forest management . Habitat

problems such as deficiencies of certain components or imbalances in the

proportions of various habitats will be apparent when Step 4 is

completed . These problems will then be addressed at StepStep 5 , where

alternative prescriptions for habitat management will be proposed . The

sixth and last step will guide managers in implementing the selected

prescriptions and establishing a monitoring program to measure the

effects on habitat quality .

Use

This procedure will be applicable to a wide range of training and

planning tasks , but each user and application will have a different

focus . Thus the parts of the procedure that will be used and the ways in

which they will be applied may be quite different . A forester who is new

to the coast and dealing with a high-priority watershed for deer may want

to use the whole procedure , while a Ministry of Environment biologist

concerned about spring habitat suitability near a specific winter range

may only consult Steps 3 through 5 .
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STEP 1

Determine Land Use

Provincial

Park ]

Forest

STEP 2

Determine Values

Priority for

deer habitat

management = high

STEP 3

Determine Capability
Winter and spring

range capability

= optimum

STEP 4

Assess Habitat

Dense

young

standi

Spring forage

= poor

STEP 5

Set Prescriptions

Thin heavily

STEP 6

Implement and Monitor

Assess forage

response and

deer use

Figure 8. Steps in the habitat assessment and management procedure .
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ASSESSMENT AND MANAGEMENT PROCEDURE

STEP 3 : DETERMINE TOPOGRAPHIC to support deer. Selection of specific topography is

CAPABILITY AND POTENTIAL VEGETATION differential snow accumulations and forage “ green-up”
most noticeable during winter and spring due to

PURPOSE: To determine the potential capability of a
patterns. Generally, deer tend to select winter and

site or area as deer habitat and the vegetation that will
spring ranges that are characterized by moderate and

or could occur there . Topography is the main factor
steep slopes with southerly aspects at elevations

determining capability; climate and soil are the main
below 1000 m . Any location higher than 1000 m in

influences on potential vegetation. Together they form
elevation is considered UNSUITABLE as deer winter

the basis for analyses of deer habitat suitability (Step
range and any location above 800 m is UNSUITABLE

4, p . 154 ). Maps and air photographs are the primary
as spring range. Northerly aspects (0-45 °, 315-360 °)

are considered UNSUITABLE for winter or spring
sources of information needed for this step .

range, as are slopes less than 40 % . OPTIMAL winter

and spring ranges have southerly exposures (90-270°)

and moderate or steep slopes greater than 40 % ( Table 5) .

Topographic capability

optimum

POTENTIAL VEGETATION : Vegetation is the

foundation of potential or current habitat suitability

because it determines the cover and food that a site

will provide. Potential habitat suitability is determined

by the climatic climax vegetation ; current suitability is

determined by the existing vegetation, which may be

successional or climax. The objective of this part of

Step 3 is to stratify the stand or area of interest into

understory communities ( Appendix 1 , p . 167) which

will be used later (Step 4) as a basis for suitability

analyses. Our understory community categories are

derived from Biogeoclimatic Zones and soil moisture

and nutrient regimes. To identify or map understory

communities, the following information sources can

be consulted : ecosystem maps, terrain maps and /or

air photos, soils maps, topographic maps and a

Biogeoclimatic Units map.

CAPABILITY : The topographic factors of elevation ,

aspect, and slope interact with other abiotic factors to

influence local climates (snowfall, snow accumulation ,

temperature, wind, and irradiation ). During the

summer and fall seasons topography has little effect

on habitat selection by deer. For those seasons we

assume that all topography has OPTIMUM capability

ASPECT | 0 - 45 °

and

315-360 °

45 - 90 °

and

270 - 3150

90 - 270 °.

Snowpack

Zone
Slope

Slope

position

All < 40 % 40-60 % > 60 % < 40 % 40-60 % > 60 %

Shallow
Valley

bottom

Unsuit

able

Unsuit- Moderate

able Low
N/A

Low Optimum

Unsuitable Moderate
N/A

Deep

Mid

slope

Unsuit

able

Unsuit

able

Low

Low

Moderate Low Optimum Optimum

Moderate Unsuitable Optimum Optimum

Shallow

Deep

Upper

slope

Unsuit

able

Unsuit

able

Low

Low

Moderate Low Optimum Optimum

Low Unsuitable Low
Moderate

Shallow

Deep

Slopes>

1000 m

Unsuit

able

Unsuit

able

Unsuit

able

Unsuit

able

Unsuit

able

Unsuit

able

Unsuit

able

Shallow

Deep

E
X
A
Lta

b
l
e

5 .

Optimal winter and spring ranges have southerly exposures and moderate or steep slopes .
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ACTIONS

ACTION 1 : Determine Topographic Parameters

The parameters required are slope, aspect,

and elevation for the particular stand or area

being analysed . Obtain them from a

topographic map of the area . ଲାଞ୍ଜି
L.

Snowpack

Zone

Map

Topo

Graphic MapACTION 2: Determine Winter /Spring Range

Capability

Q
A
A

The information gained from action 1 is now

input to Table 5 to determine the capability of

the particular area as winter or spring range.

The result is recorded for comparison with the

suitability results from Step 4 .

TABLE 5

SEA

ACTION 3 : Determine Soil Moisture and Nutrient

Regimes
Shine

Air Photo Soils MapTopographic

Map

This is one of the most difficult actions to

perform as it involves the utilization of many

information sources (e.g. , soils maps, air

photos , topographic maps, and terrain maps)

to provide inputs to the Vancouver Forest

Region's keys for soil moisture and soil

nutrients (Klinka et al. 1984 ) unless a map

of ecosystem units is available . For best

results the keys should be assessed on the

basis of soil examinations to a depth of at

least 30 cm .

Soil

Moisture
TE

Hrce

the

Nutrient

Keys

+

ACTION 4: Determine Biogeoclimatic Zones

BGC

Map

ad

Using the 1 :500 000 scale Biogeoclimatic

Units map for the Vancouver Region

(Nuszdorfer et al. 1985) , determine the Unit

that applies to the area under analysis .

ACTION 5 : Determine the potential Vegetation

With information gained from actions 3 and 4

as inputs to Table 38 ( Understory Community

Matrix - p . 170) , the understory community

that is likely to occur on the site is determined .

The identification of the understory community

sets the stage for the habitat suitability (cover

and food) analysis that follows in Step 4 . UNDERSTORY COMMUNITY MATRIX
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PART III - APPENDICES

Content

The appendices will contain several types of information to

supplement Parts I and II ( Figure 9 ) . Appendix 1 ( Understory

Communities ) will describewill describe the ecological characteristics of the major

plant communities found on the coast , explain how to identify and map

them , and summarize the value of each one as deer and elk habitat . When

available , information on the effects of forestry activities on the

Communities will also be presented . The Habitat Suitability Models

( Appendix 2 ) will provide simple quantitative relationships that relate

habitat value ( suitability ) to measurable features of land and

vegetation . A glossary of technical terms (Appendix 3 ) , list of

Latin names (Appendix 4 ) , and a large-scale map of the snowpack zones

(Appendix 5 ) will also be provided .

а

The balance of this booklet includes brief descriptions and example

pages of Appendix 1 ( Understory Communities) and Appendix 22 ( Habitat

Suitability Models ) .

Rationale

beThe information in the appendices will be too detailed
to

integrated within Parts I and II , yet it will form Soine of the most

useful material in the handbook . To make the earlier parts as readable

as possible , therefore , we will present much of the most technical

information in Part III , with many " signposts " to it in the earlier

text . The appendices will be consulted most often by people using the

handbook in planning and conducting field activities .
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PART III

APPENDICES

APPENDIX 5: 1 : 500 000 MAP OF SNOWPACK ZONES

APPENDIX 4: LATIN NAMES

APPENDIX 3: GLOSSARY

APPENDIX 2 : HABITAT SUITABILITY MODELS

CONTENTS:

-Quantitative Relationships

Between Forest Variables and

Deer / Elk Habitat Suitability

USE WITH STEPS:

-2 (Topographic Capability )

-3 (Assess Habitat)

APPENDIX 1 : UNDERSTORY COMMUNITIES

CONTENTS :

-Ecological Features

-Value to Deer/Elk

-Responses to Forestry

Activities

USE WITH STEPS :

-2 (Potential Vegetation )

-3 (Assess Habitat )

Figure 9 . Contents and suggested uses of Part III .
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PART III , APPENDIX 1 - UNDERSTORY COMMUNITIES AND SPECIAL HABITATS

Questions Answered

could be answered using the UnderstoryTypical questions that

Communities appendix are :

" Which combinations of climate and site features provide similar

habitat for deer ? "

" What is the potential forage value of a Salal - Huckleberry site

compared to a Moss site? "

"Which understory communities in my area could provide the best

summer forage , if properly managed?"

Contents

This appendix will contain information on ecological

characteristics and deer and elk values for 29 understory29 understory communities

and five special habitats . These categories cover all the forested and

non-forested habitats of the south coast . The understory communities

will be derived by grouping similar ecosystem or site associations

recognized by the Biogeoclimatic Ecosystem Classification system of the

B.C. Ministry of Forests and Lands . The communities will be classified

on the basis of similar understory vegetation at climatic climax ,

regardless of successional vegetation or tree species . Each community

will thus represent all the ecosystem associations that provide similar

deer and elk habitats , despite minor differences in vegetation , soils , or

climate . The special habitats will be five more general categories , such

as rock outcrops and non-forested wetlands , that provide particularly

valuable habitats for deer or elk .

its

For each understory community , the following information will be

provided : its geographic range of occurrence , its typical site and

forest stand characteristics , its climax understory vegetation ,

position on the matrix of biogeoclimatic units and edatopes ( soil

moisture and nutrient regimes ) , and its value as habitat for deer and)

elk (Figure 10 ) . If enough information is available , the typical

response of its understory vegetation to forestry practices , such as

site preparation and thinning , will also be described . Pages 32 and 33

illustrate the layout for one widespread understory community .

Use

The understory community information should be useful to anyone

involved with managing specific sites for deer and elk , especially where

forage production is an objective . Perhaps its most common application

will be in selecting sites for intensive management of winter and spring

forage .
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UNDERSTORY COMMUNITIES

OCCURRENCE TYPICAL VEGETATION

-Geographic Range

-Climate/Site Features

-Trees

-Understory

-Shrubs

-Herbs

-Mosses and Lichens

VALUE TO DEER AND ELK RESPONSES TO FORESTRY

-Site Preparation and

Regeneration

-Forage

-Winter

-Spring

-Summer

-Cover

-Thinning

Figure 10 . Information provided for each understory community .
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APPENDIX 1 : UNDERSTORY COMMUNITIES

-

SALAL - HUCKLEBERRY UNDERSTORY

COMMUNITY

Do Molins Hydrotopop

LOCATION : Throughout Vancouver Island and

southwestern B.C. in maritime climates at

lower elevations (CDF, CWHa1 , CWHa2,

CWHb1 , CWHb3 , CWHd) ; primarily on dry to

medium (0-4 ), nutrient very poor to medium

(A-C) sites , except in the CWHL and CWHb1

which are also from medium to very rich

(C-E) ( Table 41 ) .

3 4

Lichen - Solar Swal - Huckleberry
Sphagnum

Hershack

cor

Lichen Tae Oregon grape
Sell Out Oregon grape Soord tern Samanberry

Saund

cabbage

Sphagnum

Haronaca

Sats - Huckleberry
Huckleberry

Moss

Deo fern

cuno Lichen Sale

Moss - Dua Oregon grape Sword en Samonberry
Saun

cabbage

Sphagnum

Deer ternHuckleberry - Moss
Deer tern

CWM Lichen . Sie
Mudteberry

Mons Sword lern
Sauna

| Samanberry
cabbage

Sphagnum

Lichen Sala Muckberry Myckleberry Moss Der fern

CWMO

Selal - Du

Oregon grape
Sword tern Salmonberry

Sauna

cabbage

SITE CHARACTERISTICS: Mainly gentle to steep

upper slopes, except in the CDF where it also

occurs on middle slopes , on coarse textured ,

shallow to deep soils on the slopes (morainal

blankets, or colluvial or morainal veneers

over bedrock ), and on very coarse textured

soils on flatter areas (fluvial or glaciofluvial).

Sa - Hvokioborry
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Shund
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Sphagnum

Der fernLichen
Die lern

CW Huckleberry Moss

Rosylistest

fv -leaved Dam

Sund

cabbage

Sphagnum

Lichen
Der fern

CWO
Huckleberry

Moss
Huckleberry Du

Oregon grape

Rosy hostestai

Five- leaved bramble

Sauna

cabbage

Sphagnum
MardhachSeidl - Mucidebony Huckleberry Moss Deer tern

CW ,

Lichen

Princes

pane

Moss . Du Oregon grape Sword tern Samanberry

cabbage

STAND CHARACTERISTICS: Primarily Douglas-fir

at lower elevations with increasing amounts

of western hemlock as the elevation and

rainfall increases; may also have minor

amounts of western redcedar and amabilis fir.

Lichen - Prince's pine Mon - Falsebo Moda Sphagnum

CWC
Lichen Teil

Oregon grape

Mous Du Oregon prape Ouh tern

cabbage

Muckleberry - Mors Deer tern
Sphagnum

Deerlen

CWMtb Lichen

FEDON
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Kinnakinnich
Huckleberry

Rosy twistedotan
Oak fern

Sauna
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Muckleberry

Moss

Sphagnum

Dee fern

Huckleberry

Rony twistedsta

Posy twistedsta

Fiveteaved bramble

Shund

cabbage

Sphagnum

Dear farn

A

UNDERSTORY COMPOSITION :

Shrubs: Salal , red huckleberry, Alaskan and

oval-leaf blueberry, baldhip rose, dull

Oregon grape, trailing blackberry

Muckleberry Moss Deer ternBlack

Fouckleberry

MMD с

D

Lichen

Pink

Mount

meather

Huckleberry

Aory twistedstak
mododendron

Posy twistedstaske

Fue -leaved Dramtale

Indien

MMD

Lichen

Pink

mountain

heather

Mountain

heathen

Black nuckleberry

White rhododendron

Sitka valerian

Ayrica

Indian

hedebore

Herbs : Prince's pine , wall-lettuce, bunch

berry, twinflower

Table 41. The position of the Salal-Huckleberry

understory community on the

biogeoclimatic unit/edatope matrix .
Mosses & Lichens : Stokesiella oreganum ,

Hylocomium splendens, Rhytidiopsis

robusta, Rhytidiadelphus loreus

VALUE TO DEER

Season

Species Winter Spring Summer

Deer 1.0 0.7 0.7

Elk 0.4 0.2 0.2

Table 42. Potential forage values , by season , for

deer and elk .

The Salal-Huckleberry understory community has the

highest winter forage potential for deer of any

understory community , especially on south -facing

slopes . In mature and old -growth stands abundant

arboreal lichens complement an understory dominated

by salal and red huckleberry. Cedar browse is also

available , as are Douglas- fir and hemlock branches

and litter. During winters of deep snow, these forages

provide the bulk of the deer diet . The ability of the

overstory to intercept appreciable amounts of snow,

thus providing easier mobility and greater forage

availability , has made mature and old -growth stands

on Salal-Huckleberry sites valued as deer winter

ranges. It is possible that younger seral stages can be

modified to fulfill this same function . Forage potentials

at other times of the year are lower (Table 42) due to

E
X
A
M
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E

54

180



COMMERCIAL THINNINGdeer preferences for more succulent forage. In early

seral stages (clearcuts) invasion of pioneer herbs

such as hairy cat's ear, pearly everlasting, bracken

fern and fireweed can boost both forage abundance

and diversity. Most Salal-Huckleberry sites are

burned prior to planting to reduce competition by

salal ; this aids in establishing and maintaining the

preferred herb forage. Clearcuts on such sites can

function well as spring range if their slope position

and aspect facilitate early snow melt. Low to moderate

summer/fall use is expected, primarily from resident

animals.

In stands left until commercial thinning age ,

understory vegetation is usually present in moderate

amounts. The poor tree growth on these relatively

unproductive sites allows moderate amounts of light

to reach the ground. Response to thinning is not as

dramatic as for non - commercial thinning (Figure 93)

but overall , forage production increases. Salal , dull

Oregon grape and bracken fern usually increase with

thinning . Fertilization of a lightly -thinned stand tends

to speed up tree crown development, reducing light to

the understory; forage subsequently has less time to

develop. In heavily -thinned stands, fertilization will

benefit understory vigor and quality because the tree

canopy remains open longer .

VALUE TO ELK

100

Unthinned: 7500 trees /ha
80

Although this understory community is fairly abundant

at lower elevations, it receives only light Roosevelt elk

use. Its forage potential is minimal except during the

winter months when diet shifts cause use of

huckleberry and conifers to increase ( Table 42) . Only

those seral stages providing some canopy closure are

useful to elk in the winter, and the amount of use then

usually depends on the presence of nearby rock

outcrops or other desirable winter understory

communities. Use at other times of the year is also

low ; non -migratory elk might use all seral stages from

spring through fall if richer sites were not available .

Thinned to 1400 trees /ha

at 19 years of age
60

% c
o
v
e
r

40

O

20

Salal Red

huckleberry

Forbs Evergreen

herbs

FORESTRY EFFECTS
Figure 92. Abundance of selected species and

species groups as affected by non

commercial thinning to 1400 stems/ha in a

Salal-Huckleberry understory community.
SITE PREPARATION AND REGENERATION

100

Unthinned: 4900 trees /ha
80

Salal-Huckleberry sites are usually burned following

logging in an effort to reduce competition by salal .

Douglas-fir is the preferred crop species, although

hemlock is often planted in the wetter subzones.

Redcedar can be used to provide long-term brush

control. Following burning, pioneer herbs (e.g. ,

fireweed) often invade and increase substantially.

Thinned to 1950 trees /ha

60

%c
o
v
e
r

Thinned to 900 trees /ha

at 25 years of age

40

20

hNON -COMMERCIAL THINNING

O

Salal Dull

Oregon

grape

Bracken

fern

Mosses

Non -commercial thinning of even moderate intensities

provides large increases in salal abundance;

huckleberries respond less dramatically (Figure 92) .

Certain other forage species also show favourable

responses to thinning ; fireweed, trailing blackberry

and twinflower increased 3 , 4 , and 14 times

respectively in one case (Nyberg et al. 1986) .

Figure 93. Abundance of selected species and

species groups as affected by two levels

of commercial thinning in a Salal

Huckleberry understory community .
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PART III , APPENDIX 2 - HABITAT SUITABILITY MODELS

Questions Answered

The suitability models will answer questions such as :

" What is the value of the forage resource on the area being assessed? "

" How close to optimum is the arrangement of forage and cover areas? "

" Are all seasonal habitat types available in the watershed? "

Content

The models will consist of simple numerical relationships depicted

in tables , graphs , or formulae that express the effects of various

features of the landscape and vegetation on habitat suitability for deer

and elk . These features include topographic effects , forage biomass and

quality , security and thermal cover values , snow interception by the

overstory , and the spatial distribution of cover .

.

Use

The models will provide managers with means of evaluating , in

numerical terms , the quality of existing habitat or the impactimpact of

changes in habitat such as those caused by forestry . These models will

be among the most practically oriented material in the handbook , being

designed to answer site - specific questions about habitat quality in a

watershed or other planning area . We expect them to be used by both

biologists and foresters in evaluating logging development

silvicultural plans .

or

Figure 11 illustrates the link between these models and the rest of

the handbook , and pages 36 and 37 give an example of one of the modelled

relationships .
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APPENDIX 2: HABITAT SUITABILITY MODELS

VALUE OF COVER ANSWER SOURCE:

HOW MUCH SHELTER FROM SNOW CAN THE

OVERSTORY PROVIDE?

We have used data from studies on Vancouver Island

and the coastal mainland to develop a method of

evaluating stand suitability for cover from snow. This

method is based on the assumption that a stand's

ability to intercept snow is a direct reflection of its

suitability as deer habitat (Figure 105) . Knowing the

snowstorm sizes that are typical for the area and the

mean crown completeness (canopy closure) for the

stand, the user needs merely to read the figure

opposite and record the appropriate value for the

stand being assessed.

CONFIDENCE :

The interception of snow by forest canopies is an

important criterion to consider in the management of

deer winter ranges. The importance of snow

interception arises from the dual impact that snow has

on habitat suitability: not only does snow bury forage,

it also restricts movement and increases the amount

of energy needed for locomotion . In severe winters ,

life is already hard due to lower temperatures and

reduced food quality and quantity. Snow then causes

a dramatically larger deficit in the energy needed to

sustain deer. The objective in assessing shelter from

snow is to evaluate the ability of the canopy to

intercept snow to reduce the snowpack that

accumulates on the forest floor.

Before we can appraise habitat suitability for snow

interception, we must know the severity of local

winters, the relationship between snow interception

and forest characteristics, and the effect of snow on

the energy costs of deer movement. When deer need

to lift their legs high to walk through snow , the

energetic cost of locomotion increases logarithmically

with increasing snow depth on the ground. Any

habitat with less than 15 cm of snow is OPTIMAL. If

15-25 cm of snow accumulates we estimate suitability

to be MODERATE. If 25-30 cm of snow accumulates

the habitat is of only LOW value, and it is

UNSUITABLE if more than 30 cm of snow

accumulates ( Figure 105) .

Our confidence in this ranking of habitat suitability is

HIGH . From previous studies , crown completeness

and some measure of storm size or winter severity

can explain up to 90% of the variation in snow

interception.

The most important factors affecting the depth of

snow on the ground are the frequency and intensity of

snowstorms in an area and the temperatures

prevailing in the intervals between storms . These

factors vary greatly among areas and among years,

making it difficult to predict the snow accumulation

that can be expected in any year. Generally , snowfalls

in the deep snowpack zone ( Figure 2 , p . 13 ) are more

intense and more frequent than in the shallow zone .

In some years , snow accumulates to depths of 30 cm

and more for most of the winter season ai the

elevations of many winter ranges in the deep

snowpack zone. Similar snow depths do occur at

times in the shallow snowpack zone, but usually from

lighter and less frequent storms and the

accumulations almost always last for short periods of

time . THEREFORE , STANDS IN THE SHALLOW

SNOWPACK ZONE DO NOT NEED TO BE

EVALUATED FOR SHELTER FROM SNOW.
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SUMMARY

This booklet describes the projected content , design principles ,

users , and applications of a handbook on deer and elk habitats in the

forests of south - coastal British Columbia . Fourteen example pages are

also provided to illustrate the projected format of the finished handbook .

Although considerable effort by many people has already been expended

in preparing drafts of various sections , the handbook's content and

format are not yet finalized . We therefore invite you to comment on any

aspect of the projected design or content . We would especially like to

hear how we can make it more useful for forest and deer managers . А

brief questionnaire is provided on page 43 on which your comments can be

recorded , or you may phone the handbook editors at the numbers listed on

the questionnaire .
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Foreword Resource managers in the United States and Canada must face increasing demands for both

timber and wildlife . Demands for these resources are not necessarily incompatible with each

other. Management objectives can be brought together for both resources to provide a bal

anced supply of timber and wildlife. Until recently, managers have been hampered by lack of

technique for integrating management of these two resources. The goal of the Habitat Futures

Series is to contribute toward a body of technical methods for integrated forestry in British

Columbia in Canada and Oregon and Washington in the United States. The series also applies

to parts of Alberta in Canada and Alaska, California , Idaho, and Montana in the United States.

Some publications in the Habitat Futures Series provide tools and methods that have been

developed sufficiently for trial use in integrated management. Other publications describe

techniques not yet welldeveloped. All series publications, however, provide sufficient detail for

discussion and refinement. Because, like most integrated management techniques, these

models and methods have usually yet to be well tested, before application they should be

evaluated, calibrated (based on local conditions ), and validated . The degree of testing needed

before application depends on local conditions and the innovation being used. You are encour

aged to review, discuss, debate, andabove aluse the information presented in this

publication and other publications in the Habitat Futures Series .

The Habitat Futures Series has its foundations in the Habitat Futures workshop that was

conducted to further the practical use and development of new management techniques for

integrating timber and wildlife management and to develop a United States and British Colum

bia management and research communication network . The workshop - jointly sponsored by

the USDA Forest Service and the British Columbia Ministry of Forests and Lands, Canada

was held on October 20-24, 1986 , at the Cowichan Lake Research Station on Vancouver

Island in British Columbia, Canada.

One key to successful forest management is providing the right information for decisionmaking.

Management must know what questions need to be asked, and researchers must pursue their

work with the focus required to generate the best solutions for management. Research, devel

opment, and application of integrated forestry will be more effective and productive if forums ,

such as the Habitat Futures Workshop, are used to bring researchers and managers together

for discussing the experiences, successes, and failures of new management tools to integrate

timber and wildlife.

R.M. EllisBritish Columbia Ministry of Forests and Lands

U.S. Department of Agriculture, Forest Service Richard S. Holthausen

Authors HAROLD M. ARMLEDER is a wildlife habitat ecologist, Research Branch , British
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Abstract Armleder, H.M.; Leckenby, D.A.; Freddy, D.J.; and Hicks, L.L. 1989. Integrated

management of timber and deer: interior forests of Western North America. Gen.

Tech . Rep. PNW -GTR -227 . Portland, OR: U.S. Department of Agriculture, Forest

Service, Pacific Northwest Research Station. 23 p.

Timber and deer managers have struggled through years of increasing demands and

growing conflicts in the interior of Western North America. Integrated management,

supported by a sound research data base and effectively communicated to all users,

is presented as the only viable approach to an increasingly complex resource future.

Two examples of tools recently designed for managers in dealing with timber -deer

habitat are discussed .

Keywords: Integrated management, timber management, wildlife habitat

management, deer, mule deer.
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Introduction The diversity of habitats supporting deer in the interior of Western North America

poses a variety of conflicts and presents an amazing array of challenges for adaptive

deer management. Recent conflicts in the management of deer in Western North

America have involved habitat and land -use practices rather than the traditional

problems of predation and harvest.

Mule deer (Odocoileus hemionus) are the most common deer species in the western

interior. White - tailed deer ( Odocoileus virginianus), however, also occur across a

significant portion of the West, having both biological and economic importance in

some regions (fig . 1 ) . For example, white -tailed deer comprise 71 percent of the legal

deer harvest in northwestern Montana (Mussehl and others 1986) . Habitat concerns

generally are similiar for the two species; consequently, both are discussed here. For

more specific comparisons and contrasts between the species, refer to the works of

Wallmo ( 1981 ) and Halls ( 1984) .

We have made three basic assumptions in this paper. The first was that forest land ,

particularly commercial forest land used for producing wood fiber, is the primary

habitat for maintaining deer populations in the area to which this publication applies;

other land uses such as agriculture and wilderness play a relatively minor role .

Second, the maintenance of deer and deer habitat is a desirable management goal ,

as is forest management. Finally , although locally a winter or summer deer range

may have particularly difficult problems needing resolution , we recognize successful

deer management must consider habitat structure for all seasonal ranges that

receive annual use.

旅

VO

Mule Deer

2 White- tailed Deer

i
l
l

Figure 1 - Approximate overlap in the distribution of white - tailed deer
and mule deer ( from Halls 1984 ).
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Problem Analysis Summer and winter deer habitat values in interior forests are being affected by the

conversion of natural old -growth stands to regulated second -growth stands. Resource

managers generally have neither adequate habitat inventories nor predictive tools to

assess the impacts of old - growth conversion .

What is the Issue ?

Winter range is a major concern in the northern part of the western interior where

mule and white -tailed deer are at distributional limits. Although some areas support

relatively light snowpacks where deer can find adequate food and shelter in open or

semiopen habitats, in other areas old -growth Douglas- fir ( Pseudotsuga menziesii

(Mirb .) Franco ) and mixed -species forests provide deer both relief from deep snow

and substantial sources of winter food . These forested winter ranges are at the

center of resource conflicts .

Douglas -fir is an important component of the wood supply for the forest industry,

and significant amounts of this species occur on deer winter ranges . For example ,

approximately 30 percent of the Douglas -fir in the Cariboo Forest Region of the

British Columbia interior is located on mapped mule deer winter ranges.

This situation has led to resource allocation conflicts . To meet the demand for

high -value timber, forest managers have been harvesting old -growth Douglas-fir and

mixed-species stands on winter ranges. These stands are often adjacent to other

land uses, such as agricultural operations and residential developments, that conflict

with deer management. Wildlife managers are concerned that deer populations will

continue to decline as more old growth on winter ranges is harvested . In the long

term , second - growth stands managed for optimum timber production may not provide

adequate winter range values for deer ( Armleder 1981 , Mundinger 1984) . Habitats

providing uneven -aged, multilayered, and dead-and-down structural components

(fig . 2 ) have only been adequately considered (Leckenby 1984) in silvicultural

designs applied to about 20 percent of the forested lands in the Northwestern

United States .

UNI
Figure 2 – Mule deer use uneven -aged and multilayered forested
habitat throughout much of their range. These habitats are threatened

by the conversion of old -growth to regulated forest stands.
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Several reasons exist for these conflicts . First, allowable cuts and quotas are often

high so intensive management is necessary for maintaining production levels .

Intensive management techniques, which include improved genetics, fertilization ,

thinning, and rapid reforestation , do not result in the structure and longevity of the

mature stands that are most valuable to deer. Second , mature and overmature

retentions for watershed, esthetics, and other nonwildlife reasons are not alone

adequate for maintaining deer populations on commercial forest lands . Long -range

forest management goals often cannot accurately predict anticipated increases in the

demand for recreational use of deer resources . Finally , ecological understanding of

the consequences of large -scale habitat modification is lacking.

These problems are not just confined to winter range; an example is the commercial

harvest of aspen stands on summer range for mule deer in Colorado. Twenty - five

percent of the commercial forest in that state is made up of aspen ( Populus spp .)

(Jones 1985) that also serves as diverse habitat for a variety of wildlife, including

mule deer. Aspen communities provide forage and fawn -rearing habitat throughout

the summer. During fall, aspen stands provide forage that is important in preparing

deer for winter survival in lower-elevation pinyon -juniper (Pinus spp ., Juniperus spp .)

and sagebrush (Artemisia spp .) winter ranges. Large -scale clearcutting has been

planned for overmature aspen stands considered to be decadent and in need of

rejuvenation . Implied in such plans is that clearcutting will provide new successional

habitats with more edge and diversity (Thomas 1979) resulting in a beneficial, or at

worst, neutral effect on deer. Unfortunately, limited data exist to predict the actual

benefits or impacts of aspen clearcutting on mule deer. Cooperation between

resource managers is hindered by the lack of substantiating data .

Review of Historical

Approaches to

Problem Resolution

Large -scale timber harvesting has occurred only since the 1960's in the interior of

British Columbia and since the 1950's in the northern interior of the United States.

During this period, economic interests have dominated forest-management decisions .

Consequently, large areas of Douglas - fir have been harvested, winter ranges have

shrunk, and the impact on deer populations is estimated to have been considerable

(Leckenby 1984, Cariboo Region Fish and Wildlife 1985) .

1

As the value of remaining old - growth stands increases, the economic tradeoffs to

preserve habitats have also increased dramatically. Wildlife managers have typically

used the strategy of specifying boundary changes and deferrals on a case -by -case

basis . As harvest rates increase, biologists have to deal with hundreds of timber

sales each year. Companies and governmental agencies have hired biologists, but

the work rapidly exceeds their ability to keep up by traditional methods. Frequent

transfer of personnel has disrupted communications and generated mistrust. Undesir

able results have been ascribed to predecessors, and current managers have not

been held accountable for the status quo. Habitat data have not been current nor

available to permit objective evaluations . Remote -sensing tools for inventory and

monitoring have been expensive to develop and difficult to understand and implement .
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Past approaches to the deer and timber conflict in the western interior of Canada and

the Western United States have generally used two silvicultural systems. The first

system is even - aged management (such as, clearcutting, seed tree, and shelter

wood). The objective of this system is to harvest or remove all trees not desired for

regeneration and encourage rapid establishment of second -growth stands. On most

sites , this approach usually maximizes both short- term economic return on timber as

well as rooted forage.

This system , however, also usually eliminates deer use on the cutovers , especially

on winter ranges in deep snowpack zones, until conditions recover. Under this

system , optimal old - growth stand conditions are never reached or persist only for a

short period before merchantable second -growth is again harvested.

The second system is uneven -aged management with the objective of periodically

removing some merchantable timber through selective harvesting while retaining

some forest cover at all times. This approach depends on the skillful manipulation of

the stand to harvest the desired volume and to retain a useful cover -component for

deer. Retention of cover is especially critical on winter range, where any reduction in

thermal and canopy cover can reduce the ability of the stand to meet deer needs in

winter especially in deep snowfall zones. The problems with uneven-aged manage

ment are the costs of repeated entries into the stand , the difficulties of designing and

administering this type of harvest, the slash accumulations that may impede deer

movement, the risk of reducing canopy cover so cover values are compromised, and

the potential silvicultural problems from retaining damaged trees in the stand. Despite

these problems, uneven -aged management remains one of the most common

systems for integrating timber and deer management objectives.

Management Context and Two dilemmas for resource managers in both Canada and the United States are

Alternatives
( 1 ) how to deal with apparent policy conflicts within public agencies charged with

managing deer, deer habitat, or both and (2 ) how to deal with intermingled owner

ships of both public and private lands.

Legislation often requires forest managers to integrate a variety of resource values

into management decisions . Controversy develops when decisions must be made on

what multiple uses will prevail in specific areas. Although the degree to which this

must be done is often not specified , these requirements clearly preclude complete

harvesting of all winter range for mule deer and the management of second growth

solely for fiber production.

1

Application of management solutions can be hindered by land ownership. In the

interior of the Western United States , public and private land ownerships are often

intermingled in a widespread alternate-section " checkerboard " pattern , which requires

both appreciation of differing management philosophies and careful coordination to

resolve problems common to both ownerships . Private lands support substantial deer

populations in the Western United States . For example, 62 percent of the mule deer

and 68 percent of the white-tailed deer distribution in Montana occurs on private land

( Mussehl and others 1986) .
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A mutually acceptable solution is needed for allowing public and private land

managers opportunities to meet their respective mandates in considering both

commodity and amenity resources . Two options exist: preservation and integrated

management.

The Preservation OptionKey deer habitat could be protected by adopting a

preservation strategy. This approach has the advantage of assuring professionals

and the public that effective habitat exists on a site now without speculation on future

management actions or successional developments.

Preservation has several distinct problems for managers:

1. Unless deer resources are extremely high , the value of standing timber precludes

the preservation of large blocks of old -growth habitat.

2. Severe winters present the possibility that deer populations may be crowded into

preserved islands of suitable habitat. Such crowding could contribute to habitat

deterioration and substantial mortality.

3. Old -growth forests are not static . For example, many of these slow growing stands

are threatened by Douglas- fir beetles (Dendroctonus pseudotsuga); large -diameter

food and shelter trees could be lost without management to provide replacement

stems.

4. Commitment from the landowner to retain identified stands in their present condi

tion over the long term is difficult and in some cases impossible to get. If the

preserved blocks are lost to fire, insects, diseases , or premature harvest before

second -growth stands can provide replacements, the ability of the entire range to

support deer is compromised.

1

These problems do not rule out the use of preservation in managing deer habitat.

Permanent reserves of mature timber on key portions of winter range may be desir

able and acceptable. If natural forces such as fire are controlled, management to

maintain old -growth characteristics may be necessary. It is unlikely, however, that

enough timber could be set aside as permanent reserves to meet the goals of wildlife

managers.

The Integrated Management Option- Integrated management recognizes the

goals of forest and wildlife managers and seeks to reach an acceptable compro

mise through the application of modified forestry practices. This approach has

clear advantages:

1. Large tracts of timber are not permanently reserved from contributing to the wood

supply, although some reduction in the allowable cut is likely .

2. Deer-habitat values are maintained ; reduced slightly ; or, in some cases , potentially

enhanced

5



This option requires supporting data showing deer-habitat values are not substantially

eroded by integrated management (Arno and others 1987) . Managers cannot wait,

however, until complete evidence supporting this approach is available . Because

wildlife habitat issues need reconciliation now , managers are willing to accept solu

tions that do not yet have complete supporting data , especially if the chances for

success are high and if the consequences of taking wrong actions are less serious

than maintaining the status quo . Typically, managers go with the present professional

experience until research dictates a modification of current understanding.

Both preservation and integrated management for deer habitat are practiced on

public and private lands. Public lands administered by Provincial, State, or Federal

agencies are primarily managed in a multiple -use context whereby timber manage

ment can be modified to accommodate other public resource objectives, such as

maintenance of deer habitat. Under this management philosophy, preservation is

most appropriate when extended rotation and old -growth retention are required.

Integrated management can be applied when stand conditions permit periodic

removal of some merchantable volume.

Private forest lands are managed primarily for the production of wood fiber.

Management philosophy on industrial timberlands can be described as "maintaining

public expectations while meeting economic objectives" (Hicks 1985) . Management

actions that do not significantly limit the economic flexibility of private landowners are

most likely to succeed. Integrated management techniques such as selective harvest

ing and short-term deferral to maintain existing values can be cost effective if main

tenance of deer habitat is a management objective. Concurrently, second -growth

stands can be intensively managed for a mix of timber and habitat values.

An integrated -management philosophy for resolving the mule deer and timber conflict

on public land in eastem Oregon has been jointly endorsed by the Oregon Depart

ment of Fish and Wildlife and the USDA Forest Service. These agencies formally

agreed to apply published structural, spatial, and size definitions of wildlife habitat

( Thomas 1979) in the management of all National Forest lands . This action stand

ardized evaluation of stand inventories for potential wildlife habitat and, therefore,

may have reduced overall administrative costs because wildlife habitat was no

longer defined ambiguously and because habitat quality was evaluated from readily

available timberstand data . This level of management sophistication was adequate

for designing and evaluating timber sales in a manner reasonably sensitive to

wildlife habitat needs. Wildlife biologists , however, desired a more intricate and

precise approach . The effects of this standardized -evaluation approach on mule

deer have not been adequately evaluated .

Case Examples of

Timber -Habitat

Management Tools

Two examples of recently designed tools to aid managers in dealing with timber-deer

habitat issues are presented next . Each is designed to meet a specific management

need as was described in the problem analysis section of this publication . Because

we wish to focus on management applications , the research on which these tools are

based will not be described in detail . Interested readers are referred to the original

publications .
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Example 1. Handbook for Timber and Mule Deer Management Coordination on

Winter Ranges in the Cariboo Forest Region, British Columbia .

This section describes the process used in developing a handbook as an integrated

management tool. The process should be of interest to managers and researchers

who face the challenge of integrating management of timber and wildlife. The steps

in the development and implementation of the handbook are presented in figure 3.

References are made to these steps as the process is described in detail.

The handbook serves as a field guide for forest and wildlife managers and logging

contractors (Armleder and others 1986) and provides information for coordinating

mule deer and timber management on deer winter range in the Cariboo Forest

Region of British Columbia. Although the principles contained in the handbook are

widely applicable , the specifics may be valid only in the Cariboo .

A low -cost version of the handbook accompanies this paper. The original is spirally

bound with waterproof paper stock and some color illustrations and is intended for

field use.

Ecological Understanding - Before a successful management tool can be devel

oped , researchers must understand the ecological requirements of deer and how

their habitat is affected by timber management. All possible questions need not be

answered at scientific levels of acceptability, however, before the development of the

tool proceeds. In this example , research continued after development began on the

management handbook . In time, the scientific evidence supporting or refuting

recommendations would become available to managers.

A basic qualitative model of mule deer habitat relationships is presented in the first

section of the handbook and will not be repeated here. The model was included in

the management tool because education and understanding are prerequisites to

support new strategies and techniques.

The handbook deals specifically with the conflict of harvesting old - growth timber on

mule deer winter range . To survive the winter and meet the demands of gestation ,

deer require suitable food and shelter. These basic requirements are supplied largely

by the forest cover on winter range (fig . 4 ) .

The conflict on winter range relates to how the sources of food and shelter shown in

figure 4 are altered through typical diameter - limit timber harvesting. This harvesting

system removes all stems over a minimum diameter (typically 35-40 centimeters) and

consequently eliminates for deer both the canopy that intercepts snow and the major

source of winter food (that is , Douglas-fir litterfall). Additionally , thermal and security

cover values are reduced by the removal of stems and the damage caused to

advance regeneration .

-

Development of an Integrated Management System-A committee comprised of

forest and wildlife managers as well as researchers was established to ensure the

development of a practical management system that would be acceptable to all

users . This committee reviewed progress and provided the operational perspective

throughout the development of the integrated management system.
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1 Develop necessary ecological understanding of mule deer habitat

relations .
Insufficient ecological understanding

2 Develop an integrated - management harvesting system . Problem with the harvesting system

3 Experiment applying proposed harvesting system .

4 Assess deer response and silvicultural, harvesting,and protection

implications.

Assessments negative

Assessments positive

Retine harvesting system .

6 Experiment applying revised system incorporating principles of

the proposed handbook.

7 Assess deer response and silvicultural , harvesting, and protection

implications.

Assessments negative

Assessments positive

8 Refine harvesting system .

Problem with latest refinements to

system

9 Produce handbook describing the management system .
Problem with handbook presentation

of the system

10
Operational trials with author's draft of handbook as the basis for

harvesting.

11 Assess operational practicality of the handbook ; deer response;

and silvicultural , harvesting,and protection implications.

Assessments negative

Assessments positive

12 Refine the handbook .

13 Managers accept as operational tool.

14 Train all who will be involved with the use of the handbook . Major problems with operational

effectiveness of the handbook

15 Monitor operational effectiveness.

Monitoring positive

16 Implement long -term training program .

Figure 3 — The steps for developing and implementing an integrated

management tool : "The Handbook for Timber and Mule Deer Manage

ment Co -ordination on Winter Ranges in the Cariboo Forest Region"

(Armleder and others 1986 ) .
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Type of tree required:

Douglas-flr

foliage

Mature or overmature

Douglas-fir

Litter fall

Arboreal llchen

(Ascomycetes)

Any age or size of tree is sull

able If stand conditions are con

ducive to Ilchen production ;

however, older trees have

greater llchen Iitterfall rates

Food

Rooted forage

(predominantly shrubs)

Mule

deer

winter

needs

Canopy cover

Douglas- fir with wide, deep

crowns In groups with Inter

locking canoples from any size

class above the pole stage

Younger trees surrounded by a

mature or overmature canopy

(that is, an uneven -aged stand)

Shelter Thermal cover

Security cover

Variety of trees but especially

1-2 meters high regeneration

to limit visibility within a

stand

Figure 4 – Typeof trees required on winter range of mule deer in the

Cariboo Forest Region of British Columbia (Armleder and Dawson

1987).

Given the requirements of mule deer and the problems associated with diameter- limit

harvesting, researchers determined that a successful integrated management system

for winter range must maintain trees that

are able to intercept snowfall to reduce snow depths,

are capable of supplying litterfall as a major food source over winter, and

can provide thermal and security cover.

An uneven-aged management system was designed that would meet these require

ments and reflect silvicultural considerations. This system creates and maintains a

full range of age classes within a stand , producing multiple layers and sufficient

stems in each class to replace those stems in the next oldest class as growth ,

mortality, and harvesting proceed. The ecology and the structure of most Douglas-fir

stands on winter ranges in the Cariboo Forest Region are amenable to uneven-aged

management. To meet the specific requirements of deer , uneven -aged management

of winter range must have the following characteristics :

A. Harvesting should remove only low volumes with each pass to maintain substan

tial cover at all times .
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B. As many mature and overmature Douglas-fir as possible should be maintained in

microhabitats that are most important to deer.

C. Harvesting must be " clean " to discourage Douglas -fir beetles.

D. Steps should be taken (such as, juvenile spacing) to promote and to maintain an

uneven -aged stand .

Experimentally Applying the System — This modified uneven -aged harvesting

system was then tested on a mule deer winter range. The scale of the harvest was

small (25 hectares ), and it was carefully controlled by marking all trees to be cut. Site

selection for the experiment was influenced by its suitability for future demonstration

and training.

Assessment The main objective of this first harvest was to assess the mule deer

response to this type of habitat manipulation . This was done with track transects and

by relocating radio -collared deer. Of secondary interest were the implications to

forest management, specifically - silviculture, protection , and harvesting (including

economics). These were assessed by foresters and, in the case of the logging, the

contractor. The results were encouraging and are reported elsewhere ( Armleder and

Thomson 1984 ).

Refining the System - Although the assessments were basically positive, refine

ments to the system were necessary. Certain management realities could not be

ignored if the proposed management system was to be accepted operationally:

A. Extremely low -volume harvesting may be uneconomical ( the first harvest removed

only 13 percent of the merchantable volume) .

B. Marking trees for harvest would be costly and impractical (the first harvest was

done as a mark -to -cut).

C. Single -tree selection meant inefficient harvesting and difficulties in preventing

damage to residuals.

The revised management system recognized these constraints and included the

following :

A. Low-volume selective harvesting was recommended (up to 20 percent of the mer

chantable volume can be removed in each pass) .

B. The system was tailored to the snowpack zone in which a specific winter range is

located .

C. The condition of the present stand (such as , age, volume, diameter distribution,

and crown closure ) must be recognized when recommending treatments .

D. Group selection of trees for harvest is recommended .

E. The harvesting criteria are microhabitat specific .

F. The system advocates trained fallers to select trees for harvest.
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Figure 5 – Mule deer response to low -volume selective harvesting

measured by the difference in number of tracks/50 meters per week

between a paired harvested andcontrol block during 1 assessment.

Assessments were taken several times over 2 winters on 4 paired har

vested and control blocks .

Further Experimental Testing — These steps mirror the previous three with some

important differences:

A. The harvesting experiment was conducted on three times the previous area ( three

replicates totaling 75 hectares). The large area improved the ability to test deer

response and to evaluate the harvesting on an operational scale .

B. More attention was given to the forest management implications, although deer

response was still examined closely.

C. More emphasis was placed on soliciting the reaction of potential users (foresters,

wildlife biologists, and logging contractors) of the management system .

Draft Handbook - The assessments to this point were encouraging with respect to

deer response and forest management implications. For example, no major changes

in deer use occurred as a result of the low - volume selective harvesting (fig . 5 ) . This

contrasts with the sharp decline in deer use observed during periods of deep snow

on areas of high -volume removal. The next requirement was to put the system into a

package that would effectively communicate to managers and contractors. The field

handbook format was chosen. After a couple of initial drafts , which were reviewed by

representatives of the user groups, an author's draft was produced in the final size

and format.

1
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A

B

Figure 6Area selectively logged according to the criteria in the hand

book for management of mule deer winter range: A. Aerial view show

ing the harvested area on the right half and the control on the left half

of the photograph . B. Ground view of area after logging showing mini

mal damage to regeneration and residuals.

Operational Trials — Application of the handbook during harvesting was tested next

(fig. 6) . Two new mule deer winter ranges were chosen , and new contractors did the

logging (table 1 ) . Neither these operational trials nor the previous experimental

harvesting were subsidized. The level of instruction to the contractors and managers

was limited to the handbook and brief onsite training. These new trials, thus , tested

the latest version of the harvesting system and the clarity of the handbook as a

means of communicating the system to the contractors and managers.
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Table 1 - Experimental harvests in 1983 and 1984 and operational trials in 1985

on winter ranges in the Cariboo Forest Region in British Columbia designed to

test the blological, technical, and managerial soundness of the Integrated

approach to habitat management for mule deer

Year

of harvest

Winter range

study area

Area

harvested

Winters when

mule deer response

Replicates was assessed

Hectares Number

1983

1984

1985

1985

Knife Creek

Knife Creek

Big Lake

Tree Farm License 5

25

75

65

33

N
A

W

1

3

4

2

♡♡♡

4

3

3

3

Assessments and Refinements — The operational productivity of the harvesting

system was examined in more detail at this point. Contractors were asked to supply

daily productivity reports on each piece of logging equipment. Analyses of these

reports revealed that contractor familiarity with the system greatly influenced produc

tivity . After the first few days , productivity increased significantly. Perhaps the best

measure of the operational viability of the system was that all contractors were quite

willing to continue harvesting in this manner.

Assessments revealed weaknesses in the handbook as a communication tool.

Because the handbook applies to a multiple audience ( including forest managers,

wildlife managers, and logging contractors ), modifications were made to clearly direct

each audience to the most applicable points. Other minor changes to content and

format were also made .

Biological assessments of the deer response to the harvesting system continue with

these operational trials . As with the previous experiments, these tests will be con

ducted over several winters to examine mule deer reaction to a range of winter

conditions (table 1 ) . Only minor refinements were required to the harvesting system

at this stage.

1

Managerial Acceptance Atthis point, the forest and wildlife managers responsible

for winter range for mule deer in the Cariboo Forest Region endorsed the integrated

management system , and the handbook describing it, as an operational guide to their

staff. This was a relatively easy step because the key managers were involved in the

process from the beginning. The tool was designed for their specific management

problem and the final product was influenced, throughout its development , by their

concerns.
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Initial Training — The handbook was designed to " stand by itself," that is , completely

communicate all pertinent aspects of the integrated -management system . However,

this does not make training redundant. A training program provides an excellent

platform to introduce and describe this new management tool to the users . Involve

ment by representatives of both forest and wildlife management agencies in the

training process serves to emphasize the mutual support for the approach and sends

the clear message that the handbook is to be used. Opportunity is provided to supply

background information and supporting data to the recommendations presented in

the handbook. The training program includes field tours of the experimental areas

and the operational trials to show how the principles and concepts are applied on the

ground.

Monitoring — Monitoring the operational effectiveness of the integrated -management

tool is essential because it is the only method to ultimately determine if the tool

contributes to the successful resolution of the management problem . As experience,

understanding, and management climate change, the way opens for adaptive man

agement to refine to the system in the future . Cooperation is needed between

managers and researchers for this to work . Feedback from managers will be

encouraged, and researchers will be prepared to examine their specific concerns.

Long-term Training — A long -term training program will ensure that new managers

and contractors are introduced to the system. Training should continue at least until

the system becomes the established and the widely accepted method of managing

winter range for deer and timber. Additionally, long-term training allows the products

of adaptive management to be introduced to the users .

Questions Arising From The Case Study - This handbook and the research that

led to its development were designed from the start to help solve a resource manage

ment problem . To this end , the primary users , forest and wildlife managers , were

involved from the start so that the handbook would have their support at the imple

mentation stage. We are at this stage now . Will the management system and the

handbook become the standard way of dealing with mule deer-timber management

on winter ranges in the Cariboo Forest Region? If it does , we will have succeeded in

integrating the management of two vital resources. If it does not , we will investigate

whether the system , the tool, or the technology transfer failed, and we will adapt the

experience to other resource conflicts.

Example 2. Implementation and Refinement of Handbooks for Coordination of

Timber, Grazing, and Mule Deer Habitat in Managed Forests and Rangelands of

the Pacific Northwestern United States.

Two recent handbooks for integrated management, "Wildlife Habitats in Managed

Forests " (Thomas 1979) and " Wildlife Habitats in Managed Rangelands" ( for intro

duction , see Maser and Thomas 1983) have received considerable attention by

researchers and managers in the Northwestern United States . These handbooks can

be used to predict the consequences of contemplated management alternatives on

wildlife . Since their introduction , these tools have become practical and available to

managers . This case example will focus on the implementation , refinement , and

testing of these tools .

14



Juniper type Grassland type

70 F100 70 100

+

60 60

50 100 50 100

a
40

W
e
a
t
h
e
r

s
e
v
e
r
l
t
y

I
n
d
e
x

-
-
-

200 40 200

30 300 30 300

20 400 400

10 500 10 500

November January
March May November January March May

Figure 7 - Deer use of cover area (for example, juniper communities)

was greatest when weather severity indiceswere most negative

( greatest stress), and use of forage areas (for example , grasslands)

was greatest when weather severity indices were most positive (least

stress ).

Model of Mule Deer Habitat Relations - A complex physiological-nutritional

vegetational model is the foundation for the recommendations on cover and forage

needs for deer in both "Wildlife Habitats in Management Forests" and "Wildlife

Habitats in Managed Rangelands ." Specifically, this model permits calculation of

habitat effectiveness, thermal cover effectiveness, and forage quality -quantity

effectiveness — all reflecting relations of deer and elk to the structure and composition

of their habitats .

The model predicts energy exchanges of ruminants with cover and forage elements

of their habitats and was developed from published animal physiological and vege

tation structural relations (Brody 1945 , Geiger 1966, Hobbs and others 1982 , Holter

and others 1975, Leckenby 1977, Moen 1973, Reifsnyder and Lull 1965). Predictions

of this model include, for example : ( 1 ) reduction of the canopy closure of a stand

from 70 to 20 percent will reduce available long -wave radiation (used to reduce

thermoregulatory stress) by 70 percent, (2) loss of reradiation from the trees (as

occurs after clearcut logging) is estimated to cause about a 1.3 -fold increase in

energy requirements on an average winter day, (3) a reduction in forest cover from

70 to 20 percent would increase the exposure of deer to incoming short-wave

radiation from 13 to 40 percent of that available in the open, and (4) thermo

regulatory stresses from the greater exposure to solar radiation reduces

production (for example, reduces lactation and fattening rates ).

This model was validated by observed thresholds of habitat use by mule deer (fig . 7)

and elk with changing weather severity and forage availability and by comparing

environmental temperatures with animal distribution and behavior (Leckenby 1977,

1978 ; Leckenby and others 1982 ; Leckenby and Adams 1986 ; Parker and Robbins

1984 ; Parker and others 1984) .
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Implementation — After cover and forage structure and size criteria were shown to

be biologically supported , procedures were needed to map and tally wildlife habitat

components (thermal cover, hiding cover, and forage areas) defined in guidelines

adopted by the Forest Service and the Oregon Department of Fish and Wildlife

(Leckenby and Schrumpf 1977 , Leckenby and others 1985) ( figs. 8 , 9 , 10) . Satellite

digital data and computer processing procedures were developed for inventorying,

mapping, and monitoring thermal cover, forage areas, and plant communities.

These remote sensing and computer processing procedures were applied in Oregon

to inventory cover and forage stands in areas from 200 hectares to 1.2 million hec

tares ( all with a minimal spatial resolution of 0.4 hectares ). The procedures have

also been used to assess change (monitor availability and distribution of cover and

forage) over periods of 1 , 5 , and 6 years. The spatial resolution mentioned is not the

minimum possible; it was the limit in our applications because we chose to use the

0.4 hectares resolution of the readily obtainable multispectral scanner classifications.

Individual sessions and workshops were developed to train managers to use the

tools (fig . 11 ) . Agencies began developing computer systems and a cadre of

computer-oriented biologists who could undertake the habitat evaluations. Relative

costs of training personnel were low because participating biologists became expert

after 2 days of intensive training. Relative costs of hardware were low because the

computer systems were already being purchased for other applications. Pertinent

software was available at no cost.

Figure & Stand height, crown closure, and the distance at which 90

percent of the hanging target is hidden by vegetation is being

measured in field plots. These measurements helped satellite-image

interpreters identify thermal cover, hiding cover, and forage areas on

the Landsat images .
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B

C D

Figure 9 - Landsat images ofmule deer range. Allimages are of the

same 29 by 29 -kilometer unit of land : A and B. Lightest areas are
contrasted mule deer habitats. C. Darkestareas are unlogged,

lightest is snow , and other shades are various logged plant com

munities. D. Final product showing all plant communities, logged and

unlogged condition classes, and deer habitats.
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Figure 10 — Plant community boundaries have been drawn on aerial

photographs (2.7- by 4.0-kilometer view shown ) around sample

habitat stands where field plots were measured. Trainees were

shown how ground information was correlated with satellite digital

data to produce deer and elk habitat maps for herd ranges in these

areas .

Figure 11 - Trainees interpreting double -sample points on aerial

photographs; a step in learning to use Landsat- derived deerhabitat

maps.
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The level of sophistication needed to manage wildlife habitat currently ( and probably

in the future) was easily attained by the computer system . For example, managers

normally only map units larger than 4 hectares ( timber inventory down to 16 hect

ares ), but the satellite -computer system resolves a minimum of 0.4 hectares and has

been used by managers to accurately map at a resolution of 0.9 hectares .Quanti

tative errors encountered with this system were much less than with older methods

of inventory and mapping. Likely risks of error ( at various minimal sample sizes) for

estimating accuracy were tabulated for managers . With the systems, the manager

can check and refine the mapping accuracy ( restricted to the maximum correlation

of the Landsat Multispectral Scanner data with the habitat elements of interest). To

date, over 7.3 million hectares have been mapped .

The cost of using the remote sensing and computer processing system for inventory

and monitoring of cover and forage habitat components is less than the use of

traditional methods of habitat assessment. For example, 500,000 hectares of deer

and elk winter and summer ranges in Oregon were mapped and tabulated with a

mainframe computer for about $0.05 per hectare with an overall accuracy of about

90 percent. Programs are now available for running the remote sensing and process

ing procedures on microcomputers. The amount of and quality of multiple resource

work that can be done with the 71- by 71 -kilometer parallelogram covered by each

data set from Landsat shows the costs of data acquisition and analysis are insignifi

cant when compared with the usual methods of habitat mapping and inventory.

Refinement and Testing - To confirm interpretations made from Landsat, managers

were provided with ground -based methods and tools to readily obtain quantitative

data on wildlife habitat structure , distribution , and area . Disagreements as to whether

specific stands comprised or did not comprise some habitat component usually arose

when no data existed . Researchers provided alternate ( quick and less accurate)

methods by which structural conditions could be estimated from related data (Dealy

1985) ( for example, equations predicting crown closure from basal area) for caution

ary use when relevant data could not be collected in time for a decision . Researchers

also developed techniques and tools for collecting relevant data objectively (for

example, collapsible sight-tube for determining sight distance of cover stands).

Relative cost of using such techniques and tools was minor if managers were already

required to take samples in stands. Each technique and tool was more consistently

applied by individuals than the subjective methods being replaced. The management

sophistication required was easily attained .

The above tools are being compared with existing methods and criteria for agree

ment, ease of application, cost to implement, and interpretability. Wildlife biologists

are evaluating them on selected areas of Ranger Districts on several National

Forests within the Northwestern United States . They are also being tested as part of

geographical information systems in several Forest Service regions.
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Questions Arising From the Case Study — The main question arising from this

case study is whether the majority of managers concerned will adopt the methods,

will apply them per se, or will supply their own adaptions, thereby adding to the

confusion of foresters and increasing the number of loopholes. Eventually, the

necessary expertise with computers, the required machines and software, and the

essential data all will exist. Application of these tools for quantifying habitat will

depend on the development of specific goals and the desire of resource managers to

model future conditions of habitats and populations.

Summary Deer and timber managers in the interior of Western North America are faced with

the major challenge of reconciling the goals of timber production with the mainte

nance of deer habitat. In the past, the perspectives of managers have tended to

emphasize one goal or the other. To successfully meet the challenge, however,

forest managers must accept wildlife habitat as a valid and socially justified end to be

achieved by the intelligent management of forests and not as a " constraint" on the

production of wood - fiber products. Conversely, wildlife managers must recognize the

legitimate need by the wood processing industry for a timber supply.

Many forest and wildlife managers in the United States and Canada have made the

important and progressive step of conceptualizing an integrated approach for solving

the demands for timber and deer resources . Although an integrated approach may

not optimize either resource, such an approach offers the possibility of simulta

neously producing sustainable yields of both from the land . To make the integrated

approach work , researchers must study how the forest ecosystem , including deer

and trees , responds to integrated management, and managers must be willing to

accept the risks of experimental management (Bunnell 1985) to learn what happens

when we play out our best hunches.

:

How will mule deer respond to integrated timber harvest plans ? We have just begun

to evaluate their responses. Large -scale, long -term experimental studies should be

established . Wildlife researchers must work with managers to carefully decide how

such studies proceed and what level of resolution must be reached to adequately

assess whether responses of mule deer to forest management are favorable,

unfavorable , or neutral .

The two examples of timber -habitat management tools that are described in this

paper use somewhat different approaches and are at different stages of develop

ment. The timber and mule deer management handbook uses intensive field

research and operational harvesting trials to develop site-specific guidelines . The

implementation to operations is just beginning. The Wildlife Habitats in Managed

Forests and Rangelands Program is now being adopted and evaluated by applica

tions of physiological modeling and satellite imagery to define and map functional

habitat units .

The common goal of both tools is to link biological conditions and principles with

managerial operations and administration . The measure of success in achieving this

goal hinges upon both the applicability of the tools in solving problems and the

willingness of resource managers to use the tools .
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English Equivalents
1 hectare = 2.47 acres

1 kilometer = 0.62 miles

1 centimeter = 0.3937 inch
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Foreword Resource managers in the United States and Canada must face increasing demands for both

timber and wildlife . Demands for these resources are not necessarily incompatible with each

other. Management objectives can be brought together for both resources to provide a bal

anced supply of timber and wildlife. Until recently, managers have been hampered by lack of

technique for integrating management of these two resources. The goal of the Habitat Futures

Series is to contribute toward a body of technical methods for integrated forestry in British

Columbia in Canada and Oregon and Washington in the United States. The series also applies

to parts of Alberta in Canada and Alaska , California, Idaho, and Montana in the United States.

Some publications in the Habitat Futures Series provide tools and methods that have been

developed sufficiently for trial-use in integrated management. Other publications describe

techniques not yet well developed. Allseries publications , however, provide sufficient detail for

discussion and refinement . Because, like most integrated management techniques , these

models and methods have usually yet to be well tested, before application they should be

evaluated, calibrated (based on local conditions), and validated. The degree of testing needed

before application depends on local conditions and the innovation being used . You are encour

aged to review, discuss, debate , and - above alluse the information presented in this

publication and other publications in the Habitat Futures Series .

The Habitat Futures Series has its foundations in the Habitat Futures workshop that was

conducted to further the practical use and development of new management techniques for

integrating timber and wildlife management and to develop a United States and British Colum

bia management and research communication network. The workshop - jointly sponsored by

the USDA Forest Service and the British Columbia Ministry of Forests and Lands , Canada

was held on October 20-24, 1986 , at the Cowichan Lake Research Station on Vancouver

Island in British Columbia , Canada .

One key to successful forest management is providing the right information for decisionmaking.

Management must know what questions need to be asked , and researchers must pursue their

work with the focus required to generate the best solutions for management . Research , devel

opment , and application of integrated forestry will be more effective and productive if forums ,

such as the Habitat Futures Workshop, are used to bring researchers and managers together

for discussing the experiences, successes , and failures of new management tools to integrate

timber and wildlife .

British Columbia Ministry of Forests and Lands R.M. Ellis

U.S. Department of Agriculture, Forest Service Richard S. Holthausen

Authors BRUCE G. MARCOT is a wildlife ecologist , U.S. Department of Agriculture, Forest
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wildlife habitat analyst , Research Branch , Ministry of Forests and Lands , 31 Bastion
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Abstract Marcot, Bruce G.; McNay, R.S.; Page, Richard E. 1988. Use of microcomputers for

planning and managing silviculture -habitat relationships. Gen. Tech . Rep. PNW

GTR -228. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific

Northwest Research Station. 19 p.

Microcomputers aid in monitoring, modeling, and decision support for integrating

objectives of silviculture and wildlife habitat management. Spreadsheets, data bases,

statistics, and graphics programs are described for use in monitoring. Stand growth

models, modeling languages, area and geobased information systems, and optimi

zation models are discussed for use in modeling. Decision aids and expert systems

for decision support are examined . Advantages of microcomputers include avail

ability, transportability, and usability . Disadvantages include the building of unvali

dated models, lack of software standards, and need for updating data bases. We

present a case example of an expert system that evaluates regional priorities for

managing habitat for black -tailed deer in coastal British Columbia.

Keywords: Microcomputers, stand growth models , wildlife habitat models, expert

systems, monitoring, inventory, decision support.
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Introduction Computers have traditionally been used in both silviculture and wildlife management

to store and manipulate data and to model a variety of stand, habitat, and species

characteristics. This traditional use has been greatly supplemented in recent years by

the evolution of microcomputers. This paper outlines some of the existing and poten

tial uses of microcomputers to aid in the interface between silviculture and wildlife

habitat management and recommends some areas for development in the near

future .

The scope of this paper applies to silvicultural planning, including stand -level prescrip

tions and harvest scheduling, as well as to management of habitat for wildlife . Micro

computers are also proving useful in other areas of timber and wildlife management

that are not discussed here . In timber management, these areas include logging

systems, road engineering, inventory modeling, and economic assessments; in wild

life management, these areas include population modeling, analysis of survey data,

and home range analysis.

For the purposes of this paper, a microcomputer is defined as any small , self

contained computing system costing less than $10,000 . Such systems typically

consist of a system unit, which includes the central processing unit (the brains of

the system) ; one or more floppy diskette or hard -disk storage units ; a keyboard; a

monitor; and various output devices such as a printer or plotter.

Use of

Microcomputers
5

Computers have been used for a variety of purposes in resource management,

including resource planning (Schrueder and others 1976, Field 1977, Schuler and

others 1977 ), modeling of species-habitat relationships ( Schamberger and others

1982 , Lancia and Adams 1983), assessing cumulative effects (Holthausen 1986 ),

and modeling forest stand development (Dale and Hemstrom 1984 ). Kickert ( 1984)

provided a long list of published computer models used in the environmental bio

logical sciences.

Most of these applications have required access to mainframe or mini- computers.

Many of these programs, however, are rapidly becoming available for use on micro

computers. Recent symposia on resource modeling (for example , Cairns and others

1979, Verner and others 1986 ) reviewed many types of models and analysis tools

that are designed for use on computers, including microcomputers. As microcompu

ters decrease in price and increase in capability, such uses will continue to prolifer

ate . Microcomputers will likely prove to be especially valuable tools in three domains :

monitoring, modeling, and decision support ( fig . 1 ) . The following sections discuss

these three uses.
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Figure 1 - Types of microcomputer programs available for

silviculture -habitat management and planning .

Monitoring In resource management, monitoring is gathering field observations through space

and time to test ( 1 ) if management directions are being followed as intended and

(2) if expected or assumed responses to specific management activities are indeed

occurring. In general, the microcomputer can help with these objectives by providing

a flexible medium for data storage, retrieval, analysis, and display. The main audi

ences that may use a microcomputer for assessing monitoring data are both tech

nical specialists and less technically oriented program managers. The objective of

assessing monitoring data by microcomputers would be to obtain statistical analyses

and summaries and to have friendly, user-oriented access to a data base of resource

and management conditions.

Monitoring information intended to track the execution of management or planning

direction may consist of many case examples and management results . For example ,

several timber sale areas may be checked to determine if regional guidelines for

maintaining streamside riparian zones are followed . The accumulated information

from such a review would help determine the occurrence, kind, and extent of any

infractions .

For the second kind of monitoring, information intended to test the expected respon

ses to management direction may consist of observations gathered in carefully de

signed observational or statistical studies . As an example, the expected results of

correctly implementing guidelines for maintaining streamside riparian zones may be

the perpetuation of suitable habitat for anadromous fish . Monitoring studies can pro

vide counts of spawners, which the manager may use to determine the efficacy of

2



this management guideline . The result of such a study is a data base or a table of

numbers showing fish counts through time, which would be compared with desired

or anticipated results. From this step, a computer is a useful tool for reducing and

analyzing the data.

Spreadsheets - The simplest tool available on microcomputers for analyzing tabular

data , as from a monitoring effort, is the spreadsheet. Spreadsheets are essentiallya

large tables of numbers with labels for rows and columns. Commercially available

spreadsheet packages (for example, 1-2-3 (see Appendix for company names of soft

ware) and many so -called integrated packages such as Symphony and Framework )

may be used to track monitoring data such as stand area and project cost by man

agement unit, year, and objective. Both silvicultural and wildlife management data

can be easily integrated into the same spreadsheet or merged across different

spreadsheets for concurrent analysis. Spreadsheets, surprisingly, are an excellent

and elegant tool for developing population models. The electronic spreadsheet was

originally devised to track the flow of money through economic balance sheets . This

is identical in concept to the " flow " of individuals through a population. For example,

the USDA Forest Service, Pacific Northwest Region , has developed a life table for

spotted owls as a spreadsheet model (Marcot 1987 ).

Data - Base Management Systems - Another tool for analyzing data is the data -base

management system . Many commercially available data base management systems

are easy to learn and to query . Some systems ( for example, Q&A, Guru , and R-Base

V with the Clout natural language interface) provide naturallanguage query systems.

With these systems, the user can access the data and create tabular and statistical

summaries by typing questions, such as :

How many habitat improvement projects on the Olympic National

Forest were done in conjunction with silvicultural activities or were

jointly funded with timber management dollars ? Show only activities

over $ 5,000 and sort by year.

By building such data bases over time , the stored files become an archive of histori

cal records. Trends over time can then be easily displayed , as with the above ex

ample query. A natural language interface (HAL) is also available for use with the

1-2-3 spreadsheet.

Another advantage of storing monitoring data in a user-oriented relational data -base

system is that users can ask questions that before they had not thought of asking or

had been infeasible to answer. For example, producing a summary chart showing

both the funded habitat improvement projects by management unit , year , and source

of funding and the percentage of original targets met for that year and unit may take

several hours to compile either by hand or by less-flexible data -base systems often

found on larger computers. The same summary could be produced with one run on a

microcomputer with a state -of-the- art data -base management system . The advantage

of these data -base management systems is that many variations of a query can

easily be examined when monitoring a management program .

3



7

Statistical Packages — Some monitoring data will need to be more intensely ana

lyzed to discern spatial or temporal trends or statistical differences among observed

and expected outcomes . A number of powerful statistical packages are available for

microcomputers (for example, SYSTAT, STATPAK , and Statgraphics), including

some that until recently required large mainframe computers to run (for example,

SPSS /PC +, BMDP, and SAS). Many of these packages have numerous nonpara

metric, time series, and multivariate descriptive and test statistics. A wide variety of

user-oriented programs can rapidly be developed that use these statistical packages.

An example is the development of habitat-assessment models that analyze use and

availability of resources for deer or elk. If shared, these programs will greatly reduce

the need for programming on the part of the individual specialist.

Graphics Packages — With medium- and high -resolution color graphics, the micro

computer can produce visual summaries of statistical analyses, including three

dimensional plots. This greatly facilitates interpretation and documentation of the

data . Such capabilities are usually not available on mini- or mainframe computer

systems. Software available on microcomputers that produce three -dimensional plots

of data include Boeing Graph.

In summary, many tools are commercially available for the microcomputer that would

be useful for analyzing monitoring data . These tools include spreadsheets, relational

data bases, statistical and graphics tools, and user-designed custom programs. Many

of these tools offer user-oriented features such as graphics, menus, windows, color,

and English language capabilities. Such features help users to learn the systems and

to overcome fears of or biases against computer-aided assessment of monitoring

data .

Modeling A second use of microcomputers for assessing and managing timber and wildlife

resources is modeling. The audience using microcomputers for modeling stand con

ditions , growth , yield , and other forest management activities, as well as for modeling

the response of wildlife species to various stand and habitat conditions, is likely to be

specialists and technicians .

1

Stand growth -and-yield models — Microcomputers will become increasingly useful

for developing models that predict response of tree growth to site conditions and the

distribution and abundance of wildlife species to stand conditions. Such prediction

and habitat assessment models may be founded on (1 ) statistical summaries of field

data , such as with regression prediction equations, (2 ) theoretical relationships, or

(3) some combination of the two approaches. Examples of stand growth models in

clude Woodplan, Micro -DF -SIM , Stand Projection System (SPS) , and FORCYTE.

Examples of models of wildlife species response include Micro -HSI, which assesses

habitat suitability for a variety of species and vegetation or habitat characteristics,

and HIDE , which assess big-game hiding cover within forest stands. An example

from British Columbia is a habitat handbook by Harcombe ( 1984) .
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Modeling Languages — Advantages of using microcomputers for modeling timber

wildlife relations are quick prototyping, easy development of demonstration systems,

and quick turn - around of model output. Developing prediction models is aided by the

many programming languages available for microcomputers. For quick simulation

modeling , the high-level languages Smalltalk , Modula 2 , and GPSS /PC are excellent

environments . The simulation program SIMCON is used in British Columbia, Ministry

of Forests and Lands. SIMCON is available in FORTRAN on the mainframe and in

BASIC and PASCAL for Apple , IBM , and TRS Model 100 microcomputers and com

patibles . Additionally , many traditional programming languages , such as Fortran -77,

and many variants of Basic and Pascal are available .

For development, an interpreter is useful , and for final execution , a compiler is essen

tial . Interpreters allow the program to run without reducing the entire program code at

once into a machine-readable file ; this is convenient when a program is being written

or changed. Compilers translate entire program code to a form that is readily under

standable by the machine and that runs much faster than interpreted programs. Also ,

math coprocessors, which are optional circuit chips that greatly speed mathematical

computations and enhance precision, may prove useful for some applications with

many calculations.

Area Models - A class of models that can be used on microcomputers to assess

timber- wildlife relations is area models . Area models, which include cumulative ef

fects or cumulative impacts models, are designed to assess the combined effect on

wildlife species from either a variety of management activities or activities conducted

over a broad area .

Area models may also include automated mapping systems, also called geographic

information systems (GIS's) . Several GIS packages are available for use on micro

computer, including PMAP, TerraPak , and PAMAP GIS . PAMAP GIS is being tested

for use by the Inventory and Research Branches of the Ministry of Forests and

Lands, British Columbia. In addition , video systems may be used with microcom

puters to produce high-resolution map images .

Cumulative-effects area models include Micro -DYNAST and FSSIM ( Forest Structure

Simulator) , a DYNAST-type model that is available for use on Data General mini

computers (Holthausen and Dobbs 1985) . Models that integrate stand growth, cutting

cycles , and habitat response by wildlife species include those evaluated by Lancia

and Adams (1983) , Smith and others ( 1981 ) , Barrett and Salwasser (1982) , and

Bunnell ( 1974) .

Optimization Models - Another class of models that may help plan for joint timber

and wildlife objectives is optimization models . An optimization model is used to deter

mine the best combination of allocating various resources , given that values are de

scribed for each resource . In optimization modeling, usually some overall objective is

defined , such as maximizing present net value of timber. Limitations to meeting that

objective are described in the model as "constraints " ; planning requirements for pro

viding wildlife habitat are usually defined in such optimization models as constraints .

Optimization models usually provide a mathematical solution that provides the great

est return for the objective, given the constraints . Optimization models are inherently
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insensitive to spatial allotments but may serve to provide overall planning direction

for an area . Disadvantages of optimization models include the need for identifying a

main objective (instead there may be multiple objectives) and the requirement to

" constrain " the main objective (such as economic value of timber) by what may also

be desired objectives (such as providing for wildlife habitat). For example, the result

may be an optimal allocation of timberland for maximizing present net value of timber

but may not be an optimal allocation of wildlife habitat.

The Forest Service has developed many of its Regional and National Forest resource

plans with a linear optimization model called FORPLAN . Whereas FORPLAN has tra

ditionally required a mainframe computer to operate, a recent version will run on a

microcomputer.

A newer optimization model called TIMPRO -FORMAN will run on IBM -compatible

personal computers (Cooney 1987 ). TIMPRO -FORMAN integrates assessments of

timber yield, investment analysis, and wildlife management. The output is an optimal

mix of management strategies and schedules for joint timber and wildlife manage

ment. The model can track up to five types of benefits for a forest with multiple

stands, multiple rotations, and mutually exclusive crops.

Decision - Support

Systems

A third area in which microcomputers will prove increasingly useful is decision sup

port. Decision support refers to providing tools that can be used to evaluate existing

information to aid decisionmaking. Decision - support tools do not make decisions for

the user ; they suggest potential outcomes and alternative actions. They can also be

valuable for helping direct research by focusing on the information necessary to im

prove decisions (for example, Coulson and Saunders 1987). Decision -support tools

may best help staff directors, supervisors, and line decisionmakers .

Decision -Alding Systems - Several kinds of software already discussed may be

useful in decision support. These include user-friendly information bases that may be

queried with English sentences and questions. Also , much "what- iffing" can be done

with spreadsheets and simulation models, although the director or decision-maker

may need to rely on technically capable staff for such uses. Additionally, specialized

decision - analysis software is available for microcomputers. Such software includes

ES/P Advisor, Lightyear, and Arborist. ES/P Advisor and Lightyear help rank alter

native decisions and explore their consequences. Arborist creates decision trees and

can be used to explore how decisions would be affected by various potential out

comes and their likelihoods of occurring.

Expert Systems - A growing class of tools for microcomputers to aid analysis and

decisionmaking in resource management is expert systems (also called knowledge

based systems) , for example , Coulson and Saunders 1987 , White and others 1985,

Marcot 1986. An expert system is a computer program that uses rules to solve a

problem in a narrowly defined realm as well as a human expert. Expert systems

often incorporate heuristic or general guiding knowledge into the rules as well as

specific facts and formulas . They also show the likelihoods of various outcomes

being true. Expert systems may be usable by many audiences . For example , re

source managers may use an expert system to assess and prescribe habitat con

ditions for wildlife , given various silvicultural options for manipulating vegetation .

6



Marcot (1986) presented two demonstration expert systems for predicting the pre

sence and abundance of bird species given vegetation characteristics of young

growth stages of Douglas - fir forest and discussed their validation (Marcot 1987). The

advantage of expert systems is the distribution of scarce expertise among users who

require access to , but personally lack, such expertise. Expert systems can run on

portable microcomputers, so the expertise can be taken into the field and not be

limited to an office setting.

Many software packages for building expert systems ( expert -system shells) are

available for microcomputers ( Simons 1986 ), including EXSYS, RuleMaster 2 ,

1st-CLASS, The Deciding Factor, and PROSPECTOR . PROSPECTOR is an expert

system shell that consists of The Deciding Factor rule program plus a mapper; it can

be used to assess the spatial distribution of attributes with an expert-system model.

Expert systems may also be constructed from the high-level languages PROLOG ,

OPS5, and LISP, although this would entail considerable programming knowledge

and technique. The Forest Service is using EXSYS to develop rule sets for projecting

the viability of populations of spotted owls ( Strix occidentalis) given various alter

natives for timber management. They are also using 1st-CLASS to develop species

identification keys. The British Columbia Ministry of Forests and Lands is exploring

the use of PROSPECTOR and The Deciding Factor to assess priorities for managing

black -tailed deer ( Odocoileus hemionus columbianus) habitat (McNay and others

1987) , as discussed in the example below .

Advantages and

Disadvantages of

Microcomputers

The advantages to using microcomputers over larger computers or over hand

computation relate, in part, to the evolution of hardware and software. Microcom

puters and software useful for assessing timber -wildlife relations as discussed above

are becoming increasingly available and transportable. These systems are small and

can be configured with a high degree of computing and storage capabilities. Much

software, especially operating systems and programming languages, are more or

less standardized, so that programs or data developed on one system can be used

on another. Also , software vendors are beginning to provide the capability to share

data files among different kinds of software. For example, 1-2-3 , Symphony, dBase

III , Reflex, and SAS provide the capability to read files created by other data -base

packages. Thus, data can be moved between packages much easier than moving a

data file between mainframe computers.

Other advantages include the degree of user- friendliness of programs, especially for

information storage and retrieval, and the ease of porting software across geographic

areas and types of systems. Perhaps the greatest advantages of microcomputers are

that commercially available software is much less expensive than that for mainframe

computers - often 10 times less — and that microcomputer software is much easier to

use and is generally of higher quality. Competition among companies writing and

selling microcomputer software has served to bolster the quality . Mainframe software

is typically written by the hardware vendor, is usually specific to particular computer

models, and is sold with little or no competition . Also, three times as many microcom

puters exist than mainframe systems . This large market has generated the need for

better quality software .
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A few cautions are in order, however. Because microcomputers are easy to use and

programs are easily developed, poorly conceived information systems and unvali

dated models may proliferate (Thomas 1986) . Also , standards are lacking for pro

gramming languages , storage media , central processing units , and graphics. The

latter may limit compatibility of programs between systems. Other limitations of micro

computers may include cost, the updating and dispensing of information bases to

dispersed users , and the fears some associate with this new technology.

1

Case Example : An Expert System for Assessing Priorities for

Managing Deer Habitat in British Columbia

Background Problems of integrating the management of timber and black - tailed deer in coastal

British Columbia are summarized by Nyberg and others (in press ). Efforts to resolve

the management conflicts and improve integrated management have taken many

forms, ranging from site- specific management recommendations (for example,

Nyberg and others, in press) to large -scale planning tools ( for example , Nyberg and

Janz 1987) . One tool alone is unlikely to be suitable for resolving all issues that arise

at the interface of timber and deer management.

The management of black -tailed deer in coastal British Columbia, from the perspec

tive of the forester, is an example of a management objective lacking a particular

target, such as a deer population level or yield . Conversely, deer management does

not normally include timber harvest objectives. The integration of such nontarget

resource objectives into forest or deer management plans is frequently delayed by a

lack of effective education and communication between resource managers . Mana

gers, sometimes inexperienced and frequently unfamiliar with nontarget resource

issues , need the means of making regional-level management decisions quickly and

effectively.

We (R. Scott McNay and R.E. Page) perceived a need to provide regional managers

with a tool for making decisions in the management of habitat for black -tailed deer in

coastal British Columbia. We chose an expert systems model for a personal com

puter as the structure for such a decision -aiding tool ( McNay and others 1987). The

expert-systems approach was intended to help set regional priorities to determine

where to focus habitat management efforts . The benefits of an expert systems ap

proach in this case include the following :

1. aiding effective communication between deer managers and timber managers in a

common technical language ,

2. sharing information about deer habitat between deer managers and timber

managers and for educating inexperienced professionals,

3. advising both deer managers and timber managers of the most efficient way to

allocate efforts to manage deer habitat , and

4. providing a permanent record of management decisions to be consulted to

facilitate adaptive management strategies .

8



Step 1 : Setting the problem contextStructuring the

Problem as a

Decision Hierarchy
The first step was to explicitly define the problem as evaluating a particular manage

ment area as to whether black -tailed deer habitat should be a management concern .

Also , reasons for concluding whether or not deer habitat should be a concern needed

to be specified and documented .

The problem as defined was particularly amenable to representation by an expert

systems approach, which functions best when the problem is narrowly defined , when

the expertise to solve the problem is scarce and needed, and when the solution is

characterized by the use of rules of thumb or subjective weights. Our defined pro

blem satisfied all three criteria . We developed the evaluation model with the expert

system "shell" The Deciding Factor, a commercially available software package.

Through a simple editor, The Deciding Factor easily handles input from someone

running the model (a consultation ), produces clearly intelligible conclusions, and

documents the logic used to reach those conclusions. The shell forces the manager

to work through a set of hypotheses that flow from the general to the specific. The

general hypothesis in the case of integrating objectives for managing both coastal

timber and coastal black-tailed deer habitat was " habitat suitability should be a con

cern to deer and timber managers." That main hypothesis was described in turn by a

series of support hypotheses, which had their own supporting and more specific hypo

theses (fig . 2) . Choosing the main hypothesis was the first step in creating a decision

hierarchy because the hypothesis defined the problem and set the scope of the

exercise .

Step 2 : Forming the word model

The second step was to create a word model of the variables that would enter into

the evaluation . The word model:

1. helped define the resolution of the problem ,

2. promoted a logical flow of ideas from a main hypothesis to more specific

hypotheses,

3. defined the geographic area of interest and the scale of the problem ,

4. helped to simplify how natural processes would be represented in the model , and

5. enabled a listing of important factors to consider in the model.

As the word model was constructed , we gained an appreciation for the assumptions

that must be made to adequately represent the ecological processes. We also gained

a holistic view of the problem to help us assess the relative weights for particular

decisions within the hierarchy and relate those decisions to each other in a logical

way.

9

The word model of the relations between black-tailed deer and their habitat was pre

sented by Nyberg and others ( in press) . Simply put , the word model expressed deer

density as a function of individual deer condition ; that is , in the word model, density

was represented as a summation of energy acquisition and energy expenditure . Ener

gy acquisition in turn was defined as a function of the types of available food , their

seasonal nutrient and energy content , and their abundance . Energy expenditure was

9



Habitat suitability should be a concern to

deer and forest managers if the most

critical of the following three hypotheses

applies.

.

t

L - Topography is capable of supporting

deer if the MOST CRITICAL of the

following two applies.

୮

L
-Deer are a sensitive

management issue if

MOST of the following apply.

1

E - Deer are restricted by

1 predators.

୮
-Societal demand for deer

is high.

E - Deer are usually common

in the area.

--Suitability is comparable to capability if

the MOST CRITICAL of the following

three applies.

.

E-Winter habitat suitability is OK if

1 ALL of the following apply.

1 |

-Adequate winter food is
1

available .

E-Summer and fall habitat ca

pability is OK.

L - Winter and spring habitat

capability is OK if

MOST of the following apply.

1

-Elevation is less than 1000

1 meters.

L
-The snowpack zone is

1
low.

1

- The aspect is good for

1 deer winter range.

L
Slope is adequate .

E - Adequate cover (thermal

| and snow) is available.

- Winter food and cover are

juxtaposed.

1

-Accessability to the area is

good.

-Winter severity is usually

mild.

U

-Summer habitat suitability is OK if

ALL of the following apply.

E - Adequate summer food is

1 available .

.

-Adequate thermal and

1 security cover is available .

- Summer food and cover

are juxtaposed.

L
- Winter and summer habitat inter

spersion is OK .

Figure 2 — A decision model for deer -habitat management concerns: should habitat

suitability be a concern to deer and forest managers?

a function of down wood or snow depths that must be negotiated for the deer to tra

vel between food and cover, the distance between food and cover, and the relative

quality of thermal or security cover that is available . From these variables, the word

model linked habitat conditions for deer to forest management because food abun

dance and quality , depths of down wood and snow (indirectly), distance between food

and cover, and the quality of cover can all be affected by habitat management.

Collectively, these variables represented the suitability of habitat to support deer.

The ability of land to provide deer habitat also was considered to be a function of

physiographic parameters . For example , land above 1000 meters in a location with a

severe winter climate is not able to provide good winter habitat for deer regardless of

how the vegetation is managed . Elevation , slope , aspect , and winter severity were
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also in the list of variables. Finally , because research has found black -tailed deer to

be relatively sedentary (Harestad 1979, McNay and Doyle 1987), we included a

requisite that interspersion of seasonal habitats was required within a watershed.

By presenting our word model to both wildlife and forest managers in British Colum

bia, we found need for another facet of the word model. Some foresters were con

cerned that management designed to improve habitat suitability would be wasted in

areas having high wolf populations or relatively little demand for deer. These

concerns were recognized as short-term issues relative to habitat management. We

included them, however, in the word model to set habitat management problems into

a broader context and to allow the opportunity to assess the regional need for habitat

management. Predators of deer, societal demand for deer, historic density of deer,

accessibility to a particular location by resource users , and patterns of winter severity

were included in the model to help describe the sensitivity of the habitat-management

issue.

Step 3: Editing the decision hlerarchy

The next procedure in developing the expert system was to translate the word model

into a series of decisions, that is , a " decision hierarchy." The highest level decision ,

which was the final conclusion reached by the model, was defined as whether black

tailed deer should be considered a management issue in a particular area ; lower

level decisions in the hierarchy were defined to support or refute the highest level .

We used The Deciding Factor's " editor" to develop a decision hierarchy. This step

required understanding the logical relations implicit in the word model so that various

levels of decisions could be identified and specific hypotheses could be weighted

according to their relative importance to the overall decision (fig . 2) . Habitat quality

should be a concern to deer and forest managers, for example, if : ( 1 ) deer are a

sensitive management issue in the area, (2 ) the local topography is capable of sup

porting deer, and (3) the current suitability of the habitat is rated much lower than its

potential (capability ) to support deer ( fig. 2) .

3

In the structure of the model, the first two supporting hypotheses (that is , that deer

are a sensitive management issue and that topography is capable of supporting

deer) provide positive weight to the main hypothesis (habitat suitability is a concern ).

If deer are a more important issue in one area than another, then the quality of deer

habitat would be of greater concern as well . Conversely, the third supporting hypo

thesis (that is , suitability is comparable to capability ) provides negative weight to the

main hypothesis. If deer habitat is already high quality , then habitat is not a concern .

Only if habitat suitability is low relative to capability would habitat management

achieve any significant benefits.

The program combines the weights given to each factor in deriving the overall conclu

sion of whether deer habitat should be a management concern in an area . The over

all weight is limited by the value of the most limiting factor . For instance , if the deer

resource value was the most limiting factor and this value was very low , even if habi

tat suitability was lower than capability , habitat management would not be needed

because deer would not be valued .

11



Using the Answer Screen

(Help Screen)

To what degree do you belleve ... ? The current question appears here.

Your answer and its numerical

equivalent appear here .

The Importance of questions is noted here.

Reliability of the conclusion Increases when

Important questions are answered with

substantial certainly .

Moderately important question
Answer : THINK NOT (-2.5)

-5

NO

5

YES

Respond by using the keys

to move the block to one side or the other.

Use the Ctrl key with keys to

move the block in finer Increments .

Any response outside the

dotted range will stop the

current line of reasoning.

(Example Screen )

Winter severity may be variable from year to year, however, any single loca

tion tends to be fairly predictable in overall magnitude of snowlall . Use

historical snow records, newspapers , etc. , to provide a general response .

To what degree do you belleve that winter severity is usually mild?

Moderately Important question Answer: PERHAPS NOT ( -1,0)

-5

NO

5

UYES

F1 Help F5 Logic F8 Conclude F9 Backup F10 Conclude

Figure 3 - Question -and -answer session from The Deciding

Factor expert system .

Step 4: Fine- tuning and evaluation

We used the "consultant" section of The Deciding Factor (fig . 3 ) to determine if the

decision framework operated in the expected way and if each decision in the hier

archy contributed the appropriate weight to the main hypothesis . The model could not

be expected to function perfectly because the process only mimics experts, and they

can make mistakes. Rather, it was our expectation that a good expert -system model

of this particular problem would consistently make decisions neither better nor worse

than a human expert in this subject .

The deer habitat model was applied to an area on southern Vancouver Island where

a 5-year study on deer habitat selection has recently been completed ( McNay and

Doyle 1987) . The data and familiarity gained from that study provided an opportunity

to fine -tune the model. The model results were ( 1 ) a simple ranking of the degree to

which black-tailed deer habitat should be a management concern for smaller drain

ages within the main study area and (2 ) an indication of the factors limiting suitability

of habitat . Drainages were ranked according to weights assigned to the various

factors .
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A full evaluation of the model operation and the utility of the expert system will be a

continual process for years to come. The first step will be to individually ask seven

deer biologists and deer habitat biologists to rank the current priority for habitat man

agement in watersheds on Vancouver Island ; a larger group of participants ( including

the experts) will then be asked to do the same with the expert-systems model (that

is , the consultant). That would be a simple process of answering the questions raised

by the consultant ( fig . 3) until enough information has been gained for the consultant

to reach a decision . Comparisons of the differences in the rankings and of the an

swers that create the differences will be used to improve the decision hierarchy.

Case Example

Discussion and

Conclusions

Priorities for deer habitat management in coastal British Columbia must be set by

integrating objectives for both timber and deer management. Managers are frequently

asked to make quick decisions regarding nontarget resources with sometimes limited

knowledge of the issues. Expert systems can be used to support the decision pro

cess when specific expertise is scarce or when many factors need to be considered

and documented in a complex decision . Nonexperts or inexperienced professionals

can understand the overall logic underlying an expert evaluation because it is explicit

and systematic. In practice, the model presented here could be used to rank regional

priorities for deer habitat management or could be run with a future management

scheme in mind to evaluate the potential effects of the plans .

Some aspects of the current model may require further development. An example is

the need for more detail at the lowest level of information that describes how specific

habitat factors ( food , cover, food /cover juxtaposition, and seasonal habitat intersper

sion) contribute to habitat suitability. The relations of these factors to habitat suit

ability will eventually be refined in the model. Also , the model currently is sensitive

neither to spatial arrangements of habitat factors nor to changes in these factors over

time . Research is currently attempting to build these simulations into the overall

model. Improvements in these aspects will help move habitat management decisions

from reactive compromises to a strategic and cooperative planning process.

Recommendations

for Future

Development

Microcomputers will continue to be highly useful for prototyping and developing infor

mation and models of timber -wildlife relations. Specifically, the following areas should

be especially considered for further development:

( 1 ) Decision -support models, especially knowledge-based systems.

(2 ) Models of timber-wildlife habitat relations, especially models

relating stand structure and habitat patch diversity to the distribution

and abundance of wildlife species. Desirable characteristics of exist

ing stand development models (for example , see Moeur 1986) and

forest-wildlife relations models ( for example , Raedeke and Lehmkuhl

1986, Brand and others 1986 ) currently available on larger computer

systems should be incorporated into the creation of similar models

on microcomputers.

13



(3) Models Integrating wildlife -silviculture prescriptions,

especially in the areas of integrated planning for habitat patch

diversity and harvest scheduling. These models may make use of

spatial analysis of the distribution of habitats and stand conditions

over time . Such analysis can probably only be done efficiently on a

computer.

9

New models of timber-wildlife relationships should take advantage of ( 1 ) the recent

crop of user-friendly software, including relational data bases ; (2) the use of color

high -resolution graphics for image processing, especially in GIS and area analysis

models ; (3) the relative accessibility of high -level programming languages, such as

PROLOG and Smalltalk, that can greatly facilitate model development; and (4) the

use of statistical analysis packages for analyzing monitoring data . Cautions on the

potential misuse of and overreliance on microcomputer-based models need to be

stressed .
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Application Software Company or reference
Appendix - Software

packages mentioned

in the text listed by

application .

MONITORING

Spreadsheet

1-2-3

Symphony

Framework

Lotus Development Corporation

Lotus Development Corporation

Ashton - Tate

Database

dBase III

Reflex

Q & A

Guru

R -Base

Clout

Hal

Ashton - Tate

Borland International

Symantec Corp.

Micro Data Base Systems

V Microrim

Microrim

Lotus Development Corporation

Statistics

SYSTAT

STATPAK

SYSTAT, Inc.

Tucker, Dean F. [Date unknown).

Public domain . Computer Cartography

Lab , Department of Recreation

Resources Administration . School of

Forestry Resources. North Carolina

State University.

STSC

SPSS , Inc.

BMDP Statistical Software, Inc.

SAS Institute, Inc.

Statgraphics

SPSS /PC +

BMDP

SAS

Graphics programs

Boeing Graph Gamison Software

MODELING

Stand growth -and -yield models

Woodplan

Micro -DF -SIM

Williamson 1983

Curtis and others 1981 ,

Fight and others 1984

Stand Projection

System (SPS) James Amey, Applied Biometrics,

Spokane, Washington

Kimmins 1987FORCYTE

Models of wildlife species

responses to stand conditions

Micro -HSI

HIDE2

Habitat handbook

Hays 1985

Lyon 1987

Harcombe 1984
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Modeling languages

Smalltalk

Modula 2

GPSS /PC

Various companies and versions.

Various companies and versions.

Minuteman Software. P.O. Box 171 ,

Stow , MA 01775-0171.

Walters 1982SIMCON

Area and geobased information systems

pМАР

TerraPak

PAMAP GIS

PMAP Software System . c1985 .

Spatial Information Systems, Inc.,

12359 Franklin Street, Omaha,

Nebraska. 66158.

Forest Data Consultants

PAMAP Graphics Inc., Victoria , British

Columbia

Barrett and Salwasser 1982

Holthausen and Dobbs 1985

Dynast

FSSIM (Forest

Structure

Simulator)

Optimization models

TIMPRO -FORMAN Cooney 1987

DECISION SUPPORT

Expert Systems International

Lightyear, Inc.

Texas Instruments

Decision aids

ES /P Advisor

Lightyear

Arborist

Expert systems

EXSYS

RuleMaster 2

1st -CLASS

The Deciding

Factor

PROSPECTOR

High -level languages

PROLOG

OPS5

LISP

Smalltalk

EXSYS , Inc.

Radian Corporation

Programs in Motion

Channelmark Corp.

Campbell and others 1982

Various companies and versions

Various companies and versions

Various companies and versions

Various companies and versions

Mentions of hardware:

International Business Machine ( IBM)-PC

Tandy Radio Shack-Model 100 laptop
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Marcot, Bruce G.; McNay, R.S.; Page, Richard E. 1988. Use of micro

computers for planning andmanagingsilviculture-habitat relationships.

Gen. Tech . Rep. PNW -GTR -228. Portland, OR: U.S. Department of Agri

culture, Forest Service, Pacific Northwest Research Station. 19 p.

Microcomputers aid in monitoring, modeling, and decision support for

integrating objectives of silviculture and wildlife habitat management. Spread

sheets, data bases, statistics, and graphics programs are described for use

in monitoring. Stand growth models, modeling languages, area and geo

based information systems, and optimization models are discussed for use

in modeling. Decision aids and expert systems for decision support are

examined.Advantages of microcomputers include availability, transport

ability, and usability. Disadvantagesinclude the building of unvalidated

models, lack of software standards, and need for updating data bases.

We present a case example of an expert system that evaluates regional

priorities for managing habitat for black - tailed deer in coastal British

Columbia

Keywords: Microcomputers , stand growth models, wildlife habitat models ,

expert systems, monitoring, inventory, decision support.
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Abstract
Large, fallen trees in various stages of decay contribute much -needed diversity of

ecological processes to terrestrial, aquatic, estuarine, coastal beach , and open ocean

habitats in the Pacific Northwest. Intensive utilization and management can deprive

these habitats of large, fallen trees. This publication presents sound information for

managers making resource management decisions on the impact of this loss on

habitat diversity and on ecological processes that have an impact on long-term

ecosystem productivity.
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Introduction Robert F. Tarrant and Chris Maser

Forest productivity is declining over large areas of managed forest in central Europe

(Cramer 1984 , Schütt and Cowling 1985) , China (Zhang and others 1980) , and North

America (Bruck and Roberge 1984 , Knight 1987, Sheffield and others 1985, Siccama

and others 1982, Zedaker and others 1987 ). In calling attention to this major problem

several years ago, the Society of American Foresters ( 1984a) stated its concern : "In

the face of mounting evidence that forest productivity is declining worldwide, resear

chers know too little about complex ecosystems and the cumulative effect of subtle

stresses from atmospheric pollutants ."

Certainly our knowledge of biological processes and their interactions within forest

ecosystems is incomplete, and we know too little about the cumulative effect of a

wide range of stresses on the ecosystem . But integrative research at the ecosystem

level shows clearly that the many processes operating within forest systems inter

connect in important ways (Waring and Schlesinger 1985) . Further, diversity of micro

scopic and macroscopic plant and animal species is a key factor in maintaining these
processes (Blaschke and Bäumler 1986 , Durrieu and others 1984, Li and others

1986, Plochmann 1968, Franklin 1988, Froidevaux 1981 ) .

The Congress of the United States addressed the matter of species diversity in the

National Forest Management Act of 1976 ( U.S. Laws, Statutes, etc. 1976) : "...regu

lations, under the principles of the Multiple -use Sustained Yield Act of 1960 ... shall

include...guidelines which ...provide for diversity of plant and animal communities ...."

Elsewhere in the Act, the Congress offers a philosophical basis for constructive

forestry goals: " ...the Forest Service has both a responsibility and an opportunity to

be a leader in assuring that the Nation maintains a natural resource conservation

posture that will meet the requirements of our people in perpetuity ...."

An underlying principle of the congressional direction is that people, as a significant

part of the forest ecosystem , have the right and the obligation to manage biological

processes to produce products and amenities afforded by forests. Such manage

ment , however, must be consistent with the need to maintain health of the biologi

cally productive machinery over the long run. The 1986 " National Forum on Bio

Diversity , " sponsored by the National Academy of Sciences and the Smithsonian

Institution , was a needed step toward recognition of the problem . Now , forest

scientists must be strongly challenged to define the relations between biological

processes and forest health .

In this book , we document that a large dead tree is not a wasted resource; indeed ,

it continues to function as an important part of a terrestrial or water system , either

while remaining on the site at which it once lived , or by becoming a structural part of

an aquatic or marine habitat . We aim to help anyone interested in perpetual forest

productivity to understand the importance of large, dead woody debris . The book

develops certain principles and ideas in sequence from the forest to the sea. The

dynamics of coarse woody debris (any dead standing or fallen tree stem on land or

in water at least 4 inches in diameter at breast height on snags and at the large end

on fallen trees) in forests and plantations of coastal Oregon are summarized in chap

ter 1 ; on the forest floor , chapter 2 ; in streams and rivers , chapter 3 ; and in estuaries
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and the open ocean , chapter 4. Intensive and diversified management and the need

for future research are examined in chapter 5. Most of the information is specific to

the Coast Range of Oregon but also applies generally to western Oregon and west

ern Washington, western British Columbia , and southeastern Alaska.

Oregon's coastal zone extends from the crest of the Coast Range to the Continental

Shelf and contains some of the world's most inherently productive forest systems

(Franklin and Dyrness 1973 , Fujimori 1971 , Waring and Franklin 1979) (fig . 1.1 ;

fig. 1.2, color). Here , a continuum of terrestrial , stream, estuarine , and coastal ocean. .
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Figure 1.1—The Oregon coastal zone .
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sites composes one macrosystem (Vannote and others 1980) . The parts of this sys

tem are related by water and atmospheric transport of chemicals and organic and

inorganic substances of various sizes along an elevational gradient from 4,000 feet

above sea level to an ocean depth of 1,200 feet (200 fathoms) .

Few regions of the world support vegetation that grows faster, more densely , and to

greater heights than that along the Oregon coast . The mix of species and the struc

ture of plant communities vary greatly , even over short distances , because of site

to - site differences in elevation , climate , geology, soils , and nutrient availability.

Drought is not a problem along drainages where the soil is constantly wet and air

humidity is high , but plants may suffer from lack of water on a sun -warmed hillside

in midsummer. Most coastal soils are of medium texture , moderately deep, and

reasonably well supplied with nutrients .

Along Oregon's northern coast , the vegetation is mainly of the same species seen in

coastal Washington, British Columbia, and Alaska : Sitka spruce, western hemlock,

huckleberry, salmonberry, and salal (see "Appendix" for scientific names) . Along the

southern Oregon coast, the species mixture is much richer — the " northern " species

mix with California plants growing at or near their northern limits : redwood, tanoak ,

California laurel , western azalea, and blueblossom. The Klamath -Siskiyou Mountain

region of the southern Oregon and northern California coast supports still other local

ized species such as Port -Orford -cedar.

The Oregon coast landscape was disturbed periodically long before human habita

tion . Floods and landslides are part of the natural geological aging of coastal moun

tains . Windstorms and wildfires set by lightning destroy vast tracts of forest . We may

think such events now are unusual and catastrophic, but in fact they are very much

a part of the natural cycle of events . After human settlement , additional massive

changes in vegetation occurred. People frequently cause wildfires or convert large

areas to agriculture and urban uses .

The native forest of the Oregon coast has undergone intensive commercial exploita

tion only in the past century, so biological stresses are probably less than in much of

the world . Here, forest managers still have time to benefit from the long-term experi

ence of others. And here especially , forest scientists and resource managers have

the opportunity to work in concert in developing sound management systems that

can also be models for achieving the recovery of declining forests elsewhere.

3



Figure 1.2 — The coastal zone of Oregon extends from the

crest of the Coast Range to the Continental Shelf.

In the following chapters, we synthesize existing research information and offer some

hypotheses and conclusions based on current knowledge. We offer this information

and our interpretations for consideration by forest managers and others interested in

long-term forest productivity.
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Chapter 1. Coarse Woody Debris in Forests

and Plantations of Coastal

Oregon

Thomas A. Spies and Steven P. Cline

Summary The forest portion of the ecosystem is the sum of three diverse, mutually dependent

components : physical structures, biological entities , and ecological functions. These

components are dynamic , continually developing diversity.

Introduction Diversity develops in a forest as a result of changes that occur at different rates at

different places . Disturbances cause relatively rapid changes in ecosystems , whereas

succession slowly returns ecosystems to previous conditions or directs them to new

states . Structural diversity in the current mosaic of forest age classes was created by

a variety of disturbances, such as fire and wind, and this mosaic changes from suc

cession and new disturbances ( fig. 1.1, color). Today's forested coastal landscape

bears the legacy of many landscapes in the form of remnant old -growth trees, snags,

fallen trees , landslides , and patches of young and mature forests.

The forest's character changes with succession . Net primary productivity is greater in

young forests than in old ones. Old forests conserve nutrients, whereas very young

forests are susceptible to erosion and nutrient loss (Franklin and others 1981). For

ests of the Coast Range interior valleys produce less wood than do those on more

moist sites nearer the ocean. And internally, the old unmanaged forest is more di

verse than many young and mid-age forests. Old forests have deeper, multilayered

canopies, larger accumulations of coarse woody debris (any dead standing or fallen

tree stem at least 4 inches in diameter at breast height (d.b.h.) on snags and at the

large end on fallen trees) , and more specialized plants and animals than young

forests have.

1

A coastal Oregon forest may change slowly through growth, succession, mortality,

and decay, or it may be altered rapidly by catastrophic disturbance . Whatever the

agent of change, the imprints of previous forests and disturbances persist into suc

ceeding forest generations. Organic material in the form of dead tree stems is one

of the more persistent legacies . This material exerts ecological influences on a site

for hundreds and thousands of years; first, as snags and fallen trees; later, as fine

organic matter in the soil . These organic remains create seed germination sites ,

moisture reservoirs during summer drought, sites of nutrient exchange for plant

growth , habitat for forest organisms, and favorable soil structure.
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The Unmanaged

Forest

1The major agents of disturbance are fires , winds, insects, diseases, and accelerated

mass soil and debris movements. Disturbance, along with forest stand development

and plant succession, helps create the coarse woody debris that is part of the forest.

Forest Disturbances

Wildfire of various intensities and sizes has been the most significant catastrophic

disturbance throughout the Coast Range (Martin and others 1976) . Some fires have

burned more than a million acres, and many areas have reburned within 30 years.

Two of the many large wildfires in the Coast Range are especially impressive . In

1849, a fire between the Siletz and Siuslaw Rivers burned more than one-half-million

acres (Morris 1936) . Many fires have burned in a patchy manner, creating a very

complex mosaic of dead and live trees . Humans have strongly influenced the dynam

ics of woody debris in the Coast Range through accidental or intentional setting of

fires . Between 1933 and 1951 , for example , the many Tillamook burns covered

335,000 acres , killing more than 13 billion board feet of timber ( Lucia 1983) . Large ,

severe fires add massive amounts of coarse woody debris to the ecosystem because

large branches, stems, and most of the coarse woody debris are not consumed by

the fire (Harmon and others 1986) (fig . 1.2) .

9

Figure 1.2—Amounts of coarse woody debris after

a fire that killed an old -growth stand.
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Figure 1.3 — Blowdown patch in a spruce -hemlock

stand.

Windthrow , the next most important catastrophic forest disturbance , is common in

the Coast Range where hurricane- force gales are recorded several times each year

(Badura and others 1974) . Such events in 1950 , 1953, 1957, and 1958 caused ex

tensive damage (Childs and Clark 1953 , Lynott and Cramer 1966, Ruth and Yoder

1953) . During the " Columbus Day" storm of October 12 , 1962, 11 billion board feet of

timber was blown down in western Oregon and western Washington (Orr 1963) . Tree

mortality from wind damage adds dead wood directly to the forest floor , in contrast to

fire damage that usually leaves dead trees standing for many years (fig . 1.3) .

Wind -caused mortality also creates a different successional pathway than does fire

mortality. Wind increases the proportion of shade - tolerant species , such as western

hemlock , because understory trees are released after the canopy dominants are

removed . Thus , when trees in the released stand die , the contribution of dead wood

is from smaller diameter, more rapidly decomposed western hemlock stems. Western

hemlock stands lacking massive successional dominants , such as Douglas -fir or Sitka

spruce, accumulate less coarse woody debris than do stands with these dominants.

7



Although insects have occasionally caused catastrophic mortality in Coast Range

forests , they usually inflict only scattered mortality. Outbreaks of the Douglas-fir bark

beetle often follow other events that kill and damage trees (Furniss and Carolin

1977) . Such an outbreak, a patchwork of small groups of trees in recently killed

timber , spreads to nearby trees where the insects form galleries in the phloem and

girdle the trees. The beetles also introduce a fungus that plugs the conductive

tissues in the vascular system . Trees killed by bark beetles usually die standing,

although decay has already begun.

Laminated root rot fungus is a primary pathogen of Douglas-fir and western redcedar

in the Coast Range. This fungus is not a direct agent of catastrophic mortality be

cause patches of mortality are relatively small (about 0.25 acre) and spread slowly

( about 1 ft/yr) (Gedney 1981 , Nelson and others 1981 ) . It is , however, widespread in

the Coast Range and predisposes many trees and stands to windthrow . Red ring rot

fungus , another important organism that predisposes canopy trees to wind damage,

starts the process of wood decay before the trees die .

Steep slopes are generally unstable as a result of high precipitation , unstable soils,

and deeply weathered bedrock . Debris avalanches, rapid shallow soil movement

(Swanson and others 1982) , and floods can suddenly destroy small areas of forest .

Debris avalanches are estimated at more than 2.5 avalanches per square mile every

2 years on part of the Siuslaw National Forest (Swanson and Lienkaemper 1985 ).

These small events move an average 872 cubic feet of soil and occur most often in

headwall areas of steep drainages. Despite their small size , they have a cumulative

effect on coarse woody debris. Debris avalanches and floods knock down and uproot

trees , tearing them out of streambanks . The coarse woody debris produced is often

moved from the site , however, and redeposited downslope or in streams.

Forest Stand

Development

and Succession

Coastal Oregon's forest lands occupy three vegetation -type zones: western hemlock

(72 percent) , Sitka spruce ( 17 percent) , and mixed-evergreen ( 11 percent) ( Franklin

and Dyrness 1973) . After major disturbance, stand recovery rates and successional

pathways vary by location , site , and vegetation type . Most forest stands, however,

follow a similar course of successional development that proceeds through five

stages (based on Oliver 1981 ) :

1. Stand initiation .--Trees of the new stand occupy recently disturbed sites .

Grasses , forbs, and shrubs may dominate for 20 to 30 years . On some coastal

sites , however , 50- to 60-year domination is possible.

If wildfire destroyed the previous stand , regrowth will be dominated by newly

established seedlings . If wind destroyed the previous stand , the new stand will

develop from newly established seedlings plus newly released , shade -tolerant

understory trees .

2. Stem exclusion .--Canopy closure prohibits further establishment of new trees.

Vertical stratification develops among individuals and species of the canopy. Intense

competition among densely spaced trees causes natural thinning of suppressed

individuals that may last 10 to 30 years . Input of coarse woody debris begins as tree

competition causes mortality.

8



3. Understory reinitiation .--Canopy dominance diminishes , allowing herbs, shrubs,

and small trees to establish . Cavity-nesting birds begin to use dead trees, now 15 to

20 inches in diameter (Neitro and others 1985) . Fallen tree stems are of sufficient

size that they persist much longer than the small trees of the previous stage. This

stage may last until shade-tolerant trees reach the canopy - 100 to 150 years.

4. Old growth .-- Shade-intolerant overstory dominants (Douglas-fir or Sitka spruce )

die and are replaced by understory trees , such as western hemlock. This stage lasts

500 to 800 years or more . Stand structure includes a wide range of tree sizes , mas

sive individual dominants, great accumulations of coarse woody debris, numerous

foliage layers, and patchy tree distribution . The death of one dominant Douglas- fir

can create more than 22 tons of dead wood , some of which can persist for hundreds

of years (Harmon and others 1986) .

5. Climax.--The forest reaches the climax stage when the shade -intolerant dominants

have died and the stand is composed of only shade -tolerant species. Such stands

are rare , however, because of the great longevity of Sitka spruce and Douglas-fir and

because disturbance usually reinitiates succession . A climax forest contains less

coarse woody debris than does the old - growth forest because it lacks the original

overstory dominants .

Coarse Woody Debris Rates of coarse woody debris inputs and loss by decay .--Coastal Oregon forests

contain some of the world's largest accumulations of standing dead and fallen trees.

Coarse woody debris may exceed 175 tons per acre (dry weight) , more biomass than

the total live and dead biomass of many deciduous forests (Harmon and others

1986) . These large accumulations of coarse woody debris result from two processes:

addition of newly dead material and slow loss from decay of older material. The bal

ance between addition from dead trees and subtraction of decaying wood determines

the amount and dynamics of coarse woody debris in a forest .

The amount of coarse woody debris that will accumulate in a stand can be predicted

if rates of input and decay are assumed to be constant (fig . 1.4 ) . Two to four percent

of the dead wood in a stand decays annually , rates similar to those reported for other

forests (Harmon and others 1986) . Accumulations of coarse woody debris in the

coniferous forests in western Oregon are much larger than in other forests , however,

probably because of higher rates of input .

New coarse woody debris is not added to young Douglas- fir stands until the stem

exclusion and understory reinitiation stages . Mortality rates for canopy trees in these

stands are relatively high ( 1-2 percent/year) (Franklin and others 1986) , but accumu

lations of coarse woody debris are low in young stands because many of the trees

that die are below the minimum diameter of coarse woody debris (4 inches) and

because the smallstems decay more rapidly than larger ones (Harmon and others

1986) . Coarse woody debris from the young stand accumulates slowly during the

first 100 years , then rapidly between 100 and 400 years (fig . 1.5 ) .

9
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In mature ( late understory reinitiation stage) and old - growth stands , windthrow , dis

eases , and insects more than other agents cause most mortality in canopy trees .

Mortality rates in old -growth stands decline to about 0.5 percent of all trees annually

(Franklin and others 1986) . Mortality rates are not constant, however, and wind

storms or bark beetle outbreaks can cause sharp increases. Annual mortality in a

180 -year-old stand of Douglas-fir near Coos Bay increased from less than 0.2 per

cent to more than 3 percent over 10 years after a Douglas-fir bark beetle outbreak

(Wright and Lauterbach 1958) . Woody debris averaged 7.6 tons per acre per year

(Harmon and others 1986) . Despite the relatively low mortality rate of mature and

old -growth stands, coarse woody debris accumulation is high because massive trees

decay more slowly than smaller ones . Input may reach 3 tons per acre per year

(Grier and Logan 1977) , several times that found in other temperate forest ecosys

tems (Harmon and others 1986) .

Losses of coarse woody debris from decay result from several processes, such as

organic matter leaching into the soil , physical and biological fragmentation (breaking

off and loss of fine pieces) , and respiration by microbes (Harmon and others 1986,

Maser and Trappe 1984b) . Loss rates from these and other processes depend on

moisture, temperature, and stem size .1

As snags and fallen trees decay, their chemical and physical nature changes.

Douglas-fir wood density decreases by almost half during the first 100 years .

Nitrogen concentration almost doubles during the same time ( Franklin and others

1981 ) . The physical appearance of fallen trees and snags also changes in cross

sectional shape from round to oval to flattened as the stem settles into the forest

floor.

Amounts of snags and fallen trees .-- The greatest amounts of coarse woody debris

actually occur immediately after catastrophic wildfire or windthrow in early succes

sion . Young stands (30 to 80 years) ( fig. 1.6, colon) in the Pacific Northwest have

more snags and fallen trees and a greater volume and biomass of coarse woody

debris than mature stands (80 to 200 years old ) ( fig. 1.7, color). Some young stands,

however, contain fewer snags and fallen trees than do mature and old -growth stands

(Spies and others , in press) . For closed-canopy stands of the Pacific Northwest, old

growth (>200 years) contains the highest volume and biomass of snags and fallen

trees ( fig. 1.8, color).

9

The number of snags per acre differs with their diameter . In Douglas-fir stands in

western Oregon and western Washington , the density of snags of all sizes is about

70/acre in young stands , 50/acre in mature stands , and 24/acre in old -growth stands

( Spies and others , in press ) . This pattern is different , however , when only large

snags (20 inches in d.b.h. and 16 feet tall ) are considered ; large snags are most

abundant in old -growth ( six/ acre ), less so in young stands (four/ acre) and least

abundant in mature stands (three/acre) (fig . 1.9 ) . Large snags are most commonly

used by cavity- nesting birds ( Mannan and others 1980 , Neitro and others 1985 ) .
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.

Numbers of fallen trees in stands are generally similar to those of snags. Young

stands often have the greatest numbers of fallen trees of all sizes , although old

growth stands have the highest numbers of large fallen trees (>24 inches) (fig. 1.10) .

Many young stands , probably established after fires in young- rather than old -growth

forests , do not have large fallen trees and snags carried over from previous stands.

Therefore, some young stands in the Coast Range do not fit this pattern ; they have

fewer fallen trees than old -growth stands have (Spies and others, in press) .
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In Douglas-fir forests of western Oregon and western Washington, the volume and

biomass of woody debris in old - growth stands average about 7,175 cubic feet and

55 tons per acre , more than twice that of mature stands (figs . 1.11 and 1.12) (Spies

and others, in press) . The volume and biomass in many old -growth stands exceed

10,000 cubic feet and 76 tons per acre , and maximum values approach 24,300 cu

bic feet and 178 tons per acre. Young stands have intermediate levels of woody

debris (figs . 1.11 and 1.12) , whereas mature stands have the lowest volumes and

biomasses.
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Spatial distribution .--Coarse woody debris is unevenly distributed on the forest . The

amount may vary tenfold between closely adjacent areas, and more than half the

coarse woody debris may fall on less than one - fifth of the total area (Spies, unpub

lished data ). Several factors contribute to such patchy distribution. The large succes

sional overstory trees that contribute heavily to the dead wood supply are irregularly

distributed . Mortality from natural causes is often patchy. Dead wood may be moved

downslope to accumulate at a resting place on concave topography. In many old

growth stands , highly decayed wood is more evenly distributed than material of an

intermediate decay level , although the opposite may be true in some young - growth

stands because fires burn unevenly.

Stands on dry sites have less coarse woody debris than those of the same age on

moist sites. In the east- central Coast Range , the amount of coarse woody debris in

stands less than 150 years old is correlated with slope , aspect, and topographic

position (Spies and others , in press) . These relations may reflect differences in

productivity between sites and in the frequency and severity of wildfire as it is

affected by topography and dampness of sites.

Many mature stands on the west slope of the Coast Range have much more coarse

woody debris than do mature stands on the east slope . High amounts of coarse

woody debris in young and mature stands may result from cool-burning wildfires that

kill only portions of the original old -growth stands in scattered patches, leaving many

large snags and surviving old -growth trees . Large accumulations of coarse woody

debris in the subsequent stand result from mortality of remnant old -growth trees ,

some of which were weakened by the fire .

Distribution of

Coarse Woody

Debris by Decay

Class

Physical changes in snags and fallen trees have been arranged into five decay

classes , based on readily observed physical characteristics (Cline and others 1980,

Fogel and others 1973) (table 1.1 ) . The distribution of total coarse woody debris

biomass in these five decay classes varies with stand age (fig . 1.13) . In the average

young stand in the region, the highest biomass occurs in decay class IV . In mature

and old -growth stands , the greatest proportion of woody debris often occurs in decay

class III . The proportion of total biomass in highly decayed material (decay classes IV

and V) generally decreases with stand age. Material from decay classes IV and V

accounts for 57 percent of the total biomass in young stands but only 26 percent of

the total biomass in old -growth stands . Across all age classes , however, differences

in the absolute amounts of highly decayed material are relatively small . The relative

differences among the age classes typically are least for decay class V and greatest

for decay class III ; the higher decay classes are a relatively more stable , slowly

changing component of the dead wood in the system .
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Table 1.1 - A 5 -class system of decay based on tallen Douglas-fir trees

Decay class

Characteristics

of fallen trees 1 Il II IV V

Bark Intact Intact Trace Absent Absent

Twigs, 1.18 inches Present Absent Absent Absent Absent

Texture Intact Intact to

partly soft

Hard, large

pieces

Small, soft

blocky pieces

Soft and

powdery

Shape Round Round Round Round to oval Oval

Color of wood Original color Original color Original color

to faded

Light brown to

reddish brown

Red brown to

dark brown

Portion of tree

on ground

Tree elevated

on support

points

Tree is sagging

near ground

All of tree on

ground

All of tree on

ground

Tree elevated on

support points

but sagging

slightly

Invading roots None None In sapwood In heartwood In heartwood

à

Adapted from Maser and others ( 1979 ).

The ratio of woody debris in fallen trees to woody debris in snags increases as decay

increases . Fallen trees constitute 32 percent of the woody debris in decay classes I

and II and 71 percent in decay classes IV and V ; most dead standing trees decay

partially before falling . In the Coast Range , fallen trees constitute 42 percent of the

material in decay classes I and II , a higher value than the regional estimate , perhaps

because of the greater incidence of wind - related mortality in the Coast Range.
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Figure 1.13 — Distribution of mean total coarse woody debris

by decay class in young , mature , and old -growth Douglas -fir

stands in western Oregon and Washington ; adapted from

Spies and others (in press ).

Carryover Woody Debris Carryover woody debris is the coarse woody debris in a current stand that was laid

down in the previous stand , often old -growth . Young stands with large amounts of

coarse woody debris inherited it from the previous stand. Those that have small

amounts are mostly in the south and east Coast Range where multiple wildfires in

the past 150 years consumed much of the coarse woody debris .

16



Coarse 400

woody debris

(tons per 360

acre )
320

Carryover

Accumulation from fire mortality

Accumulation from new stand
280

240

200

160

120

80

40

o

Fire 100 400 500200 300

Stand age (years )

Figure 1.14 — Predicted changes in coarse woody debris after

a catastrophic fire in a 450 -year-old Douglas-fir - western

hemlock forest; adapted from Spies and others (in press).

Cycles of Woody

Debris Accumulation

Several patterns of accumulation of woody debris occurred in the past. A simple

scenario would be a major disturbance killing an old -growth Douglas-fir stand and a

new stand becoming established and growing for hundreds of years before a major

disturbance (fig . 1.14) . At stand age 500 years, about 80 tons /acre of coarse woody

debris is present. Then a major stand -replacing fire occurs, consuming some woody

debris , although about 67 tons/ acre remains. Large amounts of new coarse woody

debris are added by the fire , which destroys few large live stems. This sudden injec

tion of dead wood adds 180 to 450 tons/acre. A new Douglas-fir stand is established

soon after the fire . A period of 30 to 40 years passes before the canopy closes and

mortality adds more coarse woody debris to the site . Decay reduces coarse woody

debris by more than 50 percent during this time , but amounts are still high because of

large input after the fire . By age 100 , the accumulation of coarse woody debris is at a

low point because almost all the coarse woody debris present immediately after the

disturbance is now gone, and additions of new dead wood from the developing stand

are less than losses from decomposition . At this point, more than 50 percent of the

coarse woody debris is inherited from the previous stand .

After age 100, coarse woody debris increases gradually as a result of mortality of

the canopy trees . As canopy tree size increases, coarse woody debris also increases

and probably peaks somewhere between 400 and 600 years. New woody debris

comes increasingly from the death of western hemlocks at about age 500. The

standing crop of woody debris decreases gradually toward a lower equilibrium , after

1,000 years , when Douglas -fir passes from the stand . The last Douglas-fir dies at

age 1,200 years , and evidence of it can still be found 300 or more years later.
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Figure 1.15 — Predicted changes in coarse woody debris after

a catastrophic fire in a 450-year-old Douglas -fir - western

hemlock forest and two fires 25 and 50 years later ; adapted

from Spies and others (in press ) .

The scenario above is probably not the most common because disturbances, such

as fire , may recur several times , especially in the first 30 to 50 years of a new stand

when fine fuel levels are high . Multiple fires would consume more woody debris and

live biomass over time than a single fire and would reduce the amount of carryover in

the young stands , so that the site would have relatively low amounts of woody debris

for 200 to 300 years (fig . 1.15) . Multiple fires would delay the addition of new material

and prolong the period of low accumulation, which would reduce the minimum

accumulation .

The Intensively

Managed Plantation

Effect of Plantation

Management on

Coarse Woody Debris

Thus far , we have discussed the unmanaged forest , which is rapidly being replaced

by plantations in which various phases of biological development are controlled to

produce maximum wood fiber in the shortest time . Plantation establishment decides

species distribution and initial tree density . Periodic mechanical thinning and removal

of logs replaces the self -thinning of unmanaged stands that provided coarse woody

debris from dead stems . In the plantation , production of coarse woody debris is

minimized , and uniformity-rather than diversity—is fostered .

Most plantations in the Douglas- fir region are established after an old forest has been

clearcut . The first step in plantation establishment is to reduce the coarse woody

debris accumulated before and during logging . Coarse woody debris is reduced most

often for three reasons : to increase use of woody debris , to clear sites for tree

planting , and to reduce fire risk .
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Wood utilization standards assume that any piece of dead wood that has sufficient

strength to withstand yarding is usable (Howard 1981 ) . At least 14 variables may

influence the amount of coarse woody debris that remains after logging (Howard

1978 ):

1. Stand age

2. Gross cruise volume per acre

3. Percentage of stand defect

4. Average slope percent

5. Size of clearcut

6. Average stand diameter

7. Percentage of exportable volume

8. Estimated distance to nearest processing center

9. Estimated hauling distance on secondary roads

10. Percentage of whitewoods in stand

11. Percentage of western redcedar

12. Appraised stumpage value

13. Current utility lumber price index

14. Current general lumber price index

Unusable material is often yarded into piles close to roads. Much of the heavily de

cayed material is broken into fine organic matter. Most logged areas then are broad

cast burned to remove remaining coarse woody debris and finer woody material for

easier tree planting . Such fire consumes fine fuels - limbs, branches, and litter.

To help us understand the effects of intensive removal of coarse woody debris, we

used a model to simulate the dynamics of coarse woody debris in Douglas -fir plan

tations (fig . 1.16) . The model represents a Douglas-fir stand established naturally

on site Il land . The stand was precommercially thinned to 300 trees/acre at age

11 years; commercially thinned at ages 31 , 40 , 53 , 68, and 83; and harvested at

age 100 (table 10C in Curtis and others 1982) . We assumed that this stand became

naturally established after an old -growth Douglas-fir stand was clearcut. The stand

had a harvest volume of about 100,000 board feet per acre and a coarse woody

debris volume of 10,000-11,400 cubic feet /acre (80-89 tons/acre) (Spies and others,

in press) . In this example , the minimum diameter of woody debris is 3 to 4 inches,

depending on data source . The rate of disappearance of coarse wood was as

sumed to be 3 percent per year (Graham 1982 ; Sollins 1982 ; Sollins and Cline 1987;

Spies and others , in press) .

The model assumes that 80 tons /acre of coarse woody debris are on the site before

logging . By the end of the first 100 years of the plantation , only 20 tons /acre remain

and only 4 of the original 80 tons are still on the site . New coarse woody debris

would be added as logging slash (62 percent) and dead trees (38 percent) at a rate

of about 0.4 ton /acre between age 30 and final harvest (fig . 1.16) .

During a second 100-year rotation of the simulated , manipulated forest , total coarse

woody debris decreased from 24 tons/acre at the beginning of the rotation to only

5 tons at the end of 100 years , before harvest.
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Figure 1.16 — Predicted changes in coarse woody debris in

three rotations of an intensively managed forest after clearcut

ting of a 450 -year-old Douglas- fir - western hemlock stand .

The small peaks represent accumulations of coarse woody

debris after thinnings. The peaks also include natural mor

tality that occurred between thinnings .
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Figure 1.17 – Comparison of predicted changes in coarse

woody debris during 500 years of natural Douglas- fir forest

development and five rotations of an intensively managed

Douglas-fir forest .

We have compared coarse wood loadings during the life of a 500-year-old forest

with five 100-year plantation rotations ( fig . 1.17 ) . Several major differences between

coarse woody debris in a forest and in plantations occur over the five centuries . At

least six times more wood carries over after wildfire in old growth than would have

carried over after logging in an old -growth stand . The carryover coarse woody debris

after wildfire is abundant the next 90 to 100 years . On the plantation , more than

8,500 cubic feet/acre of the large wood that would have carried over is removed as
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Figure 1.18 — Relative change in percentage of volume of

woody residue by size class after logging and yarding unmer

chantable material (YUM) in two Douglas -fir stands in western

Oregon (after Pong and Henley 1978 ).

a product. Coarse woody debris cannot accumulate to levels reached by the

500-year-old forest if 100 - year rotations are the maximum prescribed. Coarse woody

debris follows a variable pattern during formation of the 500-year-old forest. After

decreasing from a maximum after wildfire to a minimum at 100-150 years , coarse

woody debris accumulations begin to increase as large trees die .

A second difference between the forest and plantations lies in the size of the trees

and their wood quality . The short-rotation plantation produces smaller diameter trees

that disappear more rapidly than large trees because they decay faster.

The size of wood left after disturbances differs greatly between forests and planta

tions . In the forest , disturbances leave large pieces of coarse woody debris. In the

plantation , clearcutting leaves relatively small materialbranches and small-diameter

tops (figs . 1.18 and 1.19) . Inherited coarse woody debris , especially class IV and V

material, is broken up during harvest.
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Figure 1.19_Clearcut 2 years after harvest showing low

carryover of coarse woody debris.

Figure 1.20_Size and pattern of forest " disturbances" in a

managed landscape.

A final difference in coarse wood dynamics between forests and plantations is in the

input rate during stand development . In the forest , self thinning and other mortality

proceeds uninhibited and woody debris accumulates. In a plantation , loss of trees is

substantially slower, and the trees that do die are harvested .

9Short -rotation plantations greatly reduce coarse woody debris, which changes the

functional characteristics of the ecosystem . Drastically reduced accumulations of

coarse woody debris could seriously impair the function of plantations as vertebrate

habitat and might reduce productivity (Bartels and others 1985 , Maser and Trappe

1984b, Neitro and others 1985) . In the intensively managed landscape , no more

periodic large inputs of coarse woody debris is expected ; and the size , severity, and

pattern of the disturbances will vary less ( fig . 1.20 ) . Ecological diversity will be greatly

reduced .
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The intensively managed landscape differs from the unmanaged landscape in how it

changes with time . The levels of coarse woody debris in the managed landscape will

change little . In the unmanaged landscape, irregularity in the frequency of past dis

turbances ensures that, during a severalhundred -year period , a given site will experi

ence periods of both very high and relatively low accumulations of woody debris.

These periodic large inputs , which help maintain soil organic matter and site produc

tivity, are not planned for plantations in which many rotations may pass without large

inputs of woody debris.
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Figure 1.6 — Young stand with moderate accumulations of coarse

woody debris.

Figure 1.1 — Mosaic of stands created by wildfire,

showing patches of snags and trees that survived

the fire .

Figure 1.8 - Old -growth stand with large accumulations

ofcoarse woodydebris.

mu onsFigure 1.7 — Mature stand with low ac

of coarse woody debris.
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Chapter 2. What We Know About Large

Trees That Fall to the Forest

Floor

Chris Maser, Steven P. Cline, Kermit Cromack, Jr. ,

James M. Trappe, and Everett Hansen

Summary This chapter explains how living and dead trees are linked together in the living

machinery of a forest.

Introduction

.

Pacific Northwest forests contain an array of fallen trees in various stages of decay,

both in young and old - growth stands , in natural, managed, and recently clearcut

stands. Most trees of Douglas-fir region forests are conifers, of which there are six

major lowland species north of the Siskiyou Mountains ( table 2.1 ) . In total , these

temperate forests contain 25 conifer species , many of which are the largest and

longest lived of their genera (Waring and Franklin 1979) . Large, fallen trees are

unique, critical components of forest systems (Franklin and Hemstrom 1981 , Franklin

and others 1981 , Maser and others 1979) .

Future forests will contain much less coarse woody debris (CWD) , and that debris

will be smaller and of different quality than that seen today. We have the technology

to remove most coarse woody debris from the forest ; in fact , current wood utilization

standards encourage such removal (fig . 2.1 ) . Moreover, converting natural forests to

intensively manipulated stands reduces tree lifespans from centuries to decades ;

future trees will be much smaller than they are today , and wood quality will

undoubtedly be different from that of today's forests.

Individual trees have different characteristics that produce diversity within the forest.

Trees can live for hundreds or even thousands of years because they produce new

functional tissues every year , but most die much earlier from injury, disease , or both .

The cause of death (table 2.2) determines diversity of the structural and functional

roles served by the dead tree in its tenure on the forest floor. When a tree dies and

remains standing as a snag, this new, different structural and functional unit adds

diversity to the system ,diversity important to many forest organisms (fig . 2.2 ; tables

2.3 , 2.4 , 2.5 ) . When a snag or a green tree falls to the forest floor, diversity again is

added (figs . 2.1 , 2.3 , 2.4 ; tables 2.6 , 2.7) .
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Table 2.1 - Typical and maximum ages and diameter at breast height attained

by 6 species of coniferous trees on fertile soils in forests of the Pacific

Northwesta

MaximumTypical

DiameterSpecies Age Height Age Diameter

Years Inches Feet Years Inches

1,200

.

Overstory trees:

Douglas-fir

Grand fir

Western hemlock

Sitka spruce

Western redcedar

Understory trees:

Pacific yew

>750

>190

>400

>500

>1,000

60 to 88

36 to 48

36 to 48

72 to 92

60 to 120

228 to 260

163 to 195

163 to 211

228 to 244

>195

>500

> 750

>1,200

174

72

104

210

252

>90 6 to 12 20 to 40 425 18 to 30

a

Adapted from Peattie ( 1953), Sudworth ( 1967), and Waring and Franklin ( 1979) .

Figure 2.1 - A clearcuton Marys Peak in which most of the large

woody debris has been removed. Note how small the remaining

pieces are .
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Table 2.2 — Some causes of death and the type of dead tree produced

Type of dead tree

Standing Fallen

Whole Piece (s ) Whole Piece(s)Cause of death

:Physical damage:

Ice , snow

Lightning

Wind

Stem breakage

Uprooting

Falling trees

Stem breakage

Uprooting

Injuries to bark,

by vertebrates

Fire

Insects :

Bark beetles

Defoliators

Diseases :

Rots and cankers

Of stem

Of base and roots

Mistletoe,

foliage

Suppression and competition

Sources: Aho (1966 , 1982); Bull and others ( 1980); Crouch ( 1969) ; Etheridge ( 1973) ; Hadfield

(1985 ); Hawksworth and Wiens ( 1972) ; Houston ( 1981 ) ; Johnson and others (1964 ); Koonce and

Roth (1980 ); Krebill(1968 ); Leaphart ( 1959) ; Maser ( 1967); Neff ( 1928) ; Poelker and Hartwell

( 1973) ; Roth ( 1970) ; Ruth and Yoder ( 1953) ; Sanders ( 1964); Schowalter ( 1985) ; Shigo ( 1973,

1979) ; Shigo and Marx (1977 ); Shortle ( 1979) ; Wargo ( 1984 ); Wright and Harvey (1967) .

Figure 2.2—Snags are important structural components of the

forested landscape.
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Table 2.3 — Physical characteristics of Douglas-fir snags by deterioration stage, western Oregona

Stage of deterioration

3Item 1 2 4 56

Snag

characteristic :C

All present Only limb stubsFew limbs , no

fine branches

BrokenPointed

Limbs and

branches

Top

Diameter,

broken top

Height

Bark remaining

(percent)

Sapwood:

Presence

Condition

Increases at decreasing rate

Decreases at decreasing rate

100 Varies Varies

Intact

Sound, incipient

decay, hard,

original color

Heartwood

condition

Sound, hard,

original color

Sloughs

Advanced decay ,

fibrous, firm

to soft, light

brown

Sound at base,

incipient decay

in outer edge

of upper stem ,

hard, light to

reddish brown

Sloughs

Fibrous,

soft, light

to reddish

brown

Incipient decay

at base,

advanced decay

throughout

upper stem ,

fibrous , hard to

firm , reddish

brown

Estimated age

at which snags

reach a given

stage of

deterioration :

4-18 inches in

d.b.no

8-19 inches in

d.b.h

>19 inches in

d.b.h "

0-4 years 5-8 years 9-17 years

0-5 years 6-13 years 14-29 years

0-6 years 7-18 years 19-50 years

NoneFew or no

stubs

Varies >20

GoneSloughs

Cubical ,

soft, reddish

to dark brown

Adanced decay at Sloughing, cubical ,

base, sloughing soft, dark brown, or

from upper stem , fibrous, very soft,

fibrous, or dark reddish brown ,

cubical, soft, encased in hardened

dark reddish brown shell

> 17 years Fallen

30-60 years >60 years

51-125 years >125 years

b

Adapted from Cline and others ( 1980 ) .

Mostly remnant snags .

© Characteristics of a snag at each of the 5 stages of deterioration .

Characteristic in Douglas-fir forests < 80 years old ; mean d.b.h. 5 + 1 (SE) inch .

• Characteristic in Douglas-fir forests 80-200 years old ; mean d.b.h. 13 + 3 inches .

Characteristic in Douglas-fir forests >200 years old ; mean d .b.h. 39 6 16 inches .
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Table 2.4 — Some uses of snags by selected wildlife speciesa

Use Source

Cavity nest sites 0 Bull 1978 ,

Gale 1973,

Jackman 1974a ,

Maser and others 1981

Nesting platforms Miller and Miller 1980,

Zarn 1974

Feeding substrate Bull 1978,

Evans and Conner 1979 ,

Raphael and White 1976,

White and Raphael 1975

Plucking posts Miller and Miller 1980

Singing or drumming

(communication )

Bull 1975 ,

Jackman 1974b,

Rushmore 1973

Food cache or granary Balgooyen 1976,

Scott and others 1980,

Swearingen 1977

Location of courtship Jackman 1974b,

Jackson 1976,

Kilham 1979

Overwintering sites Bent 1964,

McClelland 1979

Roosting
Maser and others 1981 ,

Scott and others 1980

Lookout posts Miller and Miller 1980

See footnote at end of table .

29



Table 2.4 — Some uses of snags by selected wildlife species (continued)a

Use Source

Hunting and

hawking perch

Gale 1973,

Scott and others 1980,

White and Raphael 1975

Fledging site White and Raphael 1975

Dwelling or dens Maser and others 1981 ,

Scott and others 1980 ,

Thomas and others 1979

Loafing sites Scott and others 1980

Nesting under bark Harrison 1978 ,

Maser and others 1981 ,

Miller and Miller 1980 ,

Scott and others 1980

Communal nesting or

nursery colonies

Bull 1978 ,

Jackman 1974 ,

Maser and others 1981 ,

Scott and others 1980

Anvil sites Miller and Miller 1980,

Swearingen 1977

Thermally regulated

nests

Beebe 1974 ,

Conner 1979 ,

Maser and others 1981 ,

McComb and Noble 1981

a

Adapted from Neitro and others ( 1985 ) .
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Table 2.5 — Snag diameters and decay stages most often used

for cavity nesting by woodpeckersa

b

Snag d.b.h. , Decay stages

Species with bark Hard 2-3 Soft 4-50

Inches

d

Downy woodpecker

Hairy woodpecker

Red -breasted sapsucker

Acorn woodpecker

Lewis woodpecker

Northern flicker

Pileated woodpecker

11+

15+

15+

17+

17+

17+

25+
e

Adapted from Mannan and others ( 1980 ), Neitro and others (1985), Raphael and

White (1984 ).

From Cline and others (1980 ).

Stage 5 snags , except those with a hard outer casing, are too decomposed to be

с

5

used for nesting by most primary excavators .

d

May also use decay stages 2-3.

Also use hard snags of decay stage 1 .

Figure 2.3 — Fallen trees adda critical

dimension of diversity to the forest floor.

The man is 6 feet 7 inches tall.
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STAGE 4 STAGE 5STAGE 1

LIVE

STAGE 2

DECLINING

STAGE 3

DEAD

STAGE 6

BROKEN

STAGE 7

DECOMPOSED

STAGE 8

FALLEN

STAGE 9

STUMP

DECAY CLASSI DECAY CLASS II DECAY CLASS HII DECAY CLASS IV DECAY CLASS V

Figure 2.4When they fall, trees and snags immediately enter one of

the first four decay classes (modified from Maser and others 1979 ).

Table 2.6 — A 5 - class system of decay based on fallen Douglas-fir treesa

Characteristics Decay class

IIIof fallen trees 1 II IV V

Bark Intact Intact Trace Absent Absent

Twigs, 1.18 inches Present Absent Absent Absent Absent

Texture Intact Intact to

partly soft

Hard, large

pieces

Small , soft

blocky pieces

Soft and

powdery

Shape Round Round Round Round to oval Oval

Color of wood Original color Original color Original color

to faded

Light brown to

reddish brown

Red brown to

dark brown

Portion of tree

on ground

Tree elevated

on support

points

Tree sagging

near ground

All of tree on

ground

Tree elevated on

support points

but sagging

slightly

All of tree on

ground

Invading roots None None In sapwood In heartwood In heartwood

a

Adapted from Maser and others ( 1979) .
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a

Table 2.7 — Stage and condition of snag by decay

class of fallen tree, and fallen trees by decay class

In an old -growth Douglas -fir stand

Snag stage

and condition

Decay class

of fallen trees

Number of

fallen trees

per acre

1

II

III

11

6

13

1-3, hard snag

4-5 , hard snag

5-6, soft snag

7, soft snag , 70+ percent

soft sapwood

Fallen snag

Total
>
>

16

75

121

a

Adapted from Maser and others (1979 ).

Adapted from MacMillan and others (1977 ).

b

Forest Floor

Diversity

The forest floor is the interface between the belowground and the aboveground

components of the forest. As a center of intense physical , chemical, and biotic

activity , it both influences and reflects ecosystem functions . In turn , ecosystem

functions reflect the array and quality of processes resulting from structural diversity.

Physical Diversity When a tree falls—be it a wind -uprooted , healthy tree or a decomposing snag - a

sequence of ecological consequences begins . The fallof understory trees , usually

western hemlock or western redcedar, is caused by wind being funneled below the

overstory canopy. Falling of understory trees does not visibly affect the overstory

canopy , but additional light is admitted to the forest floor. The falling of an overstory

Douglas-fir, however, creates an evident canopy opening in which shade-tolerant

understory trees will be released to grow .

The opening increases considerably if the falling tree causes successive uprooting

and breaking of neighboring trees . The probability of a tree causing such a domino

effect when it falls increases with its size and vigor. A large , healthy tree is more

likely to fell the trees it strikes than is a decayed snag , which is more likely to break

or shatter. A large snag falling in a young stand is more likely to knock over a

smaller live tree than is one falling in a mature or old -growth stand .

The effect on canopy space is less dramatic when a tree dies standing and becomes

a snag . The snag occupies space and casts shade that affects the understory

vegetation . Over time , however , the snag deteriorates, its effect changing as

decomposition advances and pieces slough off .

Fallen trees create opportunities for new plants to become established . An old - growth

Douglas-fir may be uprooted or may break off at or above the ground , depending on

its health ( fig. 2.5, color ). Trees that break near the ground are infected with butt or

stem rots . The roots and stump decompose in place , leaving understory vegetation

intact and creating few new sites for establishment of vegetation . A tree with root rot

may be uprooted, but the roots break off instead of being pulled from the soil .
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In contrast , when roots of a healthy tree are pulled out of the ground when it falls,

bare soil is exposed as an extensive root-pit and mound ( fig . 2.6, color ). The

bare mineral soil of a root- pit and mound — and with time the fallen tree itself

presents habitats readily colonized by tree seedlings and other plants (Christy and

others 1982) .

The surface of a forest floor is roughened by fallen tree stems, their uprooted butts,

and the pits and mounds left after the uprooting ( fig. 2.7, color ). Living trees roughen

the surface of the forest floor by sending roots outward along slopes , often near the

litter layer . Tree stems also affect the surface by sloughing bark, which arrests soil

creep at their bases. Of all the factors affecting surface microtopography, the

pit -and-mound topography produced by uprooting trees is best known (Beatty 1984,

Bratton 1976) . Topography is a major influence in creating and maintaining species

richness of the herbaceous understory (Bratton 1976, Thompson 1980) and on the

success of tree regeneration (Henry and Swan 1974) . Pit -and-mound topography is

common in all types of forests and is a major cause of soil mixing (Stephens 1956) .

Live tree roots increase soil shear strength ; as dead roots decompose, soil strength

declines . For this reason, mass soil movement on slopes increases after clearcutting

( Burroughs and Thomas 1977 , O'Loughlin 1974 , Ziemer 1981 ) .

As tree stumps and roots decompose , they often form interconnected ,

surface -to -bedrock channels that rapidly drain excess water ( Beasley 1976 , de Vries

and Chow 1978 , Gaiser 1952) (fig. 2.8, color ). The collapse and plugging of these

channels during latter stages of decomposition are believed to foster slope instability

after logging by forcing more runoff to drain through the soil matrix , reducing soil

cohesion and increasing hydraulic pressure (Chamberlin 1972) .

Large , stable tree stems lying along slope contours reduce erosion by forming a

barrier to downhill soil movement (fig. 2.9, color ). Soil and forest floor materials

deposited along the upslope side of a fallen tree reduce nutrient loss and form an

excellent site for establishment and growth of vegetation .

Chemical Diversity Fallen trees are a major source of soil organic material in Pacific Northwest forests.

They also contain essential nutrients that are released during decomposition by

micro -organisms and plants , fungi , and animals , such as termites (fig . 2.10 ) , that

derive nutrients from the micro -organisms. The decomposer community is adapted to

the relatively low nutrient concentrations in wood ; wood-decomposing fungi can

survive and function at nitrogen concentrations about one-third those usually found in

undecomposed wood ( Cowling and Merrill 1966) .

The five decay classes (table 2.6 ) of fallen trees have different concentrations of

nutrients — the higher the decay class , the higher the nutrient concentration (tables

2.8 and 2.9) . As carbon compounds in wood decay to carbon dioxide , water, and

residual compounds , their nutrient contents , such as nitrogen , are released from the

wood matrix . Micro -organisms and the larger creatures that decompose the wood for

energy and structure concentrate these nutrients in their tissues as they metabolize

the carbon compounds .
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Figure 2.10 — A Pacific dampwood termite

worker. A termite can digest the wood it

eats because of a mutually beneficial ,

three -way relation between the

individual termite , cellulose -digesting

protozoa, and nitrogen -fixing bacteria

that live in its gut. The protozoa digest

the cellulose in the wood and convert it

to a form that the termite can use as

food. In turn , the termite's body

provides an anaerobic chamber that is

replete with food for the protozoa. Wood

particles eaten by the termite pass into

the chamber and are engulfed by the

protozoa, which in turn ferment the

cellulose . Major products of fermentation

are carbon dioxide, hydrogen, and acetic

acid . The acetic acid is absorbed through

the wall of the termite's hindgut and is

oxidized as energy (Breznak 1975).

1 mm

Nitrogen concentrations can increase severalfold during progressive stages of decay

(table 2.8) , in part because of biological nitrogen fixation by free-living bacteria in the

wood ( Silvester and others 1982) . Absolute gains or losses of nitrogen or other

elements depend on the balance between nutrient inputs and losses during decay.

Nutrients that are conserved by plants and animals during decomposition include

nitrogen, calcium , magnesium, and sodium. Others, such as potassium , usually are

leached and recycled (Grier 1978, Yavitt and Fahey 1982) .

Fallen trees are a substantial reservoir of soil organic matter in old -growth Douglas-fir

forests (table 2.10) . In two Douglas-fir forests, the organic matter from all decay

classes of fallen trees older than 500 years represented about 30 percent of the total

soil organic matter (Means , Cromack, and MacMillan , unpublished data) . Nutrients

are less concentrated in fallen trees in all decay classes than in leaf , twig, and root

components of the forest floor (table 2.9) . Because of the great amount of large

wood in an old - growth Douglas- fir forest , however , the total amount of nutrients in

fallen tree stems is still important (table 2.10 ) . The proportion of the total soil organic

matter contributed by fallen trees can be nearly fourfold greater than that of the other

forest floor materials (table 2.10) . Litter components take 10-50 years to decompose

( Fogel and Cromack 1977) , whereas fallen trees take as long as several centuries

( Means and others 1985) . Thus , the nutrient pool of a fallen tree cycles on a much

longer time scale than that of the rest of the forest floor.

>

The forest floor and its decaying wood receive nutrients from throughfall (rain , snow,

or dew that picks up nutrients as it falls through the canopy) (fig . 2.11 ) . If fallen trees

occupy, say , 10 percent of the ground surface in an old -growth Douglas-fir forest ,

and if they remain in place for 100 years , they potentially could accumulate nutrients

equivalent to 10 times the nutrients carried in the average yearly throughfall

(table 2.11 ) .
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Table 2.8 — Representative data for decay classes, nitrogen , carbon , and C:N

ratios of decaying fallen trees in western coniferous forests

Decay

class
Ecosystem and tree species N с C:N

Percent

H.J. Andrews Experimental Forest,a

old -growth Douglas-fir 1

II

WIL

IV

0.08

.09

.10

.13

.23

52

53

54

55

56

655

615

534

411

244

b

Sequoia National Park ,

mixed conifers :

White fir 1

11

.10

.13

.17

.25

49

50

49

53

488

384

287

213IV

Jeffrey pine
=
.09

.15

.12

.36

51

51

50

52

572

338

419

144

III

IV

Sugar pine

=

Il

III

IV

.11

.19

.22

.20

50

54

52

55

457

282

234

276

Olympic National Park :C

Western hemlock 1

II

III

.10

.14

.11

.26

50

50

50

50

500

357

454

200IV

Sitka spruce 1

11

III

IV

.08

.08

.10

.23

50

50

50

52

625

625

500

217

a

b

Sollins and others ( 1980) .

Harmon and others, in press.

Graham and Cromack ( 1982) .
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Table 2.9 - Nutrient concentrations in the forest floor and in fallen trees in an

old -growth Douglas-fir forest on the H.J. Andrews Experimental Forest in the

western Cascade Range in Oregona

Component
N P K Ca Mg Na

Percent

Total forest floor

Fallen tree stems

0.50

.10

0.098

.0031

0.11

.0111

0.87

.076

0.26

.0076

0.014

.0024

a

The forest is a site class III , and elevation ranges from 1,400 to 2,080 feet. The data are from Sollins

and others (1980 ).

b

Weighted average concentration of fallen tree decay classes II -IV.

Table 2.10Mass and nutrient content of the forest floor and fallen trees in an

old -growth Douglas-fir forest on the H.J. Andrews Experimental Forest in the

western Cascade Range in Oregona

Component Organic matter N P K Ca Mg Na

Total forest floor

Fallen tree stems

45,568

191,350

228

191

Pounds per acre

44.7 50.1 396.4

6.0 21.3 145.4

118.5

14.5

6.4

4.7

aThe forest is a site class III , and elevation ranges from 1,400 to 2,080 feet. The data are from Sollins

and others ( 1980 ).

1

Decomposition of fallen trees is aided by a variety of micro- and meso -organisms

that live in , on , or near them ( Elton 1966, Harmon and others 1986) . Potential thus

exists for considerable uptake , utilization , and export of nutrients from fallen trees

during decomposition . Substantial cycling of nutrients occurs , for example , in

decayed, fallen lodgepole pine (Yavitt and Fahey 1985) , especially after snowmelt.

Decomposition of fallen trees releases nutrients for microbial and plant growth

(Yavitt and Fahey 1985) . Fruiting bodies of hypogeous mycorrhizal fungi produced

in association with tree roots in rotten wood provide nutrients and energy to insects,

mollusks, and mammals ( Maser and others 1979) .

Woody litter , regardless of type or size , takes considerably longer to decompose than

does needle and leaf litter (table 2.12) . Needles , leaves, and small twigs decompose

faster than larger woody material and nutrients are thereby recycled faster in the

forest floor. About 140 years are needed for nutrients to cycle in large, fallen trees

and more than 400 years for such trees to become incorporated into the forest floor;

they therefore interact with the plants and animals of the forest floor and soilover a

long period of forest and stand successional history (table 2.12) . During this time , a

variety of shrubs and trees , such as western hemlock and Sitka spruce, have the

opportunity to develop part or all of their root systems within rotting wood ( Harmon

and others 1986) .
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Figure 2.11 - Large fallen trees decay slowly

and over time receive nutrients from such

ecological processes as rain falling through

a nutrient-rich canopy.

Table 2.11 – Nutrient content of fallen trees compared with annual

throughfall nutrient inputs in an old -growth Douglas-fir forest on

the H.J. Andrews Experimental Forest in the western Cascade

Range in Oregona

Component N P K Ca Na

Pounds per acre

Total annual

throughfall
4.9 1.2 12.5 6.7 5.9

Fallen tree

nutrient

content 191 6.0 21.3 145.4 4.7

Throughfall

on fallen

trees in 100

years
49 12 125 67 59

The forest is a site class III , and elevation ranges from 1,400 to 2,080 feet. The

data are from Sollins and others ( 1980 ).

Release of nutrients , especially nitrogen, from forest litter is a function of the decom

position rates and the ability of micro -organisms to retain the nitrogen in their tissues

( Mahendrappa and others 1986) . Work of Bosatta and Staff ( 1982) suggests that, for

slower decomposing substrates , such as wood , the rate of nitrogen release per unit

of carbon mineralized increases as the decomposition rate decreases. Nitrogen

concentration is an important variable in the regulation of decomposition, especially

in the earlier stages of decay. Lignin is important in later decomposition because it

affects the proportions of different residues that may be incorporated into humic

materials ( Berg 1986) (table 2.13) .
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Table 2.12 — Annual rate of decomposition and time estimated for

95 -percent decay of forest litter in the Pacific Northwesta

Species

and

litter component

Annual

decomposition

rate

Time for

95 -percent

decayLocation

Percent Years

Douglas -fir:

Needles

Small branches

Cones

Bark

Fallen trees

Oregon, Cascade Range

Oregon , Cascade Range

Oregon , Cascade Range

Oregon, Cascade Range

Oregon , Cascade Range

23.0

8.5

6.5

3.4

.7

11

34

45

86

429

Western hemlock,

fallen trees Coastal Washington 1.0 273

Sitka spruce,

fallen trees Coastal Washington 1.0 273

a

Decomposition data for needles, leaves , and small woody litter are taken from Fogel and Cromack

( 1977) and Edmonds (1980 ); decomposition data for fallen trees are from Graham and Cromack

( 1982) and Means and others ( 1985) . The time for 95 -percent decay is calculated from Olson (1963).

Table 2.13 — Quality of Pacific Northwest forest litter

components for carbon and nitrogena

Species

and

litter component с
N C :N Lignin Lignin :N

Percent Percent

Douglas -fir:

Needles

Small branches

Cones

Bark

Fallen trees

Western hemlock,

fallen trees

5

49

49

56

50

0.820

.150

.240

.190

.100

61

333

208

289

500

22

43

44

59

27

27

289

184

308

270

50 .076 658 29 381

Sitka spruce ,

fallen trees 50 ,098 510 27 275

Data on nitrogen and carbon are from Cromack and Monk ( 1975 ) , Fogel and

Cromack ( 1977) , Graham and Cromack ( 1982) , and Petersen ( 1984 ) .
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Woody litter components are generally higher in initial lignin than are nonwoody

components (table 2.13) ; high lignin content results in formation of large quantities

of humus in the latter stages of decay (Berg 1986 ; Berg and McClaugherty, in press ;

de Hann 1977 ). High concentrations of initial lignin and higher lignin -to - nitrogen ratios

in woody substrates mean they decompose slowly ( Melillo and others 1982) .

Humus formation is important in regulating the incorporation of nitrogen into humic

materials (Allison 1973 , Broadbent 1970, Mahendrappa and others 1986, Russell

1973 ). Because of its high cation exchange capacity and slow decomposition, rotten

wood can retain available mineral nitrogen from throughfall and decomposition as

well as organic nitrogen compounds mineralized within the wood chemical matrix .

Roots and mycorrhizae of plant species that colonize decaying wood use its available

nitrogen.

Animals facilitate the process of microbial colonization of fallen trees by such

activities as boring and tunneling ( Elton 1966, Maser and Trappe 1984a) . Ants and

termites excavate 10-18 percent of the fallen trees, such as Jeffrey pine and sugar

pine , in Sequoia National Park, California (Harmon and others, in press). Ants also

extensively excavate decaying mountain hemlock near Waldo Lake, west - central

Oregon Cascades (Cromack, unpubl . data ) . In addition to excavating, termites have

internal nitrogen -fixing micro -organisms in their intestines (Breznak 1975 , Elton 1966 ).

5

1

Nitrogen limits forest productivity in the Pacific Northwest, so it is important that

decaying , fallen trees are sites of nitrogen fixation by free-living bacteria (Cornaby

and Waide 1973, Silvester and others 1982) . The rates of nitrogen fixation in

decaying wood are relatively low compared with those of symbiotic nitrogen-fixing

plants , such as red alder and snowbush ( Binkley and others 1984, McNabb and

Cromack 1983 , Tarrant and Miller 1963 , Youngberg and Wollum 1976) . About 1

pound per acre per year of nitrogen is fixed in decaying wood (Sollins and others

1986) . About half the volume of the annual input of nitrogen is in rainfall (Sollins and

others 1980) .

The long -term input by nitrogen fixation in decaying fallen trees and by canopy

inhabiting lichens maintains a positive balance of nitrogen in the ecosystem.

Little nitrogen is lost through soil erosion and leaching in undisturbed forests , so

additions through relatively small rates of nitrogen fixation and input from precipitation

gradually accumulate to significant amounts . This positive balance permits periodic,

large losses of nitrogen by fire and accelerated erosion to be more than recovered

when added to large inputs of belowground nitrogen fixation from early successional ,

nodulated species , such as red alder and snowbush .

The net gains of nitrogen through time have led to substantial accretion of nitrogen

and associated soil organic matter in many undisturbed forests of the Pacific

Northwest. Nitrogen in these forests has accumulated from about 17,800 pounds/

acre on highly productive sites to 2,670-4,450 pounds/acre on poor sites . Even

forests low in nitrogen , such as a mountain hemlock forest growing on tephra

deposited by the eruption of Mount Mazama about 6,700 years ago , has gained

1,335-1,602 pounds/acre of nitrogen in the absence of major nitrogen -fixing plants

( Boone 1983) . This gain may be due in part to the presence of coarse woody debris

and some nitrogen -fixing lichens .
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Classical agricultural soil theory suggests that nitrogen is available to plants only

when the C :N ratio is less than about 25 :1 ( Russell 1973) . Even in advanced decay,

the C :N ratio in fallen trees remains consistently much higher than that of the forest

floor. An important new hypothesis, however, suggests that nitrogen availability is

controlled as much by the availability of easily decayed carbon substrates as by

nitrogen concentration per se (McClaugherty and Berg, in press). Wood -rotting fungi

can extract nitrogen from substrates with a C :N ratio of 1800 : 1 (table 2.8) , nearly

three times as much as sound wood of typical western conifer species . Mycorrhizal

fungi , the major organs of nutrient uptake by the roots, also have decomposing

capability (Durall, Todd, and Trappe, unpubl. data) . Thus, decaying wood has

long-term potential for contributing nitrogen for tree growth as residual lignin and

humus are decomposed.

The new theory regarding nitrogen availability suggests that decomposing wood

loses easily biodegradable carbon substrates faster than do other litter components,

such as leaves (Berg 1986; McClaugherty and Berg , in press) . Consequently , nitro

gen from decaying wood becomes available for plant growth at the higher C :N ratios.

Wood appears to facilitate colonization by long-lived decomposer and mycorrhizal

fungi that capture nutrients, such as nitrogen, within a chemical matrix that promotes

nitrogen retention . A slow -release nitrogen system operates in coarse woody debris

because nitrogen has the potential for becoming available for plant growth at higher

C :N ratios than in typical agricultural residues (Berg 1986 ; McClaugherty and Berg, in

press) . Other beneficial properties of large , fallen trees in forests include high water

holding capacity and cation-exchange capacity (Means and others 1985 , Sollins and

others 1986) , and habitat for micro - organisms, invertebrates, vertebrates, and higher

plants (Maser and Trappe 1984a) (fig . 2.9 ) .

Biotic Diversity
The manner in which a fallen tree comes to rest on the forest floor greatly influences

subsequent diversity of both external and internal plant and animal habitats. The

decomposing fallen tree provides a changing spectrum of habitats over many

decades — even centuries. It provides diversity within a given successional stage and

forms a physical-chemical link through the many successional stages of a forest.

Placement of fallen trees - how they lie on the landscape - determines the chain of

events leading to diversity. The cause of tree death and characteristics of the site

and its forest stand mainly determine the initial placement of a fallen tree ( fig. 2.12 ) .

In the absence of human interference, the ultimate placement is determined by how it

decomposes and becomes incorporated into the soil ( Franklin and others 1981 ,

Maser and Trappe 1984a) .

A fallen tree performs various ecological functions between the time it falls and the

time it is finally incorporated into the soil . If it lies up-and-down slope or falls across

other downed trees , most of its volume is initially suspended above the ground. Such

elevated relief adds complexity to the forest floor by creating cover and shade .
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Figure 2.12 — Diversity on the forest floor is created

by the way trees fall; here a Douglas-fir tree , decay

class I, fell before the Douglas-fir snag,which

entered decay class III .

When a fallen tree decomposes, unique new habitats are created within its body as

the outer and inner bark , sapwood, and heartwood decompose at different rates. The

quality of the habitat depends on its physical and chemical properties ( fig. 2.13) .

A fallen tree interacts with its environment through internal surface areas . A newly

fallen tree is not yet a habitat for plants or most animals . But once organisms gain

entrance to the interior, they consume and break down wood cells and fibers. Larger

organisms — mites, collembolans, spiders , millipeds , centipedes, amphibians, and

small mammals—must await the creation of internal spaces before they can enter.

The flow of plant and animal populations, air, water, and nutrients between a fallen

tree and its surroundings increases as decomposition continues (fig . 2.14 ) .

Internal space develops in a fallen tree through physical and biological processes. A

tree cracks and splits when it falls and dries. Microbial decomposition breaks down

the cell wall and further weakens the wood. Wood -boring beetle larvae and termites

tunnel through the bark and wood, not only inoculating the substrates with microbes

but also opening the tree to colonization by other microbes and small invertebrates.

Wood -rotting fungi produce zones of weakness, especially between annual rings,

by decaying spring wood faster than summer wood . Plant roots that penetrate the

decayed wood split and compress it as the roots elongate and grow in diameter.

Because of all this internal activity, the longer a fallen tree rests on the forest

floor, the greater the development of the surface area of its internal cavities . Most

internal surface area results from biological activity, the cumulative effects of which

not only increase through time but also act synergistically - insect activity promotes

decomposition through microbial activity that encourages establishment and rooting

of plants .
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Figure 2.13 — Relative decay rates and composition of different sub

strates of fallen trees: OB = outer bark; 1B = inner bark ; SW = sap

wood; HW = heartwood (adapted from various sources).
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Figure 2. 14—Fallen trees progress through two simultaneous succes

sional processes — internal and external (modified from Maser and

others 1979).
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Numerous physical and chemical changes occur as fallen trees decay: ( 1 ) density

decreases; (2) water content increases until decay classes III and IV are reached , at

which time the water content stabilizes (fig . 2.15) ; (3) mineral and nitrogen contents

increase; (4) cellulose content decreases; (5) relative lignin content increases; (6)

C:N ratio decreases (Fogel and Cromack 1977, Foster and Lang 1982, Graham and

Cromack 1982, Grier 1978, Lambert and others 1980 , Sollins 1982) ; and ( 7 ) internal

temperature fluctuations are buffered as the fallen tree comes in contact with the

ground (Sollins and Cline , unpubl. data ).

Habitats, both external and internal , are influenced by tree size . An uninterrupted

supply of new, immature wood in young forests decomposes and recycles nutrients

and energy rapidly . Habitats provided by the death of young trees are short lived

and rapidly changing . In contrast , the less frequent, more irregular mortality of large

trees in old forests is analogous to slow-release fertilization. The lasting quality of

large fallen trees creates stable habitats in which large woody debris accumulates

(fig . 2.16, color ). Scattered accumulations of large woody debris are associated with

openings in the forest canopy (Stewart 1984) . Large fallen trees in such an area

often contact each other physically , creating external habitats of intense biological

activity ( Maser and others 1979 , Neitro and others 1985 , Stewart 1984, Thornburgh

1967 ).

Conclusions Decaying , fallen trees contribute to long-term accumulation of soil organic matter,

partly because the carbon constituents of well-decayed wood are 80-90 percent

residual lignin and humus (Means and others 1985) . Decaying wood in the soil and

establishment of conifer seedlings and mycorrhizal fungi on dry sites are positively

correlated (Harvey and others 1987) . Fallen trees also create and maintain diversity

in forest communities. Soil properties of pits and mounds differ from those of sur

rounding soil (Beatty and Stone 1985) ; such chemical and topographic diversity

in turn affects forest regeneration processes (Lyford and MacLean 1966) . All this,

especially large fallen trees that reside on the forest floor for long periods, adds to

spatial , chemical, and biotic diversity of forest soils, and to the processes that

maintain long -term forest productivity.
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Figure 2.15 -- Water content of fallen Douglas-fir trees in winter

and summer; each point represents a decay class from ! (newly

fallen trees) to V ( fallen trees decomposed to a mound ofbrown
cubical rotted wood) .
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Figure 2.5 — Wind may break unhealthy trees above the ground. Figure 2.6 — Wind blows over healthy trees and

pulls their roots from the soil.

Figure 2.7 — Forest floor diversity is partly

maintained by windthrown trees that create a .

pit-and -mound topography as they are uprooted.

Figure 2.8 — Large stumps from old - growth trees are a finite resource,

and their loss from the forest affectsboth soil shear strength and

watershed hydrology .

Figure 2.9 — A fallen tree oriented along the contour of a slope . The

upslope side is filled with humus and inorganic material that allows in

vertebrates and small vertebrates to tunnel alongside. The downslope

side provides protective cover for larger vertebrates. When under a

closed canopy, such trees are also saturated with water and act as a

reservoir during the dry part of the year .

Figure 2.16—Large fallen trees are a finite resource that create a

myriad of changing habitats through time as they decompose and

recycle into the forest soil and new , living trees .
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Chapter 3. What We Know About Large

Trees That Fall Into Streams and

Rivers

James R. Sedell , Peter A. Bisson , Frederick J. Swanson ,

and Stanley V. Gregory

Summary The most productive habitats for salmonid fish are small streams associated with

mature and old -growth coniferous forests where large organic debris and fallen trees

greatly influence the physical and biological characteristics of such streams.

Introduction In western Oregon, most of the 17,000 miles of fish -bearing waterways are small

streams averaging less than 10 feet wide ; shown below is the mileage by ownership :

Owner Miles Source

Private 9,144 Oregon Department of Fish and Wildlife;

Oregon Department of Forestry

Bureau of Land

Management

USDA Forest Service

2,025

5,800

U.S. Department of the Interior

Everest and Summers

( 1982)

Total 16,969

Dense vegetative canopies help keep waters cool , and falling tree litter delivers

nutrients to the stream portion of the ecosystem. Large organic debris and fallen

trees greatly influence the physical and biological characteristics of small streams

that may contain as much as 200-700 tons/acre of such material (Anderson and

others 1978 , Bisson and others 1987, Franklin and others 1981 , Harmon and others

1986, Keller and Swanson 1979, Swanson and Lienkaemper 1978) .

History of Wood

in Northwest

Streams and Rivers

Most early descriptions of streams and rivers in the Northwest were recorded in

British and United States army journals . Valleys were so wet that early travel was

confined to edges of the hills ( Dicken and Dicken 1979 ) . Oregon's Tualatin Valley

was "mostly water connected by swamps" (Ogden 1961 , p . 122) . Much of this

flooding resulted from beaver dams, accumulated sediment , fallen trees, and living

vegetation in the channels . The valley bottoms had long accumulated alluvial silt and

organic material , so the land was drained for agriculture early in the time of

settlement .
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The condition of Willamette Valley streams in 1910 was described by Williams ( 1914,

p. 13 ) :

Many of the smaller streams ...through these flat sections of the

valley flow sluggishly and frequently overflow their banks during

periods of heavy winter rainfall .... Most of these have sufficient

grade to carry even more water than ordinarily comes to them ;

seldom less than 3 , and usually more , feet of fall per mile . The

annual overflow is caused from the obstructing of the channel by

the growth of trees and the extension of their roots , the dams

thrown across the channels by beavers and the consequent ac

cumulation of sediment and other debris .... It is common condition ,

however, and usually all that is necessary is a clearing out and

opening up of the clogged channel of the stream to afford entire

relief ... to the farmer....

Streams of the Puget Sound lowland in Washington State were also a network of

sloughs, islands , beaver ponds , and driftwood dams with no main channel . The

Skagit River lowlands encompass about 198 square miles , of which more than

50 square miles were once marsh , sloughs, and wet grass meadows . Maps of the

lower Nooksack and Snohomish Rivers show large areas of sloughs, swamps, and

grass marshes before 1900 (Reports of the Secretary of War 1875-1921 ) .

The channels of both high- and low-gradient rivers contained large amounts of woody

debris , regardless of the bed material . The lower Siuslaw River and North Fork

Siuslaw River were so filled with fallen trees that trappers could not explore much of

these systems in 1826 ( Ogden 1961 ) .

In 1870 , the Willamette River flowed in five separate channels between Eugene and

Corvallis . Reports of the Secretary of War ( 1875-1921 ) describe many obstacles to

navigation of the Willamette River above Corvallis and say that the riverbanks were

heavily timbered for half a mile on either side . More than 5,500 drifted , dead trees

were pulled from a 50- mile stretch of river in a 10-year period. These trees ranged

from 5 to 9 feet in diameter and from 90 to 120 feet in length . The river was also

confined to one channel by engineering activities .

Many other rivers in Oregon and Washington were completely blocked by driftwood

in the lower, main channels ; the Skagit River had a driftwood jam three -fourths of a

mile long and one-fourth of a mile wide . The Stillaguamish River was closed by six

driftwood jams from the head of tidewater to river mile 17. Drifted , dead trees were

so numerous, so large , and so deeply imbedded in the bottom that a steam " snag

boat" operated for 6 months to open a channel only 100 feet wide .
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Driftwood in high - gradient river systems often jams where the channel gradient is

abruptly decreased . A section of the South Fork Nooksack River was described by

Morse ( 1883, p. 9 ) :

...we came to a place where the river, during freshets had ground

sluiced all the earth away from the roots of the trees , and down

some 6 feet to the gravel. This covered a region of country a mile

in width by five in length . Overgrown yellow fir timber had once

covered most of that section . If the river below there was only

clear of jams that place would be paradise of hand loggers . On

the gravel lay many million feet of sound fir timber, which only

needed to be junked up during the summer and the winter fresh

ets would float the logs down to the sea . Immediately below this

place, the jams first extend clear across the river, and for the next

20 miles there is a jam across the river nearly every mile .

Large, woody debris was obviously an important part of early river systems of the

Pacific Northwest; however, human objectives dictated that debris be cleared from

river channels. Throughout North America , people have systematically cleaned

downed trees and woody debris from streams for more than 150 years (Sedell and

Luchessa 1982, Sedell and others 1982b) . From the mid-1800's to about 1920, large

and intermediate -size rivers in North America were cleaned so steamboats and rafts

could navigate . From the 1880's to about 1915 , small rivers and streams were

cleaned so logs could be transported from the woods to the mills (fig . 3.1 ) . Splash

dams were built on many streams to temporarily augment the flow so logs could be

floated (Sedell and Duval 1985 , Sedell and Luchessa 1982) (fig . 3.2) . Such channel

clearance and splash damming removed large quantities of woody debris from

medium to large streams, which significantly changed the physical and biological

conditions of the streams (Harmon and others 1986) .

During the 1950's and 1960's , west coast fishery managers feared that woody debris

in streams restricted fish passage , supplied material for log jams, and caused chan

nel scouring during floods (Hall and Baker 1982, Narver 1971 ) . The great ecological

value of organic debris was not yet known , and during times of extreme waterflow , all

the managers' fears might be realized (Gharrett and Hodges 1950 , McKernan and

others 1950 ) . The result of these fears was that fishery biologists were forced into

the role of river engineers , a part for which they were not trained .

Debris is not now removed on the same scale as in the 1950's and 1960's , but

removal is still a large part of salmon enhancement programs in several Western

States and is mandated by virtually every State Forest Practices Act in the western

United States and Canada . The combination of removal of debris in watershed

headwaters so that fish could pass , splash damming , and removal of drifting wood

and log jams from large rivers has left entire drainage systems almost devoid of large

wood (Sedell and Swanson 1984) .
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Figure 3.1— Logs in a small stream awaiting enough water to

be floated to the mill (photo from USDA Forest Service histori

cal files).

E

TIU11

- nu

MIAE

Figure 3.2 — A splash dam at Austin Place , Hamilton Creek,

Oregon, August 16 , 1907. Such dams were used to regulate

the flow of water to float logs down a stream to the mill (histori

cal photo, courtesy of the Horner Museum , Oregon State

University) .
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Figure 3.3 — Stream order (after Strahler 1957) in a typical

watershed . The majority of stream mileage is in first- and

second -order tributaries in all watersheds of western Oregon

and Washington .

Stream Categorization Streams are characterized by their " order " ( Strahler 1957) (fig . 3.3) . Headwater

stream channels are designated first-order; two first -order streams combine to form a

second -order stream . Two second -order streams combine to form a third -order, and

so forth .

In western Oregon, first- and second -order streams constitute 79 percent of the total

stream mileage (Boehne and House 1983) (table 3.1 ) . Such streams rise in very

small watersheds with limited water storage capacity . These streams may have only

scanty or intermittent flow during the dry season , but during high flows they may

move large amounts of sediment and woody debris. Headwater streams mainly

determine the type and quality of downstream fish habitat.

First- and second -order streams are influenced by the geomorphology, soils , and

vegetation of their channels . Large woody debris is common , covering as much as

50 percent of the channel (Anderson and Sedell 1979 , Swanson and Lienkaemper

1978 , Triska and others 1982) . The stream is continuously shaded by vegetation .

Flow energy in the channel is continually dissipated by woody material and vege

tation that slow erosion and foster deposition of organic and inorganic materials. The

average gradient of these streams often exceeds 10 percent , but the channels usu

ally have a stairstep configuration of flat reaches connected by riffles and low falls .

Salmonid reproduction may be sufficient , even in some ephemeral streams, to furnish

fry to larger waters downstream ( Everest 1973 , Everest and others 1985) .

.
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Table 3.1 - Stream order analysisa

Number

of order

Total

streams

Average

length

Average

watershed

areaLength Density

Number -Miles --------- Acres Miles/acre

Coastal

watersheds:

1

2

3

4

5

20

20

20

19

9

5.0

24.0

94.9

303.4

393.3

0.25

1.20

4.70

16.00

43.70

25

146

410

1,823

4,635

0.010

.008

.012

.010

.010

Cascade Range

watersheds:

1

2

3

4

5

20

20

19

20

7

5.0

27.9

101.9

407.9

249.9

.25

1.40

5.00

20.40

35.70

35

222

876

2,761

4,649

.007

.008

.008

.009

.008

b
& Adapted from Boehne and House ( 1983) .

Ordered on 1 : 12,000 scale .

Third- and fourth -order streams usually flow continuously . Average gradient is less

than 5 percent, but there may be intermittent stretches of rapids or falls . Woody

debris usually covers less than 25 percent of the channel . High flows may flush

woody material from the system or deposit it in jams . The vegetative canopy over

third- and fourth -order streams varies in density . These streams can transport large

amounts of sediments, which are often deposited around channel obstructions, in

narrow , winding areas, or in other areas of low velocity-accretion bars , estuaries ,

and the flood plain .

The direct influence of riparian areas is moderated in fifth -order and larger streams

but remains important. Canopies of large , old -growth trees provide some shade,

vegetated riparian zones keep the main channel confined , and the largest stems of

down trees that remain in the stream provide important summer and winter salmonid

habitat . Flood plains of the larger streams contain complex arrays of side channels,

overflow channels , and isolated pools . Side channels are often created and main

tained by large woody debris ( Bisson and others 1987 , Sedell and others 1984) . The

gradient in large streams is usually less than 1 percent , but rapids and falls may

occur. Alluvial material and woody debris may be deposited in quiet areas , but

accumulations are flushed and rearranged during high flows .
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Table 3.2 - Physical variables in relation to stream order in 2 Oregon

watershedsa

Watershed type

and physical variable

Stream order

3 4Unit 2

5

Coastal watersheds:

Gradient

Width

Depth

Pool

Percent

Feet

Inches

Percent

Percent

Square yards per mile

18

2

8

22

78

121

nu
6

5

16

27

73

455

4

10

16

31

69

1,176

3

11

33

37

63

63

Riffle

Spawning gravel

Bottom substrate

Bedrock

Boulder

Cobble

Rubble

Gravel

Fines

Percent

Percent

Percent

Percent

Percent

Percent

2

11

26

9

36

16

16

15

15

10

29

16

H
B
H
B
8
Q

14

15

17

15

27

12

9
4
9
1
8
8

11

27

20

11Percent

Feet

Inches

Percent

Percent

Square yards per mile

H
4
2
8
8

乃

9

7

4

56

44

125

6 3

9 24

8 12

58 49

42 51

376 1,321

Cascade watersheds :

Gradient

Width

Depth

Pool

Riffle

Spawning gravel

Bottom substrate

Bedrock

Boulder

Cobble

Rubble

Gravel

Fines

55

45

73

|
|
|

Percent

Percent

Percent

Percent

Percent

Percent ೧ಪ|
|

||

|
|

|
|

w
o

1
1
1
1

13 16 2018

5

a

- = not available .

Adapted from Boehne and House ( 1983) .

Most salmonids spawn in fourth -order coastal streams and fifth -order watersheds in

the Cascade Range (table 3.2 ) . Resident salmonids use some second -order coastal

streams but are nearly always found in third -order or larger streams. Fourth- and

fifth -order streams in western Oregon can support rearing of anadromous salmonids

unless barriers or gradients of more than 12 percent stop upstream movement of

adults .
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Figure 3.4 — Diagram of first- to eighth -order streams showing

width, dominant predators, producer groups , P :R (produc

tion :respiration ) ratios, importance of wood , and proportion of

invertebrate functional groups (adapted from Vannote and

others 1980 ); CPOM = coarse particulate organic matter,

FPOM = fine particulate organic matter.

Ecosystem Structure

and Function in

Unmanaged Streams

The stream network is a spectrum of physical environments and associated biotic

communities (Vannote and others 1980) . Streams form a longitudinally linked system

in which downstream processes (cycling of organic matter and nutrients, ecosystem

metabolism , new metabolism) are linked to upstream processes. The spectrum con

cept is a good framework for studying and managing streams as heterogeneous

systems (O'Neil and Reichle 1980) . Useful generalizations can be developed about

magnitude and variation of organic matter through time and space , the structure of

invertebrate and fish communities, and resource partitioning along the entire river.

First- and second -order streams feed third- and fourth -order streams with partially

used food , the amount of which becomes progressively smaller as stream order

increases . Small streams derive much food for invertebrates from wood or leaf litter

under old -growth forests . The forest influence diminishes as streams become pro

gressively larger and the stream energy base comes more from algae and less from

forest litter (fig . 3.4 ) . The forest influence is greatest in very small streams, but most

diverse organic input mechanisms and habitats are in third- to fifth -order streams.

Invertebrates reflect these downstream shifts with fewer shredders ( leaf eaters) and

more grazers ( algal feeders) in small rivers ( fig . 3.4 ) . Dominant organisms change as

the size of a forested stream changes , as does the role of each functional group of

organisms in using organic materials ( fig . 3.4 ) .
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Figure 3.5 Woody debris in a small pristine stream .

Consider a first -order woodland stream and a sixth - order stream (intermediate - size

river) in the context of continuums of communities with associated abiotic factors

(fig . 3.4) . Both systems include the same organic processing components, but they

vary in relative magnitude of the components , rates and amounts of organic transfer

between components, and species engaged in the transfers . The two systems are

essentially modifications of the same trophic scheme , so the entire stream - to -river

complex can be considered a single system composed of a series of communities

along a continuum .

The continuum example deals primarily with food resources for organisms ranging

from invertebrates to fish . More important to resource management, however, is the

ecological rationale for a protective vegetation zone along streams and rivers of all

sizes . Streamside vegetation zones are justified on the grounds of stream tempera

ture control , bank stabilization, and food resources. Streamside vegetation is also the

primary supplier of large organic debris — snags or tree stems 8 inches in diameter

with the rootwads attached , or tree branches more than 8 inches in diameter.

Forests adjacent to streams supply large debris (stems , rootwads, large limbs)

(fig . 3.5) . Erosion may contribute debris to streams and account for water transport

ing pieces of debris . Organic debris in streams increases aquatic habitat diversity by

forming pools and protected backwater areas, provides nutrients and substrate for

biological activity , dissipates energy of flowing water, and traps sediment .

Aquatic ecologists , hydrologists , and geomorphologists only recently have recognized

that large organic debris has always been an important part of forested streams . For

western streams, such recognition developed from the following viewpoints: manipula

tion by humans ( Bisson and others 1987 , Froehlich 1973 , Heede 1972, Marzolf

1978 ) , functions of the ecosystem ( Bilby 1981 , Bilby and Likens 1980 , Harmon and

others 1986, Meehan and others 1977, Sedell and Swanson 1984 , Swanson and

others 1976 , Triska and others 1982) , and the historical aspect (Sedelland Froggatt

1984 , Sedell and Luchessa 1982 , Sedell and others 1982a, Triska 1984) .

1

1
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Figure 3.6 — Debris input and transport processes by stream

order in the McKenzie River system of western Oregon .

Arrows indicate direction of increasing importance (adapted

from Keller and Swanson 1979) .

Several mechanisms transfer large woody debris to stream channels : bank under

cutting and collapse , tree blowdown, tree collapse from snow or ice , snow ava

lanches, and mass soil movements (Keller and Swanson 1979) . Each of these

mechanisms contributes in some way to channel, slope , forest stand processes,

watershed geology, and stream size .

The processes of transferring large pieces of wood from forests to stream channels

are : chronic — frequent inputs irregular in time and space ; and episodic—infrequently

spaced , often very large inputs (fig . 3.6) . Chronic input processes include tree mor

tality from disease and insects combined with windthrow or gradual stream under

cutting of root systems . Episodic input processes include large - scale epidemics of

insects or diseases , extensive blowdown (fig . 3.7 ) , logging , debris avalanches , and

massive erosion of banks during major floods .

Forest succession alters the composition of woody material entering streams through

mortality and bank undercutting , causing trees to fall after logging . In young -growth

plantations of the Pacific Northwest, low- to mid-elevation riparian zones are domi

nated by deciduous species , such as red alder , if no mature conifers remain along

the stream after logging . Most trees that enter stream channels in young -growth sites

are red alder ( fig. 3.8, colon), which has a shallow root system , and therefore , low

resistance to undercutting . The rate of input of young -growth conifer debris is slow

and does not increase until about 60 years after logging (Grette 1985) (fig . 3.9) .
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Figure 3.7 — Blowdown is a major cause of large woody debris

in streams.
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Figure 3.9 – Red alder and conifer debris in small

streams in second - growth forests in western

Washington (adapted from Grette 1985 ) .

Chronic inputs of woody debris larger than 20 inches in diameter are more common

in mature and old -growth forests because of tree mortality than in young- growth

stands where most or all of the trees are small . Inputs of smaller debris ( less than

4-inch diameter) from young stands may, however, equal or exceed the rate of input

of small debris from old - growth forests (Long 1987) .
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Distribution of

Fallen Trees

The location , stability , and longevity of debris influence the quality of habitat in all

fish -bearing streams , although the arrangement of woody debris varies according to

stream size and valley morphology (Swanson and others 1976) . Spacing of individual

pieces of debris or clumps of pieces can be strongly influenced by input processes. If

the dominant input is from bank undercutting of living trees or direct falling of dead

trees, debris is spaced at random intervals along very small channels where dis

charge is insufficient to carry the debris pieces downstream . In most fish -bearing

streams , however, there is some degree of debris clumping , the magnitude and

spacing of which generally increases downstream. In streams wider than 5 to 7 feet

(usually third- to fourth -order), woody debris enters the stream after bank under

cutting. Trees that fall directly into the stream are moved during storms and depos

ited on channel obstructions and on the outsides of river bends near the high water

line . Deposited debris may greatly increase width of the channel , produce midchan

nel bars, and facilitate the formation of meander cutoffs (Keller and Swanson 1979) .

Short, braided stream reaches and secondary channel systems formed in this man

ner are especially productive sites for rearing salmon and trout in Pacific Northwest

rivers (Sedell and others 1984) .

A major flood moves live trees to the stream, but downed trees and stumps can

enter or leave streams annually with smaller floods . Large streams that flow through

steep, narrow valley walls (for example , ravines) often cannot develop deposition

zones , so they become dominated by boulders rather than by large woody debris.

Clumps caused by debris avalanches, extensive blowdown , or movement of large

amounts of material from the flood plain in a major flood tend to be more widely

spaced and of greater volume than those in streams where the foregoing input

processes do not occur frequently.

Yet another input process is the debris torrent , a slurry of debris, soil , and water

that can occur when a landslide enters a steep headwater channel (Swanston and

Swanson 1976) . Large logs jam at the terminus of a debris torrent , along with much

sediment and debris, but the torrent itself scours the channel as it travels down

stream. The result is a track that may be nearly devoid of debris and sediment — very

poor fish habitat (Swanson and others 1976) . A study of channels scoured by debris

torrents in the Queen Charlotte Islands , British Columbia , revealed that debris remain

ing in torrent tracks usually lie parallel to the streamflow direction , in contrast to the

more common diagonal orientation found in streams of unlogged areas or of chan

nels with no torrents . This shift in orientation reduces channel width , depth variability,

cut banks , pool areas , and channel stability , and thus reduces fish habitat diversity

and quality . The debris dam formed by a torrent can be so extensive that it forms a

major barrier to fish passage. Such dams are commonly found near tributary junc

tions where small first- and second -order channels that have suffered a debris torrent

empty into larger , low -gradient streams.
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Debris torrents usually travel short distances and may not affect large rivers unless a

headwater channel discharges directly into a mainstream, as is the case in many gla

cial valleys. Large woody debris , however, can still be clumped along intermediate

and large rivers as a result of infrequent events, such as major floods ( Swanson and

Lienkaemper 1978) . Movement of floatable debris from headwaters or flood plains

may form massive accumulations of driftwood wherever the channel narrows or low

gradient depositional zones occur. Extensive driftwood dams, common in coastal

streams before river clearance , are now rare (Sedell and Luchessa 1982) . More com

mon now are sporadic large accumulations of debris deposited on upper stream

banks and flood plain terraces inundated only during floods . Such debris is normally

above the water line , so its use by fish is limited to high flows . The temporary refuge

provided by inundated debris accumulations along the upper banks of streams with

well-established flood plains , however, may be very important to survival of fish when

main channel velocity is high ( Tschaplinski and Hartman 1983) .

Forest type and successional stage, disturbance history , and channel size all influ

ence the amount of wood in streams. Woody biomass ranges widely — from 2 to 400

pounds per square yard (table 3.3)-as does woody volume , from 0.08 to 144 cubic

feet per yard (Harmon and others 1986) .

Stream biomass is also strongly influenced by geomorphic processes. Loss or depo

sition of sediment in channels may change the measurable biomass in streams

(Harmon and others 1986) .

Numbers of downed trees and large pieces of woody debris vary among streams

in mature and old -growth forests , young -growth forests , and blowdown vegetation

(table 3.4) . Streams flowing through young-growth forests and recently harvested

areas contain from one -fifth to one -twentieth the number of large woody pieces

found in streams in mature forests .

Average length and frequency of large pieces of wood in pristine forested streams

are greater than those of wood in manipulated streams or salvage-logged areas

(fig . 3.10 ) . Total pieces of wood and their average diameter and length were deter

mined in two small Coast Range streams (fig . 3.11 ; Sedell , unpublished data ). One

stream drains a wilderness area ; the other stream drained an area of which about

95 percent had been harvested over the past 30 years . The wilderness stream has

more than one hundred times more pieces of wood and downed trees per unit length

of channel . The average diameter class of wood for both streams was about 20 inch

es, but the average length of wood in the logged watershed was about 16 feet com

pared with 33 feet in the pristine stream . The role of wood in shaping and stabilizing

habitats has been greatly diminished in the harvested watershed .
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Table 3.3 — Biomass of large woody debris in streams flowing through

unmanaged old - growth forests along the Pacific Northwest coast

Large woody debris

biomass

Location and dominant

riparian tree species

Sample Mean channel

sizea width Mean Range

Number Feet Pounds/square yard

Prince of Wales Island ,

Alaska:

Sitka spruce and

western hemlock 4.41 - 19.844

1

0.00 - 16.40

32.81 - 49.21

15.43

26.46

Coastal British Columbia,

Canada:

Sitka spruce and

western hemlock 1

3

32.81 - 49.21

49.21 - 65.62

39.68

48.50 46.30 - 50.71

West slope Cascade Range,

Oregon :

Douglas -fir 4.41 -121.25

28.66 - 74.96
-

19

5

1

2

2

0.00 - 16.40

16.40 -32.81

32.81 - 49.21

49.21 - 65.62

>65.62

55.12

57.32

50.71

22.05

13.23

13.23 - 30.86

4.41 19.84

Northwest coast ,

California :

Coast redwood 6

4

1

22.05 - 396.83

39.68 - 242.51

-A
O

0.00 - 16.40

16.40 - 32.81

32.81 - 49.21

49.21 - 65.62

295.42

141.09

149.91

35.27

-

-

Klamath Mountains ,

California :

Douglas-fir 8

N0

0.00 - 16.40

16.40 - 32.81

32.81 - 49.21

33.07

55.12

2.20

4.41 - 101.41

2.20 - 110.23

1

a

- = not available .

The number of stream reaches surveyed (from Harmon and others 1986 ) .

60



Table 3.4 — Number of large pieces of woody debris per 100 yards of stream

length in streams with drainage areas less than 6 square miles, by forest

conditiona

Forest

condition

Stream

location

Pieces of woody debris per

100 yards of stream reach

Old -growth or

mature forest:

Mack Creek

Lookout Creek

Lobster Creek

Sheehan Creek

Cummins Creek

South Fork Hoh

River tributaries

Oregon , Cascade Range

Oregon, Cascade Range

Oregon coast

Southeast Alaska

Oregon coast

22 - 28

18 - 20

18

33 - 45

20 - 23

Washington,

Olympic Peninsula 18 - 20

Young growth :

Knowles Creek Oregon coast

Lobster Creek Oregon coast

Fish Creek

( repeatedly salvaged) Oregon , Cascade Range

1-3

1 - 2

4-5

Blowdown buffer strip :

Sheehan Creek Southeast Alaska 135

Adapted from Sedell and others ( 1984 ).

Figure 3.10—The average length of large pieces of downed

wood in pristine forested streams , such as those shown , is

greater than those in streams in managed forests .
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Figure 3.11 - Instream frequency trends for an old -growth

forested watershed (Cummins Creek ) and a second -growth

( less than 30 years) watershed ( Knowles Creek) in the central

Oregon Coast Range: A. Diameter of woody debris . B. Length

of woody debris.

The North Fork Breitenbush , a high gradient, sixth -order stream in the central Cas

cades of Oregon , at bank-full stage is often wider than 98 feet , large enough to move

even the largest and longest , downed trees . The river is divided by a wilderness

boundary. Salvage logging had been carried out several times since 1965 on the

lower 60 percent of the fish -bearing channels of the river. The average length of

wood pieces in the managed stream was about 26 feet compared with 48 feet in the

wilderness stream (fig . 3.12) . Between 49 and 64 percent of the total large pieces of

wood were less than 15 feet long in the managed stream compared with less than

18 percent in the wilderness stream . Pieces of wood longer than 50 feet accounted

for more than 41 percent of the total wood in the wilderness stream compared with

8 to 17 percent in the managed stream (fig . 3.13) . About 67 percent of the pieces of

wood with a rootwad attached were longer than 49 feet in the wilderness stream

compared with 14 to 23 percent in the logged stream . Stumps made up more than

60 percent of the wood in the managed stream compared with less than 6 percent in

the wilderness stream . Total volume of wood had not changed for the wilderness or

the managed streams, but the pieces were much less stable in the salvage -logged

stream where the channel had widened by 40 percent. Clearly , the trend is toward

smaller and fewer pieces of wood in stream channels of all sizes in the logged areas

(fig . 3.14 ; compare with fig . 3.10 ) . In addition , stream channels in the logged area are

wider and less stable . The volume of wood may be the same in the managed and

the unmanaged streams , but it is more clumped in the managed forest and volume

per unit of stream area is less .
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Figure 3.14 — The trend is toward smaller and fewer pieces of

wood in channels of streams running through managed

forests .

Residence Time

and Stability of

Fallen Trees

Longevity

The residence time of woody debris in stream channels is affected by transport

processes , chemical constituents of the wood that affect decomposition rates , and

resistance to breaking and abrasion . Dendrochronologic dating of instream debris in

coniferous forests of the Pacific Northwest has identified pieces that have been in

channels for 200 years or more ( Keller and Tally 1979 , Swanson and others 1976) .

Old -growth conifer debris is estimated to decay at a rate of 1 percent per year, al

though the rate may vary among tree species (Grette 1985) . Western redcedar

resists decomposition in streams better than does Douglas -fir or western hemlock,

but all three conifer species far outlast red alder (Anderson and others 1978) .

Logging alters the composition of riparian vegetation by reestablishing early succes

sional stages. Debris from young -growth stands has a shorter residence time in

stream channels than debris from preharvest forests . The frequency of red alder

debris in young-growth forested streams is about twice that of alder in old -growth

streams (Grette 1985) . Red alder disappears from streams in young-growth forests

more rapidly , however, than does conifer debris (primarily hemlock and spruce)

because the alder debris is shorter, of smaller diameter , more easily broken , and less

well anchored than conifer debris from the preharvest forest . The rate of input of

alder debris from young-growth stands exceeds the input rate of conifer debris, but

the reduced longevity of alder debris results in streams with less cover and fewer

pools than streams in unlogged forests . Loss of cover in streams in young -growth

forests has the most significant impact on salmonid populations in winter , when fish

are strongly attracted to debris ( Grette 1985) ( fig . 3.15 ) .
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Figure 3.15 — Loss of cover in streams in young -growth

forests has the most significant impact on salmonid

populations in winter.

Stability of Fallen Trees Stable debris accumulations are assumed to be important for maintaining good fish

habitat. If debris does not move frequently , its functions of pool anchoring, cover , and

substrate storage are increased over those of unstable accumulations (Bryant 1983) .

Size , including length and diameter (fig . 3.16) , is a major factor contributing to debris

stability (Bilby 1984 , 1985 ; Bryant 1983 ; Grette 1985 ; Toews and Moore 1982) . Other

dimensions , such as the presence of a rootwad or branches , also influence when or

where a piece of debris will move . Debris length appears to be most important to its

stability where stream discharge is sufficient to float large diameter stems (Bilby

1985 , Swanson and others 1984) . Branches and rootwads add to the stability of

debris pieces by increasing the mass and surface area available for snagging on

instream obstructions; whole trees are thus potentially more stable than tree frag

ments. Tree fragments, about half the width of a bank-full channel , were floated

downstream during winter storms , but large stems with intact rootwads remained in

place for at least 70 years in small , low gradient streams in southeast Alaska (Bilby

1981 , Swanson and others 1984) . Relatively short pieces of debris can be stable in

narrow channels , but longer pieces are necessary for stability in wider channels.

Trees whose length exceeds that of a bank-full channel may have much of their

weight supported by ground outside the channel where they lodge against standing

trees during high streamflow ( Swanson and others 1984 ) .

Other aspects of debris that influence stability include orientation , degree of burial ,

and the proportion of the piece that lies in water . Whether a piece is buried depends

in part on the rate of sediment input to the channel and the longevity of the piece .

Pieces are stable if their angle of orientation relative to the axis of flow is less than

30 degrees; they are likely to move , however, if their angle of orientation is greater

than 60 degrees (Bryant 1983) . The degree of burial strongly influences debris move

ment ; pieces with both ends anchored to the streambed or bank move less than

pieces with only one or neither end buried . The degree of burial also influences

potential movement ( Bilby 1984) . Partial burial is less effective than complete or

nearly complete burial in preventing downstream transport during storms ( Grette

1985 , Toews and Moore 1982 ) .
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( 1987 )).

Even the largest fallen trees cannot span the bank-fullchannel width in large rivers.

In such cases, the amount of wood and the number of fallen trees on exposed gravel

bars provide constancy to wood in the river channel even though position of the ma

terial may change annually . The likelihood of fallen trees being transported back to

the main channel is greatly reduced once they have formed jams at bends or outer

margins of the flood plain , unless the river changes course .
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Much relatively small debris enters streams after logging and is therefore more apt to

move than would naturally occurring debris (Bryant 1980, Grette 1985, Lammel 1972,

Swanson and Lienkaemper 1978, Toews and Moore 1982) . Removing all newly

added debris after logging , a requirement of many forest practices regulations, may

involve bucking large debris into smaller pieces that are removed to the high water

line . Such mandatory debris cleaning , however, usually takes place during low flow

periods, and some of the material deposited on the upper bank may subsequently

re-enter the stream at high flows . This increases the amount of shorter, less stable

pieces in the channel (Bisson and Sedell 1984 , Hogan 1985 , Lestelle 1978 , Osborn

1981 ) .

High quality fish habitat declines as debris is exported (Bryant 1985, Scrivener and

Andersen 1984) . Downstream transport of small , unstable debris can lead to accu

mulations in debris dams that may remain in place for only a few years before mov

ing on. Although debris dams may temporarily block fish migration , a greater long

term consequence for fish populations is the lack of large structure in the channel

after debris is removed . Debris loading increases immediately after logging , then

declines as accumulations gradually wash away (Bryant 1982 , 1985 ; Toews and

Moore 1982) .

Processes of

Wood Removal

Large floods move great quantities of wood onto the upper flood plain and down

stream . Low frequency , high magnitude floods add much material to streams . The

wood becomes more clumped through either flood or debris torrent forces. On small

coastal streams, debris torrents may temporarily dam sections of streams draining

basins larger than 6-9 square miles . When these dams fail , the resulting debris flood

scours wood from the channel and deposits it high on banks or in estuaries.

Physical abrasion is the most powerful mechanism for removing stable pieces of

wood from streams and rivers. Sand and gravel carried at flood velocities abrade

large pieces of wood . Abrasion is greater in high gradient or sediment-rich streams

than in gentle , spring-fed or low-gradient streams and rivers.

Biological decomposition is only a minor process in removing wood from streams.

Water-logged wood decays slowly , but wood at the stream -terrestrial interface hosts

very active microbial and invertebrate activity. Here, the biotic components respond

to a gradient of temperature, moisture , and oxygen. Wetting and drying at the stream

terrestrial interface allows rapid biological decomposition of wood (Triska and

Cromack 1980) .

Forest management has greatly influenced the sequence of events in watersheds.

The impact of natural processes that increase the rate at which woody debris disap

pears from stream systems is minimal compared with the impact of human activity on

disappearance of wood over the last few decades .

Streams may be cleaned either immediately after logging to remove slash , or later

to remove a specific blockage of fish passage ( fig. 3.17, color ). Postlogging stream

cleaning is usually done by a professional crew with smallequipment . Debris barriers

to fish are usually removed under the supervision of a fishery biologist , who may

need to use heavy equipment and explosives . Stream cleaning may damage fish

habitat (Sedell and others 1985) .
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The State of Washington has required thorough removal of logging slash from

streams for about the last 10 years . During this time , the effect of stream cleaning

has been evaluated in several Pacific Northwest areas . In almost every such study,

debris removal has resulted in loss of important habitat features and reduced fish

populations (Bryant 1980 , Dolloff 1983 , Elliott and Hubartt 1978 , House and Boehne

1985 , Lestelle 1978 , Lestelle and Cederholm 1984 , Osborn 1981 , Toews and Moore

1982) .

Removing large, stable wood along with smaller material reduces channel stability

and the quality of pools and cover . Small , easily floated wood has sometimes be

come temporarily abundant after stream cleaning ( Meehan and others 1969 , Toews

and Moore 1982) . Any such increases have come from new slash entering the water

from debris stacked near the high water line during cleaning , or the breakup of wood

in the stream before logging . In most cases , unstable debris is flushed from the

cleaned reach within a few years , and channels are thus degraded .

The proportion of riffles increases and the number of pools decreases in cleaned

stream channels ( Bisson and Sedell 1984) . The increased frequency of riffles increas

es the abundance of underyearling steelhead and cutthroat trout , which prefer riffle

habitats ; however, the abundance of coho salmon and older age classes of steel

head and cutthroat, which prefer pools , is correspondingly reduced .

State and Federal agencies annually spend more than $6 million to remove debris

jams, but the impact on habitat has had little study . In one study , fish populations in

the vicinity of log jams were reduced immediately after complete removal of debris ,

but abundance did not decline significantly where part of the jam was allowed to

remain ( Baker 1979) . Downstream spawning and rearing areas were damaged by

large flows of sediment released when the log jams were removed . Partial removal

appears to be biologically preferable to complete removal and is less expensive .

Most salvage logging in streams has been done since the great Pacific Northwest

storm of 1964. Since then , Federal funds have been provided for cleaning and sal

vaging wood from streams after every major storm. Major timber sales on public land

focus on streams of fifth -order or larger because access to established main roads is

easy . A major reason for removing woody material from streams has been protection

of downstream bridges and culverts to reduce property liability court cases. Even

some sports clubs remove tree debris from rivers where such obstacles might im

pede travel (Oregonian 1986) .

Use of wood -burning stoves has increased tremendously in the last 10 years

(fig . 3.18) . Most of the wood cut for fuel does not come from streams , but the

demand for high quality wood that might otherwise reach a stream is great.

In the last 100 years , millions of trees have been cleared from rivers . County Sheriffs ,

port commissions , and recreational boaters routinely clear fallen trees from rivers for

safety and convenience . As a result , most Pacific Northwest rivers bear little resem

blance to their pristine condition .
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Figure 3.18 — Forest Service, Pacific Northwest Region , free

use wood permits.

Trends in Wood

Inputs

Riparian zones in the past have supplied large trees to the stream , but most stream

banks now have smaller trees of fewer species. Most big cedars and Douglas- firs

along streams in the Cascades and along most coastal streams greater than third

order have been removed or are about to be . On private land , 60-70 percent of

conifer trees larger than 14 inches in d.b.h. have been harvested within 100 feet of

a fish -bearing stream (table 3.5) in both the Oregon Coast Range and the Cascade

Range . Fewer conifers than might be expected , larger than 12 inches in d.b.h. , are

growing along coastal streams (Sedell , unpublished data) .

1

Table 3.5 — Conifers larger than 14 inches in diameter harvested from

100 - foot-wide leave strip

Distance from stream (feet)

Location 0-50 50-100 1-100

Percent

Coast Range:

Drift Creek

Yaquina River

Siuslaw River at Pugh Creek

Below North Creek

Above North Creek

Wolf Creek

8
。

本S
。 50

44

83

0

100

74

82

13

90

0

86

65

82

9

6853

Cascade Range :

Santiam River

Thomas Creek

Unnamed order 1 stream

57

100

>57

92

100

57

76

100

- = not available .

69



Table 3.6 — Stocking levels of large conifer trees (larger than 14 inches )

in streamside areas after successive harvests

Pristine

forest

more than

70 years ago

Recently

harvested

stand

Leave

strip

standStreamside area

Trees per acre

Cascade Range,

both sides of unnamed order 1 stream ,

within 50 feet 43 24

O

Coast Range,

1 side of Yaquina River:

Within 50 feet

Within 100 feet

16

36

6

22

WW

3

3

The number of streamside conifers larger than 14 inches in d.b.h. has been drastic

ally reduced from the number present 70 years ago at the first harvest (table 3.6) .

Conifers larger than 14 inches in d.b.h. ranged from only 0 to 19 percent of the

pristine stocking level after recent logging .

Wood as Habitat

in Freshwater

Systems

Woody debris influences stream channel flow and creates and maintains rearing

habitat for salmonid fishes (Lisle 1982, Sullivan and others 1987) . Free -swimming

species , such as salmon and trout, require rearing sites where food is plentiful and

little effort is needed to hold a feeding position against the current ( Dill and others

1981 , Fausch 1984) . Such small , quiet areas are usually located behind boulders

and are occupied by large, aggressive fish (Bachman 1984) . Stream riffles have few

such sites .

Influences of Wood

on Stream

Characteristics

Some species , notably coho salmon , avoid riffle habitats almost entirely when com

petitors are present ( Bisson and others 1982 , Dolloff 1983 , Hartman 1965) ; instead ,

they rely on pools with ample cover provided by large woody debris ( Bisson and

others 1985, Stein and others 1972) .

Most stream fishes inhabit pools in which the current velocity is lower and the water

usually deeper than in riffles. Deep pools offer fish a better chance of escaping from

terrestrial predators , and also allow fish of different species or age classes to coexist

in layers within the water column (Allee 1982, Fraser 1969) .

Woody debris creates many of the pools in Pacific Northwest streams ( Keller and

Swanson 1979 , Swanson and others 1976) ( fig. 3.19, colon). In small streams (up

to about 3d order) , single large pieces of debris or accumulations of smaller pieces

anchored by a large piece often create a stepped longitudinal profile ( fig . 3.20 ;

fig. 3.21 , colon) that consists of an upstream sediment deposit , the debris structure,
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Debris jam from

fallen trees

Fallen trees

Stored
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Debris
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Before debris
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After debris
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Figure 3.20 — Role of woody debris in storing

sediment and creating pools in streams: The

"stepped profile " is characteristic of stored

sediments and plunge pools created by woody

debris . Removing a debris dam destroys and

reduces these habitat features (adapted from

Bisson and others 1987) .

and a downstream plunge pool (Heede 1972, 1985) . Numerous debris accumulations

generally increase pool frequency (Lisle and Kelsey 1982) . Numbers of pools are

positively correlated with numbers of debris pieces in low -gradient streams (Grette

1985) . Eighty percent of the pools in small streams of the panhandle of Idaho are

caused by fallen trees larger than 10 inches in diameter ( Rainville and others 1985) .

The frequency and volume of pools decrease in stream channels from which slash

and naturally occurring debris were removed after logging (Bilby 1984, Bisson and

Sedell 1984, Toews and Moore 1982) .

The position of debris also influences the size and location of pools. The size of a

single stem or the accumulation of stems spanning the channel affects the size of

the associated pool. In an experimental flume , larger logs created longer and deeper

pools, provided they were suspended above the streambed (Beschta 1983) . In other

studies , pool area was positively correlated with the volume of debris that anchored

the pool, and the correlation improved as channel width increased in streams up to

7 feet wide (Bilby 1985 , Bisson and others 1987) (fig . 3.22) . Many pools, however,

are created by eddies behind debris and other structures located at the channel mar

gin rather than by the scouring action of channel flow . These backwater or eddy

pools, common in allstreams , are used by salmonids throughout the year for rearing

(Bisson and others 1982 ; Bryant 1985 ; Bustard and Narver 1975a, 1975b; Dolloff

1983 ; Gibson 1981 ; Lister and Genoe 1979 ; Mundie 1969 ; Murphy and others 1984;

Sedell and others 1982a, 1984; Stein and others 1972 ; Tschaplinski and Hartman

1983) .
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Figure 3.22 — Relation between size of woody debris and pool

area created for different size streams in the Pacific North

west. One 12-inch Douglas-fir tree contains about 72 cubic

feet of wood; adapted from Bilby ( 1985) .

Woody debris increases the complexity of stream habitats by physically obstructing

waterflow . Trees extending partially across the channel deflect the current laterally,

causing it to widen the streambed (Zimmerman and others 1967) . Sediment stored

by debris also adds to hydraulic complexity , especially in organically rich channels

that are often wide and shallow and possess a high diversity of riffles and pools in

low gradient streams of alluvial valley floors ( Keller and Swanson 1979 , Keller and

Tally 1979). Even if the stream becomes so large that trees cannot span the main

channel, debris accumulations along the banks cause meander cutoffs and create

well-developed secondary channel systems ( Keller and Swanson 1979, Swanson

and Lienkaemper 1982) . Debris also creates variation in channel depth by producing

scour pools downstream from obstructions (Hogan 1985 , Keller and Tally 1979 ).

Wood therefore maintains a diverse physical habitat by ( 1 ) anchoring the position of

pools along the direction of the stream , ( 2 ) creating backwaters along the stream

margin, (3 ) causing lateral migration of the channel and forming secondary channel

systems in alluvial valley floors, and (4 ) increasing depth variability.

1

Large, fallen trees affect live vegetation along watercourses . Trees carried by

floodwaters can severely batter live plants on a flood plain , but normally only in a

narrow belt along the immediate channel . Large , stabilized pieces of wood , on the

other hand , protect riparian sites where alder and other species of plants can

become established .
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Figure 3.23_Note the large pieces of wood on the flood

plain , especially in the lower right corner where stable wood

has formed a protected site that has allowed the alder to

grow .

Live vegetation eventually stabilizes a stream channel. Features, such as gravel

bars , also become stabilized and enriched with fine sediments and organic materials

as plant root systems develop and the stems resist the flow of water and reduce its

velocity .

Fallen trees protect thickets of vegetation on exposed channel bars. Alders growing

in channel bar areas not protected by down trees are repeatedly pruned heavily by

floating woody debris and moving bedloads (Swanson and Lienkaemper 1982)

(fig . 3.23) . The down trees that protect the outer edge of a thicket and those in the

thicket itself create local environments of quiet water where fine sediments and or

ganic debris are deposited during high flows . This debris, coupled with leaf and

woody litter from the stand , boosts soil development and vegetative growth . The

large, fallen trees thus help a stand to reach a stage of structural development that

allows it to better withstand floods . Fallen trees on gravel bars also provide sites

where some stream -transported species of hardwoods and shrubs can reroot and

grow .

Stream restabilization after major floods , debris torrents , or massive landslides is

accelerated by large , woody debris along and within the channel . After wildfire ,

while the postfire forest is developing , an aquatic habitat may be maintained by

large , woody debris supplied to the stream by the prefire forests (Swanson and

Lienkaemper 1978) . In many instances , however, streamside salvage logging

destabilizes channel structure and , thereby , the quality of the habitat .

73



Sites of high biological activity and maximum habitat diversity are preferred spawning

and rearing areas for salmonids. In the Pacific Northwest, many such zones of sedi

ment and debris are located where a first-order channel debris torrent has entered a

third- to fifth -order stream .

Wood as Habitat Animal associations on woody debris in aquatic systems vary from those restricted to

living on the wood to those using it only opportunistically. The sequence of colonists

parallels the stage of wood decay. New wood entering a stream is used primarily as

habitat, colonized by a community of algae and microbes that in turn provides food

for a group of insects called grazers or collectors . This type of feeding does not signif

icantly affect the structure of the wood , but colonization of the superficial layer by

fungi softens wood enough that it may be abraded and ingested by invertebrates that

scrape their food off surfaces. Most important, however, the wood becomes suitable

for obligate wood grazers and the more generalized wood shredders, such as caddis

flies and stoneflies , which eat fungal-infested wood . These activities result in a sculp

tured surface texture that provides habitat for many organisms. Decades of fungal

colonization and growth soften the wood and allow oxygen to penetrate . Inverte

brates that bore into the internal matrix of a fallen tree speed the decomposition

process by consuming the wood and by transporting microbes into the tree . In the

final phase of decay , detritivores, such as earthworms, penetrate the material; con

tinued decomposition then resembles organic matter in soil and damp, terrestrial

habitats (Anderson and others 1978 , 1984 ; Dudley and Anderson 1982) (fig . 3.24 ).

Some wood that enters a small stream is already altered by fungi and other terres

trial organisms. Such preconditioning allows more rapid internal colonization by aquat

ic microbes and invertebrates and thereby shortens the aquatic decomposition

process. Decomposition is also faster in large streams during periods of high water

because physical abrasion removes softened tissue as the wood is transported or

deposited in the stream. Rotting wood cannot retain enough structural integrity to

provide a substrate for aquatic invertebrates during the final stages of decomposition

except in small headwater streams or in backwaters of large streams.

AQUATIC INSECT - WOOD INTERACTIONS

S
SCRAPERS TUNNELERS

GOUGERS EMERGENCE

CC
D

TUNNELERS OVPOSITION AND RUPATION

SUBMERGED (SURFACE DECAY SBM - AQUATIC DEEP DECAY)

WATER LEVEL

Figure 3.24 - A model of wood-aquatic insect interactions in a

small stream (redrawn from Anderson and others 1984 , with

permission ) .
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Wood quality and texture help determine the kinds of organisms that will colonize a

piece of wood . The species of wood , degree to which it is waterlogged, and decay

class all affect the quality . The extent of colonization by terrestrial fungi and wood

boring insects also influences the attractiveness of the wood once it enters the water

because such activity is closely associated with decay class .

The ecological role of wood- eating aquatic invertebrates is limited compared with

that of terrestrial systems and marine environments . The three most important wood

processing invertebrates in Oregon streams consume about 2 percent of the avail

able woody debris per year in small streams (Anderson and others 1978 , Steedman

and Anderson 1985) . Wood processors are more abundant on hardwoods than on

conifer wood . Microbialactivity and nitrogen content are greater in decaying alder

than in decaying conifer wood , a nutritional difference that helps explain the higher

abundance of processors in hardwoods.

Summer populations of salmonids in western Washington streams flowing through

old -growth forests have been compared with those in recently clearcut areas ( Bisson

and Sedell 1984) . Total salmonid biomass increased after logging , but species rich

ness declined to a population of only steelhead trout , most less than 1 year old .

Coho salmon and cutthroat trout, between 1 and 3 years old , were proportionately

less abundant in logged areas ( Bisson and Sedell 1984 ) . The shifts in species com

position and age groups are related to habitat changes after logging of old growth

and removal of large , stable , woody debris from the stream channel . Stable debris

declined and unstable debris increased in the years after the 1976 Washington For

est Practices Act that mandated immediate removal of debris after logging (fig . 3.25) .

Pool size decreased and riffle size increased after old growth was clearcut and the

stream channel cleared . Numbers of pools and riffles per unit of stream length de

clined after logging , which suggests that normal stairstep stream profiles had been

reduced to a more even gradient (fig . 3.26 ) .

Coho biomass in coastal Oregon streams is directly related to pool volume . Large,

stable , woody debris is preferred as protective cover by young coho salmon , yearling

steelhead , and older cutthroat trout, particularly in high - gradient river systems ( Bisson

and others 1987 ; Bustard and Narver 1975a , 1975b ; Everest and Meehan 1981 ;

Lister and Genoe 1979 ; Nickelson and others 1979 ; Osborn 1981 ; Sedell and others

1982a, 1982b, 1985 ) .

Most salmonid species use different habitat in winter than in summer. Large, stable ,

woody debris is important winter habitat for coho salmon , steelhead trout, and cut

throat trout because it enhances the use of other habitats within pools . All species

prefer pools during base streamflows in winter , but the level of preference is deter

mined by pool quality and abundance of woody debris ; the more woody debris , the

more fish use the pool . Large , stable debris also attracts fish to pools along the

stream edge rather than to those in midchannel .

During winter floods , the pool - riffle sequence or stairstep stream profile becomes a

continuous , high -velocity torrent , in which there is little protection for salmonids from

moving bedload sediment or swift , turbulent waters . During these brief flood periods ,

slack water refuges are associated almost exclusively with debris as fallen trees and

standing vegetation in riparian flood plains . All three species of salmonids enter these
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Figure 3.25 — Effects of stream cleaning on the relative abun

dance of stable and unstable debris in steep valley wall

streams and low -gradient valley floor streams in southwestern

Washington ; after implementation of the Washington Forest

Practices Act; adapted from Bisson and Sedell ( 1984 ). Num

ber of sample sizes is indicated on each bar.
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Figure 3.26 — Comparison of volumes and frequencies of

pools and riffles in streams in old-growth forests with streams

in recently clearcut areas ; 95 -percent confidence limits and

sample sizes are indicated on each bar.

debris-enhanced refuges until streamflows subside . Large, woody debris may also

expand the feeding space by creating or enhancing areas of slow-moving or standing

water in organic-rich flood plains , even along the smallest streams ( Bustard and

Narver 1975a, 1975b ; Koski and others 1985 ; Murphy and others 1984) .

7
6



Table 3.7 – Juvenile chinook and coho salmon densities from different

woody habitat types in the main channels of the Chickamin River,

southeast Alaska , March -April 1984

Average number

of salmon

Woody habitat

type

Number of

sample sites Chinook Coho

No woody habitat,

slack water along edges 3 5 8

Rootwads without boles,

stumps 12 56 50

Single downed trees ,

rootwad and stem 14 87 90

Log jam,

several downed trees 7 292 195
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na11
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Figure 3.27 — Densities of coho salmon in Upper Queets River

side-channels, which are capped or plugged at the head by

cobble and organic debris. Plugged side -channel areas repre

sent 58 percent of total side -channel habitat; unplugged side

channels, 31 percent; and intermediate side -channels, 11 per

cent. Bars represent 95 -percent confidence intervals.

Almost all juvenile anadromous fish in large rivers are reared on stream edges in a

wood -rich environment (table 3.7 and fig . 3.27) . Whole fallen trees or debris jams

offer more productive, more diverse habitat than that around rootwad or stump hab

itats (Canadian Fisheries and Marine Service and The International Pacific Salmon

Fisheries Commission 1979 ; Cornelius and Siedelman 1984; Sedell and others
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Figure 3.28 — Relation between discharge and selected rear

ing indices in the Morice River .

1982a , 1984) . Essentially , the hydraulic forces around any rough element such as

fallen trees or stumps mainly determine the quality of fish habitat . Relations between

discharge and wet debris jams can be quickly constructed to determine changes in

fish habitat quality caused by salvage operations or water diversions (fig . 3.28) .
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Decomposition and

Nutrient Cycling

Trees falling in streams decompose at different rates and in different patterns than

those that fall to the ground . Wood decomposes more slowly in water than on land ;

waterlogging prevents deep penetration of oxygen into the wood . The fungi and inver

tebrates that cause the most rapid decomposition of fallen trees on land are also

strongly aerobic (Triska and Cromack 1980) . Waterlogged parts of fallen trees decom

pose in thin (0.25 inch) surface layers . As the decomposed surface is grazed or

abraded , oxygen penetrates farther into the wood , and that area becomes food for

the decomposers. If only part of a fallen tree is constantly in contact with water , that

part decomposes slowly , but the exposed part may decompose rapidly because nei

ther low oxygen nor extremes of moisture limit decomposer activity . Trees that fall in

very small streams may contact water only during the rainy season when streamflow

is highest . Low stream level and air drying the rest of the year may speed wood

decomposition .

The concentration of essential nutrient elements increases as large pieces of wood

decompose. Nitrogen increases primarily through biotic use of the carbon and

through nitrogen -fixing micro -organisms. Nitrogen fixation on fallen trees in streams

accounts for 5 to 10 percent of the annual nitrogen supply to the stream ( Triska and

others 1982) . Although bark decays more slowly than wood , the tannins in Douglas

fir bark do not affect nitrogen fixation ( Baker and others 1983) .

Although rates of biotic wood processing differ in stream systems from headwaters

to mouth ( terrestrial to marine) (table 3.8 ) , the slow decomposition of wood in fresh

water streams maximizes the influence of wood on stream stability and as habitat.

As we understand better the critical function of large organic material in streams and

rivers, we realize that productivity of aquatic habitats depends on the biological diver

sity provided by a continuous supply of coarse woody debris .
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Table 3.8 — Processing rate oflarge woody debris in the forest floor, In
streams, and in estuarine habitatsa

b

Organism Forest floor (fast) Stream (slow) Estuary (fast)

Microbes Rot fungi diverse

and abundant

Fungi minor

or absent

Aquatic

hyphomycetes

(rot fungi ,

virtually absent)

Invertebrates:

Insects AbsentDiverse and abundant,

including gallery

forming social

insects

Few species

( for example, Lara ,

Brilla (Tipulidae ),

no social insects)

Others AbsentOligochaeta important

in later forms

Annelida,

Mollusca, and

Crustacea

diverse ( some)

boring forms

with cellulase)

Vertebrates Absent AbsentGallery or destroy

wood in search of

invertebrate food

Environmental

controls

Temperature, moisture,

and oxygen
с

Temperature

and oxygen
с

Temperature

and oxygen

a

b
Adapted from Cummins and others (1984 ).

Hardwoods decompose faster than conifers .

Lignin little decomposed anaerobically .

C
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Figure 3.8 — Most trees that enter stream chan

nels in young -growth sites are red alder, which

has a shallow root system and low resistance to
undercutting.

Figure 3.17 – A terminus of a debris torrent that

would have been a candidate for stream cleanup

in the 1960's and 1970's because of the slash .

Figure 3.19 — Woody debris creates many of the

pools in Pacific Northwest streams.

Figure 3.21 — Accumulations of small debris be

hind one large piece of debris often create a

longitudinal,stepped profile .
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Chapter 4. What We Know About Large

Trees in Estuaries, in the Sea,

and on Coastal Beaches

Jefferson J. Gonor , James R. Sedell , and Patricia A. Benner

Summary Coarse woody debris is an important part of estuarine and oceanic habitats , from

upper tidewater of coastal rivers to the open ocean surface and the deep sea floor.

Introduction An estuary is a body of water at the coastal end of a river system , in which fresh

water mixes with saltwater before it enters the ocean . An appreciably wider shallow

basin or embayment with extensive tidelands is in the estuarine section of most

Pacific Northwest river systems . In some systems with large flows and narrow , deep

channels , such as the Rogue River in Oregon , the truly estuarine region is confined

to a short reach upstream of the river mouth. Fallen trees in streams or within reach

of flood or tidal waters move downstream to enter estuarine and marine systems .

The estuarine portion of the ecosystem supports important environments and habitats

including those of people , most of whom live around the lower ends of river systems.

The ecologic and economic role of woody debris in these ecologically complex,

productive systems is not well known.

Origin and History

of Pacific Northwest

Estuaries

During the late Pleistocene, eustatic sea level was about 325 feet lower than it is

today . Pacific Northwest coasts were not glaciated, and rivers excavated deep

valleys in the flat , exposed coastal plain . Sea levels rose after the close of the

Pleistocene , and the coastal plain was submerged to form the present Continental

Shelf . The seaward ends of many of these river valleys became flooded , and

sediments accumulated in former meanders in the rivers' old flood plains . The main

channels of these drowned rivers remain as the central , deeper channels of modern

estuaries that retain the elongate , sinuous topography of a river in its flood plain

valley . Channels are relatively shallow for most of their length .

The position and configuration of estuaries , no older than 10,000 to 15,000 years ,

remain dynamic , but the physiography has changed. Estuaries have long existed on

the continental border of the Pacific Northwest, and they have moved across the

Continental Shelf and present coastal plain in response to fluctuations in sea level

changes .

Today's estuary continues to accumulate sediments in the former channels and on

the flood plains , usually river-derived silts and muds in the upper reaches and

increasingly sandy material near the mouth . Estuarine tidal flats and marshes occupy

the former flood plain areas along the drowned river valleys that are now estuarine

embayments (fig . 4.1 ) .
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Figure 4.1 - An Oregon estuary : Coquille River marsh at Bandon ,

1985 (photo, courtesy of Tony Howell).

Figure 4.2 — Lower estuary , Tillamook, Oregon , 1871 (photo, courtesy

of the Oregon Historical Society, negative ORH 52608) .

History of Wood in

Northwest Estuaries

and Coastal

Beaches

U.S. Government reports and early visitors ' journals of the Pacific Northwest

documented great amounts of large wood in the estuaries and on the beaches at

river mouths . These mid- 1800 accounts describe the quantities and size of the drift

trees, also called " snags," that significantly exceeded present amounts of woody

debris in the lower portions of river systems and beaches (fig . 4.2) .

Coast survey reports in the 1850's recorded that many of the drift trees in the lower

Columbia River were as large as 150 feet long by 13 to 18 feet in circumference; the

largest was 267 feet long ( Secretary of the Treasury 1859) . Swan ( 1971 ) also

reported drift trees as large as 250 feet long by 8 feet at the base , with a root span

of some 20 feet , on the beach near the mouth of the Quillayute River in the

Washington territory .
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Figure 4.3– Driftwood at the mouth of the Coquille River; adapted

from U.S. Army Corps of Engineers historical map (Report of the

Secretary of War 1884 ) .

The U.S. Army Corps of Engineers reported that Northwest estuarine shorelines and

river-mouth beaches had often been covered with driftwood in the 1870's , as was the

mouth of the Coquille River in the 1880's (fig . 4.3 ) .

For several years after the coastal areas were settled in the 1850's and 1860's,

roads were limited and land travel was impractical , especially in the winter. The

coastal rivers were under the influence of tides for 12 to 40 miles from their mouths

and had a low-gradient , deep channel along which commercial boats and log rafts

could travel . Slowing currents and stormwind patterns, however , created zones of

wood deposition in the estuaries. Many snags and sunken driftwood presented major

obstacles for river traffic . The Corps'responsibility on many rivers during the late

1800's was to improve and maintain the navigability of the portions of the rivers

deemed to be economically important (table 4.1 ) .
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Table 4.1 - Snags removed from rivers by the U.S. Army

Corps of Engineers, 1891-1917
a

Number of

snags removedRiver Related activities

9,829+ 86+ overhanging trees cut

Tillamook River,

12 river miles

Coos River,

22 river miles

Coquille River,

40 river miles

8,591+ 1,751 boulders blasted

6,407+ 81 scow loads of drift

( 1891-93)

a

Reports of the Secretary of War (1891-1921).

The wood-removal operations by the Corps represented only a portion of the total

wood pulled from the lower river systems . Gill -net fishers formed teams to remove

wood that threatened to tear fishing nets . Local landowners and later, port

authorities , also worked to maintain channel navigability .

Sources of Wood

For Estuaries and

Beaches

Driftwood is found throughout an estuary , both in the channel and on mudflats and

higher vegetated areas . Currently , the greatest concentration of woody debris is

found along the shoreline of an estuary out of reach of tidal water . The most

stationary wood is in the marshes , or at least partly buried in the channel .

Driftwood deposited in marshy areas between the main channel and the shoreline

in the lower Nehalem estuary is estimated to have 50 percent fewer pieces and

60 percent less volume than in 1939. Stranded wood in the marsh in 1939 probably

included many escaped lumber company logs that had been floated downriver or

held in booms .

Another human- related source of wood is the many pilings and associated wood

structures . Port authorities estimated that nine estuaries in Oregon in 1986 had at

least 15,000 maintained pilings and thousands more wood structures - old stubs from

abandoned log pens and channel projects , old mill pilings , and remnant docks . This

wood can be considered a partial substitute for the snags that naturally occurred

before the late 1800's .

Streams and rivers have long supplied estuaries and beaches with wood , and most

of the material was transported downstream during higher flows . A captain in the

U.S. Army Corps of Engineers in 1897 noted of the Coquille estuary, " It has always

been difficult to keep this portion of the river open . The drainage area is densely

wooded , and every freshet brings down many stumps , logs and trees ; these lodge

and arrest sediment , forming shoals ." (Report of the Secretary of War 1894-95) .
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Watersheds annually replenished wood in the lower portions of the river basin and

often floated wood into the ocean , from which it washed up onto the beaches. The

lower river and estuary banks ( riparian corridor) probably were the most common

sources of the largest driftwood in the bays. In the 1860's , the banks of the upper

half of the Coquille estuary were lined with mature hardwoods that made travel on

the Coquille like walking "dim aisles in ancient cathedrals " ( Dodge 1898) . In the

Tillamook River system in 1904 , the U.S. Army Corps of Engineers cut down all

overhanging trees along the banks of the estuary in an attempt to alleviate the woody

debris problem (Report of the Secretary of War 1904-5) .

The woody vegetation along many river corridors was cut in the 1800's to clear land

and for a local source of wood . Upstream, the riverside forests were among the first

to be commercially harvested because the logs could be floated down the river to the

ports at a time when no other transportation was available ( Sedell and Duval 1985) .

Major sources of large wood for estuaries and beaches along the Northwest coast

were exhausted by 1920.

The ocean is another source of driftwood in estuaries and on beaches . Winter storms

blow ocean -transported wood into river mouths and onto coastal beaches, generally

north of the debris ' origin. Some of the woody debris may be buried for long periods

by river-bottom sediments in the estuaries or in sandy spits on the coast, but much of

the wood probably remains fairly mobile. Other driftwood is deposited on the

marshes and along the higher ground of the estuary boundaries , where it remains

until it decomposes.

Flow Regimes in

Pacific Northwest

Coastal Estuaries

Estuarine tidal exchange and streamflow features govern the transport and retention

time of woody debris and create salinity gradients. This physical regime in turn

affects the distribution of marine wood -boring animals and their degradation of wood

in these estuaries.

Tide affects river level much farther upstream than the penetration of even the most

dilute seawater at the highest tides . This hydraulic effect causes river levels to rise

and fall and can even reverse the direction of flow in the reach referred to as the

" tidal river . " Its farthest upstream extent is the "head of tide . " This effect, present

throughout the year, increases the rate of transport of floating woody debris faster

than might be expected and increases the chance that wood stranded on the

shoreline by freshets will be reached by subsequently higher tides and be returned to

the downstream flow . Tidal reaches for Oregon rivers vary ; the two longest tidally

influenced river sections are those of the Columbia ( 140 miles) and the Coquille

(40 miles) (table 4.2) .

The most distinctive environmental features of estuaries along their length are the

horizontally created gradients of salinity and temperature caused by the mixing of

fresh river water with ocean saltwater; such gradients are vertical at times , going

from fresh to saline conditions as depth increases . The salinity gradient along the

length of an estuary varies greatly over time because of the twice-daily ebb and flow

of the tides and the seasonal changes , such as winter floods ' moving the freshwater

seaward. These variations are greatest in the middle of the estuary where salinity

conditions are intermediate between the upper freshwater and lower saltwater.
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Table 4.2 — Tidally influenced reaches of major coastal Oregon riversa

River and estuary

Head of tide

( river mile)

Alsea

Columbia

Coos

Coquille

Necanicum

Nehalem

Nestucca

Rogue

Siletz

Siuslaw

Tillamook

16

140

27 (both Millicoma and South Fork Coos Rivers)

40

3 (Necanicum River) and 4 (Neawanna Creek)

9

7

5

22

25 (Siuslaw River) ; and 7 (North Fork Siuslaw River)

7 (Tillamook River); 4 (Trask River) ; 2 (Wilson River) ;

1 ( Kilchis River)

27

26

Umpqua

Yaquina

Adapted from Percy and others ( 1974 ) .

Seasonal

Stratification and

Flushing

The density differences between freshwater from streamflow entering an estuary and

seawater entering from the mouth can result in vertical stratification of the estuarine

water mass . In a density-stratified estuary, a low salinity , low density , mixed surface

layer flows toward the sea , and the denser, more saline , seawater originating at the

mouth flows upstream near the bottom. This bottom flow replaces the seawater that

is entrained and mixed upward , along the length of the estuary, into the surface

outflow . This upward mixing continually increases both the volume and salinity of the

upper layer as it flows down the estuary.

The presence and extent of vertical-density stratification vary seasonally in Pacific

Northwest estuaries , mainly during the rainy winter season when streamflow domi

nates estuarine hydrography . Winter floods may produce vertical stratification even

in the lower segment of the estuary near the mouth ; at this season , the upstream

flow of saline , ocean water is strong near the bottom and the downstream flow of

dilute , mostly riverine water is strong at the surface . The near-bottom flow of marine

water weakens gradually in the upstream direction and finally ceases at some point

upstream . Flows in the upper estuary above this point are downstream near both the

bottom and the surface.

The " null point" in the system in short-term subsurface transport of water and

suspended materials , including woody debris, is in the midestuarine region where

near-bottom flow is not appreciable either upstream or downstream . Its exact position

varies with the volume of river discharge. Below this null point , water and sediment

may be transported upstream along the estuary bottom . At and above it is a region of

increased turbidity and sedimentation as suspended riverine sediments enter a

region of decreased velocity and flocculation . Woody debris may be incorporated into

sediments in the estuarine channels of this zone , to be periodically remobilized and

flushed farther down the estuary during periodic winter floods when increased
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riverflow moves the null point downstream . In summer, floating wood might be

retained in the upper estuary, moving downstream only during tidal cycles with the

greatest vertical range . In winter , the hydrographic regime favors downstream

transport along the entire estuary.

Water in Pacific Northwest estuaries is not strongly density stratified in summer when

seasonal rainfall and resulting streamflow are at a minimum and tidal exchange

dominates the estuarine hydrographic regime. The relatively great tidal range of the

region results in enough volumes and energy to mix the estuary vertically through

most of its length . In summer, difference between surface and bottom water at any

point is much less than in winter.

Pacific Northwest estuaries typically have a large proportion of tidelands- to -subtidal

area that results in a high exchange ratio (Johnson and Gonor 1982) . This is the

ratio of the tidal prism ( intertidal volume ) to the total high tide volume of the estuary

and is proportional to flushing time if flow is not restricted . Many of the known

flushing times are fewer than 10 days in summer. Because of the length of the

estuaries compared with the cross section of the mouth , however, these estuaries

are " choked ." The lower well-mixed sections flush rapidly in the larger estuaries, but

the upper regions may take two to four times as long to flush . Successive upstream

segments of the estuary take longer to flush , and at one point in the upper estuary

the water present at high tide cannot reach the estuary mouth and exit during a

single ebbing tide . Most of this water from the upper reaches is returned on the

succeeding floodtide to the region of its previous position . This is a seasonal null

point . Above this point , the water mass is only gradually replaced by streamflow and

tidal mixing , so that it attains a characteristically high salinity in summer and an

elevated temperature in shallow areas from warming by the sun .

Both floating and suspended woody debris are retained longer in upper estuarine

regions with the longest flushing times , whereas floating wood in the lower segments

exits more rapidly . Marine wood borers adapted to the annual salinity and tempera

ture regime of the upper reaches grow and reproduce rapidly at the warm tem

peratures reached above the summer null point . Decreased flushing also increases

the chance that the dispersion stages of wood borers will be retained longer in the

upper estuary and thus increases their chance of encountering new wood that is also

retained longer in the upper estuary .

Velocity of ebb tide current may be high at the mouth of Northwest estuaries (Bourke

and others 1971 ) . Maximum ebb currents may be 6 knots per hour at the mouth of

the Columbia River , as much as 7 knots at Coos Bay , and 5 knots at the entrance to

Grays Harbor - sufficient to move floating wood rapidly away from the immediate

coast and into the coastal current system .

A tidally related, clockwise rotating eddy has been identified just off the mouth of the

Columbia River ( Barnes and others 1971 ) . The eddy is strongest at ebb tide and

brings floating material onshore just north of the river mouth . Large rafts of drift trees

off the mouth of the Columbia River , noted in the historic record of early explorations ,

may have been related to this eddy . Such an eddy would have collected trees

washed out of the Columbia and retained them in the near-shore ocean .
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Much of the water leaving the lower estuary on the ebb tide mixes with outside

ocean water and is moved away from the mouth by the longshore current (Johnson

and Gonor 1982) . The water re -entering the lower estuary on the incoming tide is

thus mostly oceanic in temperature and salinity . Outside ocean water is thoroughly

mixed with water within the estuary during every tidal cycle below the summer null

point. The summer and , to a lesser degree , the winter environmental regime of the

lower parts of Pacific Northwest estuaries closely resembles that of the cold near

shore ocean . The marine wood borers of this lower estuarine region cannot tolerate

upstream conditions in summer, where the water is warmer, less saline , and more

characteristic of southern waters. Because of longer water retention times in the

upper estuary, the colonization and survival of warm-temperate wood -boring species

are favored once they are introduced .

Marine,

Wood-Degrading

Organisms

The fate of trees entering estuarine and marine portions of the ecosystem is mainly

determined by organisms that degrade the wood and recycle its nutrients and

energy. The kinds of organisms involved and their relative roles in marine and

terrestrial environments vary widely . Marine organisms known to degrade wood

entering the sea belong to taxonomic groups different than those dominating this

process in terrestrial and freshwater environments . They are not as diverse as those

in terrestrial environments, and the relative roles of micro-organisms and animals in

initial attack on cellulosic materials differ . Marine fungi and bacteria appear to play

minor roles in the initial invasion and degradation of wood in the sea . The major roles

in degradation of marine wood are played by a few genera of wood-boring crustacea

and a larger number of bivalve mollusks (table 4.3 ) . In contrast to the fate of fallen

trees in terrestrial environments , wood in estuarine and marine environments is

rapidly attacked by animals , long before significant soft rot takes place ; the animals

disperse it before , not after , microbial decomposition of its constituents .

Isopods Wood -boring isopod crustacea (gribbles ) of the genus Limnoria are major reducers of

wood in estuarine and marine waters of the Pacific Northwest. Only two species are

involved , L. lignorum , the endemic northern species , and L. tripunctata, the

introduced species that is predominantly southern in distribution but is also found in

the upper reaches of Pacific Northwest embayments and estuaries . Limnoria

lignorum is a coldwater species that occurs in embayments and the lower reaches of

estuaries . It can reproduce in the cold outer coastal waters where L. tripunctata can

survive as adults but can rarely reproduce or establish new colonies .

Both species are typical isopods in appearance , resembling small , elongate pill bugs

of terrestrial environments . Limnoria lignorum is large ; individuals average 0.012 to

0.016 inch long and 0.004 inch wide . Adult L. tripunctata are smaller , typically about

0.012 inch long and 0.004 inch wide . Although both gribble species are small

animals , they are major wood- deteriorating organisms in the sea because ( 1 ) they

live in dense colonies in interconnecting burrows in the surface layers of sound

submerged wood , and ( 2 ) they are abundant and widely distributed . They do not

attack rotted wood , but bore actively and continuously by removing smallpieces of

fresh wood from the blind ends of their burrows and consuming them . All wood

removed by gribbles during burrowing is ingested . About 45 percent by weight is

used and the rest is voided as fecal pellets ( Ray 1959a, 1959b) . These small ,

flattened , cylindrical pellets are composed of finely ground wood fibers lightly bound

together by a thin membrane of chitin secreted by the hind gut . Fecal pellets are

continually washed from the gribble burrow systems by respiratory ventilating
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Table 4.3 — Wood degraders in estuaries

Classification Organism Relation with wood Life History

Isopods ( gribbles,

or wood borers)

Arthropoda; class ,

Crustacea:

Limnoria lignorum

Limnoria tripunctata

(introduced)

Burrow and live in wood

in inland marine waters

Ingest all wood excavated

during borrowing

65 percent by weight of

wood is voided as fecal

pellets

Live in dense colonies in wood ; as

many as 30 organisms per 0.4

square inch of wood surface

1- to 2 -year lifespan

Burrow 0.4-0.8 inch per year in the

Pacific Northwest

Weak swimmers as adults , no

free -swimming larval stage ;

juveniles or recently matured

individuals swarm from colony and

are dispersed by currents to other

wood ; long-distance dispersal may

be by floating wood containing

colonies

Shipworms (wood

boring mollusks)

Mollusca , class ,

Bivalvia : Family ,

Teredinidae

Bankia setacea

Teredo navalis

(introduced )

Bore and live in wood

located in coastal and

saline estuary waters

Line burrows with calcium

carbonate walls

Consume some of the

wood that is bored

Live in dense colonies in wood in

shallow marine waters

Bankia : lays eggs in water; pelagic

larval stage lasts 3-4 weeks at

12-15 °C and is dispersed by

currents ; 7-month lifespan

Teredo: 10-week lifespan broods

developing eggs

Xylophagid borersFamily Pholadidae

Xylophaga species

Xylophaga

washingtona

Deeper, oceanic wood

borers:

Burrow and live in sunken

wood on ocean floor

Ingest wood as food

source and process it for

other marine benthic

organisms

Long - lived larval stage ; high

reproductive rate; early maturity and

rapid growth ; characteristics

suitable for effective use of an

unpredictable and transient food

source

currents created by the animals . The nonbuoyant pellets sink rapidly in still water.

They are light enough , however , to be easily dispersed by the typical wind -driven

turbulence and currents of estuarine and coastal shallow waters . Gribbles convert

wood in one step from the original massive , intact form to microscopic , nonbuoyant

particles freely dispersed in the environment and deposited in surficial sediments. As

individuals of a colony burrow deeper , the outer, riddled region of the wood with the

older galleries becomes waterlogged and softened by micro-organisms. Conse

quently , it is fragile and easily broken into small pieces by abrasion and wave action

that gradually removes the outer layers no longer occupied by the gribble colony .

Gribble population density in wood is high , as many as 30 animals per 0.4 square

inch of wood surface. Long-distance dispersion along the coast or between

embayments is mainly by colonies in wood that floats from one location to another.
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Chemical reduction of wood by isopods.--Although gribbles remove a significant

fraction of the total weight of wood by passing it through the digestive tract, they do

not use all the major polysaccharide components with equal efficiency; and there is

no evidence that they can alter lignin (Ray 1959a, 1959b) .

Both species of gribbles in waters of the Pacific Northwest are predominantly

intertidal or subtidal animals that principally attack wood located in the lower, saline

intertidal zone or the portions of large upright pieces, such as pilings , below midtide

depth . Gribbles are intolerant of sediment in their burrow system . When colonized

logs are rolled by waves across mudflats or sand beaches, the burrow systems

become clogged and the colony is reduced or killed . Such wood is readily reinvaded

if it is refloated by subsequent tides.

5

Wood -Boring Mollusks Other than gribbles, the only shallow -water, wood -boring animals in the Pacific

Northwest are two species of shipworms. These are the most important reducers

of wood in estuarine and shallow marine waters of the region . The most common

species of shipworm is Bankia setacea, a coldwater native to the North Pacific

found in the open coastal ocean as well as in embayments and the lower parts of

estuaries. Because of its abundance, large size , and rapid growth , B. setacea is the

major marine, wood -destroying animal in these waters . The other species is Teredo

navalis, a smaller , introduced warmwater species of restricted distribution in the

Pacific Northwest.

Shipworms are specialized bivalved mollusks that inhabit shallow water (maximum

650 feet) and coastal areas. They have elongated bodies and use toothed ridges on

their specialized shell valves for mechanically rasping their way into wood. As ship

worms bore into wood , they secrete a calcium carbonate lining to their burrows.

Bankia larvae first attach to wood by a byssal thread and penetrate the wood

within 48 hours . Cutting teeth develop on the larval shell after attachment, and the

metamorphosed larva begins to bore into the wood , burying itself completely within

24 hours.

These infestations , often so dense that their burrows nearly touch, can rapidly attack

and convert the interior of large , solid trees into finely divided wood powder that is

dispersed into the estuarine environment. The role of shipworms as agents of wood

conversion and dispersion in the carbon and energy cycles of Pacific Northwest

coastal waters has not been studied . Bankia setacea is a highly opportunistic species

with rapid growth , a relatively short adult lifespan , a high reproductive output , and

widely dispersed , long - lived pelagic larvae capable of rapidly colonizing new wood as

it arrives in the coastal waters . In Pacific Northwest coastal waters , infestations of

wood by Bankia are intense .

Bankia uses the cellulose fraction of the wood with about the same efficiency as

gribbles . Lignins and the remaining cellulosic material are not digested but are voided

as finely divided detrital particles in fecal pellets . Shipworms must bore to grow , so

much of the bored wood is not ingested but is flushed directly out of the burrow as it

is ground into a fine powder. Shipworm fecal pellets are lightly bound with mucus

and easily break apart. The fine wood particles they contain are not buoyant but are

easily suspended . Shipworm wood borings thus become microdetritus, like those

from gribbles, and directly enter the detritus web.

9
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Xylophagid Borers Deep-sea wood-boring bivalves (xylophagid borers) are found off the Pacific

Northwest coast. These borers quickly invade wood in the deep sea and grow

rapidly . Their boring activity converts the wood into fecal pellets that settle to the

sediment surface and attract other deep-sea benthic animals. Their conversion of

wood into a readily available detritus source supports the development of a complex

benthic community.

Like the shipworms of shallow water, the deep-sea xylophagids are opportunistic

species. They quickly colonize wood that , having been carried offshore , becomes

waterlogged and sinks to the deep-sea floor. In the North Atlantic, test boards on the

floor of the sea (5,948 feet) became infested with a dense population of two species

of xylophagids within 104 days (Turner 1977) . These deep-sea wood borers have a

high reproductive rate, an early maturity, a high population density, and rapid

growth characteristics suitable for effectively using wood that is an unpredictable

and transient habitat and food resource in the deep sea. Because adults die as the

wood is consumed and disintegrates , dispersion must be through an abundantly

produced, efficient , and long-lived larval stage that searches for wood at the

sediment-water interface.

Like shipworms, xylophagids use wood for both habitat and food . They are probably

the most important deep-sea organisms for converting wood into a finely divided

detrital source of food for other deep-sea benthic organisms. They also provide

locally abundant prey to deep-sea benthic predators.

Fungi Marine fungi degrade cellulosic materials, but their ability to rapidly or extensively

degrade large pieces of wood appears to be much less than that of terrestrial fungi.

Cellulolytic activity has been demonstrated , however, in some taxonomically diverse

marine species of Fungi Imperfecti and Ascomycetes. These same organisms have

been associated with soft rot attack and weight loss in experimental blocks of wood

placed in the sea (Jones and others 1976) . Virtually nothing seems to be known

about their ecological roles in wood degradation and energy or nitrogen flow in

marine detrital systems . Marine fungi are not requisite for the initial attack on wood

by the primary marine wood-deteriorating organisms in Pacific Northwest waters.

Most of the fungi that break down lignin attack only the wood surface, no deeper

than one-eighth inch . Species of the fungal genus Luworthia, however, penetrate

deeply into wood and are more like terrestial wood-decaying fungi .

Bacteria The role of cellulose -degrading bacteria in the sea is obscure, but many species of

marine bacteria have been identified as active degraders of cellulose (Kodata 1958) .

Cellulose-decomposing aerobic bacteria are abundant in seawater and bottom

sediments and are widely distributed in the sea and estuaries. These organisms play

an important role as remineralizers of cellulose-containing organic matter, but their

exact role in marine and estuarine carbon cycles is not known. Some cause rapid

deterioration of cotton nets in the sea , and some colonize and attack submerged

wood . Cellulolytic bacteria in the digestive tract of the shipworm Teredo navalis are

probably responsible for the breakdown of ingested cellulose . Previous or concurrent

direct attack on wood by bacteria , however , is not a prerequisite to marine borer

activity . Bacteria seem to be important in the breakdown of finely divided wood

particles, but the intermediate ecological roles of cellulolytic bacteria in the

degradation of cellulosic detritus produced by marine wood borers have not been

evaluated .
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Fallen Trees in the

Tidally Influenced

River

High water, especially winter storm floods , brings large trees into the tidally

influenced region of coastal stream systems. Tides influence water level even in the

extreme upper region of the estuary where the salinity is too low for marine

wood-boring animals to survive. Surface salinity is virtually zero , but bottom water

may contain some salt in summer. The ecological functions of fallen trees in the tidal

river water are much the same as those upstream , but many of the fish and other

animals are different from those upstream . Fallen trees and logs are present in

channels and on intertidal banks, including any freshwater marshes in the reach

under tidal but not salt influence (Secretary of the Treasury 1859) (fig . 4.4) .

A large drift tree whose roots embrace a mass of hard clay or

stones ...may very readily be carried outward by the strong effluent

current of the Columbia , and especially in the season of freshets; but

when the current slacked the root of the tree would remain upon the

bottom , sink into the sands, and continue stationary whilst the

remaining movement of the current would be able to shift the loose

sand and deposit it around the roots .

Fallen trees influence the estuarine portion of the ecosystem, mainly through their

physical properties as large masses ; they form heavy, solid objects and firm

substrates in an environment where the bottom consists mainly of fine sediment.

Fallen trees in the tidal river segment of coastal stream systems create riffles and

provide shelter from predators for upper reach fishes . Examples of common fishes in

this section of Pacific Northwest estuaries are stickelback, sturgeon, starry flounder,

and juvenile and adult salmonids . Fallen trees can also affect local waterflow patterns

by creating turbulence and thereby affecting the sedimentation pattern and the

formation of bars or mudbanks . Emergent parts of fallen trees stranded in the

channel or partly or wholly on tidally exposed banks are used by water birds as

refuge perches during daily rest cycles , or by predatory birds, such as herons and

eagles , as hunting perches.

Figure 4.4 – Rootwads help anchor driftwood (photo , courtesy of the

Oregon Historical Society, negative ORH 45285 ) .
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Fallen Trees in the

Tidal River

Biological decay in the uppermost estuary (freshwater, but tidally influenced river

section) is slow, on the order of many decades , especially for trees partly embedded

or buried in typically anaerobic upper estuarine muddy sediments where attack would

be only from cellulolytic fungi . Unlike the saline lower estuary, there are no animal

groups to act as rapid degraders. Battering by trees rafted downstream on floods or

uplifted and carried by tides is probably the major force breaking trees into smaller

components. Rolling breaks branches , and trees are typically caught on tideflats by

stubs of broken branches.

Fallen Trees in the

Upper Estuary

Fallen trees are further transported by floods and tides from the tidal river into the

upper estuary system , that brackish , tidally influenced region above the summer null

point. Salinity in summer at both surface and bottom can be appreciable but less

than in the more marine lower reaches. Salinity in winter is very low , and most

marine animals not adapted to prolonged lower salinity cannot survive. Because of

lower streamflow and limited tidal flushing in summer, water temperatures in the

upper estuary are significantly higher than those in the lower reaches , so marine

wood borers are not present .

The gribble Limnoria tripunctata is found in marine waters from inland British

Columbia through the Puget Sound region and in all the major estuaries of the

Douglas-fir biome . The introduced shipworm Teredo navalis is established on the

Pacific coast in San Francisco Bay and in the inner parts of a few embayments on

outer Vancouver Island . It is more resistant to periods of lower salinity and higher

temperature than the native shipworm Bankia setacea and consequently can

establish populations in upper estuarine areas where Bankia cannot colonize . Trees

and logs caught in the channels , or stranded , or embedded in the banks and tideflats

of the upper estuary are soon attacked by the gribble L. tripunctata.

9

Attack by gribbles provides continuous and rapid physical breakdown of the wood

surface that reduces the radius as much as an inch a year and produces large

quantities of fecal pellets . The easily suspended fecal pellets are a carbon source of

the sediment surface and the midwater pelagic system. Gribbles transfer fine wood

particles to the carbon pool of the benthic sediment system by enormously increasing

the surface area of wood and effectively converting trees directly into nonbuoyant

wood powder. Further microbial degradation of gribble fecal pellets by cellulolytic

bacteria in the surface sediments may channel this carbon source into the benthic

detrital food web. The role of wood transferred to benthic and pelagic detrital systems

in the form of fecal pellets from marine wood borers has not been examined. Organic

detritus is the principal energy source for food webs in estuarine and shallow marine

benthic portions of the ecosystem ; the principal source of this detrital carbon is debris

from macrophytes in the system . Some of the pelagic food web is also based on

detritus , and fecal pellets from gribbles are an appropriate size for direct ingestion by

zooplankton . Attack by marine borers dramatically increases the rate at which the

wood becomes waterlogged and sinks . The role of such wood as large , solid , inplace

objects is similar to its role already described for the upper estuary.

Sediment lodges in the extensive spaces of abandoned outer burrow systems of

gribble colonies , and some sediment fauna are found in the old , riddled wood . As the

surface area of the hardened wood increases , the older portions are invaded by

bacteria and marine lignicolus fungi that attack the remaining wood .
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Recently arrived, buoyant trees and logs in the upper estuary are transported by river

floods and winter high tides to the extreme edge of the highest reach of winter high

waters , the highest of the year. This usually results in a dramatic strandline of large

trees and logs, sometimes in continuous rafts , in the upper or high salt marsh that is

the community type characteristically present at this tide level within the upper

estuary. Trees and logs function here as agents of disturbance in an otherwise very

dense, productive, and uniform plant community , the consequences of which we

discuss later ( fig. 4.5, color ).

Fallen Trees in the

Lower Estuary

The lower estuary, from below the null point to the mouth, is dominated by marine

influence . Its salinity and temperature range are nearer to those of the open coast

than to those of the upper estuary. Trees and logs here are degraded to smaller

detritus but have the same physical role as in the upper reaches of the estuary.

Trees and logs transported into the lower region of Pacific Northwest estuaries enter

a habitat too cold in summer for reproduction by L. tripunctata. Lower estuarine

salinity regimes , however, are sufficient for occupation and survival by the two

indigenous species of marine wood borers , L. lignorum and B. setacea. Both can

colonize wood for most of the year, and Bankia, in particular, has a high growth rate

and can significantly degrade large pieces of wood within 1 year. Between the two,

any stationary wood in the lower estuary is rapidly destroyed. The result, again , is

reduction of large masses of wood to a fine , nonbuoyant wood powder, most of

which is introduced into detritus-based food webs of the estuary. Both the mass and

the physical properties of trees are altered ; waterlogging increases , and the surface

of the trees is converted into a friable mass of riddled wood rapidly abraded into

macrodetritus by waves and battering . Shipworm wood borings and fecal pellets

become microdetritus and directly enter the detritus web.

Fallen Trees in

Salt Marshes

Salt marshes are densely vegetated , low coastal wetlands at elevations within the

annual vertical range of regular tidal fluctuations . Plants of the salt marsh community

are capable of growing in saturated estuarine sediments and withstanding stresses

from salinity and tidal inundation . The requisite conditions of lower salinity , extensive

areas of soft sediments at high tide levels , and low wave energy are virtually

restricted to estuaries in the Pacific Northwest.

There are no true ben coast salt marshes in the Pacific Northwest. Estuarine

marshlands have built relatively rapidly toward the sea by deposition of sediments

influenced mainly by modern economic activities . Extensive areas have been

removed from estuarine systems through diking for agriculture , pastures ,

roadbuilding, and construction . Logging , road construction , and cultivation—all of

which disrupt watershed stability—increase sediment loads in rivers and streams and

result in increased sediment accumulation rates in estuaries .

Salt marshes are important parts of estuarine systems in the Pacific Northwest. Salt

marshes have very high annual plant production rates , a significant fraction of which

is exported to the rest of the estuarine portion of the ecosystem as plant detritus.

They also function as hydraulic buffers to flood and storm surges because of their

extensive area . Migratory waterfowl and juvenile fishes , especially salmonids , use

tidal drainage creeks in the marsh at high tide .
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Eilers (1975) examined the role of trees in salt marshes of the Nehalem estuary in

Oregon through the use of historic charts and aerial photographs and by direct

observation . Information indicated that trees have long been important in salt

marshes. The upper margins of the high salt marsh were clearly delimited in 1939

aerial photographs by extensive and continuous piles of large drifted trees . Trees,

many of them large, were abundant enough to obstruct the channel in the period

around 1900. An island , which first appeared in the Nehalem estuary between 1875

and 1914, was covered with live trees and fallen trees associated with other changes

in topography. The island today stands 6 feet above tide level , illustrating the

sediment trapping ability of piles of down trees and associated vegetation .

Eilers ( 1975) found that circular-to-oblong depressions, 1.8 to 6.8 feet in diameter

and 0.8 to 1.6 feet deep, common in the high marsh at tidal elevations between 9

and 10 feet above mean low water were former resting places of large drifted trees

that had been moved about by extreme high tides . When drift trees remain in place

in marshes for long periods , the general elevation around them increases from

siltation and accumulation of organic matter. When these trees refloat during

unusually high tides , floods , or storm surges, the shallow depressions that remain in

the marsh increase habitat diversity ; at low tide , these depressions are filled with

juvenile fishes . Refloated trees are an important source of disturbance that also

influences the distribution of marsh plant communities and plant succession

( fig. 4.6 , color ).

The relative mobility of large drift trees and logs in different parts of the high marsh

influence successional processes in opposite ways . A sprucelalder/willow wetland

forest community dominates the highest portions (9.4 to 9.8 feet mean lower low

water) of the salt marsh , slowly invading it as the progradation characteristic of

marshes in this region proceeds ( Eilers 1975 , Johannessen 1964) . This forest

advances in some places by active colonization of stable piles of drift trees and logs

left on the high marsh by past storms . Large drifted trees embedded in the marsh are

colonized by terrestrial plant species unable to grow directly on the marsh soil

because of salinity . Most of the spruce in the high marsh were growing on nurse

trees, and few of the spruce roots extended into the marsh soil (fig. 4.7). In other

parts of the marsh exposed to winter storm waves, the forest edge was in retreat,

mainly because accumulations of drifted trees battered against the trees and upper

marsh shore at abnormally high tides ( Eilers 1975) .

Drifted trees in the upper marsh are exposed to a wet, predominantly freshwater

environment and resemble decaying fallen trees in terrestrial environments rather

than trees elsewhere in the estuary. If these trees remain in place , they are attacked

by wood-decaying fungi and show the typical sequence of internal rotting. Their

relation to nitrogen cycles in the upper marsh and to small mammals inhabiting this

environment is not known .
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Figure 4.7 — Sitka spruce grow on nurse logs in Oregon coastal
marshes.

Use of Drift Trees in

Estuaries by Birds

and Seals

Much of the following information about birds' use of emergent portions of drifted

trees and logs in estuaries is from Bayer's ( 1978 , 1983) extensive studies of birds'

use of estuarine resources in Yaquina Bay , Oregon.

9

Bald eagles use trees and logs away from shore on tideflats and on sides of estuary

channels ; they avoid perching directly on soft mud surfaces. Because eagles forage

from a central place , use of perches near shore rather than more distant, taller trees

conserves the birds' energy . They perch in places that provide good visibility of open

channel water and of tideflats where they watch for opportunities to capture aquatic

birds or steal prey caught by gulls and herons in the shallows on the tideflats

( Stalmaster and others 1985) . Drift trees on flats are more centrally placed in relation

to potential food resources for eagles , so flight time to and from a foraging area is

less (fig . 4.8 ) .

Green herons, great blue herons , and great egrets are predators that prefer to stand

and wait for prey , principally fish , to pass by . They can wade in the intertidal flats

only when the water is no more than 8 inches deep. Herons and egrets use drifted

trees that remain partly out of water at times of high tide , as well as floating logs , log

rafts , and booms as perches for resting and foraging . Great blue herons defend

feeding territories on log rafts when they are available , virtually confining their feeding

activity to these territories . They conserve energy by using emergent wood near or

surrounded by water to combine two necessary daily activities — perching and

foraging. Herons thus have more time for foraging than they would hunting for fish

when the tide is low enough for them to wade in the shallows . When perches on

tideflats or in the channels are not available , herons must alternate between perching

in distant trees to rest and wading at low tide to forage , with flights necessary

between perching and foraging locations . Herons in upper Yaquina Bay have

established territories on log rafts floating along channel margins . These herons can

avoid long foraging flights and require smaller feeding territories because the rafts

are over deeper water than they could wade in ; thus they can also catch larger fish

found in deeper water than they could by wading on the flats where smaller fish

usually occur .
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Figure 4.8 – Baldeagles choose to perch on mudflat objects, such as

drittwood, rather than on the tidal substrate (photo, courtesy of Range

Bayer).

Cormorants and brown pelicans also require perches for rest between periods of

foraging , and they prefer perches surrounded by water and away from the

shoreline — wooden structures, such as piling , and stranded logs and trees. Small

shorebirds that feed on tideflats at low tide and require perches for resting at high

tide use any available emergent wood .

Natural , old , drifted trees are more abundant in Siletz and Nestucca Bays than in

some of the other Oregon estuaries ; birds can nest in young trees growing on drifted

trees and logs stranded in the intertidal area . Purple martins, which require rotting

wood for cavity nesting , use tree butts sticking out of the flats at Siletz Bay. Because

rotting trees on land near water have become scarce , suitable stranded trees

become important resources for these birds.

Gull-nesting areas within estuaries are uncommon today because of limited suitable

nesting habitat . Pilings , humanmade structures that resemble formerly more

abundant stranded trees , are used by gulls for nesting (Bayer 1983) .

Natural drifted trees in estuaries and the use of herring spawn by marine birds in

Oregon estuaries are indirectly related . Herring that enter estuaries to spawn require

solid substrates in the intertidal area for egg (spawn) attachment. In estuaries where

the intertidal area and shore are predominantly soft muddy sediments , solid surfaces

are limited . Masses of herring spawn are attached to red algae , rockweed (Fucus ) ,

eelgrass , rock , shells , and pebbles on the flats and on any available wood, such as

logs and drift trees, especially branches of trees stranded in estuaries. Using

herrings' preference for finely divided spawning substrate , Pacific Northwest Indians

once placed brush and cut branches in the estuaries during the herring spawning

season to collect spawn to eat . At present, suitable intertidal spawning substrate is

limited in Oregon estuaries, and herring spawn becomes overlaid and crowded on

the substrate . Crowding greatly reduces hatching success by creating oxygen

deficiencies in the mass of spawn . Masses of excess spawn break free and are
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rolled across the tideflats by waves to accumulate on beaches. Both this beached

spawn and the spawn remaining attached in place are eaten by birds, including

nonaquatic species , such as crows. Gulls feeding alone can consume most of the

spawn on a beach at low tide . During the herring spawning period in Yaquina Bay,

the total resident bird population increases from about 1,000 to 2,000 birds of each

species to a total of about 10,000 birds (Bayer 1980) . To the extent that suitable

intertidal substrate, such as stranded tree branches , limits herrings' spawning in

estuaries, the availability of herring spawn as food to birds associated with estuaries

is limited

3

Rafted and stranded trees and logs away from the shoreline and undisturbed by

people are potentially important to harbor seals , which require haul-out areas for

resting out of the water. These seals now haul out on log booms and log rafts in the

channels of estuaries. The availability of log booms during the day increases the time

that suitable haul-out space is available to harbor seals . Without this type of

resource, seals can haul out on shore only at night when people are not present.

Natural rafts and drifted trees stranded on tideflats very likely were once also used

for haul-out by harbor seals and may have been one of the limiting resource for seal

populations in Pacific Northwest estuaries ( Bayer 1981 , 1985 ; Calambokidis and

others 1978) .

Fallen Trees Rafted

Out of Estuaries

Aboard a seagoing vessel off the Northwest coast in heavy seas during a storm in

November 1852 , James Swan ( 1857) reported:

The next morning we found ourselves about thirty miles to the

westward of the Columbia River , from which a huge volume of water

was running, carrying in its course great quantities of drift logs ,

boards, chips , and saw dust , with which the whole water around us

was covered .

How much wood was historically transported to the ocean is not known, though it

must have been substantial at a time when most of the riparian zones along the river

corridors and in the watersheds were dominated by large conifers . Hundreds of

millions of board feet of logs and downed trees have come down into Puget Sound in

Washington and Georgia Strait in British Columbia from the rivers that drain the

Washington Cascade Range and the British Columbia coastal mountains. These

large quantities were joined by significant numbers of logs that were separated from

rafts in estuarine log storage areas or from towed rafts ( fig . 4.9 ) . More than 10 billion

board feet of logs are annually stored or travel in estuaries and lower rivers of the

Pacific Northwest from Alaska to California , including British Columbia (Sedell and

Duval 1985) . A 1 -percent-escape rate would allow more than 100 million board feet

to enter the ocean from this source alone .

More than 2 billion board feet of wood is estimated to be annually transported to the

North Pacific ocean , an estimate believed to be conservative because large regional

storms were excluded from the calculation , and pieces of wood less than 10 feet long

were not considered ( Sedell and Hansen , unpubl . data ) . Two billion board feet per

year is a small amount for the entire northeastern Pacific from San Francisco Bay to

Nome , Alaska . This is testimony to the retentive nature of rivers and estuaries , as

well as to the substantial reduction in volume and size of wood now entering western

streams .
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Figure 4.9 — Logs and other escaped wood added to driftwood in es

tuaries and on beaches (photo, courtesy of Jack's Photo Service ,
Coos Bay, Oregon ).

Amounts of wood in rivers and estuaries in the past were high compared with today's

supply . In the past , sources of large, long trees were abundant; a large amount of

wood was stored on beaches, in estuaries , and in rivers; and there were no dams on

the rivers (fig . 4.10) . A vast array of organisms have adapted to the use of this

material. Some may find substitute habitats, but others obligate feeders of wood in

the ocean environment- cannot.

5

Today, only 7 of the 17 coastal port authorities in Oregon are directly involved in

snag, stump, and debris removal in their estuaries. The sources of drift have been

greatly reduced since the 1850's , and the opportunities for wood to be retained in the

lower estuary have also been reduced through diking , marsh filling , and

channelization. Pilings create retention sites , but these sites are likely to be cleared

of debris.

Ocean Transport of

Woody Debris

The transport and fate of floating or sunken woody debris discharged from estuaries

into the ocean is determined by regimes of coastal wind and current. Along the

Oregon and Washington coasts, these regimes differ in direction and intensity with

season , so that the direction of wood transported from the same estuary varies

greatly. The California current flows south along the coast all year, a broad and slow ,

surface flow of about 0.2 knot per hour. During the winter, a second coastal flow

known as the Davidson current forms and flows northward over the Continental

Shelf, pushing the California current somewhat offshore. Its mean velocity is 0.35

knot per hour and results from strong northerly atmospheric circulation .

3Prevailing coastal winds shift north - south direction seasonally, with short transitional

periods of weak winds. Strong winds blow predominantly out of the southwest from

October through April (Barnes and others 1971 ) (fig . 4.11A) . Occasional periods of

onshore winds during the summer move a shallow layer of surface water northward

along the coast and toward the shore. Storm winds often beach large trees floated

out of estuaries and northward along the coast . Redwood stumps from northern

California are stranded on Oregon beaches when high tides and storm surges

combine to cause unusually high water.
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Figure 4.10 — Beached wood in the late 1800's often included cut logs

as well as drifted trees (photo, courtesy of the Oregon Historical

Society, negative ORH 26616 ).
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Figure 4.11 — Nearshore currents transport wood north along Oregon

coastal beaches (after Parmenter and others 1985) : A. Summer

circulation off Oregon . The California current, a broad, shallow

surface current, drifts slowly southward over the Continental Shelf

and slope during the summer. The California undercurrent is a

narrow , fast-moving current flowing northward at depths greater than

650 feet over the Continental Slope. B. Winter circulation off Oregon .

The fast-moving, relatively narrow Davidson current flows northward

at all depths over the Continental Shelf . The California current , flow

ing slowly southward on the surface, is pushed offshore by the

Davidson current .
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Weaker coastal winds that are more constant in direction blow from the

north -northwest from May to September and create a nearshore current that flows

south and offshore (fig . 4.11B) . In contrast, when floods bring large quantities of

wood downstream into the coastal system , wind and currents keep floating wood

inshore and do not allow it to circulate in the open ocean . In summer, offshore

movement of water from the nearshore zone is balanced by upwelling of deep water

in a zone 5 to 10 miles from the shore . Complex shoreward movements associated

with these upwelling fronts may also entrain wood and retain it in the coastal region.

Fallen Trees Along

the Shore

Driftwood deposits of the Pacific Northwest differ in both kind and quantity from those

observed along other coasts . More important even than the great size of individual

trees or logs is the massiveness of the overall deposits , each of which may cover

many acres of beach to a depth exceeding 10 feet ( fig. 4.12, color ). The total

accumulation of driftwood between Cape Mendocino in California and Puget Sound

in Washington is estimated to be several million cubic yards or a few billion board

feet (Stembridge 1979) .

Trees are driven ashore on sand beaches by wind and waves along most of the

Pacific Northwest coast. These trees form large piles of driftwood, once characteristic

of Pacific Northwest shores , until removed by extremely high water. They act as

barriers to wind-transported sand and can form the nucleus for at least a temporary

accumulation of sand. Drifted trees are often found deep in the base of large dunes

and spits when another cycle of waves erodes the sands.

Drifted trees play an important role in natural cycles of erosion and deposition of

beaches and foredunes along the Oregon coast . These cycles were examined by

use of a series of aerial photographs beginning in 1939 to study long-term changes

in the Siletz spit (Komar 1983 , Komar and Rea 1976) . There , erosional and

accretional episodes occur along segments of the shore 325 to 1,950 feet long . The

following sequence of events was identified :

1. Rip-currents begin to erode embayments in the foreshore. During periods of high

tides and high waves, the deepened embayments permit waves to reach the back

shore area and the seaward edge of the foredunes , eroding a vertical scarp into
them.

2. Subsequent high tides deposit drifted trees and logs in the embayment at the base

of the scarp .

3. Lower energy waves build a broad, high " summer" berm in the embayment.

4. The criss -crossed mass of trees and logs behind the berm effectively trap sand

washed in by waves or blown onto the upper beach at low tide by the predominant

ly onshore winds .

5. Windblown sand continues to accumulate around the trees and logs , reestablish

ing the foredune , which becomes colonized by dune grass . The foredune often be

comes reestablished in 10 to 15 years .

6. Dune reformation is eventually followed by another episode of erosion , repeating

the cycle and exposing trees and logs previously embedded in the dunes .
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More evidence of the influence of driftwood on shoreline stability and accretion

comes from a study of the Alsea spit in Oregon ( Stembridge 1974, 1979) and from

studies of the beaches of northern Puget Sound in Washington (Terich and Milne

1977) . Recent changes were charted along Oregon's 300-mile ocean shoreline, and

110 miles of stable sandy shore and 40 miles of prograding sandy shore were

identified (Stembridge 1976) . Much of the stability and accretion was attributed to

changes in land -use during the 20th century that resulted in an increase in the

coastal sediment supply , in the deposition of saw- log driftwood, and in the

introduction of European beach grass .

Drifted trees may thus act as passive , stabilizing objects along coastal dune fronts.

Because trees shelter or shade some sand , colonizing plants often grow in the

moister sand at the base of stranded trees . Other plants , such as Sitka spruce, grow

on drifted nurse logs on the backshore . Driftwood not only provides beach stability

but contributes moisture and nutrients that appear to be necessary for the

establishment of woody vegetation (Stembridge 1979) . The role of driftwood in the

maritime dune fringe community has not been well studied . Burrows of mice and

insects can be found around the highest , oldest , driftwood trees embedded in dunes

behind sandy beaches , particularly on shores in a prograding phase .

Trees beached on rocky shores undergo quite different processes. Winter storm

waves batter and pile up large quantities of driftwood against the sides of rocky

points and headlands. Such trees are highly abraded and roughly splintered , and

winter shores abound in the freshly broken fragments of these trees . Most of this

splintered and shattered material is partly waterlogged , and much of it is not buoyant.

It appears to undergo further direct grinding on rocks into coarse woody debris, some

of which lodges among and below rocks , whereas the greater part is washed into

deeper water by the waves . Rocky shores are thus another site of direct and rapid

degradation of large trees into small fragments capable of entering a detritus -based

system through physical rather than biological agents .

Trees have an important ecological role in rocky shore intertidal community structure.

Sessile plants and animals in this community compete for the major limiting

resource-attachment space . In the absence of other influences , the more successful

or dominant competitors gradually exclude others and occupy all surface space,

which results in decreased community diversity . Battering by trees at high tide during

winter storms is a significant force in opening up patches of unoccupied space, which

thereby contributes to the maintenance of a mosaic community of higher diversity

(Dayton 1971 ) . Patches of attached organisms or those cleared by tree abrasion

produce a mosaic of different phases of colonization and thus prevent complete

occupation of all space by the competitive dominants , with concomitant reduction in

community species diversity . Disturbances of both physical(waves and trees) and

biological (grazing and predation ) origin were the major forces that produced

structure and order in the space - limited intertidal community of rocky shores (Dayton

1971 ) .
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Figure 4.13 — Driftwood Beach State Park, San Juan Island , shows

that some beaches are still ( 1986) covered with wood .

.

.

As much as 50 percent of the trees along the rocky shores of San Juan Island

showed saw-cut ends and were obviously from logging operations (fig . 4.13) . About

15 percent of the trees had intact root systems , indicating they originated from

erosion of shores and streambanks. The remaining 35 percent of trees on these

rocky shores were too worn to determine their origin . By contrast, at an open coast

site on the Olympic Peninsula , less than 1 percent of drift trees were saw cut ,

indicating that most of the large accumulations of such wood in this relatively remote

location were of natural origin (Dayton 1971 ) . Even today, naturally derived trees play

an important role in community processes on some rocky shores. This role is

obviously proportional to their abundance and size , which once were greater than

they are now.

Present-Day Look

at Wood on Coastal

Beaches and in

Estuaries

Wood volume on coastal beaches varies between locations and fluctuates between

seasons. In winter , storms transport wood downriver into the ocean, then deposit it

on the beaches . In other seasons , there may be a net loss of wood from the beaches

back to the ocean .

Seventy percent of the volume of woody debris longer than 1.6 feet was lost from

river-mouth beaches from 1970 to 1984 ( Benner and Sedell , in press) .

Gone are the mature stands of trees that were the source of large driftwood before

the late 1800's . Wood is being used for fuel in home wood stoves , and the number of

Forest Service free -use wood permits (fig. 4.14, color) issued by the Pacific

Northwest Region for cutting cords of firewood have increased by more than 800

percent from 1970 to the present (fig . 4.15 ) . Forest practices regulations that directed

the cleaning of wood from stream channels during logging operations in the 1970's in

the Northwest also reduced the source of woody material for estuaries and beaches .

Fewer logs now escape from lumber operations and other human -related sources

(fig . 4.16) .
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Figure 4.15— Increase in Forest Service free -use permits for firewood ,
1974-82.

Figure 4.16 - Log boom stores logs in an Oregon slough in the late

1800's. Some logs escaped to the beaches (photo, courtesy of the

Oregon Historical Society ).

Drifted Trees in the

Open Sea

Floating trees can travel long distances and are quickly colonized by shipworms,

gribbles, and barnacles. When this moving wood sinks to the bottom of the ocean, it

forms the primary energy base in a diverse community of invertebrates and functions

as an island of productivity in an otherwise stable , low diversity, low productivity

environment . Schools of smallfish are also attracted to floating objects , including

drifting trees and slow-traveling boats . The schools in turn can attract predator fish ,

such as tuna , and an ecological community becomes associated with the floating

forms .
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Transport and Fates Drifting trees that escape the inshore tidal currents enter the open sea . In winter,

nearshore currents along the Pacific Northwest coast transport trees northward.

Unless these trees are moved farther offshore , they will eventually be beached by

stormwinds. The direction of transport in the California current system is southerly

inshore in summer and offshore all year. If trees escape onshore transport and enter

the current , they are carried into the open sea where they may enter the westward

transport of the North Pacific gyre .

3

An inventory of driftwood along some beaches on the Hawaiian Islands showed that

most of the trees were from the west coast of North America (Strong and Skolmen

1963). The other trees were native to the Philippines , Japan , or Malaya . Even if

attacked by marine borers , large trees remain afloat for long times and , if they are

carried into the central gyre system of the North Pacific , may be transported for long

distances across the Pacific , to beach in such places as the Hawaiian Islands.

Ancient Hawaiian civilizations prized and preferred the huge Douglas-fir trees that

washed up on their shores . Local chiefs made double canoes from the large stems,

which were described by explorers and missionaries in the early 1800's (Heyerdahl

1952 , Strong and Skolmen 1963) . The anthropological records show an integrating of

large, floated Douglas- fir and redwood trees into the customs and rituals of Oceania

cultures.

Biological Role of

Floating Trees

Large trees capable of remaining afloat for long periods of time are natural agents in

the dispersion of marine wood borers and attached , sessile plants and animals , as

well as of nonswimming mobile animals associated with these encrusting or " fouling"

species . Trees at sea are usually heavily laden with growths of such epifauna and

flora , including both attached species from the open sea and nearshore species

acquired in transit to the open sea . In addition , the water strider , the only insect to

have invaded the open sea and become pelagic , lives and lays eggs on driftwood .

Many pelagic fish species of commercial and recreational importance associate with

floating objects in the open ocean . Tunas in particular aggregate around trees and

logs and other flotsam . Both Japanese and American fishers routinely seek such

objects while fishing for skipjack tuna and yellowfin tuna in the eastern and western

Pacific (Inone and others 1963 , 1968 ; Kimura 1954 ; McNeely 1961 ; Uda 1952) , and

their success rate for tuna was well over 4 : 1 in favor of seines set around drifting

trees and logs ( Pacific Tuna Development Foundation 1979) .

Several hypotheses have been suggested to explain this association . One is that

shadows cast by floating objects make zooplankton more visible to predators

( Damant 1921 ) or that pelagic fish simply seek shade from the floating material

(Suyehiro 1952) . Floating trees and logs serve as egg and algal attachment sites , as

invertebrate food and habitat , and as cleaning sites where external parasites on

pelagic fish are removed (Gooding and Magnuson 1967) . Communities of organisms

may form food webs in association with drift logs ( Brock 1985) . Small fish initially

accompany a drift tree , feeding on smallplanktonic organisms in its vicinity . With

time , larger predators arrive, taking advantage of accumulated prey . Prey respond by

using the floating tree as a shelter. Within 5 weeks from the time of initial object or

tree placement , the forms of predators (tunas and dolphin -fish ) in the vicinity of the

object may vary as much as 100 tons . Predators rapidly deplete the available prey ,

albeit prey continuously recruit to the object. In their search for food , predators move

away from the object to return later, apparently using it as a focal or reference point .
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Based on underwater and surface observations, dolphin - fish may range from 0.3 to

2.5 miles from a floating tree and return 15 minutes to 1 hour later. Yellowfin and

bigeye tuna have been ultrasonically tagged and tracked in Hawaiian waters and

found to travel 6 to 12 miles from a floating tree, then to return 10 to 20 hours later

(Brill and others 1984) .

Size of floating debris has an effect on the attraction of fish to it. Objects with greater

dimensions have experimentally been found to attract larger numbers of fish (Hunter

and Mitchell 1968) . A lower size limit of effectiveness of an object appears to be

about 1 square foot . Drifting trees with limbs and roots vertically oriented in the water

attract fish better than do trees or logs with horizontal orientation (Yabe and Mori

1950) .

Wood in the deep sea not only serves as a source of energy in an energy -scarce

environment but also contributes to environmental diversity and associated

community complexity in the deep sea. Wood , along with other remnants of land

plants , was often present in dredges from the deep-sea floor, even from deep-sea

trenches (Bruun 1957) . A sunken tree is a focus of abundant deep-sea life for a long

time (Bruun 1957 , Turner 1977) . Wood is more common on the deep-sea floor off the

mouths of rivers and wooded coastlines, and deep-sea hauls rich in land-plant debris

had a large number and high diversity of deep-sea animals ( Bruun 1959 ; Knudsen

1961 , 1970) ..

Trees escaping into the nearshore system are usually infested with gribbles and

shipworms or become invaded while near shore . Such trees gradually become

waterlogged and sink slowly if they are not driven ashore by winds. Trees that are

attacked by marine borers and sink over the Continental Shelf or in the deep sea

represent a direct entry of terrestrially fixed carbon into the oceanic benthic system.

The sources, forms, and routes of supply of organic material to the energy -poor deep

sea are little known . Woody debris containing deep-sea species of molluscous wood

borers of the genus Xylophaga have also been recovered from deep ocean areas . It

has been experimentally demonstrated that these deep-sea molluscous wood borers

quickly attack wood samples placed on the floor of the sea.

These pelagic teridas have large populations , high reproductive rates , rapid growth ,

and short lifespans , making them the first known case of an opportunistic species in

the deep sea . Like their shallow -water shipworm relatives , they produce large

amounts of finely ground wood fragments . Piles of fecal pellets produced by borers

may attract more than 40 species of epibenthic , deep-sea invertebrates known to use

detrital sources (Turner 1981 ) . The enrichment of the bottom , a result of the

disintegration of the wood and the accumulation of fecal pellets , contributes to the

development of a rich fauna .
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Wood also appears to be the normal habitat of some species of smalldeep-sea

mytelid bivalves that attach themselves to crevices in burrows of wood borers .

Terrestially derived plant material in the deep sea contributes to niche specialization

in groups other than mollusca . Deep-sea species known to be associated with

terrestrial plant material include echinoderms that feed on this material, bilaterally

symmetrical hermit crabs that live in hollowed plant stems, and gammared

amphipods that live in or feed on wood . Chiton , small putilliform gastropods, and

sepunculids as well as nematodes and polychete worms are often found on wood or

in old burrows of wood borers (Turner 1981 ) . How this wood -dependent deep-sea

community finds new wood is stillunknown .

Woody debris from decomposition of large pieces of wood on land enters the

bedload of streams and is transported downstream to join similar nonbuoyant debris

produced in coastal waters and estuaries . This material enters the ocean in large

quantities (Hedges and others 1982) , to be transported by bottom currents . Near

the shore, as far as 1.25 miles from the beach , bottom currents in water less than

130 feet deep result from wave motion and are predominantly a shoreward flow that

returns material to the wave zone . Offshore , where water is deeper than 130 feet and

thus below the effect of waves , bottom and near-bottom currents on the Continental

Shelf flow northward , parallel to the coast .

Vascular plant debris is one-third of the total organic matter in bottom sediments in

the Columbia River system (Hedges and others 1982) . The major types of plant

debris are derived from nonwoody angiosperm tissue and gymnosperm (conifer)

wood . The transport of woody plant debris to the sea introduces it into marine food

webs as a terrestrially derived organic carbon energy source. The proportions and

fluxes of terrestrial plant material into sediments on the Washington continental shelf

have been described ( Hedges and Mann 1979) . The fine sand sediment on the inner

continental shelf has a low organic carbon content , mostly derived from marine

phytoplankton . On the midshelf , between 12.5 and 25 miles offshore , the sediment is

a finer organically enriched silt , as is nearshore sediment around the Columbia River

mouth , where the sediment content of terrestrial plant debris would be expected to

be high . Ninety-five percent of the organic matter in the sediment off the Columbia

mouth is of terrestrial origin , that of nearshore sand is about 20 percent, and the

midshelf silts 22 to 25 miles offshore contain 46 to 61 percent terrestrial organic

carbon ( Hedges and Mann 1979 ) .

1

Thus, an appreciable quantity of lignin -containing particles derived from coniferous

wood is transported across the Pacific Northwest continental shelf , at least 49 miles

offshore , and is deposited in the midshelf sediments where it constitutes at least

half the total sediment organic carbon content . The role of intact wood in marine

pelagic and benthic food webs remains unknown , as does the potential role of off

shore marine wood borers in initial reduction of this wood . The significant amount of

coniferous wood products on the floor of the midshelf , however , suggests a poten

tially valuable research area that could shed light on the interactive link between the

forests of the Pacific Northwest and the ocean portion of the ecosystem.
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Current

Management of

Wood on Beaches

and Estuaries

When logs do reach the shore or beach , should they be removed or allowed to

remain (fig . 4.17) ? The thinking developed in this chapter argues that abundant drift

logs help stabilize beaches by capturing land and shielding the shore from wave

action . The States of Oregon and Washington differ in their policy about removing

logs. Oregon has the following policy for removal of logs from its beaches:

To assure continuation of scenic and recreational values for public

enjoyment at the ocean shore and to protect marine life and intertidal

resources, beach logging , as a general practice , shall be prohibited

unless such removal can be shown a significant public benefit .

Washington State's policy on log removal appears to contrast markedly with

Oregon's. The Department of Natural Resources (DNR) has an established

procedure for licensing individuals who wish to retrieve drift logs , either from the

Puget Sound or the Columbia River below Grand Coulee Dam. Certain restrictions

are imposed on the license holders , but the department cooperates by administering

the sale of unbranded drift or salvage logs retrieved by the licensee . If the log is just

floating in the Sound, there is little question about a permit holder's being able to

latch onto it . But if the log is lying on a beach in front of a house , who does it belong

to? The DNR's answer is as follows :

1Log patrolmen , brand owners, and their agents all have the right to

enter peaceably any tideland , marsh , beach , etc. , for the purpose of

salvaging logs . Likewise , beach owners have rights also ; where one

right ends and the other begins is hard to define . Generally speaking ,

the removing of logs from the water side by boat does not infringe

upon the rights of the beach owner. A beach owner does not have

any legitimate claim to a log that washes upon his beach , and to

exercise any appreciable claim over this log could result in criminal

action .

But if the beach -front owner believes the logs should be left to protect the beach

from wave erosion , the stage is set for argument . The matter is not trivial as more

than 9 million board feet were salvaged in 1974 by log patrolmen . The policies of

Oregon and Washington apply only to coastal beaches and tidal portions of rivers;

neither policy applies to estuaries . The difference is that the beaches in Oregon are

public , whereas those in Washington are private.
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Figure 4.17 – Estimates of wood inputs to beaches and estuaries in

Oregon from 1840 through 1985 .

The other major regulatory arena in estuaries centers on wetlands and mitigation

policy and involves the provisions in section 404 of the Clean Water Act of 1972.

When wetland or marshes are removed , filled , or dredged , wetlands in another area

within the estuary must be created, restored , or enhanced . In Oregon, large woody

debris is not currently an issue in the mitigation process . The Division of State Lands

and the Department of Environmental Quality, which administer wetland and marsh

alteration permits , do not consider woody debris to be an issue in Oregon tidal

marshes. They do not encourage removal of wood. There is no mitigation credit

for removing wood . Also , in the enhancement and restoration process, wood is

not considered. In effect , the Division of State Lands and the Department of

Environmental Quality take a neutral stand about wood . They do not encourage

removal , and wood is not considered in wetland management. The hope is that

the management of the estuary linked to the forest through large woody debris can

become a part of the creative mitigation process and can become consistent with the

way nature has linked the two.
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Figure 4.5 — Driftwood deposited by storms in the high marsh can

serve as nurse logs to the forest surrounding the estuary.

Figure 4.6 — Sitka spruce and huckleberry on nurse log in Nehalem

Bay, Oregon.

Figure 4.12 — Beachwood along the Washington coast . Figure 4.14-Collecting firewood reduces the amount of driftwood in

Oregon estuaries and on beaches.
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Chapter 5. Looking Ahead : Some Options

for Public Lands

Jerry F. Franklin and Chris Maser

Summary Intensive and diversified forest management are compared . These approaches

represent opposing ends of a continuum of philosophies and of techniques available

to the forest manager.

Introduction Most public forest lands in the Pacific Northwest are and will be used to produce

commodities and amenities . We must maintain biological diversity on these lands if

we are to achieve multiple -use management objectives that require a healthy

ecosystem. The key to a healthy ecosystem is structural and functional diversity

across forested landscapes (Franklin and Forman 1987) .

We use coarse woody debris as a good example of biological diversity that may be

either retained or lost by management decision ; each decision will affect forests ,

streams, rivers , estuaries, and oceans.

1

We know too little about complex ecosystems (Society of American Foresters

1984b) , so we need constantly to re -evaluate management philosophy in light of new

information . We conclude this chapter with recommendations for research needed to

better understand and maintain biological diversity .

Intensive Forest

Management

Intensive forest management is the use of artificial means to produce wood fiber in

the shortest time possible. The economic advantage of such management is the

continuation of industrial production after the old -growth forest is removed. But

biological disadvantages cause concern about the long-term economics of intensive

management.

The current approach to intensive forest management maximizes timber output

by simplifying forest biology and subsidizing it with energy inputs . This approach

homogenizes the forest , thus reducing ecological diversity .

Biological simplification is a serious issue , both ecologically and economically (Old

Growth Definition Task Group 1986) . Simplification occurs at many levels , such as

genetic , structural, and so forth . Simplification is often carried out when it is not

essential to management objectives or is even economically disadvantageous.
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Genetic simplification takes many forms , including eliminating or excluding some

species and reducing variability in others . Local elimination and subsequent exclusion

of a species usually results from accident rather than by design. Exclusion of a spe

cies from a significant amount of the landscape can result in extinction , as has been

hypothesized for the northern spotted owl (Gutiérrez and Carey 1985) . Local extinc

tions in the aggregate cause global simplification through loss of species . Intra

specific genetic variability is often reduced by design in genetic manipulation of

Douglas-fir or , even more drastically , in cloning it . Other forest activities, such as

artificial regeneration of trees from wild seed, can also result in substantial ,

unplanned modification of the natural genetic variability.

Structural simplification of stands includes eliminating snags and fallen trees , reduc

ing the range of tree sizes and growth forms , and geometrically spacing trees. Long

before intensive forest management was applied , foresters removed deadwood be

cause of concerns about wildfire . Intensive forest management seeks uniformity in

tree size and form by concentrating on one or two species. Trees are regularly

spaced to optimize stand growth and to provide access for mechanical equipment.

Unmanaged landscapes in the Douglas- fir region are dominated by a wide mix in

size of patches , from small to very large , and with a high degree of heterogeneity or

structural variability within patches . Patch boundaries often merge gradually or are

feathered at their edges . Wildfire and windstorms created most of these patches.

Management has increased the number of patches in forested landscapes , partic

ularly with the dispersed clearcutting system used on Federal lands . The patches are

much more uniform in size , however , and very homogeneous . The boundaries or

edges between patches have also been drastically increased , sharpened, and

straightened under intensive management . Management may have increased the

number of patches in forested landscapes , but numerous small patches of Douglas

fir less than 100 years of age may not be desirable ecologically or economically

( Franklin and Forman 1987 , Thomas and others 1979) .

The temporal or successional simplification from intensive management affects both

early and late successional stages . Rapid establishment of a fully stocked, closed

canopy conifer forest is a major economic objective ; planting and elimination of com

peting vegetation contribute to this objective . Intensive timber management aims to

eliminate three successional stages : grass -forb , mature , and old -growth . In coastal

Douglas-fir forests of the Pacific Northwest, grass-forb is the earliest stage ; the

mature stage usually begins at 80 to 100 years of age (culmination of mean annual

increment) and persists for about 100 years , during which time substantial growth

continues and biomass accumulates . Old -growth conditions develop gradually and

begin when the trees are 175 to 200 years old (Old-Growth Definition Task Group

1986) . The concept of successional simplification becomes clear when rotations

under intensive management are compared with those under unmanaged conditions

( fig . 5.1 ) .
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Figure 5.1 - Contrast in duration of successional stages under

natural and human disturbance regimes. Typical frequency for

fire return under natural conditions is 350 to 450 years in

northern Oregon and Washington . Normal rotation for

managed stands is 70 to 90 years. Managed rotations

eliminate the mature and old -growth stages of stand develop

ment and abbreviate the open, preforest canopy stage.

Diversified Forest

Management

Diversified forest management emphasizes maintaining long-term site productivity

through ecological diversity in the forest portion of the ecosystem . This method

includes rotations longer than 80 years , reinvesting organic matter and nutrients in

the site in the form of large snags and down stems , and producing diversified forest

products.

The biological advantage of diversified forest management is that forest health is

maintained indefinitely . But the social and economic disadvantage is disruption of

industrial and community stability during the transition period to diversified manage

ment. Essentially , the choice is between short -term or long -term effects.

Maintaining Options Maintaining options is the basis of diversified forest management. A manager retains

the ability to respond to changes in product needs, in environmental conditions, and

in knowledge about how forests function . Economic conditions and markets have

changed drastically in the last two decades . Is there any reason to expect greater

stability in the future ? Climatic changes and increasing pollutant loads can be expec

ted . Do our tree -breeding programs take these changes into account ?

Diversified management accommodates change and recognizes our limited know

ledge of how forests function . The amount of fundamental information , such as that

concerning the dynamics of the belowground forest component, is growing rapidly.

Only about 20 percent of the biomass is belowground, but turnover of fine roots and

mycorrhizae may be so high that most of the photosynthate is needed for their main

tenance . Other examples of recent scientific findings are : ( 1 ) the importance of photo

synthesis that occurs outside the normal growing season — including such sites as the

productive coastal Sitka spruce-western hemlock forests ( Franklin and Waring 1980) ;

(2 ) the significance of tree canopies as sites for condensing and precipitating water,
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nutrients, and pollutants — producing, on some sites , 25 percent or more of the water

input (Harr 1982) ; and (3 ) the many locations at which nitrogen fixation occurs in

forests — in canopy lichens (Carroll 1980) , in fine litter (Silvester and others 1982) ,

in rotting wood (Harmon and others 1986) , through small mammals (Li and others

1986) , and in the rhizosphere (Li and Castellano 1987) . The importance of coarse

woody debris has been recognized only since the late 1970's .

Maintaining Forest

Productivity

Compared with an intensively managed forest, a diversified forest provides a greater

array of timber products and biological organisms and much greater inputs of soil

organic matter and nutrients . Safeguarding the genetic diversity of a forest contrib

utes to sustained productivity because the potential for loss of trees to pathogens,

climatic change, or pollutants is less.

5A diversified forest contributes significantly to the stability of streams , rivers, and

estuaries; it provides coarse woody debris , essential to the stability, diversity, and

productivity of the tributary aquatic portion of the ecosystem. Intact riparian zones

help maintain high water quality and provide large pieces of organic material.

Accommodating

Early and Late

Successional

Species

Intensive forest management shortens the early stage in succession that precedes

tree canopy closure and eliminates the late successional stages. In contrast, diver

sified management accommodates allsuccessional stages.

Many organisms use early successional stages . The herb and shrub stage has the

highest diversity (number of species) of any stage in forest succession . This is also

the stage of succession during which nitrogen -fixing plants , such as alder, ceanothus ,

and lupine , carry on most of their activity ; the largest single input of nitrogen occurs

during this successional stage .

The young , closed-canopy forest , by contrast , is the least diverse stage of succes

sion ; here also , the trees mobilize all resources of the site . The relation between

species diversity and successional stage is exemplified by mammals (fig . 5.2) . Other

groups of organisms , including higher plants and terrestrial and aquatic invertebrates,

show similar relations .

The time of full canopy closure can be delayed by using wide spacings, which also

might reduce planting and thinning costs ( Oliver 1986) . Results of spacing trials

suggest that such stands produce lower total yields but produce trees with much

larger diameters ( Reukema 1970 ) .

Maintaining mature and old -growth stands can be facilitated by reserving existing

stands and creating new stands with long rotations. Management regimes can be

designed to generate old-growth characteristics earlier than would occur under nat

ural conditions ( Old -Growth Definition Task Group 1986) . Harris ( 1984) suggests a

scheme that combines old-growth islands with much larger , long-rotation buffer areas .
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Figure 5.2— Relation between successional stage and num

ber of mammal species using each stage as primary habitat

( data based on Harris 1984).

Reservation and creation approaches are both needed because some reserved

mature and old -growth stands will be lost to catastrophe as reserved forest patches

in highly fragmented landscapes are lost now ( Franklin and Forman 1987, Ruediger

1985) . Loss of old - growth stands to natural successional processes does not appear

to be a serious problem because changes are slow and stands appear stable for

many centuries.

Natural old growth is a finite resource from which we must learn to simulate the old

growth condition in the managed forest. Our ability to successfully implement long

rotations is unproved, even with the current knowledge of old - growth forest charac

teristics. Ecological theory suggests that reserved old -growth islands will have greater

diversity than old -growth islands created from managed forests ( Harris 1984) .

Mixed Stands Soil improvement is a major objective of growing mixed-species stands . The classic

example is using alders in mixture with conifers because of alder's nitrogen -fixing

capabilities ; other species also have favorable nutrient benefits . Cedars and related

species (Cupressaceae and Taxodiaceae ) are calcium accumulators (Kiilsgaard and

others, in press ; Zinke and Crocker 1962) . Cedar litter contributes to development of

soils comparatively rich in bases , low in acidity , and more favorable to biological

productivity (Alban 1967, Turner and Franz 1985) . Many hardwoods also produce a

base -rich litter.

Hardwoods mixed into coniferous stands may be appropriate for a variety of non

timber objectives besides their effects on soil nutrients . Deciduous hardwoods result

in an open canopy for part of the year and thus influence conditions on and in the

forest floor. Some invertebrate and vertebrate populations respond favorably to

increased sunlight . Hardwood trees themselves provide a very different habitat for

epiphytes, invertebrates, and some kinds of predators . Bigleaf maple , for example ,

is an outstanding substrate for epiphytic plants .
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Mixed -structure stands could be created to provide truly uneven-aged stands with

the classic, inverted - J, size -class distribution , which means that the large number of

small trees decreases as the size of individual trees increases . This is often inter

preted as indicative of a stable population . A single-tree selection system could be

used to manage such a stand for continuous yields . Consequences of such a harvest

system on specific species will vary from site to site and will depend on the mix of

shade-tolerant and shade-intolerant species . A much simpler and broadly relevant

example of a mixed -structure stand is the development of a two -layered forest, con

sisting of two distinct age classes . One approach being tested is the creation of

shelterwoods in which the leave trees are left through the entire next rotation . This

could create greater canopy diversity (perhaps for wildlife habitat or moisture con

densation) , provide a source of large deadwood structures , or produce higher quality

wood .

Protecting Riparian

and Wetland Habitats

Healthy riparian habitat is an important goal of diversified management. Coarse

woody debris provides much of the basic structure for the smaller streams. Litter

from streamside vegetation provides the primary energy base of the aquatic

community.

Riparian management should conserve as much structural and compositional diver

sity as possible. A mixture of herb , shrub , and tree species is desirable for perpetu

ating litter and wood inputs that vary in timing and quality . Maintaining multiple

canopy layers contributes significantly to structure and composition , as well as to a

more varied physical environment in which canopies include both deciduous and

evergreen components.

Streamsides may be protected by maintaining vegetated corridors , especially along

large streams . Prescriptions for managing riparian zones must include methods for

maintaining needed structure , composition , and windfirmness over a long period in

harmony with treatments on adjacent lands .

Maintaining Coarse

Woody Debris in the

Ecosystem

Providing coarse woody debris to the terrestrial and aquatic portions of the eco

system is a major challenge in land management because of the linkages involved .

These include a continuous flow from ( 1 ) producing large trees to (2 ) creating and

maintaining large snags to (3 ) creating and maintaining downed stems and , finally , to

(4 ) producing and transferring wood from the terrestrial to the aquatic environment.

Snags and downed stems are transitory structures , so they must be produced

continuously . Snags are especially short lived in the Douglas-fir region , rarely

persisting (in forms useful to cavity dwellers ) beyond 60 or 70 years . To fulfill all

functions , snags must also be renewed in sizes greater than 24 inches in d.b.h.1

The practice of removing unmerchantable material is ecologically undesirable when

all large woody material is removed from a site . Such practices need to be modified

or eliminated .
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Some live trees can be retained as sources of future snags. Saving trees with crown

and upper stem defects, such as top rot, broken top , or fork , is desirable because

they are likely to contain some decay that produces desirable snags for cavity dwell

ers . Lower stem, butt, or root defects should be avoided because they may be sus

ceptible to windthrow that would reduce their longevity as snags . Live trees may also

be converted to snags by fire or girdling . One strategy may be to kill trees at intervals

to provide a continuing source of snags through the next rotation.

Need for a Landscape

Perspective

The size , shape, and location of individual forest patches or stands have profound

effects on landscape stability and productivity (Franklin and Forman 1987) . The spa

tial arrangement in the landscape of management activities, stand types, stream

habitats , and so forth is also critical to diversified management. In some cases, the

importance of spatial arrangement is well known, such as the juxtaposition of feeding

and hiding habitat for wildlife . But many other relations , such as those between for

ests and streams, are poorly understood . One of the most difficult spatial issues is

the movement and changing roles of wood in a river drainage, from headwater to

estuary. Aggregates of wood in aquatic ecosystems have great significance for

productivity and biological diversity.

Size , shape , distribution , and context (degree of contrast with the surrounding land

scape) of diverse patches are important landscape considerations . Shape and loca

tion of clearcuts have dramatic effects on windthrow in adjacent forest stands

(Gratkowski 1956 , Ruth and Yoder 1953 ) , and the amount of recently cutover forest

can significantly influence hydrologic regimes (Christner and Harr 1982 , Geppert and

others 1984) .

The staggered - setting system of clearcutting, used widely on Federal lands in the

Douglas-fir region , intersperses 25- to 40 -acre clearcuttings with live timber and

results in a patchwork that maximizes the amount of high -contrast edge within a

landscape. Such landscapes are particularly vulnerable to catastrophic windthrow

or other disturbances once 20 to 30 percent of the landscape is cut over. Forest

patches large enough to provide an environment suitable for species that inhabit the

forest interior generally disappear by the time half the landscape is cut over. Further

more , creating small management areas and dispersing management operations

over the landscape is economically inefficient . Many effects of management could be

reduced by aggregating rather than dispersing cuttings , although cumulative effects

on hydrologic regimes would need to be carefully considered. Evaluating specific

ecologic , economic , and social implications of staggered-setting clearcutting and

alternative approaches of managed landscapes is badly needed ( Franklin and

Forman 1987) ; however , the general importance of a landscape perspective in

management decisions is already clear.

Information Needed

for Developing

Improved

Management

Regimes

Little biological research was done in Pacific Northwest forests before about 1950.

Then research facilities were expanded to allow some scientific focus on the more

obvious and practical issues of that time , such as growth and yield of forest stands ,

methods for tree regeneration , and control of various tree -damaging agents . We have

only recently begun to identify critical ecological questions . Quantifying many of the

relations , such as those between levels of coarse woody debris or habitat for specific
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organisms, is demanding and expensive . Much research is still needed to convert the

qualitative information to management prescriptions and to confirm hypotheses about

the role of woody structures in the world ecosystem.

Needed research appears to fall into three major categories: ( 1 ) long -term site

productivity, (2) roles of coarse woody debris, and (3) dynamics of coarse woody

debris .

Long -Term Site

Productivity

No more important forestry issue exists than that of the sustainability of commercial

forest-land productivity. This requires more than simply insuring that soils are not

compacted or eroded or that some critical level of soil nitrogen is maintained. But ,

unfortunately, our knowledge does not go much beyond this simple perspective. We

must have more insightful information ; at the least , we need to determine what is

required for sustaining forest production.

One major component of needed research is quantifying the effects of coarse woody

debris on site productivity, including the contribution of coarse woody debris to the

physical , chemical , and microbiological properties of the soil . What role do decay

resistant components of wood play in soil structure? How important are pockets of

woody material in a soil matrix in the functioning of specific belowground compo

nents, such as mycorrhizae, at specific times of year and in different forest types?

What role do dead roots play in maintaining soil structure and providing belowground

energy and nutrient sources ?

The relation between woody debris and long -term productivity is critical for fresh

water, estuarine, and marine portions of the ecosystem just as it is for the terrestrial

portion . Developing information for aquatic communities may be more difficult

because the supply and dynamics of wood in rivers must be considered over an

entire drainage.

We must synthesize existing and new information . Computer models can now ad

dress some questions of long-term site productivity ( Kimmins and Scoullar 1979,

Shugart 1984 ) . Such models are valuable tools in synthesizing and identifying

information needs . Models are also the only way we can explore the effects of

various management activities as they might develop over decades or even centu

ries ; thus , refining old models and developing new ones are high priority. Such

models are as much management tools as research tools .

Quantifying the Roles

of Coarse Woody Debris

We know that snags and downed stems are important in terrestrial and aquatic

environments , but we do not know how much of this material is needed in what

sizes , decay states , or spatial arrangements. These questions must be primary

research objectives because management costs associated with creating and

maintaining coarse woody debris are considerable .
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Quantifying needs for coarse woody debris to achieve both game and nongame wild

life objectives is a pressing management issue . We know that coarse woody debris is

an essential resource for animals , but we do not have detailed information on how

much is needed. Important variables include snag and down stem densities , tree

species , decay state , and size . The spatial arrangement of downed stems on cutover

areas is also important. How much continuity is required from the standpoint of

animal movement into and across cutover areas?

A long -term experiment at the H.J. Andrews Experimental Forest in western Oregon

will examine the effects of several management treatments on site productivity.

Coarse woody debris is one major variable in the experimental design that has the

specific objective of quantifying the effects of downed stem density and spatial ar

rangement on mammals' movements into and across clearcuts. Studies of this type

are expensive but essential for getting quantitative information needed for long-term

management decisions.

Research also needs to be conducted on the roles of coarse woody debris in geomor

phic processes and in aquatic environments from headwater streams to deep ocean

habitats . How do stem size , density , and spatial arrangement (parallel or at right

angles to the slope) affect surface erosion? How are the quantitative relations be

tween stem or log-jam numbers related to aquatic productivity? What densities and

sizes of stems are necessary for essential structural diversity and substrate in

estuarine environments?

Dynamics of Coarse

Woody Debris

Snags and downed stems are transient structures, so knowledge of their dynamics is

essential . Much useful information has already been generated from various ecosys

tem and wildlife -oriented research programs. Among other things , this information

has created an understanding of the highly variable nature of coarse woody debris

and its decomposition.

The factors that affect patterns and rates of disappearance of snags and downed

stems are important variables for which information is inadequate. These variables

include tree species , cause of death , size of piece , wood quality as reflected in

growth rate and proportions of heart and sapwood, and patterns of decomposition

along major environmental gradients . Some contrasts are already apparent between

mixed-conifer and ponderosa pine forests east of the Cascade crest and the Douglas

fir — western hemlock forests to the west , but information is fragmentary. Patterns of

decomposition relative to moisture and temperature need to be learned . Other var

iables that need to be investigated are comparisons of wood decay in clearcuts and

forests and comparisons of decay of burned ( charred ) vs. unburned material of com

parable type.

1

Similar wood decay variables require investigation in aquatic environments . There

are additional important dimensions , such as how does mechanical battering affect

fragmentation of large wood in streams and the ocean? How does transport and

aggregation of woody debris in aquatic environments differ from that on land ?
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A long -term study of wood -decay processes at the H.J. Andrews Experimental Forest

( fig. 5.3, colon) is designed to examine the effects of tree species (Douglas - fir, west

ern hemlock, western redcedar, and Pacific silver fir ), wood size, and early insect

colonizers on pattern and rate of decay. Nearly 500 logs about 24 inches in diameter

and 19.5 feet long have been placed in a replicated design that should allow sam

pling to continue for about two centuries. This study has already provided some sur

prising results, especially on the effects of invertebrate populations. A related study

of decomposition in aquatic environments has been established in a third -order

stream with smaller logs of Douglas-fir, red alder, and western hemlock.

Synthesis of information on the dynamics of snags and downed stems should take

the form of simulation models . Only one model deals with the dynamics of woody

debris over long periods (Graham 1982) ; such models need much greater emphasis.

Simulators are needed that can provide managers with information on the yield of

coarse woody debris for different environments and under different management

regimes — yield models for dead material instead of live trees !

Conclusion The challenge to managers of public forest lands is to maintain ecological diversity in

perpetuity. We must understand and accept biological complexity. We must follow the

basic principle of maintaining or restoring genetic, structural, and spatial complexity.

Figure 5.3 - An experimental study of log decomposition

planned to span a 200-year period has been installed at the

H.J. Andrews Experimental Forest in the central Oregon

Cascade Range; major variables include species, size, and

presence or absence (log enclosed in insect-proof tent) of

invertebrates during early stages of decomposition .
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Appendix Common name Scientific name

Fungi:

Nomenclature

Red ring rot

Yellow laminated rot

Phellinus pini (Thore ex Fr. ) A. Ames

Phellinus weirii ( Murr. ) Gilbn .

Plants :2

Alnus sp.Alder

Bigleaf maple

Blueblossom

California laurel

Acer macrophyllum Pursh

Ceanothus thyrsiflorus Esch .

Umbellularia californica (Hook. & Arn. ) Nutt.

Sequoia sempervirens ( D. Don) Endl.

Pseudotsuga menziesii (Mirb .) Franco

Coast redwood

Douglas-fir

Eelgrass

European beachgrass

Grand fir

Huckleberry

Jeffrey pine

Lodgepole pine

Mountain hemlock

Ammophila arenaria (L. ) Link

Abies grandis (Dougl . ) Lindl .

Vaccinium spp.

Pinus jeffreyi Grev. & Balf.

Pinus contorta Dougl. ex Loud .

Tsuga mertensiana (Bong . ) Carr.

Abies amabilis (Dougl . ) Forbes

Chamaecyparis lawsoniana (A. Murr. ) Parl .

Alnus rubra Bong .

Pacific silver fir

Port -Orford -cedar

Red alder

Fucus spp .Red algae

Red oak

Rockweed

Salal

Salmonberry

Sitka spruce

Snowbush

Quercus borealis ( L. )

Fucus spp.

Gaultheria shallon Pursh

Rubus spectabilis Pursh

Picea sitchensis (Bong . ) Carr.

Ceanothus velutinus Dougl . ex Hook.

Pinus lambertiana Dougl.

Lithocarpus densiflorus ( Hook. & Arn. ) Rehd.

Rhododendron occidentale (T.& G.) Gray

Tsuga heterophylla ( Raf . ) Sarg .

Sugar pine

Tanoak

Western azalea

Western hemlock

1

2

After Aho ( 1982 ) .

After Franklin and Dyrness ( 1973 ) , Simon and Schuster ( 1978 ) .
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Western redcedar

Western yew

Thuja plicata Donn

Taxus brevifolia Nutt .

Abies concolor (Gord. & Glend . ) Lindl .White fir

Willow Salix spp.

Insects :3

Douglas-fir bark beetle

Net-spinning caddisfly

Water strider

Dendroctonus pseudotsugae Hopkins

Hydroptila spp.

Gerris spp .

Fish
4

Bigeye tuna

Chinook salmon

Coho salmon

Cutthroat trout

Dolphin fish (mahimahi)

Herring

Skipjack tuna

Starry flounder

Steelhead trout

Stickelback

Thunnus obesus (L. )

Oncorhynchus tshawytscha (Walbaum)

Oncorhynchus kisutch (Walbaum)

Salmo clarki Richardson

Coryphaena hippurus ( L. )

Clupea spp.

Katuwouvs pelamis ( L. )

Platichthys stellatus ( L. )

Salmo gairdneri Richardson

Gasterosteus aculeatus L.

Acipenser spp.

Thunnus albacares (Bonnaterre)

Sturgeon

Yellowfin tuna

Birds :5

Acorn woodpecker

Bald eagle

Brown creeper

Brown pelican

Cormorant

Crow

Melanerpes formicivorus (Swainson)

Haliaeetus leucocephalus ( L. )

Certhia americana Bonaparte

Pelecanus occidentalis L.

Downy woodpecker

Great blue heron

Phalacrocorax spp .

Corvus spp.

Picoides pubescens ( L. )

Ardea herodias L.

Casmerodius albus ( L. )Great egret

3

After Borror and DeLong ( 1964 ) .

After Brown ( 1985) , Gooding and Magnuson ( 1967) .

After Robbins and others ( 1983 ) .
5
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Green heron

Gull

Hairy woodpecker

Lewis woodpecker

Northern flicker

Osprey

Pileated woodpecker

Purple martin

Red -breasted sapsucker

Turkey vulture

Butorides striatus (L. )

Larus spp .

Picoides villosus (L. )

Melanerpes lewis (Gray)

Colaptes auratus (L. )

Pandion haliaetus (L. )

Dryocopus pileatus ( L.)

Progne subis (L. )

Sphyrapicus ruber (Gmelin)

Cathartes aura (L. )

Mammals :6

Black bear Ursus americanus Pallas

Phoca vitulina L.Harbor seal

Racoon Procyon lotor ( L. )

6

After Hall ( 1981 ) .
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Maser, Chris ; Tarrant, Robert F.; Trappe, James M.; Franklin, Jerry F. ,

tech . eds. 1988. From the forest to the sea : a story of fallen trees . Gen.

Tech . Rep. PNW-GTR-229 . 153 p .

Large, fallen trees in various stages of decay contribute much-needed

diversity of ecological processes to terrestrial , aquatic, estuarine , coastal

beach , and open ocean habitats in the Pacific Northwest. Intensive

utilization and management can deprive these habitats of large , fallen trees .

This publication presents sound information for managers making resource

management decisions on the impact of this loss on habitat diversity and on

ecological processes that have an impact on long-term ecosystem

productivity

Keywords: Decomposition , fallen trees , habitat diversity, ecosystem function ,

land , water , sea.
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Abstract Hanley, Thomas A.; Robbins, Charles T .; Spalinger, Donald E. 1989. Forest

habitats and the nutritional ecology of Sitka black -tailed deer: a research syn

thesis with implications for forest management. Gen. Tech . Rep. PNW -GTR - 230 .

Portland, OR : U.S. Department of Agriculture, Forest Service, Pacific Northwest

Research Station . 52 p.

Research on forest habitats and the nutritional ecology of Sitka black -tailed deer

conducted during 1981 through 1986 is reviewed and synthesized. The research

approach was based on the assumption that foraging efficiency is the best single

measure of habitat quality for an individual deer. Overstory -understory relations and

the influence of forest overstory on snow depth and density , forage availability, and

forage quality were studied in the western hemlock - Sitka spruce forests of south

eastern Alaska. The effects of forest management were analyzed in terms of their

consequences of changing the historic disturbance regime of old - growth forests from

one of high -frequency, low-magnitude disturbance to the low -frequency, high

magnitude disturbance regime of even -aged forests. Old -growth and even -aged

forests differ greatly in their production of forage, protein digestibility of sun- and

shade- grown leaves, and relative carrying capacities for deer. Forest overstories

reduce snow depths significantly, but only at high crown closures (>95 percent).

Analyses of species composition and quality of the diet of black - tailed deer and

nutritional quality of forages indicated digestible energy and digestible protein are

probably the potentially greatest nutritional limiting factors for deer in Alaska. Digest

ible protein probably is not limiting in shaded habitats but may be the greatest

limitation to deer productivity and carrying capacity in clearcuts during summer.

Digestible energy is probably the most limiting factor in forests during summer and

all habitats during winter. Modeling of foraging energetics indicated snow , even at

low depths, is a critical factor affecting foraging efficiency and carrying capacity of

habitats. Its greatest effect is on reducing energy intake by changing forage avail

ability and diet composition rather than by increasing energy costs of locomotion .

Foraging efficiency and carrying capacity are shown to be related but very different

concepts: for black -tailed deer, forage biomass is a relatively minor factor affecting

foraging efficiency but a major factor affecting carrying capacity. It is suggested that

habitats be evaluated primarily on the basis of nutritionally based estimates of carry

ing capacity and that greater emphasis be placed on summer and spring range than

is currently the practice. Retention of old -growth forests for winter range during

periods of snow will remain an important feature of habitat management for deer

while techniques for increasing the carrying capacity of even -aged stands are sought.

9

Keywords: Deer, black -tailed deer, Sitka black -tailed deer, Odocoileus hemionus,

wildlife, habitats, forest management, Alaska, southeastem Alaska, nutrition, ecology.
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Introduction 3In 1981 , a 5 -year problem analysis was written , initiating USDA Forest Service

research on the nutritional ecology of Sitka black -tailed deer in Alaska . (See "Com

mon and Scientific Names " for scientific names of animals and plants .) The literature

review of that problem analysis was later published (Hanley 1984b ); it provides a

summary of Alaska deer research through 1980. The purpose of this report is to

summarize and synthesize our research conducted from 1981 through 1986. Our

emphasis is on a practical interpretation of the findings and a development of the

major implications for forest management.

The fundamental assumption of the research approach was that foraging efficiency

provides the best single measure of habitat quality for an individual deer. Foraging

efficiency is the difference between energy intake and energy expenditure by a deer

while searching for and consuming food. It is influenced by the quantity and quality of

understory vegetation as food and the depth and density of snow as it affects the

availability of vegetation and mobility of deer. Forest management affects deer by

altering the overstory, which in turn affects understory production and snow inter

ception, and, ultimately, foraging efficiency ( fig . 1 ) . As foraging efficiency increases,

deer are able to accumulate more body reserves (or deplete them at a slower rate)

and /or spend less time foraging. Reproductive performance and longevity increase

with improved body condition . And the less time a deer must spend foraging, the

more time it has for other activities, such as resting and staying alert for predators.

SITE FACTORS

& STAND HISTORY

SILVICULTURAL

TREATMENT OVERSTORY

Composition

& Structure

UNDERSTORY

Composition

& Production

PHENOLOGY

SNOWFALL FORAGE
SNOW DEPTH

&

DISTRIBUTION

Availability

& Quality

LOGGING

SLASH
ENERGY

EXPENDITURE

DIET

Composition, Quality

& Energy Intake
for Locomotion

FORAGING

EFFICIENCY

Figure 14 Interactions of factors determining foraging

efficiency.
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Foraging efficiency, therefore, provides an important theoretical basis for habitat

selection and the well-being of individual deer. In turn, it is animportant factor

determining carrying capacities of habitats for populations of deer.

The research initiated in 1981 addressed a broad range of factors affecting foraging

efficiency. It had six major components : (1 ) overstory -understory relations, (2) snow

depth and density, ( 3 ) forage availability and quality, (4) diet composition and energy

intake, (5) energy expenditure, and (6) foraging efficiency.

Overstory

Understory

Relations

Old -Growth Forests

The low -elevation , old - growth forests of southeastem Alaska are characterized by

western hemlock - Sitka spruce overstories; understories are dominated by Alaska

blueberry and skunkcabbage. Flood plain communities are typically Sitka spruce

overstories and devilsclub -dominated understories. Muskegs, characterized by

scattered shore pine, Alaska yellow -cedar, and western or mountain hemlock with

Labrador tea- and sedge -dominated communities, are also common. Most logging,

however, occurs within the hemlock -spruce forests with blueberry and skunkcabbage

understories. These are the stands most potentially subject to intensive forest

management.

In an analysis of 34 such stands on Admiralty and Prince of Wales islands, Brady

( 1986 ) classified the understories into two major groups on the basis of their species

composition and production: 19 stands in an Alaska blueberry /bunchberry dogwood

group and 15 stands in an Alaska blueberry/ skunkcabbage group ( table 1 ) . Under

stories of both groups were comprised of the same species but differed in the relative

abundance of each species along a gradient ranging from communities dominated

strongly by blueberry to others dominated strongly by skunkcabbage (fig . 2) . Soil

drainage appeared to be the most important environmental factor determining under

story species composition and was associated with overstory mass (timber volume)

as well. Stands of the blueberry /bunchberry understory type were characterized by

greater overstory mass ( timber volume), lower understory production , and better soil

drainage than were stands of the blueberry /skunkcabbage type. The two types did

not differ in overstory species composition or canopy coverage. And although total

' In this report, "old-growth forest refers to naturally

occurring stands with the predominant disturbance regime

characterized by gap - phase succession ( that is , small but

frequent disturbance events resulting in the periodic loss

of individual trees or small groups of trees from the over

story, with resulting gaps in theoverstory being filled by

trees growing up from the forest floor rather than simply

lateralextension of surrounding limbs). Dominant and

codominant trees encompass a wide range of ages and

are usually, thoughnot necessarily, older than 200 years.

"Even -aged forests are stands where most of the domi

nant and codominant trees are about the same age and

are still responding to the same disturbance event that

initiated standregeneration. Gaps that periodicallyform in

the overstory from the loss of individual trees are filled by

lateral expansion of limbs of surrounding trees . Even

aged stands are usually, though not necessarily. younger

than 200 years. "Clearcuts " refers to even -aged stands

resulting from dearcut logging and still young enough

(usually less than 20-30 years) that the conifer canopy

has not yet closed or reached its stage of maximum

closure .
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Table 1 – Net production of vascular understory vegetation in 3 types of

understory communities in old -growth stands on Admiralty Island and

Prince of Wales Islanda

Communities

Hemlock -spruce upland sites Spruce riparian

Species

Blueberry

bunchberry

Blueberry !

skunkcabbage

Devilsclub/

lady-fern

Forbs and ferns : Kilograms per hectare

336.2

0

8.0

.3

54.9

Athyrium filix -femina

Blechnum spicant

Coptis asplenifolia

Cornus canadensis

Dryopteris dilatata

Gymnocarpium dryopteris

Listera cordata

Lysichiton americanum

Maianthemum dilatatum

Monesis uniflora

Rubus pedatus

Streptopus amplexifolius

Streptopus spp.

Tiarella trifoliata

Viola glabella

4.3

12.8

4.5

23.9

7.7

10.6

.2

0

5.4

6.1

14.7

.2

.5

4.0

.1

34.5

15.5

5.2

38.7

0

5.0

1.1

200.2

6.0

5.2

14.0

.1

.3

4.3

1.0

ం 
ం

ఛే
ంట
్ల
ం
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Adapted from Brady ( 1986 ).

19 stands sampled.

15 stands sampled.

1 stand sampled.
d

understory production (current annual growth, kilograms per hectare) was signifi

cantly ( P<0.05) negatively correlated with overstory canopy coverage in the Admiralty

Island data set, the relation was not statistically significant for the Prince of Wales

data set or for the combined data from both islands (fig . 3) . For the old -growth ,

hemlock -spruce forests of southeastern Alaska, predicting understory species compo

sition or production from aerial photographs or other currently available methods of

remote sensing and vegetation mapping appears unlikely.
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General patterns, however, are evident. For example, environmental factors related

to open overstories (with low tree density and /or tree vigor) are associated with high

levels of understory production. Thin , rocky soil and alluvial terraces often have the

least dense overstories and, consequently, the most productive understories (Alaback

1984 ). But quantitative relations between environmental variables and understory

species composition and production have , so far , proved very imprecise.

5

The lack of correlation between overstory characteristics and understory composition

and productivity is in part related to stand history, particularly the disturbance regime

of each stand (Alaback 1984, Brady and Hanley 1984) . Species composition and bio

mass reflect not only the current environment but also the past environmental condi

tions . Understory responds to gaps in the overstory, but the response is not immedi

ate , and time lags result. Understory species composition and biomass, buried seed

banks and proximity to seed sources, as well as the disturbance regime influencing

understory environment, all are important determinants of understory dynamics .

Stands originating from windthrow , or subject to periodic windthrow , for example ,

usually are much more variable in understory than stands originating from logging

( Alaback 1984) . The historical aspect of stand development will always confound

simple relations between overstory and understory. Overstory structure and under

story species composition and biomass are dynamic, not static , properties of stands.

Even -Aged Stands The successional sequence of understory development after logging of hemlock

spruce stands in southeastern Alaska has been described by Alaback ( 1982) . In a

broad sense , it is quite predictable, with large increases in understory production

during the first 15-30 years , followed by a sharp decrease in production ( to near - zero

levels) as the conifer overstory closes and remains mostly closed for the next 120 or

more years. But within this general pattern remains a substantial degree of variation

(Alaback 1982, 1984 ). The understory of stands with high site index usually reaches

greater peak biomass, becomes shaded out earlier, and reaches lower levels of bio

mass during the closed -canopy phase than does the understory of stands with low

site index ( Alaback 1984). The amount of understory within even -aged stands is

mostly related to the distribution and abundance of gaps in the canopy. Alaback

(1984) found that 75 percent of total shrub cover and 70 percent of total herb cover

within even -aged stands occurred directly under canopy gaps, which suggests that

silvicultural thinnings may offer a way of maintaining a productive understory through

a rotation.

1

Although before -and- after studies of understory response to thinning have only re

cently been initiated , and a complete picture is not yet available, a preliminary study

by Alaback and Tappeiner ( 1984) provides some insights into what may occur.

Alaback and Tappeiner measured understory biomass in twenty -nine 0.4-ha even

aged stands that had been thinned 5 to 7 years earlier at spacings of 2.4 to 4.0

(light) , 3.7 to 5.5 (medium ), and 4.9 to 7.3 m (heavy) between trees. The stands

ranged in age from 20 to 72 years old at the time they were measured and were

scattered throughout southeastern Alaska as part of an experiment on the effects of

stand density on tree growth and yield . Ten stands were 20 to 30 years old and were

examples ofwhat might be termed " precommercial" thinning. The other 19 stands

were 39 to 72 years old and were examples of what might be called " commercial"

thinning. All stands were a mixture of western hemlock and Sitka spruce.
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Young Stands ( 20-30 years old)

Trees 13%

Light

Trees 12 %

Shrubs 87 %

Forbs and

ferns 1%

Medium Heavy
Shrubs 87 %

Forbs and

ferns <1%

Trees 23 %

Shrubs 76 %

Forbs and

ferns 1%

14 090 kg /ha 15 166 kg /ha 13 671 kg /ha

Older Stands (39-72 years old)

Trees 7 % Trees 15% Trees 8 %

Shrubs 90 %
Shrubs 85%

Shrubs 92 %

Forbs and

lerns <1%

Forbs and

lerns 4%Light Medium

Forbs and

ferns 1% Heavy

160 kg /ha 204 kg /ha 2 213 kg /ha

Figure 4 — Vascular biomass of understoryvegetation of

hemlock -spruce stands 5 to 7 years after thinning at three

levels of intensity (light, medium , heavy ). Total understory

biomass is indicated beneath each circle (data from Alaback

and Tappeiner 1984 ).

.

Alaback and Tappeiner's results indicated a very high degree of variance between

stands ( that is, no significant differences in understory biomass with respect to tree

spacing) in both young (20 to 30 years) and older (39 to 72 years) stands. Young

stands, however, had 5 to 10 times the understory biomass of older stands ( fig. 4) .

The proportions of biomass in shrubs, forbs, ferns, and trees remained relatively

constant across stand ages and thinning intensities. Shrubs (primarily Alaska blue

berry on upland sites and salmonberry on wetter sites) constituted about 76 to 92 per

cent of the total vascular biomass, and trees (primarily western hemlock seedlings)

about 7 to 23 percent of the total. Forbs and fers were consistently minor compo

nents of the understories after thinning. These results indicate three potentially impor

tant problems with thinning to maintain understory throughout a rotation . First, under

story is slow to respond to thinning of older stands that have not been thinned

before . Second, the understory that results from thinning is likely to be strongly domi

nated by two species and to consist almost entirely of woody shrubs and trees,

rather than the more balanced distribution of shrubs, trees, forbs, and ferns typical of

old -growth forests (compare with table 1 ) . And third , as the stand matures, subse

quent periodic thinnings will be necessary, and the understory is likely to become

increasingly dominated by western hemlock to the eventual exclusion of even the

shrubs. Maintaining a floristically diverse and productive understory through a rotation

appears to be a more difficult problem than was first thought.
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forest floor (from Tappeiner and Alaback 1986 ).

Autecology The slow response of understory to thinning of older stands prompted investigations

into the reproductive ecology of five common species : Alaska blueberry, bunchberry

dogwood , trailing bramble , fernleat goldthread, and foamflower. Tappeiner and

Alaback ( 1986) compared seed production , germination , seedling establishment , and

survival of these five species on various substrates of the forest floor in a 45-year

old , even-aged stand and an adjacent old - growth stand near Juneau. Their results

indicated the greatest problem affecting the establishment and growth of understory

vegetation lies in seedling survival, which was positively correlated with the avail

ability of light (fig . 5 ). Differences in seed germination and seedling establishment

were minor between the young and old stands , but seedling survival after 3 years

was much less in the young stand than in the old . Apparently, seedlings readily

become established in most forest habitats but experience very slow growth rates

and low survival in the dark , cool understories of even-aged stands. The inherently

slow growth rates of young seedlings rather than establishment appears to limit

understory response to thinning of older , unthinned stands. Plants with well

developed root systems (the 20- to 30 -year-old thinned stands , for example) are able

to respond to thinning much more quickly than those developing from seed.

All of the species studied by Tappeiner and Alaback ( 1986) grew better in natural

canopy openings (gaps) than under closed canopies . These species are well adapted

to low -magnitude, high -frequency disturbance that creates gaps in the forest over

story . All propagate vegetatively by sprouting and sending out runners or rhizomes

and reproduce sexually only under canopy gaps or in large openings (Tappeiner and

Alaback 1986) .
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Snow Depth

and Density

The influence of forest overstory on snow depth and density is important because

snow affects the availability of food and energy costs of locomotion for deer. Most

studies of forest influences on snowpacks have been conducted in areas of deep

snow accumulation and have measured snow -water equivalent (depth times density ).

Few studies have been conducted in areas of shallow or transient snow , and few

studies have reported results for depth and density separately. In southeastern

Alaska, deer winter at low elevations in areas of transient snow . Energy expended

by deer to move in snow is a function of both snow depth and density but not snow

water equivalent (Parker and others 1984 ).

Hanley and Rose (1987) studied the influence of forest overstories on snow depth

and density in 33 stands over a 3-year period in the low -elevation, transient snow

zone of southeastern Alaska. They attempted to use multiple regression analysis to

develop predictive relations between snow depth and density ( expressed as a

proportion of depth and density in the open ) and overstory variables that could be

measured as part of a forest inventory. Eleven overstory variables were measured:

tree density (number per unit area ), percentage of spruce (by density), mean diam

eter at breast height (d.b.h. ) , coefficient of variation of d.b.h. , mean tree height,

coefficient of variation of tree height, gross wood volume, net wood volume, basal

area, mean overstory canopy coverage (percentage ), and even -aged or uneven -aged

stands (a categorical variable). The effects of snow depth and density in the open

also were included in the analysis. Of these variables, overstory canopy coverage

and gross wood volume were the best predictors of relative snow depth ( figs. 6 and

7 ). Forest overstory had very little effect on snow density .

From Hanley and Rose's ( 1987) study, it is apparent that snowpacks tend to be

deeper under open -canopy stands than under closed -canopy stands and under low

volume stands than under moderate- or high -volume stands. The relations, however,

were highly variable ( figs. 6 and 7 ) and differed depending on snow conditions and

storm characteristics. For example, at two different sampling times, the relative

depths of two adjacent stands often were reversed (one time deeper in stand A than

B, next time deeper in stand B than A ) even though the overstories remained the

same. The difference resulted from different weather conditions before, during, and

after the snowstorm . High precision in predicting the effects of forests on snowpacks

undoubtedly requires modeling of processes that control snow interception , accumu

lation , sublimation, and melt. The low precision of regressions based on stand attri

butes from forest inventory data makes it possible to generalize in only broad terms:

open -canopy compared with closed -canopy stands. On a finer scale of resolution, thea

relations in figures 6 and 7 are of little value .
8
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Because most commercial-size stands have overstory canopy coverage greater than

95 percent (measured with a spherical densiometer, as in fig. 6) and gross wood

volumes greater than 550 m3 /ha ( comparable to net volume of about 20,000 board

feet per acre), it is not reasonable to base management decisions regarding pro

jected snowpacks within commercial forest on the basis of stand inventory data.

Hanley and Rose ( 1987) concluded that within the commercial hemlock -spruce

forests, topographic setting ( elevation, slope, aspect, shading from nearby mountains,

susceptibility to cold -air drainage, distance from saltwater) probably is a more impor

tant determinant of snowpacks than is forest overstory. They suggested the following

criteria for selecting stands for winter range for deer where snow accumulation is a

problem : ( 1 ) topographic setting; (2) overstory canopy coverage at least 95 percent,

as measured with a spherical densiometer; (3) net timber volume at least 20,000

board feet per acre; and (4) understory of relatively abundant, high -quality forage.

Forage Availability

and Quality

Forage availability and quality are major factors determining the nutrition of deer.

They affect diet composition and the intake of energy and nutrients. They are the

critical link between forest management and population response of deer. Forage

availability is primarily determined by the interaction of site and overstory on under

story species composition and productivity (overstory -understory relations , discussed

above), season of the year, burial by snow , and consumption and trampling by deer

and other herbivores. Forage quality is primarily determined by plant species and

part ( for example, leaf or stem ), stage of phenological development, and the environ

ment in which the plant lives .

Seasonal changes in forage availability, digestibility, and chemical composition were

studied by Hanley and McKendrick ( 1983, 1985) on Admiralty Island . The site was a

low - elevation , old - growth , spruce -hemlock forest with a blueberry -dominated under

story. Biomass of current annual growth peaked in late June through July (fig . 8) .

By the end of the winter and before spring growth , total biomass of current annual

growth was about 20 percent of that in midsummer. Many herbaceous species are

available only in the summer. Evergreen forbs (and the " half -shrubs" of fig . 8 ) persist

through the winter but are frequently buried by snow . Shrubs, on the other hand, are

available throughout the year, but they undergo major changes in the ratio of leaves

to stems in current annual growth in the summer (fig . 9) . The nutritional quality of

leaves is much greater than that of stems (Hanley and McKendrick 1983) .

The seasonal fluctuations in forage availability illustrated in figure 8 are more pro

nounced in forest openings and clearcuts, where summer production of total bio

mass , winter desiccation of evergreen herbs, and burial of vegetation by snow are

greater than under forest overstories. Loss of forage through consumption by deer

also increases the magnitude of seasonal fluctuations. It is most obvious in late win

ter and most evident by a reduction in the biomass of herbaceous species ( especially

bunchberry dogwood and trailing bramble) and the frequency of browsed blueberry

stems . Over several years , however, deer can have a pronounced effect on the spe

cies composition and biomass of understory communities , especially those of even

aged stands where plants are trying to become established (Hanley 1987) . For ex

ample, Hanley ( 1987) found a 25-fold difference in the total biomass of understory

vegetation inside (782 kg /ha) and outside (31 kg /ha) a 21 -year-old exclosure in an

even-aged stand on southern Admiralty Island . This difference was much more pro

nounced than differences observed at any of the other three (old -growth ) stands.
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Forage quality also fluctuates greatly seasonally, generally paralleling the pulse of

growth during the summer ( fig. 10) . Hanley and McKendrick ( 1983) studied seasonal

changes in forage quality of 22 forages at the same study area on Admiralty Island

where they studied seasonal changes in forage availability. They measured in -vitro

dry-matter digestibility and the concentrations of neutral detergent fiber, acid deter

gent fiber, cellulose, lignin and cutin, total nitrogen, phosphorus, potassium , calcium ,

magnesium , sodium , copper, manganese, iron , and zinc. Their results were very

similar to results from another study area on Admiralty Island and to other studies in

southeastern Alaska and the Pacific Northwest. Forbs (including the "half -shrubs " of

fig . 10) and, to a lesser degree, shrub leaves were consistently the most nutritious

forages, especially in the winter. Seasonally low levels of digestible energy, nitrogen ,

and phosphorus were identified as the most important potential limitations of these

forages in meeting the nutritional needs of deer and other herbivores.

One forage of potentially high energy value for deer is lichen , especially the beard

lichens ( Alectoria sarmentosa and Usnea spp .), which are common on slow - growing,

open - grown trees or diseased and dead trees throughout the forest . In Hanley and

McKendrick's (1983) analysis , in - vitro dry -matter digestibility of these lichens was

very low , 15 to 26 percent, indicating a very low energy value for deer (digestible

energy is roughly proportional to digestible dry matter). But lichens are known to be

much more efficiently digested by rumen fluid from animals on a lichen -containing

diet than from animals not on a lichen - containing diet. The source of rumen fluid

used in these experiments was not exposed to lichens . In contrast, Robbins (1987)

studied in -vivo digestibility of dry matter and protein of lichens ( A. sarmentosa) fed to

mule deer accustomed to eating lichens . Dry -matter digestibility was very high ,

85.2 percent , but the very low crude protein concentration (2.0 percent) resulted in

a negative apparent digestiblity of protein (-218.0 percent). Metabolic fecal losses of

nitrogen exceeded nitrogen intake . Thus, beard lichens are a very rich source of

digestible energy for deer but are very unsatisfactory as a source of digestible protein .

Until recently, it has been extremely difficult to evaluate most of the natural forages

consumed by deer in terms of their concentration of digestible protein. Concentration

of crude protein can be determined easily (6.25 times the concentration of total nitro

gen) . But most of the natural forages consumed by deer contain tannins , which bind

with protein and reduce its digestibility. The only way to estimate protein digestibility

of such forages has been to conduct in-vivo digestion trials , requiring much time and

great quantities of sample material.
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legumes. B. Digestible protein in tree, shrub , and forb leaves,
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significant amounts relative to the grass -legume regressions
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' For grasses and agricultural legumes, which contain few tannins , digestible protein is

a highly predictable function of crude protein ( fig. 11A) . The relation between protein

digestibility and crude protein in deciduous browse stems collected in the winter is

slightly lower, but not significantly different from that of grasses and legumes

( Robbins and others 1987a) . But in coniferous browse and leaves of trees , shrubs,

and forbs, protein digestibility is significantly less than would be predicted for grasses

and legumes (fig . 11B) . Robbins and others (1987a) , however, have recently shown

that the reduction in protein digestibililty because of tannins can be predicted by

measuring the capacity of the forage to precipitate bovine serum albumin , a commer

cially available protein (fig . 11C) . Digestible protein concentration of forages can now

be estimated in the laboratory with small amounts of sample material .
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5

Because tannins reduce protein digestibility , they also reduce dry -matter digestibility

and therefore affect the value of forage in terms of digestible energy as well as di

gestible protein . Until recently, however, whether tannins affect cell-wall digestibility

or only the digestibility of the cell solubles has been unclear. Robbins and others

(1987b) found that in mule deer, tannins do not affect cell-wall digestibility (fig. 12A)

but do reduce the digestibility of cell solubles ( fig. 12B) by about 2.8 units for every

unit reduction in protein digestion. This contrasts with results from studies of domes

tic sheep and in -vitro digestion trials , where reduction in digestibility of cell wall has

been shown. For deer, the summative equation developed by Robbins and others

(1987b ) should provide a more accurate estimate of in - vivo dry -matter digestibility

than that provided by in -vitro digestion trials.
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Compared with saliva of sheep and cattle, saliva of mule deer contains large

amounts of proline - rich proteins that are highly effective at binding tannins and

minimizing protein losses per unit of tannin . These tannin - salivary protein complexes

should result in reduced digestibilities of both protein and neutral detergent solubles

and, if completely effective , no reduction in cell-wall digestion. The proline -rich

salivary proteins may also reduce the absorption of hydrolyzable tannins and the

potential of tannin toxicity. Tannin toxicity may be an even greater factor affecting

diet choices by ruminants than is reduction of digestibility (Robbins and others

1987a , 1987b ).

Concentration of tannins (and other phenolics) can vary greatly within the same

plant species, depending on the environment the plant is growing in . Hanley and

others ( 1987) studied the chemical composition and nutritive value of blueberry and

bunchberry dogwood leaves growing in a chronosequence of five stands on

Chichagof Island during May through October. Three of the stands were young

clearcuts (two were 5 years old, one of which had been burned after logging; one

was 11 years old ), and the two older stands were forests with well-developed over

stories (one 80 -year-old , even -aged stand and one 450 -year-old , old -growth stand ).

Major differences in chemical composition of both species occurred between the

young and older stands. Plants in the young stands had greater astringency

(protein -precipitating capacity), concentrations of phenolics, and total nonstructural

carbohydrates, but lower concentrations of nitrogen than did plants in the older

stands. In - vitro dry -matter digestibility , however, did not differ among stands. Similar

results were obtained for trailing bramble and skunkcabbage, which also were

studied at the same time and place (Van Horne and others 1988 ). Chemical analyses

of blueberry and bunchberry leaves collected in July from a clearcut and adjacent

forest at another study area on Douglas Island indicated that concentrations of

digestible protein were 2.0 to 2.3 times greater in leaves from the forest than those

from the clearcut, though they did not differ in dry -matter digestibility (fig . 13) .

These results are consistent with the hypothesis that plants growing in the shaded

understories of forests in southeastern Alaska are essentially light-limited and

allocate carbon (from photosynthesis) primarily to growth and maintenance. Plants

growing in the open environments of young clearcuts, on the other hand, are prob

ably light-saturated and accumulate sufficient carbon for growth and maintenance as

well as relatively high concentrations of carbon - rich secondary compounds such as

tannins and other phenolics (Hanley and others 1987 ).

In a palatability trial, deer distinguished between blueberry leaves from the forest and

those from the clearcut and preferred (or at least ate more of) the leaves from the

forest (Hanley and others 1987 ). But in a comparison of the chemical composition of

blueberry and hemlock inside and outside four 19- to 21 -year-old exclosures in forest

understories, Hanley ( 1987) found no difference in in - vitro dry -matter digestibility or

concentrations of nitrogen, phosphorus, neutral detergent fiber, and lignin as a propor

tion of acid detergent fiber. Therefore, although the palatability of plants to deer

differs with their chemical composition (Hanley and others 1987) and deer may exert

moderate to strong influence on the species composition and biomass of forest

understories (Hanley 1987 ), their effect on dry -matter digestibility, fiber, nitrogen, and

phosphorus concentrations of individual species may be negligible (Hanley 1987 ).
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Figure 13Concentrations of digestible dry matter (DDM ),

crude protein (CP) , and digestible protein (DP) on a dry -mat

ter basis in leaves of Alaska blueberry (Vaccinium alaskensis)

and bunchberry dogwood ( Cornus canadensis) from an old

growth forest and an adjacent 8 -year-old clearcut in July near

Juneau, Alaska ( from Hanley and others, in press). Based on

data from Hanley and others ( 1987a ); DDM calculated with

equation from Robbins and others (1987b );DP calculated

with equation from Robbins and others (1987a ).

Diet Composition

and Energy Intake

The composition and quality of diets selected by deer vary with changes in forage

availability and quality and the nutritional status of the animal. Dietary composition

and total intake of dry matter determine nutrient and energy intake.

It is impossible to accurately measure either diet composition or dry -matter intake of

wild deer in southeastern Alaska. Deer are seldom visible at close enough range to

see what they are eating and how fast they are eating it. Analyses of rumen and

fecal samples yield results biased toward overestimating the least digestible and

most recognizable plant species and parts (Hanley and others 1985) . For example,

conifers tend to be overrepresented and forbs underrepresented in fecal samples

relative to rumen samples (fig . 14) , and the same can be said about rumen samples

relative to actual diets. Qualitatively, however, rumen and fecal samples can provide

insight into relative changes in diet composition and quality over time.
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Hanley and McKendrick ( 1985 ) studied diet composition of deer in the same low

elevation, old -growth stands on Admiralty Island where they studied seasonal

changes in forage availability and quality . By weighting the species composition of

deer feces (table 2) by the estimated dry -matter digestibility of the respective plants,

they obtained an estimate of the monthly changes in diet composition of deer in their

study area (fig. 15) . Throughout the year, herbs (primarily forbs) were eaten in great

est abundance, except when buried with snow . Shrub leaves (primarily blueberry and

devilsclub) were eaten mostly in the spring when the leaves were young and growing

rapidly and again in the fall when herbaceous biomass declined at the end of the

growing season (fig. 8) . Blueberry stems and western hemlock were most important

when snow buried the herbs. This apparent preference of deer for herbs over shrubs

over conifers throughout the year is the pattern that would be expected on the basis

of the relative nutritional qualities of these respective forage classes ( fig. 10) .
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Table 2 – Mean composition (dry weight) of deer feces at the Admiralty Island

study site

1981

1980 ,

Dec.Forage class and species Jan.-Mar. Apr.June July -Sept. Oct. -Dec.

Percent

0

tr(0)

1 ( 1 )

tr(0)

33 (2 )

2(1 )

tr(0)

tr(0)

26(8)2

)

Forbs and ferns :

Athyrium filix - femina

Blechnum spicant

Coptis asplenifolia

Cornus canadensis

Listera spp.

Lysichiton americanum

Maianthemum dilatatum

Osmorhiza spp.

Rubus pedatus

Streptopus spp.

Tiarella trifoliata

Others

Unknown

ܘ

ܘ

ܘ

ܘ

ܬ

ܘ

ܘ

ܘ

ܘ

ܝ

ܘ

ܘ

ܘ

ܘ

5( 1 )

0

o

23( 1 )

2( 1 )

0

2( 1 )

11(3 )

tr(0)

tr(0)

tr(0 )

4(2 )

0

0

1 ( 1 )

14 ( 2)

1 (1 )

16 (5 )

1 (1 )

4 (3)

20(3 )

tr(0)

5(2 )

1 (0 )

1 ( 1 )

0

4 (4 )

1 (0)

19(7)

tr(0)

4 (2 )

0

1 (0)

21 (7)

1 ( 1 )

9(3)

9(2 )

2(0)

3( 1 )

2( 1 )

1 ( 1 )

Shrubs :

Alnus spp .

Ledum palustre

Menziesia ferruginea

Oplopanax horridum

Vaccinium spp.

Unknown

1 (1 )

0

O

11s ܘ

ܘ

ܘ

ܦ

ܶ

ܘ

1 (1 )

0

1 (1 )

13(8)

18(9)

1 ( 1 )

10 (3)

tr(0 )

310 )

8(0)

1 (0 )

0

4(3 )

0

1 ( 1 )

1 ( 1 )

3( 1 )

2 (2)

e

39 6 (2 )

1 ( 1 )

Conifers:

Picea sitchensis

Pinus contorta

Tsuga heterophylla

O
N tr(0)

tr(0)

16( 1 )

tr(0)
,

0

9(4)

tr(0)

0

4( 1 )

tr(0)

tr(0 )

10(7)48

Graminoids:

Deschampsia caespitosa

Carex spp.

Elymus arenarius

Other

0

0

1

0

0

0

tr ( 0 )

0

tr ( 0 )

1 ( 1 )

1 ( 1 )

tr(0)

0

1 (0)

1 (0 )

1 (0)

1 ( 1 )

tr( 0)

tr ( 0)

1 (0)

Lichens:

Alectoria spp. or Usnea spp.

Lobaria spp.

Other

tr

6

tr(0 )

3 (0)

tr(0)

tr (0)

2( 1 )

1 ( 1 )

1 ( 1 )

O
O

2( 1 )

3(0)

0

Alga:

Fucus furcatus 2(0) 2( 1 ) 1 (0 ) 1 (0 )

Mosses:

Hylocomium splendens or

Rhytidiadelphus loreus

Sphagnum spp.

Others

1 O
o

410)

1 ( 1 )

1 ( 1 )

3 ( 1 )

tr ( 0 )

tr(0)

2( 1 )

1 ( 0)

1 (0)

2(0 )

2( 1 )

2 ( 1 )0

a

Adapted from Hanley and McKendrick ( 1985 ).

Only December 1980 reflects the presence of snow .

Cor ='trace = < 0.5 percent; number in parentheses is standard error of monthly samples combined in

calculatingmeans.
Dryopteris dilatata, Gymnocarpium dryopteris, Monesis uniflora, Polypodium vulgare, Pyrola secunda,

and Viola glabella.

Includes V. alaskensis, V. ovalifolium , and V. parvifolium .
e
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Figure 15 Estimated monthly diet composition of deer at

the Admiralty Island study site, November 1980 through

December 1981. Values are based on fecal composition data

adjusted for in - vitro dry -matter digestibility. Only values for

December 1980 reflect the presence of snow ( from Hanley

and McKendrick 1985 ).

By combining the estimates of diet composition (fig . 15) with the data for dry -matter

digestibility and chemical composition ( fig. 10) , Hanley and McKendrick ( 1985 )

obtained monthly estimates of dry -matter digestibility and chemical composition of

deer diets in their study area ( fig. 16) . Results indicated the great value of herbs in

the winter energy budget of deer: When they were buried with 20 cm of snow , the

estimated dry -matter digestibility of the diet dropped from about 58 to 38 percent.

Dry -matter digestibility of the summer diet, however, was relatively low compared

with diets probably obtained in subalpine habitats where deer cabbage (with in -vitro

dry -matter digestibility of 78.6, Hanley and McKendrick 1983) is a major dietary

component. On the basis of crude protein concentrations (fig. 16B) and the results of

the studies by Robbins and others ( 1987a) and Hanley and others ( 1987), concen

trations of digestible protein probably were adequate year-around for both mainte

nance and lactation requirements. Phosphorus concentrations, on the other hand,

varied from superabundance in spring and early summer to submarginal levels in late

summer and fall . That deer probably are able to store phosphorus in spring and

mobilize it from reserves in fall seems reasonable, however.

20



70

A

60 20
B

I
V
D
M
D

(%)

50 15

C
R
U
D
E

P
R
O
T
E
I
N

(%)

40 10 ---- 0

- }s
SNOW - 3 SNOW

30

JAN FEB MAR APR MAY JUN JUL AUG SEP OCTNOV DEC

5

JAN FEB MAR APR MAY JUN JUL AUG SEP OCTNOVDEC

0.40

C

8.0

D

7.0

6.0

5.0

4.0

3.0

} SNO
SNOW

2.0

1.0

JAN FEB MARAPR MAY JUN JUL AUG SEP OCTNOVDEC

0.35

0.30

P
H
O
S
P
H
O
R
U
S

(%)

0.25

C
a

:PR
A
T
I
O

0.20

SNOW

0.15

JAN'FEB MAR APR MAYJUN JUL AUG SEP'OCTNOVDEC

Figure 16—Monthly estimates of dry -matter digestibility and

chemical composition of deer diets (solid circles and line) and

mean of total available forage in the habitat (open circles and

broken line) at the Admiralty Island study site , 1981. All

values are for snow-free conditions except where indicated for

the month of December ( from Hanley and McKendrick 1985) .

A. In -vitro dry -matter digestibility (IVDMD) . B. Crude protein .

C. Phosphorus. D. Calcium :phosphorus ratio .

21



1

Although the analysis above and that by Hanley and others ( 1987) indicate that

digestible protein probably is not a limiting factor for deer in forest habitats, the situa

tion may be quite different in clearcuts . There , the combination of lower concentra

tions of crude protein and higher concentrations of tannins may result in a diet thata

meets only about half the digestible protein requirement of a lactating doe (Hanley

and others 1987). The problem , however, is more complicated than simply the digest

ible protein concentration of the forage. It also depends on the total daily intake ,

which is affected by ingestion rates and rumen turnover rates and whether the deer

is time- or bulk-limited in its daily intake of dry matter.

The rate at which a deer can ingest food while foraging is important because it deter

mines the animal's time constraints and, therefore, its ability to be selective in what it

eats . Usually , the best foods are relatively uncommon in most habitats . Even where

the same desirable species occurs in a large patch and high biomass (for example,

deer cabbage in subalpine habitats ), not all potential bites are of equal value . Some

leaves are more succulent and nutritious than others. The deer's ability to find the

best bites determines the quality of its diet. But the rate at which it takes in food and

the time available for foraging determine its total daily intake . Time spent searching

for the best bites is time lost for eating , except when chewing and searching occur

together. Time spent ruminating and waiting for digesta to pass from a full rumen

also is time lost for feeding. The optimization problem faced by a foraging deer, there

fore , is one of balancing the tradeoffs between search time, ingestion rates, rumen

turnover rates, and dietary quality if it is to obtain the maximum daily intake of digest

ible energy and nutrients .

Wickstrom and others ( 1984) studied ingestion rates of mule deer and elk . (Elk

provide an insightful comparison because they are so much larger than mule deer:

143-194 kg compared with 32-52 kg for Wickstrom's animals; see Hanley (1982) for

implications .) They were particularly interested in determining the relations between

dry -matter intake rates and food biomass and bite size . They found that the relation

between food biomass and intake rate was asymptotic, with the asymptote (maxi

mum rate of intake) occurring at surprisingly low levels of biomass (<50 kg/ha) for

deer (fig . 17 ). The asymptote occurred at much higher levels for elk . For both spe

cies , however, asymptotic intake rates were clearly a function of bite size ( fig. 18) .

Spalinger and others ( 1988) conducted similar experiments with Sitka black -tailed

deer under more tightly controlled conditions in pens and found similar results, ex

cept that asymptotic intake rates were reached at about 5 kg /ha of food biomass.

This means that for deer, food biomass is a relatively unimportant factor affecting

intake rates and , presumably, diet composition at all but extremely low levels of bio

mass. Bite size ( mostly dependent on leaf or stem size and homogeneity) is much

more important than biomass . Other factors, however, also may be important; for

example , clumping of plants may effectively increase the food biomass experienced

by a deer as it moves from patch to patch. Increased biomass of undesirable spe

cies , on the other hand , probably decreases searching efficiency (Spalinger and

others 1988 ) . Food biomass , per se , is a much more important factor for elk than for

deer.
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Figure 17 — Dry -matter intake rate as a function of forage

biomass for mule deer and elk consuming grasses and mixed

diets. Mule deer intake was asymptotic in the mixed com

munities over the entire range of biomass ( from Wickstrom

and others 1984 ).

Asymptotic intake rate is a function of bite size (or leaf size) because a deer cannot

bite and chew at the same time . A greater proportion of time is spent biting and a

smaller proportion spent chewing when a deer is feeding on small- leaved plants than

on large-leaved plants. Asymptotic intake rates, therefore, are lower for small-leaved

than for large -leaved plants (Spalinger and others 1988 ).
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mixed diets (from Wickstrom and others 1984 ).

There also is a trade -off between bite size and biting rate : As bite size increases,

biting rate decreases (fig . 19) because more time is needed for chewing. As food

biomass decreases, the animal must travel at a faster rate between bites (fig . 20) .

With large bites , the time spent traveling between bites can be spent chewing, so no

time is lost for feeding (Spalinger and others 1988 ). Under low biomass situations,

therefore , fewer but larger bites are preferable to more but smaller bites. Leaf size is

a very important factor affecting intake rates and , consequently , diet quality, espe

cially at low levels of food biomass.
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Forages also differ in their rate of breakdown and passage from the rumen (fig. 21 ) .

Rumen turnover rates are important, especially to deer (Hanley 1982) , because slow

passing food can result in bulk -limitations to daily dry -matter intake. Spalinger and

others (1986) studied the physical and chemical characteristics of plants and deter

mined the breakdown rate and passage from the rumen of mule deer and elk. The

most important forage characteristic was the mean thickness of the plant cell walls

(which covaried, positively , with neutral detergent fiber). As cell-wall thickness in

creased , mean retention time increased (or breakdown and rumen turnover rates

decreased ) (fig . 22) . The relation was not linear, however, but instead tended toward

asymptotic. This means that rumen retention time should increase rapidly, but at a

decreasing rate, as cell-wall thickness increases.
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and elk (from Spalinger and others 1986 ).

Deer, therefore, given the opportunity to select from a wide range of plants of high

nutritional quality (usually of low cell-wall thickness), should base their selections

more on cell-wall thickness than simply on dry -matter digestibility or chemical com

position . When available forage is of greater cell-wall thickness, such as would occur

in the winter, the selection of forage should be based more on digestibility than on

cell-wall thickness because rumen retention time becomes nearly asymptotic at

higher cell-wall thicknesses. Retention times are considerably greater in the latter

case, however, and should result in a reduction in both foraging time and forage in

take ( Spalinger and others 1986 ). Throughout the year, when thin cell-walled plants

( low concentrations of neutral detergent fiber) are available, they should be preferred

forages unless they are too -small-bite size or contain high levels of toxic compounds.
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Energy Expenditure Deer experience different energy costs of foraging in different habitats depending on

slope steepness, snow depth , obstacles (for example, fallen trees or logging slash ),

thermal characteristics of the habitat, and the deer's rate of travel. Of these, snow

depth is usually most significant.

Parker and others (1984) studied energy expenditures for locomotion by mule deer

and elk . Energy cost of locomotion through snow increased exponentially with in

creasing sinking depth and also increased with snow density (fig . 23) . When sinking

depth was expressed as a percentage of brisket height, equations for both deer and

elk were identical. When sinking depths reached carpus height, costs of locomotion

increased dramatically. Brisket and carpus heights, of course, are very different for

deer than for elk and vary with animal body weight (fig . 24) . For sinking depths
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greater than brisket height , mule deer and elk resorted to exaggerated bounding gaits

that greatly increased energy expenditures because of vertical displacement of the

entire body mass (Parker and others 1984 ). For a black -tailed deer with a body

weight of 50 kg, therefore , two important thresholds in snow depth would occur at

about 30 cm ( carpus height) and 55 cm (brisket height) .

Although it was not possible to measure energy expenditure for locomotion through

logging slash , Parker and others (1984) evaluated the potential effects of logging

slash by modeling the process. They made the following assumptions: ( 1 ) slash depo

sition is uniform so that impediments, including logs and branches, are equal in size ;
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of body weight for mule deer and elk (from Parker and others

1984).

(2) between obstacles, the energy cost to the animal is equal to that of horizontal

locomotion ; (3) for debris less than 50 percent of brisket height in diameter, the ani

mal simply lifts its legs higher during travel and energy expenditure is similar to that

of locomotion in dense snow ; ( 4 ) for debris greater than 50 percent of brisket height

in diameter, the animal jumps over obstacles and energy expenditure is estimated at

5.9 kcal per kg per vertical meter; and (5 ) during jumping, animals are assumed to

fold their legs up to 50 percent of brisket height and to clear all obstacles by 0.15 m.

The modeling results (fig . 25) indicated that at slash depths less than that required for

jumping to clear obstacles, additional energy costs for travel through slash were

virtually insignificant at up to 50 obstacles per 100 m traveled . When slash depths

were great enough to require jumping, however, energy costs of locomotion in

creased dramatically and in direct proportion to the number of obstacles and their

3
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heights. These estimates, of course , would be too low when shrubs and young

conifers also interfere with movement and would be too high when deer meander

around obstacles rather than jumping over them. They are most useful for providing

estimates of potential relative differences in energy costs for deer resulting from

various alternatives for slash management. The actual costs for deer will depend on

additional factors, most important of which are shrub density and deer behavior.

Slash is never of uniform depth and density.
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Energy costs of locomotion (kilocalories per kilogram per kilometer) vary with the

animal's body weight, whether for horizontal, upslope, or downslope locomotion, and

also vary with the speed of travel ( Parker and others 1984 ). Although these costs

become important from the standpoint of foraging efficiency, alone they have few

implications for management.

The other major environmental factor affecting energy expenditure is the thermal

environment. Parker and Robbins (1984) studied energy costs for thermoregulation in

mule deer and elk. Although most studies of thermoregulation by animals have been

done indoors in metabolic chambers, Parker and Robbins did their study outdoors

under more realistic conditions actually experienced by wild animals. By calculating

an " operative" temperature ( incorporating the thermal consequences of air tempera

ture, windspeed, and thermal radiation ), they were able to relate their measures of

energy expenditure to a single variable . In a metabolic chamber, the operative tem

perature would be equal to the air temperature.

Parker and Robbins ( 1984) were able to determine limits of the thermoneutral zone

for deer and elk in both winter ( fig . 26) and summer (fig . 27) . The thermoneutral zone

is the range of operative temperatures within which the animal does not have to

expend additional energy to maintain a constant body temperature . As temperatures

increase above, or decrease below , the thermoneutral zone, the animal must spend

additional energy for thermoregulation. Thermally critical environments (outside the

range of the thermoneutral zone) for mule deer occurred at operative temperatures of

less than -20 °C and greater than 5 °C in winter and greater than 25 °C in summer.

Perhaps the relatively low upper critical limit for deer in winter (5 °C) is a principal

reason why deer seem to prefer to winter as high as possible, just below the snow

line , in southeastern Alaska . Energy expenditures increased for elk at operative tem

peratures below -20 °C and above +20 ° C in winter; metabolic rates decreased be

tween 10 and -20 °C . A major difference between elk and mule deer in the summer

is that elk rely heavily on cutaneous evaporation of water (sweat) for cooling, where

as deer rely on panting as their primary means of heat dissipation . In the humid

coastal environments of southeastern Alaska, however, evaporative heat loss may be

less efficient by either means (and , therefore, the upper critical temperatures may be

lower) than in eastern Washington where Parker and Robbins did their work .

1

1Some weather conditions, therefore , are clearly outside or clearly within the thermo

neutral zones of deer and elk . But the thermal environment experienced by an animal

varies greatly from place to place . For example, whether the animal is in the sun or

shade, standing or lying , exposed to or sheltered from the wind, all have large influ

ences on the operative temperature experienced by the animal . From a management

perspective, the thermoneutral zone provides only a rough idea of when an environ

ment may or may not be thermally stressful to an animal. It provides some insight

into the environmental factors influencing animal behavior, but the high variability of

microclimate within habitats complicates its practical usefulness .
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and Robbins 1984 ).

Foraging Efficiency Because foraging efficiency is the product of many interacting factors , a model of the

process is necessary if we are to understand the relative importance of individual

factors. Wickstrom and others ( 1984) developed such a model (fig . 28) to evaluate

the effects of forage biomass and diet dry -matter digestibility (fig . 29) , baseline

energy requirements ( fig. 30) , and snow depth ( fig. 31 ) with all other factors held

constant. The model calculated the grazing time required for an animal to meet its

daily energy costs. High foraging efficiency corresponded to low required grazing time .
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Figure 29 — Theeffect of variation in foragebiomass and

forage digestibility on the grazing time required for mule deer

andelk to meet minimum maintenance energy requirements

(basal metabolism and foraging activity costs, excluding ther

moregulation ) in grass and mixed communities. Differences

in forage quality were simulated by varying the digestible

energy coefficient from 30 to 90 percent (from Wickstrom
and others 1984 ).

Grazing time required to meet minimum energy requirements decreased curvilin

early with increasing forage availability in grass and mixed understory communities

( fig . 29 ). Because of the asymptotic relation between forage biomass and dry -matter

intake rates ( fig. 17 ), forage biomass affected foraging efficiency only at low levels for

deer but higher levels for elk . Variation in diet digestibility , on the other hand , had a

major effect on both the slope and inflection point of the curves relating grazing time

to biomass for both deer and elk in both types of habitat ( fig. 29 ). The inflection

points shifted toward greater forage biomass as digestibility decreased, especially

toward the lower end of the range of digestibilities. Precise estimates of diet digesti

bility , therefore, are most important at the lower range of digestibilities: A drop from

50 to 30 percent is much more significant than is a drop from 90 to 70 percent.
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Figure 30 — The effect of differing levels of baseline energy

metabolism as increments of basal metabolic rate on requi

site grazing times of mule deer and elk in grass and mixed

communities. Calculations were based on a constant digest

ible energy coefficient of 50 percent ( from Wickstrom and

others 1984).

Elk must spend less time than mule deer to meet energy needs when consuming

grass of equivalent biomass (except at low forage biomass) and digestibility (fig . 29) .

When foraging in mixed communities, however, the deer's greater intake per unit of

metabolic weight enabled it to meet its requirements within the same timeframe as

the elk . This is consistent with the general observation that graminoids constitute a

more important element of elk diets and habitats than those of deer (Hanley 1984a) .

The disparity between deer and elk in foraging efficiency decreased when diet digesti

bility was high , indicating the relative importance of a high -quality diet to the smaller

deer. It was much more unprofitable for elk than deer to graze in communities of low

biomass, however, indicating the relative importance of forage biomass to the much

larger elk.

Grazing time required to meet energy needs increased with increases in the animal's

baseline energy metabolism (fig . 30) . Changes in baseline energy requirements, as

might result from seasonal changes in basal metabolic rate or thermoregulatory

costs , had a greater absolute effect on deer than on elk in grass communities

because of the lower foraging efficiency of deer in grass habitats .
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Figure 31 — The effect of differing snow depths on requisite

grazing times of mule deer and elk in grass and mixed com

munities. Snow was assumed to affect only travel costs .

Relative sinking depths were calculated as a percentage of

brisket height. Corresponding snow depths for the deer were

10.6, 31.9 , and 53.1 cm . Equivalent elk values were 14.9,

44.8, and 74.7 cm .Calculations were based on aconstant

snow density of 0.3 g /cm ", forage digestibility of50 percent,

and minimum baseline energy metabolism of 1.0 times basal

metabolic rate ( from Wickstrom and others 1984 ).

Because snow increased the activity cost of foraging, grazing time required to meet

minimum energy needs increased with the depth to which the animal sank (fig . 31 ) .

The increment in necessary grazing time was small as long as forage biomass was

great enough to permit asymptotic rates of intake. At low levels of biomass, however,

traveling distance increased and required grazing time increased dramatically. The

most important effect of snow , therefore , is how it affects forage availability and ,

particularly, diet quality. The 20 cm of snow responsible for shifting the estimated diet

digestibility from 58 to 38 percent in figure 16A would have major effects on the

energy intake side of foraging efficiency but relatively minor effects on the energy

expenditure side. At moderate to deep levels of snow , however, when much forage is

already buried, the effects on energy expenditure become more important, especially

at sinking depths near or greater than brisket height.
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This analysis of foraging efficiency is only the beginning of what is needed for under

standing the importance of various environmental factors to deer. The model needs

to be expanded to include the interaction between rumen turnover rate and diet

digestibility (Spalinger and others 1986 ) and the behavior of deer in terms of diet

selection, habitat selection, and activity budgets. Energy acquisition is of fundamental

importance to deer, but the intake of adequate levels of digestible protein also may

be a problem in some habitats. And until we understand the nutritional basis of

habitat selection by deer, we will have difficulty extrapolating our knowledge of

foraging efficiency to deer behavior and estimates of carrying capacity. In the

meantime, however, many new implications for forest management have emerged

and will continue to emerge .

Management

Implications

The principal ecological effect of timber management is to alter the disturbance

regime of the forest overstory . This in turn affects the environment and dynamics of

understory vegetation and the characteristics of habitat for wildlife . Historically, the

disturbance regime of most of the forests of southeastem Alaska has been one of

high -frequency, low -magnitude disturbance with individual trees or small groups of

trees dying or being blown down by wind and gap succession predominating. When

forests are clearcut, the disturbance regime is changed to one of low -frequency,

high -magnitude disturbance with succession occurring as even - aged pulses. The

understory environment varies greatly from place to place and from time to time with

gap succession . But when succession proceeds in even -aged pulses, the spatial

heterogeneity is greatly reduced and the understory environment becomes much

more uniform . This shift in disturbance regime has major consequences for both

plants (Brady and Hanley 1984) and animals (Hanley and others, in press) .

Other factors than vegetation also influence animal population densities . Weather, of

course, has major effects on food availability and foraging efficiency of deer as snow

buries vegetation and increases energy costs of locomotion . Deer also affect their

food supplies in a density -dependent fashion . Overbrowsing decreases the produc

tion of preferred foods and changes the species composition of plant communities.

Wolves, too , influence deer populations. When wolf densities are high and deer den

sities are low , wolves probably exert a major influence on populations of deer. More

important than deer and wolf densities alone, however, is their relation to the repro

ductive rate of the deer (Van Ballenberghe and Hanley 1984 ). Highly productive deer

herds can sustain much higher levels of predation than can herds with low produc

tivity (fig . 32) . Deer productivity, of course, depends on the nutritional status of deer,

which mainly depends on the productive capacity of the habitat. Forest management

affects the balance between deer and wolves by changing the quantity and quality of

food resources for deer and the effects of forest overstory on snow interception .
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Figure 32 — Relations between deer.wolf ratios required for

deer population equilibrium and annual rate of increase of

deer at various hunting intensities (H) . Predation rates are

constant at 25 deer killed per wolf per year. H is the propor

tion of annual increment of deer removed by hunting ( from

Van Ballenberghe and Hanley 1984 ).

Old -growth forests are an especially important habitat for Sitka black - tailed deer

because they provide a rich and diverse mix of high -quality food resources that

remain relatively available even during periods of snow accumulation . Shaded (low

tannin , high - protein) leaves are important in summer; and evergreen herbs, lichens ,

and snow interception are important in winter . The importance of old -growth forests is

not unique to Sitka black-tailed deer. Where understory productivity in even-aged

stands is low or where snow accumulations are deep, old - growth forests are critical

habitat for Columbian black-tailed deer, Roosevelt elk , and woodland caribou for

virtually the same reasons as for Sitka black -tailed deer ( Hanley and others 1984) .

But the question of whether old -growth forest is a " habitat requirement" has no

simple or general answer. The answer depends on the degree to which old - growth

and even-aged forests differ in their ability to meet the behavioral and physiological

requirements of deer, as well as the degree to which those requirements can be

satisfied in the absence of old growth . What constitutes a habitat requirement also

depends on the population density and productivity desired by management . Where

lower levels of productivity are desired , habitat requirements are less stringent .

These determinations must be made on a case -by -case basis and be based on a

rather detailed understanding of factors limiting the particular population (Hanley and

others 1984) .
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It is important to keep in mind that much variation exists in the general patterns of

overstory -understory and overstory -snow relations discussed in the beginning of this

report. Both old -growth and even -aged forests are highly variable in their structure ,

species composition , and productivity . Many exceptions to the general patterns exist

( note the high degree of variation evident in figures 2-7) . Therefore, it is especially

important that forest managers and biologists become familiar with the particular land

under consideration and that they understand the ecological relations between deer

and their habitat, so they can make informed judgments on a case -by -case basis.

The greatest management implication of the work reviewed here is its contribution

toward furthering our understanding of deer ecology. General " rules of thumb " are

few and must be weighed carefully.

What is needed for effectively managing both timber and habitat resources simulta

neously is a means of quantitatively evaluating habitat for deer and a program of

management that protects important old -growth stands and enhances even-aged

stands .

Habitat Evaluation The relative values of habitats differ depending on whether one is interested in the

value of habitat to an individual animal (as in foraging efficiency and habitat prefer

ence) or to a population of animals (as in carrying capacity) . Carrying capacity can

be defined as the maximum density of animals that can be supported by a given

habitat. Obviously, carrying capacity must vary with the specified age , sex, body

weight, and reproductive status of the animals because these factors determine the

nutritional requirements of the population. Also , because habitats are constantly

changing (seasonally and with succession ), carrying capacity constantly changes.

Carrying capacity, therefore , is a theoretical concept only. Its practical utility is in

providing a quantitative measure of the productive capacity of a habitat for animals

under a specified set of circumstances. li has meaning only in the context of

specified animal requirements and specified forage resources.

Both the availability and nutritional quality of forage are important determinants of

both foraging efficiency and carrying capacity, and foraging efficiency and carrying

capacity are interrelated . The relative importance of forage availability and quality,

however, are very different for foraging efficiency and carrying capacity. For foraging

efficiency, concentration of digestible energy in the food is much more important than

food biomass at all but very low levels of biomass for deer (<25 kg /ha ). For carrying

capacity, on the other hand, food biomass is obviously of very great importance as

long as it is at least of a minimum quality that meets the nutritional requirements of

the deer.
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The major reason for these differences is that although carrying capacity is essen

tially a linear function of acceptable biomass (the quantity of food divided by the

intake per deer), dry -matter intake rate of a foraging deer is an asymptotic function of

biomass. The key to understanding the interplay between foraging efficiency and

carrying capacity is that above a minimum threshold of food biomass, nutritional

quality is the most important factor affecting foraging efficiency; above minimum

thresholds of foraging efficiency and nutrient intake, however, food biomass deter

mines carrying capacity (Hanley and others, in press ). Habitats with high foraging

efficiency do not necessarily have high carrying capacity (for example, high quality

but low quantity of food ), and habitats with high carrying capacity do not necessarily

have high foraging efficiency (for example, high quantity but only minimally accept

able quality of food) . If habitat selection by individual deer is based primarily on for

aging efficiency, therefore, habitat preferences may have little relation to carrying

capacity.

Hanley and Rogers (1989) have provided a method of estimating carrying capacity

based on the quantity of available forage meeting specified nutritional constraints.

The constraints are for minimum concentrations of digestible energy and digestible

protein , specified on the basis of the nutritional requirements of the animals. Two

additional constraints are that no single forage can constitute more than 40 percent

of the diet and that only total biomass greater than 25 kg/ha is available for consump

tion . The method enables one to calculate carrying capacity (deer days per hectare)

for a specified listing of plant species, their biomass and concentrations of digestible

energy and digestible protein, and nutritional requirements of the deer (daily dry

matter intake and minimum dietary concentrations of digestible energy and digestible

protein ).

Hanley and Rogers ( 1989) used the procedure to estimate carrying capacity of four

hypothetical habitats during summer and during winter with three different snow

depths and for two levels of nutritional requirements of adult does. The results

(fig . 33) illustrated the importance of specifying the environment and nutritional

requirements of the animals. Depending on time of year, snow depths , and nutritional

status of the deer, the relative carrying capacities of the four habitats were very

different.

Estimates of carrying capacity based on nutrition provide a theoretical maximum

estimate of carrying capacity — the density of deer that could be supported by the

habitat if deer choose to make maximum use of the habitat . The additional factor of

habitat choice by animals is an important one because there may be features of the

habitat that make it unattractive to deer and therefore of lower suitability . For ex

ample, habitats adjacent to busy roads and centers of human activity are likely to

receive less use than are similar but remote habitats , especially during hunting

season . Habitats with a variety of hiding cover and vantage points (such as ridges

and knolis) are generally preferred over more uniform habitats . The variety of habi

tats and distance between them also are important if deer are to make maximum use

of the best habitats as their relative qualities change from time to time . The concepts

of home range and established patterns of use also are very important: Deer are

creatures of habit as well as habitat . Areas with traditionally heavy use by deer

should receive special emphasis in habitat evaluations . Nutritionally based estimates
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of carrying capacity , therefore , must be tempered in the habitat evaluation process by

consideration of other factors affecting deer behavior as well . Those factors,

however, are beyond the scope of this report.

Habitat Protection Habitat protection is currently the most important aspect of habitat planning for deer

in southeastern Alaska. The emphasis has been on minimizing winter mortality of

deer, and the focus has been on the importance of low - elevation , old -growth forests

as critical winter range. Such habitats are especially important in areas where sum

mer range is not of sufficient quality for high reproductive rates of deer, where wolves

coexist with deer, or where winter snow accumulations are frequent and persistent

because each of these factors acts to reduce the rate of population increase below

that of which deer are biologically capable. In the absence of these three factors ,

however, critical winter range is less important, because deer herds could be ex

pected to recover rapidly after an occasional severe winter. Criteria for critical winter

range have been reviewed by Hanley ( 1984b) and Hanley and Rose ( 1987) and

emphasize topography where snow accumulations are minimal , overstory. canopy

coverage (>95 percent , measured with a spherical densiometer) and net timber

volume (>20,000 board feet per acre) sufficient for intercepting significant amounts of

snow, and species composition and production of the understory sufficient for provid

ing a high-quality winter diet . Dry -matter digestibility of the diet is an especially impor

tant factor, and evergreen herbs, lichens , and cedar foliage are especially important

foods . Blueberry twigs also are an important food source but , alone , are not sufficient

to meet the energy requirements of deer.

Although winter range is important, our research indicates greater attention should be

given to summer range than has been the case in the past . The quality of summer

range has a major influence on the reproductive rate of deer and the body reserves

of deer entering winter . Deer in extensively clearcut habitats may have difficulty

meeting protein requirements for lactation if they must rely heavily on open clearcuts

for feeding areas because tannin concentrations are high in sun - grown leaves . Non

commercial stands could play an important role in the nitrogen economy of deer in

such a situation by providing habitats with shade- grown (low tannin ) leaves . But more

important than summer range per se is the relation between the carrying capacities

of summer and winter ranges . The population will be limited by whichever carrying

capacity is lowest. Therefore , winter ranges for deer coming from highly productive

summer ranges should receive priority over other winter ranges . Similarly , summer

ranges for deer coming from high-quality winter ranges should receive priority over

other summer ranges. Subalpine habitats with a rich supply of succulent forbs are

especially valuable summer habitats . Winter ranges providing a diverse mix of habi

tats are especially valuable winter ranges .
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Spring is a transitional period but is an especially important time of the year for both

winter mortality and reproduction . By spring, deer are in their poorest body condition

of the entire year, and for does, gestation requirements are becoming significant.

The timing of spring, therefore, is very important to deer. Skunkcabbage is an espec

ially important forage species in spring, with very high dry -matter digestibility (about

87 percent; Hanley and McKendrick 1983) and crude protein concentration ( about

50 percent; Hanley and McKendrick 1983 ). It is avidly sought by deer, especially

when it is the first forage initiating spring growth . Low - elevation , snow -free forests

with much skunkcabbage are very important at this brief but significant time of year.

Although noncommercial stands frequently have understories dominated by skunk

cabbage, they may contain appreciable amounts of snow in spring. Special attention,

therefore, should be given to low - elevation, commercial forests (>20,000 board feet

per acre, net volume, and > 95 percent crown closure) with blueberry /skunkcabbage

understories for their importance in spring, especially where snow accumulations are

common .

In southeastern Alaska, Admiralty Island probably typifies the ideal combination of

extensive, highly productive subalpine summer ranges and extensive winter ranges

of a great diversity of habitats with high carrying capacities. Admiralty Island is also

free from wolves. The combination of highly productive summer ranges, extensive

variety of winter and spring habitats including critical winter ranges of old -growth

forest, and lack of wolves should result in very resilient deer herds capable of re

covering rapidly from occasional severe winters. The greatest long -term threat to

deer on Admiralty Island probably is overgrazing by the deer themselves.

Until more is known about silvicultural manipulations and other methods of habitat

enhancement in even -aged stands, habitat protection will continue to be the key

factor in habitat management for deer in southeastern Alaska. Careful attention

should be given to the selection of old -growth retention areas within the managed

forest.

Habitat Enhancement
Clearcut logging of old -growth forests in southeastern Alaska has four effects that act

to decrease carrying capacity of habitat for deer: ( 1 ) sun -grown plants in open clear

cuts have lower digestible protein concentrations than do shade -grown plants in

forests ; (2) large amounts of logging slash increase energy costs of locomotion for

deer and reduce the area of usable habitat; (3) snow accumulates and persists to a

much greater degree in open clearcuts than in forests; and (4) understory production

is reduced to extremely low levels when the conifer canopy closes at about age 20 to

30 years and remains extremely low for at least the next 100 years. Clearcuts have

one effect that acts to increase carrying capacity : Understory production is extremely

great during the first 20 to 30 years of age.

The net effect on foraging efficiency and carrying capacity depends on circum

stances. In most cases, foraging efficiency probably will be decreased unless the

old -growth habitats have been overgrazed and high -quality food plants are scarce, or

new, high -quality species become established in the clearcuts. The increase in bio

mass alone , above asymptotic levels of intake , will not improve conditions for indivi

dual deer. A net gain in forage biomass, however, may increase carrying capacity as

long as the forage is of sufficient quality to meet the nutritional requirements of deer.
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Such an increase in carrying capacity would be greatest during the initial years after

logging and would decrease as increasingly greater proportions of the landscape

become closed -canopy, even -aged forest. The challenge to forest managers, there

fore, is in decreasing the negative effects and increasing the positive effect of logging.

9

Precommercial thinning is likely to yield only very limited benefits, primarily providing

an extra 5 to maybe 10 years of useful life of clearcuts for deer. The problem is that

shrubs, and in many cases hemlock seedlings, dominate the site and shade out the

herbs. The rich diversity of forages in most old -growth stands results from the high

frequency, low -magnitude disturbance regime that characterizes old -growth stands

and maintains a constant mix of environments within the understory. Any system of

even-aged management will create a regime of low -frequency, high -magnitude dis

turbance, with the consequence of making the understory environment relatively

uniform and the resulting vegetation dominated by one or a few of the most compe

titive and already dominant species . Despite the great biomass of shrubs and hem

lock , carrying capacity will be limited by the availability of forbs. Shrubs and hemlock

alone do not provide a nutritionally adequate diet in either summer or winter. In the

future , as closed-canopy, even-aged stands with depauperate understories are

clearcut, however, understory dynamics may be very different than those following

clearcutting of old - growth stands ( Brady and Hanley 1984) . Adventitious herbs may

become much more common and shrubs much less dominant as plants must seed

into the site rather than simply be released from light interception by the overstory.

The ever-present hemlock seedlings in the duff of even-aged stands, however, may

respond quickly to release from light interception.

Fertilization of young clearcuts, especially with nitrogen , may decrease the ratio of

carbon to nutrients in plants and increase the concentration of digestible protein in

their leaves . But it also would likely increase the production of shrubs and conifers

and shorten the time before canopy closure . Fertilization has been studied very little

in southeastern Alaska , so quantitative guidelines are not available . It may provide a

means, however , of increasing forage quality in clearcuts at the expense of their

useful life -expectancy for deer. Its benefits would be very limited but in some

situations could be important.

Logging slash is often very dense. And precommercial thinning increases it . Slash

densities in southeastern Alaska are usually considerably greater than those modeled

by Parker and others ( 1984) and probably are a major factor affecting use of clear

cuts by deer . Slash can be reduced mechanically or manually by removal and piling .

Or it can be burned. Burning with a " hot" fire is a very effective means of reducing

slash .
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Burning young clearcuts also offers another potentially major benefit: It reduces

shrub and conifer biomass and increases the diversity of forage plants. Controlled

burns have seldom been conducted in southeastern Alaska . Unpublished observa

tions at three burned sites (Freshwater Bay, Sitkoh Lake, and Kake) , however, in

dicate a major reduction in the dominance of blueberry and other shrubs, increased

species richness and production of forbs, and greatly reduced densities of slash .

Chemical composition of understory species does not appear to be affected by

burning (Van Horne and others 1988) , but diet quality may differ greatly from that in

unburned clearcuts , depending on the differences in species composition of the

habitats. Burning also may extend the period of time before conifer canopy closure .

The potential effects of fire as a management tool is an area of needed research in

southeastern Alaska.

Not much can be done about snow interception in young stands. Opening the canopy

of older stands to maintain an understory will decrease their interception of snow as

well . On winter ranges where snow is a problem , even - aged stands present a major

problem for deer. Forage is likely to be most available under the forest canopy near

the edges of openings in the forest. Forest edge, therefore, may in this sense be an

important component in habitat management for deer. Small openings and gaps

within the closed -canopy, even -aged stands could be especially valuable . But old

growth habitat protected as critical winter range will be most valuable during periods

of snow .

In any case , management of even - aged stands for deer habitat must be planned on

a long -term basis to provide a continuous mix of open clearcuts and forests. Small

clearcuts and a mixture of many different ages are desirable for maintaining the

combination of open clearcuts and forests within the home ranges of deer (Hanley

1984b) . Noncommercial old -growth stands and commercial stands retained for

habitat protection are additional important components of habitat diversity.

Research Needs

1

The research reviewed here has concentrated on forest habitats and the nutritional

ecology of deer. Vegetation, snow , piant chemical composition , and deer physiology

and nutritional requirements have been emphasized. Together, these provide a

nutritional basis for estimating carrying capacity and understanding the important

features of habitat for deer. But their relation to deer behavior, particularly food and

habitat selection , remains mostly hypothetical. In the end, it really does not matter

how good a habitat should be if it is not used by deer. The contribution of habitats

to the carrying capacities of landscapes depends on both their nutritional value and

their use by deer. The preceding analyses provide several important hypotheses

about the nutritional basis of habitat selection by deer, the most important of which is

that habitat selection is closely related to foraging efficiency. That hypothesis must be

tested if we are to really understand the most important factors of habitat for deer.

Although significant progress has been made in recent years in understanding the

role of tannins in dietary quality of deer, more work is needed to understand their role

in toxicity and the diet selection process. We also need to further test our equations

for estimating digestibility of protein and dry matter. And we need to more clearly

understand the relations between environment (including herbivory ) and plant produc

tion and chemistry , especially phenolic chemistry.
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Several areas of vegetation management stand out as being in particular need of

study: ( 1 ) identification of palatable forages containing highest concentrations of

digestible protein in sun - grown leaves; (2) how to encourage their growth and the

growth of forbs in clearcuts; (3) the potential role of fire and fertilization in improving

the quality of clearcuts for deer during snow - free conditions; (4) how to increase

production of forbs, especially evergreen forbs, in even -aged stands; and (5) the

potential role of silviculturally created gaps in providing available forage in even -aged

stands during periods of snow .

Additionally, further study must be directed at landscape -level evaluations of patch

dynamics and long-term planning of habitat management for deer.

Common name Scientific nameCommon and

Scientific Names

Animals:

Columbian black -tailed deer

Elk

Gray wolf

Mule and black-tailed deer

Roosevelt elk

Odocoileus hemionus columbianus

(Richardson)

Cervus elaphus Linnaeus

Canis lupus Linnaeus

Odocoileus hemionus (Rafinesque)

Cervus elaphus roosevelti (Merriam )

Odocoileus hemionus sitkensis (Merriam )

Odocoileus virginianus (Zimmermann)

Rangifer tarandus caribou (Gmelin)

Sitka black -tailed deer

White -tailed deer

Woodland caribou

Plants :

Alaska blueberry

Alaska yellow -cedar

Alder

Beard lichen

Blueberry

Bunchberry dogwood

Deerberry

Vaccinium alaskensis How .

Chamaecyparis nootkatensis (D. Don)

Spach

Alnus spp. Mill .

Alectoria sarmentosa Ach , and Usnea

spp . ( Dill .) Adans.

Vaccinium spp. L.

Cornus canadensis L.

Maianthemum dilatatum ( How. ) Nels. &

Macbr.

Fauria crista - galli (Menzies) Makino

Blechnum spicant (L. ) Roth

Oplopanax horridus (Sm . ) Miq .

Hylocomium splendens (Hedw. ) B.S.G .;

Rhytidiadelphus loreus (Hedw .) Warnst.

Deer cabbage

Deer fern

Devilsclub

Feathermoss

2 Plant names are from Hultén ( 1968 ).
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Foamflower

Golden menziesia

Goldthread

Hairgrass

Labrador tea

Lady fern

Lobaria

Mountain hemlock

Oaklern

Rock alga

Salal

Salmonberry

Sedge

Shore pine

Sitka spruce

Skunkcabbage

Sphagnum

Sweet - root

Red -berry huckleberry

Trailing bramble

Twayblade

Twinflower

Tiarella trifoliata L.

Menziesia ferruginea Sm.

Coptis aspleniifolia Salisb .

Deschampsia caespitosa (L.) Beauv.

Ledum palustre L.

Athyrium filix -femina (L.) Roth

Lobaria spp . Schreb .

Tsuga mertensiana (Bong.) Sarg

Gynmocarpium droypteris (L. ) Newm.

Fucus furcatus C. Ag.

Gaultheria shallon Pursh

Rubus spectabilis Pursh

Carex spp. L.

Pinus contorta Dougl. ex Loud

Picea sitchensis (Bong .) Carr.

Lysichiton americanum Schott

Sphagnum spp. L.

Osmorhiza spp . Raf.

Vaccinium parvifolium Sm.

Rubus pedatus Sm.

Listera cordata (L.) R. Br.

Monesis uniflora (L.) Gray

Streptopus spp . Michx.

Viola glabella Nutt

Tsuga heterophylla (Raf.) Sarg.

Thuja plicata D. Don

Elymus arenarius L.

Dryopteris dilatata (Hoffm .) Gray

Twistedstalk

Violet

Western hemlock

Western redcedar

Wildrye

Woodfem

English Equivalents
S

S

1 meter (m) = 39.4 inches

1 centimeter (cm) = 0.39 inch

1 kilometer (km) = 0.53 mile

1 hectare (ha) = 2.47 acres

1 gram (g) = 0.035 ounce

1 kilogram (kg) = 2.20 pounds

1 kilocalorie (kcal) = 4186 joules = 3.97 Btu

Degrees Celsius (OC) = 5/9 (degrees Fahrenheit - 32)

3
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quality for an individual deer. Old -growth and even - aged forests differ greatly in their
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Foreword Resource managers in the United States and Canada must face increasing demands for both

timber and wildlife . Demands for these resources are not necessarily incompatible with each

other. Management objectives can be brought together for both resources to provide a bal

anced supply of timber and wildlife. Until recently, managers have been hampered by lack of

technique for integrating management of these two resources. The goal of the Habitat Futures

Series is to contribute toward a body of technical methods for integrated forestry in British

Columbia in Canada and Oregon and Washington in the United States. The series also applies

to parts of Alberta in Canada and Alaska, California, Idaho, and Montana in the United States.

Some publications in the Habitat Futures Series provide tools and methods that have been

developed sufficiently for trial use in integrated management . Other publications describe

techniques not yet well developed. All series publications, however , provide sufficient detail for

discussion and refinement . Because , like most integrated management techniques , these

models and methods have usually yet to be well tested, before application they should be

evaluated, calibrated (based on local conditions ), and validated. The degree of testing needed

before application depends on local conditions and the innovation being used . You are encour

aged to review , discuss, debate , and - above all use the information presented in this

publication and other publications in the Habitat Futures Series .

The Habitat Futures Series has its foundations in the Habitat Futures workshop that was

conducted to further the practical use and development of new management techniques for

integrating timber and wildlife management and to develop a United States and British Colum

bia management and research communication network . The workshop - jointly sponsored by

the USDA Forest Service and the British Columbia Ministry of Forests and Lands , Canada

was held on October 20-24, 1986 , at the Cowichan Lake Research Station on Vancouver

Island in British Columbia, Canada .

One key to successful forest management is providing the right information for decisionmaking.

Management must know what questions need to be asked , and researchers must pursue their

work with the focus required to generate the best solutions for management. Research, devel

opment, and application of integrated forestry will be more effective and productive if forums ,

such as the Habitat Futures Workshop, are used to bring researchers and managers together

for discussing the experiences, successes , and failures of new management tools to integrate

timber and wildlife .

British Columbia Ministry of Forests and Lands R.M. Ellis

U.S. Department of Agriculture, Forest Service Richard S. Holthausen

Author FRED L. BUNNELL is a professor of forest wildlife management , Faculty of Forestry ,

University of British Columbia, Vancouver, British Columbia V6T 165 .



Abstract Bunnell, Fred L. 1989. Alchemy and uncertainty: what good are models ? Gen. Tech .

Rep. PNW -GTR - 232. Portland, OR : U.S. Department of Agriculture, Forest

Service, Pacific Northwest Research Station . 27 p.

3

Wildlife -habitat models are increasing in abundance, diversity, and use, but symp

toms of failure are evident in their application, including misuse, disuse, failure to

test, and litigation. Reasons for failure often relate to the different purposes mana

gers and researchers have for using the models to predict and to aid understanding.

This paper examines these two purposes and the nature of problems or failures in

model application. A five -step approach toward solution is presented: ( 1 ) recognize

the problem , (2) nurture modeling teams, (3) match purpose with test, ( 4 ) confront

basic beliefs, and (5) evade known errors . Nurturing of modeling teams requires

recognition of different risks, rewards, and timeframes of researchers and managers.

Most wildlife -habitat models have mixed purposes (prediction and understanding ).

Each purpose should and can be evaluated separately. Some basic beliefs surround

ing how we test statements are based more on faith than reason . These can be

obstacles to using and testing models. Models of wildlife habitat are efforts to apply

research to management; a better approach to using and testing models is a better

approach to applying research on wildlife -habitat relations.

Keywords: Applied research , evaluation, habitat, models, wildlife.
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Introduction If only numbers and diversity measured success, wildlife -habitat models would be

termed successful. Symptoms of failure, however, are evident. Waste, impeded

growth of knowledge, and mismanagement are consequences of four symptoms of

failure . Some models are being used for the wrong purposes. Some models , built at

large cost, are not being used. Other models are never seriously evaluated . A few

models have become " exhibit A" in litigation . These symptoms of failure are each

related to how we ( researchers and managers) choose the best use for and best test

of models . We need more confidence in the uses and tests of models. This is the

issue I examine here — the " validation problem " or "what good are models ? "

I do not discuss all the reasons why models should be evaluated — Marcot and others

(1983) present a compelling list. Nor do I list all means of validation; the Wildlife

2000 Symposium (Verner and others 1986) provides a large array. I focus on some

broad reasons why wildlife -habitat models fail rather than problems with model struc

ture, sampling, and statistics. I believe the broad reasons are associated with the

different viewpoints of researcher and manager. As Walters (1986:viii) noted ,

" ...management is done by people, as well as for people." I focus on people.

To some extent, the problems presented in this paper are more potential than real,

but because they cause waste and other detrimental effects, the symptoms of failure

suggest a need for concern . A few problems I discuss are just appearing. This paper

is partly an early alert. My experience tells me models can be useful . Furthermore,

we are approaching holy grails of modeling teams — the prediction of wildlife diversity

or the abundance of specific species. Discussion of failures may seem negative; I

discuss the negative to pursue the positive. I want to examine failures and learn from

them, foresee failures and avoid them, and understand failures and eliminate them.

Psychological and statistical problems arise when asking, What good are models ?

Researchers and managers have different psychologies or world views as a result of

their training and roles. These views influence their notions of purpose, risk , reward,

and uncertainty and , thus , statistics and the appropriate ways of testing. I have

attempted to capture this web of intertwined notions with the phrase " alchemy and

uncertainty ."

I view wildlife -habitat models as statements of how research findings apply to the

management of wildlife habitats . Any approach to improving the use and testing of

such models is an approach to applying research more effectively. I begin with the

structure of the problem : failures and their historical, psychological, and statistical

roots ; then I examine an approach toward solution . The approach starts with the

structure and nurture of modeling teams. Nurture of these teams requires us to

recognize the utility of alchemy (not knowing why things work) and different kinds of

uncertainty. The approach continues by noting that models can be evaluated only

relative to their purpose (matching purpose and test). I recognize two broad pur

poses: to predict and to further understanding. The paper concludes with a list of

10 ways of accomplishing these purposes better and a summary.

The Problem
At the simplest level , the numbers and kinds of wildlife -habitat models are growing

rapidly but so are instances where the models are perceived as wasteful. In the

introduction , I noted four ways — symptoms of failure — by which modeling can waste

time , talent, and funding.



Our Failures
Misuse Models are being used for the wrong purpose. Such misuse often results

from a misunderstanding of management and research goals. In 1973, 10 research

ers gathered to collect their experience and data into a model of barren -ground cari

bou (Rangifer tarandus; Bunnell and others 1975 ). The kinds of data were diverse

and had not been related before ; combined they made some unexpected predictions

about the influence of forest fires on caribou numbers. Output was soon used to

justify approaches to northern fire management. The purpose of modeling was to

examine interactions in the data collected , expose gaps in the data, and refine the

research program . Confusion about the model's relative utility to research and man

agement generated argument that is still healthy 15 years later. A more subtle case

involved a simple model that related size of mammalian home ranges to body weight,

food habits, and habitat productivity. The authors (Harestad and Bunnell 1979) pro

vided ? values and analyses of covariance. The model was not for prediction; the

statistical tests were to document departures from previous published relations and

differences between herbivores and carnivores. Some researchers misread the

model's purpose and equated the highly significant values with predictability for
2

specific instances rather than for general relations.

Disuse Models may fall into disuse. This is good it a more useful tool is available .

Disuse is wasteful, however, if building the model was expensive and the model

was never used . Disuse is troubling if the model represents the best statement avail

able . By definition most of these instances are invisible, but we all know of some.

Four broad, related reasons exist why wasteful disuse occurs : ( 1 ) the model does not

address the question or purpose of the potential user; (2) a potential user never exist

ed, just someone who might be convinced; (3) the model asks the right question but

is too complex to be used or requires too much data ; and (4) overall output was not

sufficiently accurate . In most instances, wasteful disuse occurs because of a poor

understanding of the user's goal. It occurs most often when researchers build models

for managers.

The fourth reason for disuse is often a poor one. Because most testing of models

uses overall output, which is often the weakest part, models are sometimes aban

doned that have some good features. One example is a very simple model of bear

harvest ( Ursus spp.; Bunnell and Tait 1980 ) that was developed for bear manage

ment and used by agencies in several States, Provinces, and Territories . It was too

simple to incorporate all known, significant biological relations for bears, so it grew

(Taylor and others 1987a) . The demand came from researchers within Government

agencies. The new model is likely the best current expression of bear population

dynamics but requires at least 10 years of data to run . Researchers may keep tinker

ing with the model so it will serve one goal- aiding understanding. But researchers

do not set harvest policy. The current complexity and data needs of the model almost

ensure that it will never be used widely for its original, management purpose. Small

pieces of the model are now being broken out and published as research articles (for

example, Taylor and others 1987b) .

2



Lack of evaluation — The third symptom of failure I note is not evaluating the model.

Fortunately, this tends to discredit the model, but we need to ask if discredit was

appropriate. At least four excuses exist for not evaluating models . First, it may take

too long. Evaluations of the accuracy of overall output of certain large forest resource

models (for example , FORPLAN (Hoekstra and others 1987] or TASS [Mitchell and

Cameron 1985 ]) would take decades. We avoid this by evaluating pieces. Second,

political will to enact the model's best policy and then monitor the outcome is lacking.

Instead, we choose some compromise policy and never evaluate the model. I have

addressed this problem elsewhere (Bunnell 1974,1976b); it is not a trivial obstacle

(Walters 1986 :7 ). Third, users do not identify closely enough with the model's pur

pose to want to evaluate it . Wildlife -habitat models examining forest resources may

require large -scale, long -term manipulation for evalution . If we have built the model

well , the individuals charged with manipulating wildlife and habitat are among the

users . If these users are not committed to the model's purpose, they will likely not be

committed to long-term evaluation. Fourth , we do not know how to evaluate the

model. I believe that credibility or confidence is important enough to the use of

resource management models that potential approaches to evaluation must be

considered before or during building of the model.

Legal challenges — The fourth symptom of failure in modeling is legal challenges

to the validity of models and their use in making management decisions . The

challenges have begun and will likely increase . These challenges include projected

rates of sedimentation, elk ( Cervus elaphus) population responses, and the sizes of

viable populations from red cockaded woodpeckers ( Dendrocopus borealis) to grizzly

bears (Ursus arctos). Two characteristics are common among legal challenges to

models. First, the model is held to be developed for a purpose other than that for

which it is being used ; it is ill -adapted to its use. Second, the assumptions or struc

ture of the model are invalid ; it has not been well tested and is not highly credible .

I discussed symptoms of failure in modeling in some detail because they are impor

tant challenges and contrary to other observations. The growing numbers and diver

sity of models and their potential uses are clearly evident in Verner and others (1986)

and were evident at the 1986 Habitat Futures workshop. Such growing numbers and

diversity unquestionably demonstrate that modeling is successful. The symptoms of

failure, nonetheless, are equally real but just beginning to appear. Because modeling

has so many advantages to contribute, failures must be examined as well as accom

plishments. Two features are common among the problems previously listedpoor

understanding of purpose and failure to evaluate the models usefully or convincingly .

These common features are linked; we cannot evaluate effectively without knowing

the purpose of the model. These features also have common , intertwined roots

historical, psychological, and statistical. If we understand the roots , the problem

becomes soluble . Understanding requires some simple definitions .

3



1

Some Definitions My taxonomy of models and model builders is simple ; there are two kinds of each.

Models have two tasks: models for prediction and models for understanding. For this

elegance I am indebted to Caswell (1976 ). The distinction is similar to what Innis

( 1973) termed as "output utility " and " conceptual utility ." Predictive models are

designed to provide accurate, quantitative predictions of the response of one (or

more ) variable (s) (for instance, deer or cavity -nesting birds) to changes in another,

often larger, group of variables ( for instance, those describing a large collection of

trees). Models for understanding represent combinations of best guesses or hypo

theses in a theoretical statement about how the system operates; they are created to

increase insight into the system's connections and behavior. The set of demands or

task environment for these two kinds of models is different. In short, they must be

evaluated for their " goodness " by different criteria and, probably, by different means.

The two kinds of modeling team members are researchers and managers ( fig . 1 ) .

Walters ( 1986) would add policy analysts and decisionmakers to this team. Research

ers create new concepts or expose new facts ; managers make decisions about big

yellow machines or other forces that change the landscape. It is no great step to

equate the manager with the predictive model and the researcher with the model

for understanding.

Historical Roots Models explicitly relating wildlife to components of forested habitat appeared more

than two decades ago (Bunnell 1974 ), and some early ones were relatively complex

(Walters and Bunnell 1971 ) . These models generally were the creation of teams of

researchers and managers or were produced by researchers for managers . Many

models were developed to guide management decisionmaking, and managers were

best qualified to specify kinds oi management actions and appropriate solutions.

Researchers, however, usually had a piece of the puzzle and were best qualified to

create appropriate relations between wildlife and its habitat. Tearris arose, blending

different skills and philosophies.

Three dramatic changes have occurred since the beginning of the development of

wildlife -habitat models . First, computers allow us to misuse models at superhuman

speed and produce impressive stacks of invalid output. Second, the number and

variety of models has grown dramatically, challenging the diversity of species to be

managed . Third , resource managers have begun using the models . Now more than

ever we must test models effectively. Differences in psychological roots confuse our

approach to testing .
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Figure 1 - A simplified view of the world of wildlife -habitat modeling.

Psychological Roots Most models are developed by teams or for managers by researchers. The manager

seeks a timely, economical, easily applied tool to facilitate decisionmaking in a com

plex system . Models are one such tool . Researchers see how their creations can

help build that tool and thus aid decisionmaking . The model is a common goal. The

problem is not the goal but the psychological roots brought to pursue and evaluate

the goal . Ellis (1986) reviews the disparate needs , risks, and constraints among team

members. He discusses Government foresters, industrial foresters, Government wild

life biologists, and academic researchers . I examine two team members : researchers

and managers.
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In my view , managers are big on alchemy and researchers are big on uncertainty

( fig. 1 ) . Alchemy ignores understanding; components are combined until they work .

For example, if a multiple regression model could relate deer numbers to areas of

different seral stage (for example, Bunnell1979 ), many managers would not be con

cerned with understanding the relative roles of edge effects, forage versus cover,

interspersion, and juxtaposition. These effects would be completely entangled in

regression coefficients with peculiar units . If asked to wait until researchers untangle

the coefficients, the manager's answer is likely to be, " If it ain't broke, don't fix it "

( fig. 1 ) . A test of the predictive powers or validity of such a model (for example, high

7,low SE) would be sufficient for the manager.Many researchers would view such

tests as faulty experimental design or poor technique and be very uncertain about

the contributions to knowledge of such tests . Part of the researcher's training taught

that the best way of separating knowledge from speculation is to deal with uncertain

ty by the hypothetico -deductive method ( for example, Romesburg 1981 ) . No clean

hypothesis exists in the multiple regression modelit combines too many real

processes.

Statistical Roots A basic question is , "Can we validate the model? " To answer that question , the

purpose or task of the model must be known.

Any model is an incomplete picture of reality (Bunnell 1973) and necessarily artificial

(Simon 1969 ). Models of systems are systems themselves, comprised of mathe

matical variables and expressions (Caswell 1976, Walters 1971 ) . The building of

artificial systems is a design problem , and the process of design is essentially a

search for agreement between features of the artificial system and a set of demands

placed on it by the designer ( Alexander 1964, Simon 1969) . One cannot evaluate the

success or failure of a design attempt without specifying the demands — what task is

the model to perform ?

I have reduced the tasks to two : prediction and understanding (fig . 1 ) . So, can a

model be validated? The short answer is yes and no, depending on the dictionary

you use . If your dictionary defines "validate" as " sufficiently supported by actual fact"

or "well grounded," you can probably agree on " sufficiently " or "well" and arrive at

"yes. " You could , however, have a dictionary that sends you from "validate" to

"verify ." Flipping to " verify ," you encounter trouble because the dictionary may define

it as " to establish the truth , accuracy or reality of. " Accuracy can have remarkably

little to do with truth or reality . Ellis ( 1986 :619) recognized this point by terming the

utility of research as "veracity" and that of development as "validity ."

>

The basic form of a purely predictive model is probably multiple regression (fig . 1 ) .

If potential independent variables are evaluated stepwise, they can be included or

rejected on the basis of statistics that indicate their contribution to the accuracy of the

model . Statistics describing the model will show how well predictions can be made

over the range of variables measured. This ability to predict can be termed "validity . "

It can be a powerful management tool . But notice - nowhere is there any hint of test

ing the truth or reality of the model. This empirical approach focuses on statistical

validity of model output ; the conceptual level is hidden from direct testing (Jacoby

and Kowalik 1980 , Marcot and others 1983) . For this reason , I have termed its utility

alchemical, a kind of magic . We do not know why it works.
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Models for understanding are different and seek to increase our ability to explain

how nature works. Recent articles (for example , Gill 1985, McNab 1983, Romesburg

1981 ) indicate that wildlife researchers are attempting to adhere more closely to the

hypothetico -deductive method and falsifiable hypothesis of Popper ( 1959) . That

approach forces us to conclude that no method exists to show a theory (model) to

be true or to have complete veracity.

1

So, can a model be validated ? If the model is for prediction with accuracy and preci

sion the important criteria, the answer is , Yes , it is relatively easy . The notion of truth

does not plague us , and criteria can be established. If the model is for understanding

and obtaining truth , the answer is no (Bunnell 1973, Popper 1959) . The model how

ever , can be corroborated (see the section, Matching Purpose and Test ).

The Root Mat The three types of psychological roots are entangled. If wildlife - habitat modeling

efforts are to be pointed in a useful direction and ultimately used , both researchers

and managers must be involved at the outset (for example, Bunnell 1974, Ellis 1986,

Thomas 1979, Walters 1986) . The different skills of researcher and manager often

have been brought together and blended successully. Blended contributions also

have created part of our problem . The different psychologies of team members

assign different purposes to the goal of modeling ( for example, Ellis 1986) , and

evaluations must acknowledge the purpose (Caswell 1976) .

Even if pursuit of the goal or model was harmonious, evaluating the success of that

pursuit may not be. What initially seems to be successful integration may inadver

tently encourage conflicts in beliefs . When the potentially embarrassing question is

addressed, "What good is this model? " team members may follow different priest

hoods: one with a strong bent toward alchemy and the other toward the pursuit of

truth (fig . 1 ) . The type of team member characterized as " researcher" will be repelled

by the alchemical but delighted if the model increases understanding by some

unmeasurable amount. The type characterized as "manager" will want to know how

much confidence can be placed in the model. Depending on the model's purpose

and appropriate means of evaluation , the best evaluation may be unfair, unhelpful,

and probably irritating to one or another type.

An Approach The four kinds of failure of wildlife -habitat models I noted at the outset have common

elements of unclear purpose or inadequate evaluation . Each failing can be avoided if

the purpose is clear and an appropriate test of the model can be devised . Different,

entangled roots underlie the general problem . These roots are to some extent in

separable, but an approach can be taken to distinguish them. First, recognize the

need and possibility for better evaluating models. Next, separate the psychological

and statistical problems as best as possible; we must recognize competing purposes

and psychologies embedded within models . We then need to nurture modeling

teams, in part by matching purpose with test , while confronting basic beliefs . Wildlife

habitat models have mixed purposes, but each can be evaluated separately. Finally,

evade errors to which tests of wildlife -habitat models are particularly susceptible.

Wildlife -habitat models are statements of applied research. The approach outlined

for implementing these models is one of applying research more effectively.

3
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Nurturing Teams The need for teams , rather than individuals, to address applied research problems

has been noted by many (for example, Bunnell 1974, 1976a, 1976b, 1985 ; Callaham

1984 ; Ellis 1986; Thomas 1979 ; Walters 1986) . Teams are necessary in part be

cause nature is not divided up as university curricula are or as Government manage

ment agencies are (Bunnell and Dumont 1973) and in part because single ownership

of a problem encourages competition and conflict. “ It is , therefore , usually necessary

to impose some credible structure (team ) with a fixed life span that is charged with

solving the problem ” (Bunnell 1985 :183) ; in this case , applying research . Teams of

both researchers and managers are not only necessary , but they also can reduce

changes of failure and, more importantly, can be fun , exciting , and great learning

opportunities. Consider first reducing failures.

The structure and nurture of modeling teams can reduce the chance of each of the

four failings noted. Misuse of the model suggests a misread purpose . Disuse of the

model suggests no interest in the model's purpose or design. Lack of evaluation and

legal challenge suggest misread or abused purpose and difficulties in evaluation ,

which can be entangled in purpose.

Failure to use the model or lack of interest is perhaps the easiest to correct. The

cure is simple and most simply stated by Peters and Waterman ( 1982 :14 ): get " close

to the customer. " "Close " means more than within reach of the customer's wallet. It

means designing the model to meet the customer's needs. We do that best by being

close enough to understand both the needs and their reasons. Validity and simplicity

are not synonyms of veracity. Failure often occurs when researchers dominate model

building, and the search for understanding produces a tool with little validity or that is

too complex to use easily. Managers' needs for validity and simplicity must be shared

with research team members; conversely, the researchers' attention to detail should

help to ensure credibility.

Failure through misread use or misuse of a model may arise either because the

purpose of the model was never clear or different team members perceived different

purposes. Many , perhaps most, models have incorporated both the search for accu

rate prediction and understanding into their objectives. The researcher usually has

not held a hidden agenda, suppressing pursuit of truth while overtly developing a

management tool . More often , both manager and researcher have recognized that

the predictive device had to incorporate some best guesses or theoretical constructs.

When it is time to evaluate a model, researchers naturally want to examine how well

their best guesses withstand scrutiny. Managers want simplicity and a reliable meas

ure of confidence. The problem remains that evaluation of understanding or of predic

tion may use different means . If the manager chooses to evaluate for predictability

when the researcher wants to evaluate for understanding , the most likely outcome

is trouble .

The broad cause of all these potential failures is the same : different psychologies

and purposes of team members. Researchers tend to value cerebral anarchy and

function best when unrestrained. They may bemoan the notion that "demand pull"

sees tools used more quickly and more often than "supply push , " but the notion

appears true (for example , Callaham 1984) . So , focus on the fun and opportunities.

Managers would usually rather be right than consistent. Researchers like to see their

results applied . The opportunities are there ; nurture them.

8



First, develop the model so it belongs to everybody (Bunnell 1974) . It may not be

neutral, but it is impersonal, and it can't fight back . Criticize it , test it appropriately;

you learn from that. Second, negotiate limits to the cerebral anarchy. Understanding

responses of managed systems is not necessarily increased by more basic research

or more detailed analysis (see Walters 1986 for compelling examples). Also , re

searchers can provide some quick best guesses while intensively probing other rele

vant questions (Bunnell 1985) . The astute manager will not use the pull of demand

to completely restrain the researcher's quest . Doing so , the manager could lose

the most creative researchers and miss some important biological truths (veracity)

necessary for decisionmaking. Third , exploit adaptive management to test the model .

Walters ( 1986) provides the best summary of adaptive management. Briefly, the

potentials of natural populations are learned through experience with management

itself rather than through basic research or through development of general ecologi

cal theory. The latter two should be used to guide the management experiment. The

manager's manipulation can exploit the evolution of the researcher's best guesses.

Both groups benefit and a growing edge is maintained on research and management

(Bunnell 1976b, 1985) . Fourth, recognize the different senses of risk, time , and

reward that team members have ( Bunnell 1985, Callaham 1984, Ellis 1986) .

3

Multiple purposes of the model are more troublesome than incomplete communica

tion . Only partial solutions exist . A major step is to recognize that different people

may perceive different goals for the model. The goals themselves are equally valid

and valuable but often must be evaluated differently. Both kinds of goals can be

evaluated in the same model or in different portions of the model. Similarly, several

significant, detailed relations can be condensed into simpler ones that may increase

the model's validity and management utility , but this will decrease veracity ( not all the

biological pieces will be represented ).

One useful approach is to use different forms of the same model for research and

management purposes (fig . 2) . For example , one detailed model of the operative

temperature of black -tailed deer ( Parker and Gillingham 1986) uses about 250 lines

of computer code. It is a useful tool for asking how different abiotic variables in

fluence the deer's cost of thermoregulation and represents the inner research track

of figure 2. For management purposes this detail can be reduced to one multiple

regression equation that explains 95 percent of the variation accommodated by the

original model (Hovey and Bunnell , in press). The detailed model helps to define

areas where managers should be concerned about thermal cover; the simpler model

can explore broad consequences if that concern modifies forestry practice.
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MANAGEMENT

TRACK

Management proceeds

nicely without a model.

RESEARCH

TRACK

and

so forth .

A simple

model

and

tested ,

grows more

detailed .

Model is

Simplified

and

used ,

Detailed research adds

to the model.

enough to
be tested .The new

model is

Simplified , New portions

are tested . Errors are

exposed.

Figure 2 — Relations between detailed research models and simpl

management models. Testing the models through adaptive manage
ment benefits both researcher and manager.

There are five important points to having separate research and management tracks

(fig . 2) in modeling. First, the simpler model often cannot be built without the detailed

one. Second, development, testing, and use of both models can proceed at their own

pace. Their development is spread through time. Third , the manager benefits from

the researcher's refined tool (credibility) , and the researcher benefits from the man

ager's use of the simpler tool (testing ). Fourth , the two major purposes are still mixed

in each model, but one purpose dominates each. Fifth , the mixed purposes may still

require separate tests (for example , fig . 3) . The separation of tracks (fig . 2) recog

nizes different purposes, evaluates them differently, but combines their benefits ; the

team approach is thereby nurtured .

Matching Purpose

and Test

Many criteria exist for evaluating or testing models; Marcot and others ( 1983)

summarized 23. Criteria must fit the purpose of the model. Success of managers

depends on their ability to make accurate predictions . The appropriate criterion for

testing a management model is thus the ability to make empirically correct predic

tions in all instances. Mankin and others ( 1975) and Gass (1977) called this criterion

"validity . " Success of researchers depends on their ability to describe new but true

relations . The appropriate criterion is " veracity," but no one knows how to measure

that. Other of the criteria summarized by Marcot and others ( 1983) will be appropri

ate ; for example , "usefulness" ( at least some model predictions are empirically

correct; Shrank and Holt 1967) will be important to managers.
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prediction The Beginning
veracity

"what if there isn't

a lot of forage ?"

Age of first reproduction (A )

increases when foragequality ( Q )

declines. I'm not sure how .

The Statement

A -bo- b , e Atwhen od

The Test

r² = 0.14

Sy.x.2.4

**** !
poor validity "

" That isn't what I said .

It could be nonlinear

or athreshold, and it only

happens at certain densities ( D ).

More Tests

rs 0.85if D> 4/ha

then A = bo-b ,ind

pe : 0.70 Sy.x : 0.3

“ can live with that."

" Aha , there's some truth

in it after all. Now to

tidy up the data ."

A Successfw Team

Figure 3 — Testing a wildlife-habitatmodel with two purposes : predic

tion and understanding. For maintaining a successful team , the pur

poses should be tested differently.
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PREDICTIVE MODELING

Planning Development Validation and

Maintenance

Define problem

Select response

Plot variables

equations , residuals

Parameters stable

in sample space ?

Suggest variables

no yes

Variables basic

and available ?

Expert criticism

Systematic

lack of fit ?

STOP no
yes

yes
no

Correlation matrix

first regressions Coefticients stable ?

Plot new variables

Interpret residuals Equation plausible ?

Establish goals : Equation useable ?

Syx

Prepare budget

no yes

Goals met? yesGoals and

budget acceptable ?

Model maintenance

STOP no yes

no

Figure 4 — Flow chart showing steps in construction of a predictive

model by multiple regressionanalysis (adapted from Draper and

Smith 1966 ).

Evaluating Prediction Simple predictive models may be as simple as volume or yield tables (the guts of

FORPLAN ) and are usually empirically based . Their validity can be tested simply by

asking how closely does the model fit the data ; later tests compare the model to

another body of data . Appropriate statistics are those testing goodness of fit and

include r?, R ?, ; ? , and the standard error of the regression Sy.x. Figure 4 illustrates

the approach as it could be applied to a multiple regression model.
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With sufficient data , a similar approach can be used with simulation models having

dynamic interactions. One compares time series of output with observed data, or

compares the output under different known and measured conditions. Goals for accu

racy or precision can be assigned in terms of ( 1 ) the costs of improving the model

versus costs of a given level of error, R?, Sy.x, or (2) some measure of goodness of

fit ( fig . 3) . We compute the appropriate statistic and evaluation is easy, sometimes.

3

Actually, simulation models can be very hard to test for their predictive powers by

standard statistics. One way suggested by several (for example, Farmer and others

1982, Marcot and others 1983, McKenny 1967, Van Horn 1969) is the “ Turing test"

(Turing 1950) . Professionals try to distinguish between unlabeled summaries of

model predictions and empirical observations. This is a kind of “soft testing” (as

defined by Marcot and others 1983) in which standard statistics are not used. As

they note , such testing involves “ ...the deceptively difficult task of articulating (as

sumptions and theories) in clear and precise statements , and then assessing their

limitations and pertinence to the modelling objectives" (Marcot and others 1983 :319) .

Such tests may help little in litigation .

Evaluating

Understanding

Models pursuing understanding or truth cannot be validated with criteria like those of

figure 4. We can , however, corroborate the model. My dictionary defines " corrobor

ate " as "to strengthen or give additional strength to ; to make more certain ; to add

assurance to . " Note , the difference is one of philosophy , not of statistics. Many

criteria within the list of Marcot and others ( 1983) apply equally to validation and

corroboration. The difference is we cannot establish quantifiable measures of vera

city. No one is prepared to state that if the model predicts correctly 90 percent of the

time , it represents truth ; if it is accurate only 75 percent of the time, it is untrue. Truth

eludes the operational definitions of validity . How much difference between model

and data is required for rejection is unknown; no matter how many tests the model

passes, it may fail the next test .

Philosophers of science have recognized the problem (for example, Popper 1963: 33)

as have modelers (for example, Bunnell 1973 :170, Caswell 1976:320-21 , Scham

berger and O'Neil 1986:8 ) . " As long as your model output is wrong you continue to

learn something. Once it fits the data you do not know what to believe . It is then

predictive but it will provide no further insight (understanding) into dynamics of

the system. ... The model is of most use [to seeking understanding) when it is clearly

wrong " ( Bunnell 1973 :170-171 ) . Stated simply, we have no way of recognizing truth

when we find it or of measuring how close we are to it.

Evaluating Wildlife

Habitat Models

Most wildlife -habitat models have mixed purposes. That is a problem only if we

ignore it . Most tests of these models have used overalloutput and general ability to

predict; assumptions, particularly about how key relations are combined, were embed

ded unchallenged within the evaluation . The test of predictive ability (validity) on over

all output ignores or obscures potential tests of understanding at finer levels. But we

can validate or corroborate a model at any level, including tests of assumptions, vari

ables , components, and overall output ( for example, Schamberger and O'Neil 1986) .

The tests differ at different levels , become less robust at higher levels of aggregation ,

and are always less rigorous in efforts to corroborate than in efforts to validate.
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Efforts to evaluate current and future wildlife -habitat models should consider six

points. First, even if mixing the two purposes (prediction and understanding) in

models is bad form , it is usually unavoidable . Second, to assign one dominant pur

pose to a mixed -purpose model and then proceed with testing is poor form because

you lose information and alienate team members . Third, we benefit from testing at all

levels of model structure and from recognizing the distinct purposes combined in the

models . Fourth , we should recognize the utility of models or model segments that

have been refuted (untrue) but validated (predict with a specified degree of accur

acy ), or have been corroborated ( respond in the right direction) but invalidated (in

accurate). We should keep the useful parts. Fifth , a researcher can quantify the

accuracy or precision in a predictive model for a manager but cannot quantify the

degree to which the model has been corroborated or strengthened. We should recog

nize the distinction ; it avoids useless discussion . Sixth , because most wildlife -habitat

models contain assumptions about the nature of interactions, the model is a theoreti

cal statement. It can be treated , and sometimes tested, as a predictive model with

overall output; but such tests ignore the theory involved in the model and may contri

bute little to understanding. We should apply more than one kind of test at different

levels and specific to each purpose .

1

In the example illustrated ( fig. 3) , the manager has used tests that quantify validity

but with help from the researcher has constrained these to the context in which the

relation holds. The researcher's quest has encompassed a larger range. He doesn't

know the form of the relation and has used weaker statistics appropriate to ordinal

data . He is confident that his general understanding is correct but cannot predict over

this range. The different tests have matched the different purposes ( fig. 1 ) and

produced a successful team ( fig. 3) .

Doing Better We need both a strategy and tactics to test our models . The major strategic step

is to recognize different purposes in the model. The tactics must incorporate that

recognition .

Were I Moses, I would propose 10 commandments for evaluating models; I'm not

and the following are suggestions:

1. Recognize the psychological problems. Because the model has theory or guess

embedded in it, Popper's use of corroboration is appropriate :

So long as a theory withstands detailed and severe tests

and is not superseded by another theory in the course of

scientific progress, we may say that it is corroborated

(Popper 1963:33 ).

We never find truth , but we can corroborate. Alchemy has an important role ; it

permits management.
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2. Recognize the practical problems. Clear criteria for prediction or validity (r?,

standard error of regression , and cost of improving the model versus the cost of

a given error) can be developed by team members early in the modeling

process ( for example, fig . 3) . Clear criteria for testing veracity do not exist.

Statistical criteria for rejection are usually not available for overall output, and

without such criteria it is difficult to decide how much disagreement between

model and data is required for rejection (Bunnell 1973 , Caswell 1976 ). Strictly,

the process of testing for understanding must continue indefinitely ; no matter

how many tests the model has passed , it may fail the next one . Some of the 23

criteria for validation presented by Marcot and others ( 1983), however, will be

applicable. Do not use just one kind of test but do match purpose and test.

.

53. Complexity potentially can increase model realism (for example , Best and

Stauffer 1986, Diehl 1986, Rotenberry 1986 ), but it will make testing and

application more difficult (Bunnell 1973, Walters 1986) .

Primarily because we know so little about the interaction of key habitat and

wildlife components, an increase in complexity often increases the number of

guesses or assumptions (fig. 5a) . Attempts at corroboration , particularly overall

output, cannot assign errors to a specific model component or relation . The

result is a decrease in understanding with increasing complexity ( fig. 5b) . I first

presented figure 5b in 1973 based on experience and a superficial survey

of models . Costanza and Sklar (1983) evaluated the notion rigorously for

87 models . They concluded that model effectiveness really is a dome-shaped

function of model complexity: we can predict a few things well or a lot of things

very poorly; between these extremes is some balance where reasonable accu

racy is maintained without losing too much biological realism (see Walters 1986:

185-190 ). Note that the peak in the curve of figure 5b will shift to the right as

initial understanding increases. Recognition of that can exploit the two - track

system of figure 2.

I refer here to adding "big pieces" to the modelanother habitat component.

Adding finer levels of detail ( for example, physiology versus whole animal) may

not be helpful for different reasons . In most current models , the larger, slowly

moving pieces generally reflect the dynamics of the smaller, faster moving

pieces sufficiently well for useful prediction Thus the simplest models can be

helpful (fig. 5a) . By treating only big pieces, however, understanding is limited

to questions that can be asked of these pieces (for example, shrubs , deer,

trees) and any "why " question ( for example, Why is thermoregulation important

here ?) is ignored .
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Figure 5 - Relations between detail , interactions, and under

standing in models (adapted from Bunnell 1973 ) .

a ) As complexity or detail in the model increases , the nuinber of inter

actions and assumptions increases exponentially . The lowest level of
detail can introduce new assumptions .

b ) As detail increases , the effectiveness of the model in prediction and

contributing to understanding initially increases but then declines as a

function of initial understanding of the system modeled. The solid line

indicates little initial understanding of the system model; the dashed

line indicates greater initial understanding .
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4. Test the pieces.

Tests of entire models are generally appropriate only for prediction and then

may lack appropriate statistics. Tests for understanding will do better with small

er pieces (for example , fig . 5) that include any interaction constraints. This ap

proach is akin to the suggestion of Schamberger and O'Neil (1986) that compre

hensive testing should proceed from assumptions to overall output. Such an

approach to evaluation is time-consuming and costly (Caswell 1976; Overton

1977 ) but may provide the most productive results in terms of model improve

ment or corroboration ( Schamberger and O'Neil 1986) . If understanding and pre

diction are to progress, it is important to assign error to a piece of the model,

not necessarily the entire model (for example, fig . 3) . But note, tests of manage

ment utility still will be based on prediction of the larger process, not its parts.

Tests of pieces primarily address understanding of the parts when separated .

Almost all failures of predictability cited for models deal with overall output or

system response. That failing in validity does not mean there is no truth or

veracity within different levels of the model. Test apparent truth at each level .

5. Test alternatives.

Popper (1959) noted that theories should not be tested in a vacuum but

compared to alternative theories. The approach has been called "multiple

hypotheses" ( Chamberlin 1897) and " strong inference" (Platt 1964 ). Platt

outlines the approach as:

i) devise alternative hypotheses,

ii) devise a crucial experiment, the outcome of which will exclude at

least one of the hypotheses,

iii ) carry out the experiment, and

iv) return to i) , refining the problem further and further.

I prefer to term these alternative hypotheses explicitly as competing hypo

theses . For example, we might view an apparent " edge - effect" for deer as result

ing from either ( 1 ) some desired component (for example , forage) is better near

the boundary of two types or (2) each type is providing a desirable resource

and deer are sufficiently lazy that their distribution away from the edge declines

quickly. Explicit statements of competing hypotheses generally assist the design

of crucial experiments or sampling schemes . It is often difficult to decide

whether model behavior is sufficiently aberrant to merit rejection; it is much

easier to decide which of two models is better. Unfortunately, alternative

models are remarkably rare in ecology (Caswell 1976; see also Verner and

others 1986).
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6. Use designed experiments.

Even if these experiments can be applied only to portions of models, they often

provide the strongest tests. Strong inference with competing hypotheses can be

a powerful aid to experimental design . Remember, management is an experi

ment; it can be cautious or probing. If things really are complex out there, we

will not extend understanding until we test complex hypotheses. Methods are

available . Factorial experiments can isolate causes and measure their interac

tions ( Cochran and Cox 1957). Response- surface methods (Box and others

1978 ) and logistic regression (Neter and Wasserman 1974) are applicable.

Provided one has alternative models, comparison of simulations can be used

(for example, Gilbert and others 1976) , although the statistics may be less

rigorous (but see also Walters 1986) .

7. Use sensitivity analyses sparingly .

Sensitivity analysis could be employed to rank the parameters to which a misbe

having variable is most sensitive. These are then the prime candidates for ad

justment. The concept makes sense only for predictive models. Such adjust

ments represent ad hoc modifications of model statements and assume only a

small subset (sensitive parameters) of the statements is open to correction

(Caswell 1976) . The approach is unhelpful if the model is to aid understanding.

8. Begin early and proceed forever.

A prevailing impression seems to be that validation begins when the model is

finished. As Platt ( 1964) and Caswell (1976) observed, generating alternative

models, devising tests, and revising models should be carried out component

by component, interaction by interaction while the model is being constructed .

This notion is implicit in the observations of Bunnell ( 1974 ) and Schamberger

and O'Neil (1986) . Uncertainty diminishes slowly, and we will live for years with

models that do not inspire strong confidence. The ultimate test will still be that

of predicting responses to management actions. Moderate confidence is better

than little confidence. While testing and extending confidence, the modeling

team must continue to " service what it sells . “ Improvements and useful simpli

fications should be incorporated.

s

9. Remember the mathematics and the context.

The researcher may have stated variable y (for example , deer) varies in the

same direction as variable x (for example, red huckleberry plus salal biomass) .

The model might express this as y = a + bx , which is a much more explicit and

quite different statement (for example , fig . 3) . A test of this latter predictive state

ment might invalidate it ; but a test of the initial statement itself might be corrob

orated . The test must be appropriate to the statement, not some subsequent

mathematical transformation . The wrong test can alienate contributors and

users .

It is equally important to test different contexts. The limited "yes" or "no"

approach of simple hypotheses does not test the context in which the model

predicts wellor poorly. We want to know whether it does better on some sites

than others , for some species than others , or in some seasons than others .
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10. Don't throw it all away .

I have often stated that models should be disposable, but it is not enough to

reject a model and throw it away. Walters ( 1986 :44) called such rejection the

"all or nothing " myth . The myth is especially dangerous for wildlife - habitat

models . Southwood ( 1977 :359) warned , " It is important that we do not visualize

habitat as a rigid causal templet (or template in the engineering sense) . " Add

management actions to the biological variability, and perfect prediction is im

possible. We must be able to assign fault,at least tentatively, to some portion

of the model . It is highly unlikely it is all wrong. Unfortunately, the majority of

our past tests have employed the entire model ( Schamberger and O'Neil 1986,

Verner and others 1986 ); exceptions do exist (for example, Blenden and others

1986 , Brush and Stiles 1986) . We can improve our ability to progress incre

mentally by paying particular attention to points 4, 5 , 6 , and 9 above.1

Summary Were I about to begin a career building wildlife -habitat models, the preceding com

ments might dissuade me. Happily, however, I am two decades into it ; there's no

turning back . Also happily , there are enough maverick individuals to squash the

potential problems and retain the utility of modeling. I also know many examples

where modeling has benefited management and research . Were models not being

used, the potential problems discussed would not exist. We still have a lot to learn

about statistical approaches to testing models, but that is not my concern here. We

can do better at using what we already have, and we can begin that now. Most of

the problems, potential and real, can be overcome. They will not , however, be over

come by ignoring them. Steps to take in overcoming them are steps in applying our

research better to wildlife and forest management. I list the following steps as a kind

of line up - ducks in a row . They do not represent targets for management or re

search marksmen , but hurdles we should surmount together. Here is the lineup.

1. Relax, we've just begun.

About 20 years ago , Charles Elton ( 1966 :62) forcibly argued that " Definition of

habitats , or rather lack of it , is one of the chief blind spots in zoology ..." Physi

cists have been playing physics for about 3,000 years ; we have just begun with

habitat. You have gotten in early . Enjoy the excitement of new ventures.

2. Learn to nurture teams.

We need teams because both managers and researchers are part of the solu

tion . In wildlife -habitat management they are each other's clients. Their different

skills can be most effectively exploited if their different senses of risk , time , pur

pose, and rewards are recognized. In its rightful place (management), nothing is

wrong with alchemy, but it has little place in the quest for understanding. The

team, however, needs both . Respect those needs.

1
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3. Treat models as tools not goals.

The goal is to apply research findings usefully to predict management effects.

Moving toward that goal, the manager wants confidence in his or her prediction ,

the researcher wants to understand why the prediction worked or failed. The

model is but one tool to reach the goal. The researcher should realize results

can often be applied without understanding them. Art precedes understanding.

The manager should recognize that tests of validity may contribute little to

understanding. Confusion about how best to handle the tool should not be

transferred to the common goal . The model is simply one feature of adaptive

management. Explicit models of dynamic behavior spell out assumptions and

predictions clearly enough that errors can be detected and used as a basis for

further learning.

4. Match the purpose and test.

Most wildlife -habitat models will have two purposes - prediction and understand

ing. Any test is purpose -specific. A model cannot be evaluated outside its task

environment. The distinction between validity and veracity must be clear . The

researcher often feels that inability to predict (validity) undermines veracity ;

actually they are separate features . Models often reach well beyond relations

about which researchers are confident. Likewise there is some truth in the

notion that our efforts to simplify can hide real complexity and create surprises.

Select tests appropriate to each purpose (for example, fig . 3) . A test of only one

purpose can alienate or mislead team members . If a model is rejected for pre

dicting poorly, it is not necessarily a poor contribution to understanding (see

" commandments" 4 , 5 , 6 , 9 , and 10) . Similarly , the successful manager's bias

for action will move the manager faster than the researcher creeping up on

understanding. It is useful to recognize this explicitly in modeling procedures

(for example, fig . 2) . The manager may, however, extract an excellent best

guess from the researcher providing it is a guessing game and not an assault

on truth ; the latter makes the researcher more hesitant .

»

.

5. Confront theologies.

When we consider testing models, some of our basic beliefs are founded more

on metaphysics ihan observation. They constitute " theologies." Among them are

( 1 ) the " religion of statistics" (for example , Salsburg 1985) with its adherence to

strict hypotheses that tend to ignore context and (2) a kind of "uncertainty

principle " among some ecologists that concludes system responses cannot be

predicted . These "theologies" can impede applied research and management

and are obstacles to effective testing of models. Although they probably contain

some element of reason , if not truth , it is good to confront them. Any worthwhile

theology can profit from doubt . Besides we will not effectively develop and test

our models without confronting them . Fortunately, we can exploit the strengths

of these theologies by directing them to appropriate tests . Strict adherents of

the "religion of statistics" can test the model's simple assumptions or individual

relations ; those awed by the ecologists' "uncertainty principle " can develop the

complex tests of interactions.

20
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6. Test the models .

Techniques useful for evaluating predictive capability have been applied to

wildlife habitat models : multiple regression (Blenden and others 1986, Hammil

and Moran 1986) , logistic regression (Smith and Connors 1986) , discriminant

functions ( Block and others 1986 , James and Lockerd 1986 , Mosher and others

1986) . The techniques are most correctly applied when evaluating model assump

tions (for example , Blenden and others 1986) or model components (Hammil and

Moran 1986) . These techniques and others noted under the 10 " commandments”

are also appropriate for testing understanding. We have no good excuse for not

evaluating models better.

7. Watch out for ambush .

Even if we apply our statistics well , we can be ambushed during model tests.

Nature is sufficiently full of surprises and uncertainties that we will never evade

all of them. At least three sources of ambush are lurking for wildlife -habitat

models : regression towards the mean when we select extreme habitats to test,

misapplying interval or ratio -scale tests to ordinal scales of measurement, and

the use of physical-condition indices as a wildlife -response variable (Bunnell

1987; Hovey and Bunnell , in preparation ). Undoubtedly more exist (see Walters

1986) , but if we evade these, we will have done well .

8. Recognize management as experiment.

To do otherwise ignores reality . It also encourages unhealthy distinctions

between researcher and manager. Walters (1986:7) summarized it best :

The fact that adaptive learning through management

'experiments' may proceed much more quickly than

through conservative management and basic research has

been noticed by some practicing managers for many

years and has helped fuel an unhealthy split and mutual

contempt between managers and researchers in many

agencies. This split makes the valuable basic advances

that do occur much more difficult to put into practice, and

isolates researchers from the wealth of experimental

opportunities afforded by whole -system manipulations by

managers .

The split deprives both managers and researchers of an important " growing

edge" ( Bunnell 1985) . We keep confronting questions that only hard experience

can answer; no amount of testing component processes will suffice . Predictive

models fail . We need to ask " ...whether to use management policies that will

deliberately enhance [hard ] experience" (Walters 1986:vii ) . Management by

experiment, with models as one tool , reduces both time and cost of testing

models (for example , fig . 2) . Calls for such action are not new ( Bunnell 1974 ,

1976b ; Ellis 1986 ; McNab 1983) . We have the techniques (some noted above)

and descriptions of the general process (Holling 1978 , Walters 1986) . We

should begin in earnest. Monitoring will be necessary.
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Wildlife -habitat models are increasing in abundance, diversity, and use , but symptoms of failure

are evident in their application, including misuse, disuse , failure to test, and litigation. Reasons

for failure often relate to the different purposes managers and researchers have for using the

models to predict and to aid understanding. This paper examines these two purposes and the

nature of problems or failures in model application. A five-step approach toward solution is

presented: ( 1 ) recognize the problem , (2) nurture modeling teams, ( 3) match purpose with test,

(4 ) confront basic beliefs, and (5) evade known errors . Nurturing of modeling teams requires

recognition of different risks, rewards, and timeframes of researchers and managers. Most

wildlife -habitat models have mixed purposes (prediction and understanding). Each purpose

should and can be evaluated separately. Some basic beliefs surrounding how we test state

ments are based more on faith than reason. These can be obstacles to using and testing

models. Models of wildlife habitat are efforts to apply research to management; a better ap

proach to using and testing models is a better approach to applying research on wildlife -habitat
relations

Keywords: Applied research , evaluation, habitat, models, wildlife.

The Forest Service of the U.S. Department of

Agriculture is dedicated to the principle of multiple

use management of the Nation's forest resources

for sustained yields of wood, water, forage, wildlife ,

and recreation . Through forestry research ,

cooperation with the States and private forest

owners , and management of the National Forests

and National Grasslands, it strives — as directed by

Congress — to provide increasingly greater service

to a growing Nation .

The U.S. Department of Agriculture is an Equal

Opportunity Employer. Applicants for all Department

programs will be given equal consideration without

regard to age , race, color , sex, religion , or national

origin .

Pacific Northwest Research Station

319 S.W. Pine St.

P.O. Box 3890

Portland, Oregon 97208



10

?

S
T
A
T
E
S

ज

O
N
S
T
I
T
U
T
I
O
N

1
8
6
1

1
8
6
1

Welbe

| People

1
7
8
7

1
7
9
1

BIC
M
A
L
E

U.S. Department of Agriculture

Pacific Northwest Research Station

319 S.W. Pine Street

P.O. Box 3890

Portland, Oregon 97208

BULK RATE

POSTAGE +

FEES PAID

USDA -FS

PERMIT No. G

Official Business

Penalty for Private Use , $300

do NOT detach label







Stanford UniversityLibraries

3 6105 005 944 876

C
CALL NO REN- 1

REN -2

Vol. Yr . Ed . Cop

No.

1.

DUE

DATE MAR 2 0 1998

AUTHOR

TITLE

YES, the Library may disclose my name/phone number as borrower of

this item as described in Library regulations .

Signature phone

NO, the Library may not disclose my name/phone number as borrower

of this item as described in Library regulations.

STANFORD UNIVERSITY LIBRARIES

STANFORD, CALIFORNIA 94305-6004

CAVI non




	Front Cover
	Introduction 

