














































































































































































































































































































































































































































































































































































































































































































































































































































































































instructors receive training in shooting sports, casting and angling, backpacking, 

outdoor cooking, and map and compass. Approximately 100 schools in the three­

city area have outdoor education courses in their curricula. Many instructors of 

these classes have been trained by the Skills Specialists. 

Of course, the most direct way urbanites can become aware of wild animals is 

by seeing wildlife. No doubt, encounters with larger game species in urban envi­

ronments can add spice to life and, under certain circumstances, might be pro­

motable. In an experimental program, for example, wild turkeys ( Meleagris gal­
lopavo) were released in 1979 in Kansas City, Missouri. They have fared well, 

increasing their numbers and moving beyond the release sites via habitat corridors. 

Much more usual, however, are backyard experiences like "feeding" and 

"watching" birds, which the survey showed to be among the most common 

wildlife-related activities of urbanites. "Backyard Wildlife" is a slide program 

developed by the Conservation Department's urban biologists for presentation to 

neighborhood and civic organizations. The show illustrates wildlife habitat needs, 
methods to provide these needs around home, and the benefits of providing wildlife 

habitat to the urban dweller. The program highlights methods which can attract 

what might be considered the more desirable and entertaining species, like song­

birds, small mammals, butterflies, and lizards. However, common urban wildlife 
like pigeons, sparrows, and starlings are not demeaned, for such animals provide 

satisfying wildlife encounters for some urbanites. 

High concentrations of people and limited habitat belie the potential for urban 

wildlife management to yield conservation benefits. By providing wildlife-related 

opportunities in these places, urbanites' awareness and enjoyment of wildlife can 

be enhanced. Moreover, their political support might be stimulated and maintained. 

The relatively novel task of urban wildlife management could thus become a key 
element of wildlife conservation in the 1980s and beyond. 
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Wildlife in the Chicago Area: 

the Interaction of Feeding and Vegetation 

Robert W. Guth 

RPF Ecological Associates, Evanston, Illinois 

Introduction 

Bird feeding in North America is a large retail industry involving millions of 

households (Payne and DeGraaf 1975). Popular books are available to inform the 

novice about proper wildlife feeders and seed mixtures (Dennis 1975, McElroy 

1977). Attraction of birds and other wildlife through appropriate trees and shrubs 
has been encouraged by the National Wildlife Federation. Many popular books 

describe how to create backyard wildlife habitat (Bourne and MacConomy 1974, 

DeGraaf and Witman 1979, Gellner et al. 1975, Terres 1953) with vegetation in 

addition to artificial feeding. These books emphasize the variety of wildlife that 
can be attracted through feeders and the planting of vegetation in backyards. 

The variety of wildlife in the city of Chicago is limited, however. A majority of 

Chicago residents find only house sparrows (Passer domesticus), rock doves 

(pigeons) ( Columba Livia), or an occasional gray squirrel ( Sciurus carolinensis) at 

their feeders. For approximately one-third of the residents of the Chicago Metro­

politan Statistical Area, the attraction of wildlife to backyards is limited to less 
than 10 species. This fact suggested the purpose of this study: To what extent is 

success in attracting wildlife by feeding influenced by the surrounding habitat? 

This paper independently examines the importance of vegetation and feeding to 

the wildlife community, followed by an analysis of the interaction of these two 
factors. 

Methods 

The study areas selected for this paper included a series of urban and suburban 

neighborhoods of the Chicago Metropolitan Statistical Area. The neighborhoods 

ranged from the Chicago Loop (almost no vegetation) to Lake Forest (a wooded 
suburb) and Addison, Illinois (an unwooded suburb). Vegetation was quantified 

by the average density of large, deciduous trees taller than 25 feet (7.6 m). This 

simple index was the best single variable to describe habitat quality in a Chicago 
area analysis of urban bird communities (Guth 1980). The neighborhood names, 

followed by the large, deciduous tree densities, included: Chicago Loop (0 trees 

per acre, 0 trees/ha), North Central Chicago (8.9 trees per acre, 21.9 trees/ha), 

South Evanston (13.9 trees per acre, 34.4 trees/ha), North Evanston (22.0 trees 
per acre, 54.4 trees/ha), Wilmette (20.5 trees per acre, 50.6 trees/ha), Winnetka 

( 41.1 trees per acre, 102 trees/ha), Lake Forest (25.8 trees per acre, 63.9 trees/ha), 

Skokie (12.0 trees per ac;re, 29.7 trees/ha), and Addison (5.9 trees per acre, 14.6 

trees/ha). Detailed locations and descriptions of these study areas are available in 
Guth (1980). 

The segment method for urban areas (Schemnitz 1980: 229) was used throughout 
this study. A sample coverage of a segment included a four-minute count of all 
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birds and mammals seen or heard using the segment. Sample coverages of a study 
area usually began within 30 minutes of sunrise in summer and in the morning 
hours during winter. I sampled between 8 and 24 segments ( 100 yards by 100 yards 
each, 91.4 m by91.4 m) within each study area in January 1975, June 1975, January 
1976, June 1976, and January 1977. Because of the diurnal nature of these counts, 
wildlife in this paper is confined to diurnal birds and mammals. The number of 
active feeders or feeding sites was recorded during the segment counts. The 
number of large, deciduous trees taller than 25 feet was separately recorded for 
each segment. I later computed large deciduous tree density per acre from the tree 
densities within segments. 

The results of segment counts provided data to analyze the overall impact of 
vegetation and feeding on wildlife. I used the densities of large, deciduous trees 
and of feeders or feeding sites within segments as indices for vegetation and feeding 
impacts. I partitioned wildlife density into components of native and exotic species 
in order to examine the effect of feeding. Exotic species observed in this study 
were rock doves, starlings ( Sturnus vulgaris), and house sparrows. The number of 
wildlife species, the density of native wildlife, and the density of exotic wildlife 
were correlated with vegetation and feeding in order to determine overall effects 
of vegetation and feeding on wildlife. Summer and winter results were analyzed 
separately. 

In a second analysis, I sorted the segment results into separate categories based 
on ( 1) the presence or absence of feeding in the segment and (2) whether the 
segment contained more or less than 30 large, deciduous trees (14.52 trees per 
acre, 35.88 trees/ha). I examined means and computed statistics from these results 
in order to evaluate the effect of vegetation in the presence or absence of feeding, 
and the effect of feeding in the presence or absence of vegetation. These results 
allowed an examination for potential interactions between feeding and vegetation 
in the Chicago area. 

In a final analysis of the impact of feeding, I recorded from the above field data 
the identity of species observed at feeders and the densities of wildlife found in 
segments with feeders. These results allowed a further evaluation of the interaction 
between feeding and vegetation. 

Results 

Overall trends 

The number of all species and the density of native wildlife were significantly 
correlated with vegetation in summer. The number of wildlife species increased 
significantly with large, deciduous tree density (r = 0.66, p <0.01 for 16 degrees 
of freedom). The summer density of native wildlife also increased significantly 
with tree density (r = 0.72, p <0.01). The summer density of exotic wildlife was 
uncorrelated with tree density (r = 0.03). In winter although the number of all 
species increased with greater tree density, there were no significant correlations 
between tree density and wildlife densities or the number of wildlife species. 

The density of all wildlife was significantly correlated with feeder density in 
winter (r = 0.55, p <0.01 for 24 dt). This trend was largely due to the significant 
correlation between the density of exotic wildlife and feeder density (r = 0.58, p
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<0.01). The average winter density of exotic wildlife in segments with feeders was 
15.1 animals, compared to 4.5 animals in segments without feeders. The average 
winter density of native wildlife was 0.8 animal in segments with feeders and 0.5 
animal in segments without feeders. The number of wildlife species did not signif­
icantly change with the density of winter feeders. In summer there were no 
significant correlations between feeder density and wildlife density or the number 
of wildlife species. There were fewer wildlife species in segments with summer 
feeders (5.0 species in areas with feeders compared to 14.6 species in areas without 
feeders), although this trend may be related to the placement of feeders in areas 
with less vegetation. There was also a greater density of exotic wildlife in segments 
with summer feeders (17.7 animals per segment compared to 7.5 animals per 
segment without feeders). 

In both summer and winter, wooded segments contained more feeders than 
unwooded segments. A shift occurred in the placement of feeders between summer 
and winter, however. A greater percentage of segments with feeders were located 
in wooded suburbs in winter than in summer, because residents in wooded suburbs 
were less likely to continue the feeding of wildlife into the summer. There was a 
significant negative correlation between feeder density and tree density in summer 
(r = -0.50, p <0.05 with 16 df), but no correlation in winter (r = -0.11). 

Effect of Vegetation in the Presence or Absence of Feeding 

In segments with feeders, the number of species was significantly correlated 
with tree density in summer (r = 0.69, p <0.05 with 8 df), and the densities of all 
wildlife and exotic wildlife were significantly negatively correlated with tree den­
sity in winter (both r = -0.63, p <0.05 with 13 df). In the presence of feeders, the 
density of native wildlife generally increased and the density of exotic wildlife 
generally decreased with greater tree density in both summer and winter (Table 1). 

Table I. Summer and winter wildlife parameters sorted by (1) the presence or absence of 
feeders in the segment, and (2) whether the segment contained more or less than 30 large 
deciduous trees. Standard deviations are given in parentheses. 

Number of Density of Density of 
wildlife native exotic 

Sample size• species wildlife h wildlife h 

Summer 
Feeders, wooded 6 6.0(3.0) 6.8(4.4) 13.0( 7.9) 
Feeders, unwooded 7 4.4(1.9) 4.1(3.5) 20.2(23.9) 
No feeders, wooded 12 16.4(9.2) 6.4(3.5) 8.2( 3.2) 
No feeders, unwooded 14 9.4(4. 7) 5.5(5.0) 7.1( 2.7) 

Winter 
Feeders, wooded 11 3.8(2.4) 1.6(2.4) 13.7(10.9) 
Feeders, unwooded 13 2.5(1.3) 0.5(0.7) 16.0( 6.8) 
No feeders, wooded 9 4.6(2.7) 0.5(0.3) 4.0( 3.5) 
No feeders, unwooded 14 3.1(1.6) 0.6(0.6) 4.5( 3.6) 

•Sample size is based on number of study areas and seasons sampled.
hDensity is given in animals per segment (100 yards by JOO yards, 91.4 m by 91.4 m).
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The winter number of wildlife species was uncorrelated with tree density in the 
presence of feeders (r = 0.10). The only significant correlations with tree density 
were indicated above. 

In segments without feeders, the number of all species was also significantly 
correlated with tree density in summer (r = 0.66, p <0.01 with 16 df), and the 
density of all wildlife, as well as the density of native wildlife, was significantly 
correlated with tree density in summer (all wildlife r = 0.81, p <0.01, and native 
wildlife r = 0. 74, p <0.01). The summer density of exotic wildlife increased slightly 
with tree density in the absence of feeders. There were no significant correlations 
between tree density and winter wildlife in the absence of feeders. The winter 
number of wildlife species generally increased and the winter density of exotic 
wildlife generally declined with tree density in the absence of feeders (Table 1). 

Effect of Feeding in the Presence or Absence of a Large Number of 

Trees 

In segments with many trees, the number of all wildlife species was significantly 
negatively correlated with the density of feeders in summer (r = -0.57, p <0.05 
with 12 df). The density of all wildlife and particulady the density of exotic wildlife 
was significantly correlated with feeder density in winter (all wildlife r = 0.82, p
<0.01 with lOdf, exotic wildlife r = 0.83,p <0.01). Slight trends included a greater 
density of exotic wildlife with feeder density in summer wooded segments, and 
fewer species but more native wildlife with feeder density in winter wooded 
segments (Table 1). 

In segments with few trees, the density of exotic wildlife was significantly 
correlated with the density of feeders in summer(r = 0.71,p <0.01 with 12 df) and 
in winter (r = 0.57, p <0.05 with 12 df). Although the density of all wildlife 
significantly grew with

,_
winter feeder density in the absence of trees (r = 0.57, p

<0.05), there was a general trend toward fewer species and a lower density of 
native wildlife with summer feeder density in segments with few large trees (Table 
I). 

Effect of Feeding on the Wildlife Community 

Feeding was more important to wildlife in the more urban, less wooded settings. 
In both summer and winter, there was a significant decline in the percentage of 
wildlife species using feeders as the tree density increased (summer r = -0.86, p
<0.01 with 7 df, winter r = -0.79, p <0.05 with 6 df). In the Chicago Loop, 67 
percent of summer species and 100 percent of winter species utilized feeding. In 
North Central Chicago, 46 percent of summer species and 100 percent of winter 
species used feeders. In Lake Forest and Winnetka, there were no summer feeders, 
and winter species utilizing feeders were 56 percent and 25 percent of the observed 
species respectively. Feeders created a greater impact on the density of exotic 
wildlife in unwooded areas. In summer the density of exotic wildlife was 2.8 times 
greater in unwooded segments with feeders, but only 1.6 times greater in wooded 
segments with feeders than without feeders. In winter the density of exotic species 
was 3.6 times greater in unwooded segments with feeders, but 3.4 times greater in 
wooded segments with feeders than without feeders. Segments with feeders in 
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winter accounted for a greater percentage of individuals in unwooded areas, as 
follows: Chicago Loop, 41 percent of individuals were found in segments with 
feeders; North Central Chicago, 85 percent; South Evanston, 54 percent; Skokie, 
59 percent; Addison, 66 percent; compared to Wilmette, 57 percent; Winnetka, 8 
percent; Lake Forest, 40 percent. In summer the importance of feeders was more 
pronounced for unwooded urbanized areas, as follows: Chicago Loop, 41 percent 
of individuals were found in segments with feeders; North Central Chicago, 51 
percent; South Evanston, 19 percent; Skokie, 25 percent; compared to Wilmette, 
13 percent; Addison, 4 percent; and North Evanston, Winnetka, Lake Forest, 0 
percent each. 

Discussion 

Results of this report suggest an interaction between feeding and vegetation 
affecting Chicago wildlife. This interaction includes both the effect of feeding and 
vegetation on wildlife, and different levels of feeding by citizens of urban and 
suburban neighborhoods. The discussion below focuses on the Chicago area, 
where exotic species comprise over 90 percent of the winter wildlife and about 60 
percent of summer wildlife. The conclusions below should not be generalized to 
other metropolitan areas without careful examination of the local wildlife present 
in other areas. For example, in Maryland there are more native species in winter, 
and this difference might significantly alter the conclusions derived from the 
Chicago area (Geis, pers. comm.). 

Wildlife in this study responded to vegetation rather than to feeders in summer. 
Segments with increased tree density contained significantly more species and a 
greater density of native wildlife. Exotic wildlife were not affected by increased 
tree density, and the presence of feeders did not significantly alter summer pop­
ulations. 

Wildlife in the Chicago area responded to feeders rather than to habitat in winter. 
The density of exotic wildlife was significantly correlated with feeder density. 
Native wildlife probably also benefited from the presence of feeders in winter. The 
amount of vegetation did not significantly affect winter wildlife densities. 

Urban citizens followed a different pattern of feeding than did suburban resi­
dents. Feeding of wildlife was popular in winter throughout the study areas, but 
only urban citizens continued a high level of feeding during summer. Suburban 
dwellers seldom fed wildlife in summer, probably because they could enjoy abun­
dant wildlife attracted by vegetation. Urban dwellers continued feeding throughout 
the year, utilizing bread crumbs, bird seed, and popcorn scattered on the ground 
as well as traditional feeder strucutres. 

Given that a site contained a high density of large trees, feeding did not signifi­
cantly increase wildlife in summer. Feeding probably increased the density of 
exotic wildlife but reduced the variety of species. Feeding in winter significantly 
increased the density of exotic wildlife and may have benefited native species, but 
it did not increase the number of species observed. 

Given that a site contained a low density of large trees, feeding significantly 
increased the density of exotic wildlife in summer, but probably decreased the 
density of native wildlife and variety of species. The competitive dominance of 
exotic species may have contributed to this decline. Feeding in winter in the 
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absence of vegetation also significantly increased the density of exotic wildlife, 
but did not alter the d�nsity of native wildlife or the variety of species. 

Given that a site contained feeders, increased levels of vegetation significantly 
increased the variety of species in summer. Native wildlife were slightly more 
abundant and exotic wildlife were slightly less abundant with increased vegetation 
in summer. In winter, increased levels of vegetation significantly decreased the 
density of exotic wildlife in the presence of feeders. Native wildlife probably 
benefited, although the variety of species was unchanged. 

A different set of circ'tlmstances applied to sites without feeders, for increased 
levels of vegetation significantly increased both the variety of species and the 
density of native wildlife in summer. Exotic wildlife may have also increased in 
density. focreased vegetation in winter without feeding did not significantly alter 
the wildlife population, although there was a tendency to increase the variety of 
species and decrease the density of exotic wildlife. 

The strategy for the maximum variety of species and maximum density of native 
wildlife in the Chicago area differs with the season. Increasing the amount of 
available vegetation, along with accompanying shrubbery, will benefit wildlife the 
most. It is better to avoid feeding of wildlife during the summer if variety and 
native wildlife density is desired. Feeding in winter will benefit native wildlife, but 
feeding in neighborhoo.ds with low levels of vegetation will largely benefit exotic 
wildlife such as house sparrows or rock doves. Increased levels of vegetation are 
needed in order to benefit native wildlife by winter feeding. 

The Chicago urban wildlife community was much more dependent on feeding 
than the suburban wildlife community. A high percentage of species and individuals 
in urban neighborhoods were dependent on year-round feeding. Exotic wildlife 
particularly benefited. This dependence on feeders declined in suburban locations, 
especially in summer. The potential species that could be attracted by a feeder 
also declined in the central urban areas. In the Chicago Loop, rock doves and 
house sparrows were the only species observed at winter feeding sites. In Skokie, 
winter feeders attracted house sparrows, rock doves, and dark-eyed juncos (Junco

hyemalis). In suburban Lake Forest, winter feeders attracted house sparrows, 
starlings, cardinals (Cardinalis cardinalis), black-capped chickadees (Parus atri­

capillus), and downy woodpeckers (Dendrocopos pubescens). A feeder placed by 
a winter resident of Chicago did not attract as many species as a similar suburban 
feeder would attract. Although the variety of wildlife attracted to an urban feeder 
is lower, the overall importance of feeders to wildlife in urban settings far exceeds 
the importance of feeders in suburban settings. 

Conclusions 

A significant interaction between feeding and vegetation affects the wildlife of 
the Chicago area. Increased levels of vegetation benefit native wildlife in summer, 
but both feeding and vegetation are important for native winter wildlife. Suburban 
residents tend to feed wildlife in winter such that native species are benefitted. In 
urban neighborhoods of the central city, however, residents feed wildlife through 
the year. The high level of feeding in the urban center, coupled with the low level 
of vegetation, serves to promote exotic wildlife such as house sparrows, starlings, 
and rock doves. Success in attracting native wildlife is limited by the absence of 
vegetation in the urban areas. 
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Two recommendations are suggested by this report. ( 1) Programs to promote 

urban wildlife should consider urban needs separately from suburban needs. 

Especially important for cities such as Chicago are programs to develop increased 

vegetation for wildlife throughout the city. To simply encourage the feeding of 

wildlife without increasing vegetation will frequently cause frustrated citizens who 
find only house sparrows and rock doves at their feeders. Alternately, such feeding 

also causes frustration for government officials who find large numbers of rock 

doves overrunning parks and buildings. (2) Research in other sections of the 

country has occurred and should be further encouraged to test the applications of 

this urban need. Small towns in the Northeast, large cities in the South, and cities 

in the deserts of the West probably have very different use of feeding and vegetation 
by wildlife. 
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Introduction 

Wildlife studies in the downtown sections of our cities are lacking. Previous 
work concentrated on public health problems associated with commensal rodents, 
feral dogs and pigeons and starlings. Few efforts were undertaken to document 
activities and relationships of wildlife in metropolitan centers. Such topics as 
practical strategies to encourage or discourage wildlife in the highly urbanized 
sections of the city and the factors that private, municipal and federal administra­
tors should consider when establishing programs and policies affecting downtown 
wildlife were not addressed. 

Lack of information on these issues became apparent in 1977 to the managers 
of Lafayette Park, a national park in downtown Washington, D.C., after unsuc­
cessful attempts had been made to resolve a gray squirrel ( Sciurus carolinensis) 

problem. In late spring and early summer of that year, gray squirrels in this park 
reportedly destroyed 2,000 geraniums and damaged six newly planted trees, worth 
about $4,500. An overpopulation of squirrels, said to be greater than 12.5 squirrels/ 
acre (31.25/ha), was blamed for the problem. Following these incidents, the park 
staff began to relocate park squirrels to areas outside the city with the hope that 
this would reduce damage to park vegetation. The relocation program was halted 
due to adverse criticism from local citizens and animal protection groups and 
subsequent news media coverage. 

At this point a study was undertaken to document the habits of the park squirrels 
to help the Lafayette Park management staff alleviate future squirrel damage to 
park vegetation. Previous urban gray squirrel investigations had been conducted 
only in suburban or cemetery environments (for example, Robinson and Cowan 
1954, Thompson 1977a) and virtually no ecological information was available on 
squirrels inhabiting downtown areas. This paper describes initial results from this 
study on the squirrels' food habits, activities and interactions with the public and 
discusses biological and social considerations relating to their management. 

Study Area 

Lafayette Park, an 8.2 acre (3.3 ha) park located across Pennsylvania Avenue 
from the White House, is surrounded by four major streets lined with multi-storied 
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buildings on three sides. Sidewalks around the perimeter and in the park comprise 
34 percent of the area. Approximately 50 percent of the park is manicured turf. 
Two main vegetational layers exist-large trees underlain with grass. A few shrubs, 
young trees and five large statues create a third structural layer in some sections 
of the park. Flower beds comprise 6.3 percent of the area. There are two 0.06 acre 
(0.02 ha) water fountains at opposite ends of the park. The topography is flat. 

The 191 trees and shrubs in the park consist of 30 native and exotic species. The 
dominant tree and shrub species and their relative abundance in the park are: 
willow oak ( Que re us phellos) 24.6 percent; magnolia (Magnolia sp.) 16.2 percent; 
American· elm ( Ulmus americana) 16.2 percent; ginkgo ( Ginkgo biloba) 6.3 per­
cent; horsechestnut ( Aesculus hippocastanum) 3. 7 percent; and northern red oak 
( Que re us rubra) 2.6 percent. Also present are trees typically found in other urban 
settings, such as little and big leaf linden (Tilia sp.); green and Korean ash (Fraxinus 
sp.) and Japanese pagoda(Sophorajaponica). Three formally landscaped shrubs, 
Japanese holly (Ilex rotundifolia), yew (Taxus sp.) and azalea (Azalea grantiflora) 
were also in the park. 

Though willow oak is the most abundant species, 87 percent are less than 8 

inches (20.3 cm) DBH and 78 percent are street trees. The remaining 15 oak trees 
(four species) are old enough to produce good fruit crops as are the elms. 

Park personnel usually removed potentially hazardous tree limbs, dead or dis­
eased that could have been utilized as squirrel dens, but 26 nest boxes had been 
distributed in the park in 1969 and 1977. Garbage is collected daily from open trash 
receptacles around mid-afternoon, however some refuse often remains in the 
containers until the next pickup. 

Other park wildlife includes pigeons ( Columba Livia), starlings ( Sturnus vul­
garis), house sparrows (Passer domesticus), gulls (mainly Larus delawarensis), 
rats (Rattus norvegicus), and occasional crows (Corvus brachyrhynchos), blue 
jays (Cyanocitta cristata), cardinals (Richmondena cardinalis) and mockingbirds 
( Mimus polyglottos). 

Methods 

Estimation of Abundance 

Squirrel density was estimated by two or more observers simultaneously walking 
through an equal area of the park in the same direction and counting squirrels that 
they passed. This count of all squirrels visible at a given time was a minimum 
estimate of the total population. This estimate was probably close to the actual 
population as park squirrels were highly curious and visible. Squirrels were 
counted between 0500-0830 and 1600-1930 hours, when temperatures were above 
0°C, and when wind and precipitation were negligible. 

Activity 

Food habits and activity patterns of squirrels were studied by following individ­
ual squirrels for 15 minute intervals between sunrise and sunset from April through 
October, 1980. At the start of each sampling period, the third squirrel sighted in 
randomly determined quadrants became the focal animal. This reduced the prob-
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ability of studying only the most visible animals. A total of 782 focal animals were 
proportionately observed over each month and in daylight hours. 

Every item wholly or partially consumed by focal animals during the 15 minute 
periods was noted. The identity of food items (plant species and structure) were 
documented; quantity of food was not recorded. Results were analyzed by month 
according to the relative use of particular items. 

Each occurrence of the following squirrel activities during a 15 minute time 
interval was tabulated: feed; forage (behavior associated with searching for food); 
store (behavior associated with burying food); rest (sleeping and loafing); groom 
(scratching, licking and biting oneself or another squirrel); chase (behavior asso­
ciated with the pursuit and/or flight from another squirrel or squirrels); movement 
(other locomotion not used in the above categories); other (other behavior not 
described in the above categories). Data were analyzed by two hour periods from 
sunrise to sunset. Activity indices show the percentage of squirrels engaged in 
each of the above activities during each time period. 

Squirrels stripping, gnawing, peeling or ingesting bark were recorded during 
observations of focal animals. General location of the damage, tree species, and 
if possible sex and age of offending squirrels were recorded. 

Tulips and geraniums were monitored to record wildlife damage. Six plots, each 
with 100 tulips, and four plots, each with 50 geraniums, were checked weekly for 
leaf and flower damage. Comparison plots were inspected, at locations elsewhere 
in the city, where few or no gray squirrels lived. 

Squirrel movements between Lafayette Park and adjacent areas were recorded 
by periodically watching the four streets surrounding the park in early mornings 
and late afternoons. Occasionally we walked between Lafayette Park and three 
adjacent parks, all within three city blocks of each other, to look for moving 
squirrels. 

Leaf nests .were tallied in Lafayette Park each month. Since it was difficult to 
determine active nests, only those nests with a general tight spherical shape and 
large enough to house an adult squirrel were counted. 

Instances of park visitor-wildlife interactions were recorded, especially squirrel­
human encounters. Food items offered and the time of day were noted. Personal 
discussions with some of these people provided additional information regarding 
their park wildlife activities and interests. 

Reference to time in this paper is always Eastern Standard Time. Results 
described below were obtained between March-November 1980. 

Results 

Population Estimates 

Squirrel population estimates were computed using the largest number of squir­
rels seen and recorded during counts within a month. The Lafayette Park squirrel 
density ranged from 9.1 squirrels/acre (22.75/ha) in March to 20.6 squirrels/acre 
(51.5/ha) in November. The highest number of squirrels observed during counts 
increased 47 percent between March and May and 56 percent between August and 
November. These increases were largely due to the appearance of young squirrels 
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born in the late spring and summer. No change was evident in the largest number 
of squirrels counted in May and August. 

Activity Patterns 

During April and May, 28 I squirrels were observed. A median of 42 (range 28-

53) focal animals were watched during each of the 7 two-hour periods used in the
data analysis.

All activity categories during the two months, except rest, showed bimodal 
activity patterns, with peaks generally occurring between 0500-0700 and 
1700-1900 hours (Figure l). The rest activity category exhibited a unimodal pattern 

with over 70 percent of the focal animals resting between I 100-1500 hours. Squir­
rels became active within one hour of sunrise. Their first behavior was self-groom­
ing, followed by foraging and feeding. In the evening, squirrels usually foraged 
until approximately one hour after sunset, at which point they moved into the trees 
for the night. 

During June, July and August, 410 squirrels were watched. A median of 59

(range 49-67) focal animals were observed in each of the 7 two-hour periods used 
in the analysis. 

Patterns and peaks of activity during these three months were similar to those 

in spring (Figure l). However, in summer, squirrels were active earlier and began 
their midday inactivity sooner than in spring. Between 0500-0700 hours, 80 percent 

of the summer focal animals engaged in five or more activity categories per 15 
minute period, compared to 66.5 percent of the spring squirrels. Between 
0700-0900 hours, approximately 39 percent of the summer focal animals were 
observed in less than five activity categories compared to 25 percent of the squirrels 

in the spring. There were no apparent differences between the proportion of focal 
animals in the spring and summer engaged in five or more activity categories during 
1700-1900 hours (75 percent and 77 percent, respectively). 

During summer midday inactivity periods, squirrels rested at heights lower than 

in the spring or fall, often on the lowest branches of trees, sometimes only five feet 
(1.5 m) above ground. Squirrels frequently sprawled out on the ground atthe base 
of trees with legs outstretched. Resting squirrels were easier to locate in the 
summer as they tended to sleep and loaf outside their nests. 

During October, 91 squirrels were followed for 15 minutes each. A median of 20 
(range 15-21) focal animals were observed in each of the 5 two-hour periods used 
in the analysis. 

During October, daily activities were not as sharply confined to distinct time 
periods as in spring and summer (Figure l). For example, squirrels were as likely 
to be found foraging and feeding during midday as during the morning and after­
noon. Squirrels also tended to be more active during October than in other months. 
In October, 48. 3 percent of the focal animals stored food items at least once during 
15 minute intervals compared to only 13.9 percent in spring and 18.7 percent in 
summer. There were also greater occurrences of movement during October (90 
percent) than in spring (62.5 percent) and summer (66.3 percent). Increased non­
resting activity in October made squirrels more conspicuous in the park at all times 
of the day. 

Some activities were not restricted to specific times. Mating chases, as described 
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Figure !. Activity patterns of the Lafayette Park squirrels according to three seasonal 
periods (observations in October were conducted between 0700-1700, others were between 
0500-1900). 

by Baaken (1959) and Thompson (1977a), were seen at all hours, and lactating 

females foraged in May and August during all daylight hours. 

Movements 

All four streets bordering Lafayette Park were traversed by gray squirrels. The 

north, east and west streets were crossed more frequently than the wider and 
busier Pennsylvania Avenue to the south. Squirrels crossed streets mainly before 

the morning rush hour and after the evening rush hour. The extent of movements 

across streets is illustrated by observations made on one day (May 9, 1980), when 
11 different squirrels were observed crossing streets between 0545 and 0715 hours 
(sunrise 0600). Prior to and while crossing streets, squirrels typically flicked their 
tails, sat up, remained motionless and ran in a crouched manner. 

Movements to and from the park were of two types. Most commonly squirrels 
living adjacent to Lafayette Park entered the park for daily use of its resources. 

These squirrels appeared to move at will across the surrounding streets. The other 

kind of movement appeared related to the dispersal or emigration of squirrels from 
surrounding areas. This was demonstrated in the early summer, when a black­
colored squirrel was seen in Lafayette Park for the first time during our study. 
After six weeks it disappeared. 

Gray squirrels traveled between the scattered downtown city parks and evidently 

moved large distances. One adult squirrel was followed one morning for 20 minutes, 

as it traveled at least two city blocks from a 1.5 acre (0.6 ha) park to Lafayette 

Park-a joumey of nearly 0.3 mile (0.48 km). 
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Leaf Nests 

Prior to leaf emergence in early May, leaf nests were usually successfully built 
only in evergreens, primarily in three boxwood shrubs (Buxus sempervirens) and 
in a large fir (Abies sp.) tree. During late winter and early spring, some squirrels 
attempted to make nests of deciduous tree twigs, mainly oaks, but these usually 
fell apart. 

After foliage appeared, the number of leaf nests increased from 60 in May to 139 
in July and then steadily decreased to 15 in November. The number of tree and 
shrub species containing leaf nests also followed a similar pattern. Most leaf nests 
between May-November were in American elms, willow oaks, pin oaks ( Que re us

palustris), white oaks (Quercus alba), English elms (Ulmus procera) and bald 
cypress (Taxodium distichum). However the American elm and willow oak were 
the two most abundant trees, whereas only a few of each of the other species were 
in the park. 

The location of leaf nests seemed unrelated to human activities within the park. 
At least four nests were found in trees bordering streets, two of which overhung 
the street. Many nests were low to the ground and in very small trees. One leaf 
nest was located in a pin oak only 12 feet (3.6 m) above a park sidewalk that was 
heavily used by the public. At least four of the leaf nests found in willow oaks 
between June-November were in trees with a median DBH of only 4.8 inches 
(12.2 cm) and median height of 25 feet (7.6 cm). 

More than one leaf nest in a tree was common. One pin oak contained six nests 
and another had five. American elms and willow oaks typically had one nest per 
tree; however one American elm contained ten leaf nests for three months and one 
willow oak contained 12 in July and 11 in both August and September. 

In addition to using twigs and leaves for nest material, squirrels used newly 
planted sod, tissue paper, newspaper, cloth and cellophane. Leaf nests were also 
located across the streets bordering the park. Squirrels using these nests commonly 
crossed into Lafayette Park to feed and forage. 

Food Habits 

Squirrel feeding activities were observed 349 times on 519 food items (Table 1). 
Foods identified as supplemental were obtained from park visitors either directly 
as handouts or indirectly from refuse. Squirrels consumed virtually all oak acorns 
before they fell to the ground. Therefore it is assumed that acorns found buried by 
squirrels originated from supplemental food. 

Peanuts, a supplemental food, were the most important food throughout the 
study accounting for 35 percent of all items eaten. Acorns, English walnuts, 
chicken bones, peach and plum pits, apples and bread were other supplemental 
foods and collectively comprised l O percent of the total observed diet. The remain­
ing portion of the total diet contained at least 30 items. None of the tree and shrub 
species eaten accounted for more than 4 percent of the food items. Similarly, 
animal foods, mushrooms, soil, ornamental flowers and vegetative leaf and stem 
parts were of minor importance. Approximately 83 percent of the above items 
were not found in each month's diet. 

During April and May, supplemental foods accounted for 37 percent of all foods 
eaten (peanuts 32 percent). Twenty-seven percent of the spring diet consisted of 
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flowers, fruits and buds of elms, black walnuts (Jug/ans nigra) and some oaks. 
Other noteworthy spring foods were the leaves and stems of grass, tulips and 

magnolia flowers. 

Supplemental foods were also the most frequently eaten items in summer (43.7 

percent) with peanuts accounting for 33 percent. Immature oak acorns and buds 

composed a large portion of the summer diet (16. 7 percent). Sawtooth oak ( Que re us 

acutissima) and pin oaks were the most frequently eaten park oak species. In late 

summer, flowers and fruits of Japanese pagoda were second in importance to 
supplemental food. Boxwood and horsechestnut fruits were eaten more frequently 

at this time than during the spring or fall. Other summer foods were geranium 

flowers and maple samaras (Acer sp.). An unidentified soil-inhabiting invertebrate 

and an aphid gall were the only animal foods eaten during the study. 

Visitor handouts dominated the squirrels' diet in October. Nearly 75 percent of 

all foods eaten were of five supplemental foods. Peanuts were the most prevalent 

supplemental food (50 percent), although this was proportionately less than during 

the other months. This was due to the availability of supplemental acorns which 

accounted for 18 percent of the supplemental foods. English walnuts were also 

heavily utilized by the squirrels. The remaining items in the October diet mainly 

consisted of buds and leaves of at least ten tree and shrub species. 

Of the 30 different tree species in Lafayette Park, nine (30 percent) were not 

eaten by squirrels. All trees that produced an abundance of food were mature, one 

exception being a hemlock (Tsuga canadensis). These species were ginkgo, green 
ash, black gum (Nyssa sylvatica), little leaf linden, yellow-wood (Cladrastis lutea), 

and American hornbeam (Carpinus caroliniana). Squirrels also did not feed on 

yews and azaleas. 

Squirrels rarely obtained food from park visitors eating lunch in the park, 

because squirrels were not usually active at midday in warm weather when most 
picnickers frequented the park. Although the garbage cans usually contained edible 

food, Lafayette Park squirrels were never observed entering them to retrieve food 

or nesting material. However, refuse on the ground was used. 

Damage Assessment 

During the nine months of this study, gray squirrels were wholly or partially 

responsible for the aesthetic and physical decline of park vegetation. They were 

more destructive to park trees and shrubs than had been reported in past years. 

Many park trees showed visible signs of stress-defoliated crowns and scars 

from bark chewing. Some trees with extremely sparse canopies developed sucker 

shoots. Dead branches and leaves were evident in numerous trees. 

Most squirrel damage resulted from nest building and feeding activities during 

the summer. Squirrels were constantly pruning trees in order to construct and 

maintain the large number of leaf nests in the park. Trees with the most nests 
usually received the most trimming. American elms, English elms, willow oaks, 

pin oaks, and white oaks were particularly susceptible to damage. During late 

April and early May, squirrels ate immature black walnut fruits, so that none 

matured. Similarly during the summer, squirrels virtually consumed all underde­

veloped, button-sized acorns, so that none were available in the fall. 

Squirrels also damaged trees by gnawing on bark, sometimes by stripping it and 
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t Table I. Food items eaten by 349 gray squirrels at Lafayette Park, Washington, D.C. (Figures are percent of occurrence. B=bud, F=flower, 
0-,. FR=fruit, L=leaf). 

Month 

April May June July August October Total 

Number of items eaten JO') IOI 78 64 98 69 519 

Number of feeding squirrels 64 71 52 45 66 51 349 

Item 

Peanut 30.3 32.7 33.3 34.4 32.6 50.7 34.9 

American elm (B, F, FR, L) 9.2 4.9 1.3 6.2 0.0 1.4 4.0 
... Japanese pagoda (B, F, FR) 1.8 4.0 1.3 1.6 10.2 5.7 3.8 

Pin oak (B, F, FR, L) 3.7 3.0 3.8 3.1 6.1 1.4 3.7 

!=;' Sawtooth oak (B, F, FR, L) 2.7 3.0 3.8 3.1 5.1 1.4 3.3 ..... 
Black walnut (B, F, FR) 1.8 5.9 3.8 3.1 1.0 1.4 2.9 � 

� 
Oak acorn 1.8 0.0 0.0 1.6 3.1 13.0 2.9 

... 
English walnut 1.8 2.0 1.3 1.6 4.1 5.8 2.7 ..... 
Willow oak (B, F, FR, L) 5.5 3.0 2.6 1.6 1.0 1.4 2.7 � 

)... White oak (B, F, FR, L) 1.8 3.0 5.1 1.6 3.1 0.0 2.5 

� Grass 5.5 0.0 3.8 3.1 2.0 0.0 2.5 �
Northern red oak (B, F, FR, L) 0.9 4.0 2.6 3.1 0.0 1.4 1.9 

-·

Horsechestnut (B, F, FR) 0.0 2.0 3.8 0.0 3.1 5.7 1.9 

Magnolia (F, FR) 2.7 1.0 1.3 1.6 1.0 1.4 1.5 

� Chicken bone 0.9 2.0 0.0 4.7 1.0 1.4 1.5 

� Unidentified soil invertebrate 0.0 0.0 2.6 3.1 4.1 0.0 1.5 

S;
Peach pit 0.0 0.0 1.3 3.1 2.0 0.0 1.2 

� Geranium flower 0.0 0.0 0.0 0.0 6.1 0.0 1.2 

Boxwood (FR) 0.0 1.0 3.8 3.1 0.0 0.0 1.2 

Apple 0.0 2.0 1.3 0.0 1.0 5.7 1.2 
� American beech (B, FR) 0.9 3.0 0.0 0.0 0.0 5.7 1.2 

Tulip flower 4.9 0.0 0.0 0.0 0.0 0.0 1.0 
('°') 

Bald cypress (FR) 0.0 1.0 1.3 1.6 1.0 0.0 0.8 � 



c;') Soil 1.8 0.0 1.3 0.0 1.0 0.0 0.8 
... Colesium maple (B, F, FR, L) 0.9 1.0 0.0 3.1 0.0 0.0 0.8 

Sycamore (B, FR) 0.0 0.0 1.3 3.1 0.0 0.0 0.6 
V.l Plum pit 0.0 0.0 0.0 0.0 3.1 0.0 0.6 

Smooth leaf elm (B, F, FR, L) 0.0 0.0 0.0 0.0 2.0 1.4 0.6 

�- Mushroom 0.9 0.0 1.3 0.0 1.0 0.0 0.6 

!:;'" Paulownia (FR) 0.9 1.0 0.0 0.0 0.0 0.0 0.4 
;:i Bread 0.9 0.0 0.0 1.6 0.0 0.0 0.4 

English elm (B, F, FR, L) 1.8 0.0 0.0 0.0 0.0 0.0 0.4 � 

� Korean ash (FR, L) 0.9 0.0 0.0 1.6 0.0 0.0 0.4 
� 

Indian strawberry (F, L) 0.0 0.0 0.0 0.0 1.0 0.0 0.2 

Big leaf linden (L) 0.0 0.0 0.0 1.6 0.0 0.0 0.2 
� 

Nordman fir (L) 0.0 1.0 0.0 0.0 0.0 0.0 0.2 

Aphid gall 0.0 1.0 0.0 0.0 0.0 0.0 0.2 

Holly (L) 0.9 0.0 0.0 0.0 0.0 0.0 0.2 

Unidentified 14.7 18.8 18.0 7.8 4.1 5.8 12.0 



at other times by eating the moist, spongy, and loosely cellular cambium on both 

the inner bark and exposed wood of stripped trees. Bark damage occurred at all 

locations on trees, although the most common site was on or near branches where 

bark was spirally stripped and/or girdled. Squirrels gnawed exposed areas from 

which branches had fallen or been pruned. Bark damage on tree trunks was usually 

located immediately adjacent to branches. 

Most bark damage occurred during May and July. Heavily damaged species 

were American elm, English elm, sycamore (Platanus occidentalis), American 

beech ( Fagus grandifolia), willow oak, saw-tooth oak and pin oak. 

During feeding and nest building activities, squirrels dropped twigs and leaves, 

creating litter that park maintenance personnel had to continually collect. 

Damage to tulips and geraniums was less than had been reported in past years. 

Less than 12 percent of these flowers were damaged by wildlife during the course 

of this study. Damage to tulips and geraniums occurred to all plant structures, 

although the most serious was clipping off the inflorescence at the peduncle. 

Damage to flowers was not exclusively caused by squirrels; and considering the 

large number of human visitors, pets and wildlife utilizing the park, flower damage 

was low. 

People-Squirrel Interactions 

Feeding was one of the most important interactions between park visitors and 

·squirrels. The majority of supplemental foods offered to squirrels were peanuts,

English walnuts and acorns. Some visitors fed squirrels directly from their hand,
others threw food to the animals. A few people even placed peanuts in cracks and

crotches of trees or at the bases of larger trees.

We differentiated between two types of people that fed squirrels, using the 

analogy of "zoo visitor" and "zoo keeper" to describe them. Most public feeding 

was fortuitously done by commuters and tourists. They usually fed only squirrels 
that moved near them and typically watched the squirrels eat the food thrown to 

them. This type of feeder most resembled a "zoo visitor." 

The "zoo keeper" was characterized by at least six dedicated people who 

routinely visited the park specifically to feed the squirrels. Generally these people 

fed the squirrels raw peanuts three or more times a week throughout the year. 

Some even collected acorns and maple samaras from outside the park to bring to 

the Lafayette Park squirrels. They placed food throughout the park, whether or 

not squirrels were visible, and rarely watched the squirrels eat. The major differ-. 

ence between the "zoo keeper" and "zoo visitor" probably was in their reasons 
for feeding the squirrels. "Zoo keepers" fed squirrels because of concern for the 

animals' well being, whereas "zoo visitors" fed squirrels for entertainment. 

Approximately 90 percent of the supplemental food available to the squirrels 

were attributed to six "zoo keepers." Two of these people fed the squirrels greater 

quantities and more frequently than the other four. These two put out food at least 

six days a week in the winter and five days a week during other seasons. During 

warmer months, they placed a total of approximately eight pounds (3.6 kg.) of raw 

peanuts in the park each visit and doubled this amount in winter. Over a year, 

these two individuals distributed nearly 3,000 pounds ( 1359 kg.) of peanuts for the 

Lafayette Park squirrels. At approximately 57 cents a pound (July 1980 wholesale 
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cost) they each spent nearly $855 a year to feed the squirrels. Their total expen­
diture on peanuts was probably greater than this, because they also fed squirrels 
at their homes and at other parks. In addition, one of the "zoo keepers," because 
of poor health, paid a person a dollar ($1) an evening to feed the Lafayette Park 
squirrels for her. Her total financial commitment to feeding the park squirrels was 
therefore over $1,000 per year. 

One other "zoo keeper" fed squirrels peanuts and English walnuts five days a 
week in only a few sections of the park and across the street in front of the White 
House. Another "zoo keeper" brought about eight pounds (3.6 kg.) of acorns a 
week from other parks as long as they were plentiful. 

Peanuts distributed in the park for squirrels were generally in surplus and were 
consumed by other park wildlife. For example, of a sample of 195 peanuts in July 
and August, squirrels ate 27 percent and buried 34 percent. Pigeons and common 
grackles ate 21 percent of the peanuts and 14 percent remained untouched after 30 
minutes. Leftover peanuts were usually eaten by rats and birds, not squirrels. 
Thus park "zoo keepers" not only supported squirrels but also species considered 
pests in urban areas. 

People other than "zoo keepers" also fed the squirrels. More than once during 
the winter months, unknown benefactors put out fresh iceburg lettuce, potatoes, 
carrots and celery for the park squirrels. Many people even searched in park 
garbage cans and threw food remnants, such as sandwiches or fruit, on the ground 
for park wildlife. 

In addition to feeding, at least two "zoo keepers" cared for park squirrels in 
other ways. They daily refilled small plastic water bowls at the base of park trees 
to ensure that the squirrels would have water to drink. Once one of the women 
distributed small bundles of hay, the equivalent of one bale, beneath several park 
trees for squirrels to use as nest material. 

Together these "zoo keepers" often acted as a lobbying group, voicing their 
opinions to the park maintenance and management staff on issues they thought 
relevant to the park squirrels. For example, they were opposed to the recent 
reintroduced Peregrine falcons (Falco peregrinus) into downtown Washington, 
D.C., as they adamantly believed the falcons would prey upon young squirrels.
They also wanted more nest boxes put in the park. They felt the squirrels would
not survive the approaching winter without additional boxes.

Aside from the few "zoo keepers," it was uncommon for people to visit the 
park specifically to see the squirrels. Most people using the park were picnickers, 
commuters, or tourists. Most of their interactions with squirrels were incidental 
and of short duration. Nevertheless, many of these people photographed the 
squirrels, '¥atched their antics and in general, enjoyed their presence. Out-of-town 
tourists, especially foreigners, sought out the squirrels with enthusiasm and even 
asked questions about them. It was our impression that when squirrels were active 
and visible in the park, they were the third most popular sight after the White 
House and park statues. 

Discussion 

Gray squirrel densities at Lafayette Park are the highest reported in the liter­
uature. The highest previous density was five to six squirrels per acre (0.4 ha) in 
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2 ten-acre (4.0 ha) suburban Baltimore, Maryland woodlots (Flyger 1959). The 
high density at Lafayette Park is likely to have resulted from both the tremendous 
quantity of continually available supplemental food and the large number of arti­
ficial nest boxes (26). Direct relationships have been shown between the availability 
of food and squirrel population densities (Nixon et al. 1975). Barkalow and Soots 
(1965) and Burger (1969) found increased numbers of gray squirrels after artificial 
dens had been added to forested areas. 

Despite diverse types of human activity in and around Lafayette Park (joggers, 
police sirens, demonstrations, etc.) there was no apparent difference in the squir­
rels' activity patterns from those reported in other areas. Baaken ( 1959), Thompson 
(1977b) and others described spring and summer activity patterns similar to those 
at the park, where most activities occurred during early morning and late afternoon. 
The October Lafayette Park squirrel activity pattern also resembled the general 
fall pattern observed by Thompson ( 1977b), where peaks of activity were increas­
ingly displaced toward midday. 

Evidence that downtown squirrels move to and from Lafayette Park conflicts 
with reports indicating that squirrels in scattered city parks tend to be isolated 
populations where unusually colored gray squirrels, such as white, albino and 
black, may be due to genetic drift (Baldwin 1969, Flyger 1970). Movement into the 
park probably occurs primarily because of the year-round availability of supple­
mental foods. Squirrels often crossed bordering streets to bury peanuts outside 
the park. 

Characteristics of leaf nests in Lafayette Park differed from those of wild squir­
rels. Park leaf nests tended to be lower and in smaller trees than those found by 
Fitzwater and Frank (1944) in a Connecticut second growth hardwood forest. 
Uhlig (1956) recorded that most leaf nests were constructed in the summer and 
late October in West Virginia. The number of leaf nests in Lafayette Park was 
greatest in July. The most notable distinction was that park leaf nests were gen­
erally more abundant than reported from other areas (see for example, Robinson 
and Cowan 1954, Uhlig 1956). 

No previous studies of gray squirrel food habits revealed a population as depen· 
dent on supplemental foods as the Lafayette Park squirrels. For example, Robinson 
and Cowan (1954) reported that artificial foods such as peanuts and biscuits only 
accounted for approximately 8 percent of the total diet of gray squirrels in a 
Vancouver, B.C., Canada park woodland. The Lafayette Park squirrels did eat 
available nonsupplemental foods that were used by squirrels in other locations­
elm buds, flowers and samaras (Nichols 1927, 1958), floral organs of oaks (Nixon 
et ,tl. 1968) and horsechestnut nuts (Nichols 1958, Thompson and Thompson 1980). 
However, most fungi and animal foods which are generally important foods in 
other gray squirrel populations (for example, Nixon et al. 1968, Stienecker 1977), 
were observed to comprise only a relatively small quantity in the diet of the 
Lafayette Park squirrels. 

Gray squirrel damage to vegetation is not unique to Lafayette Park. Flyger 
(1970, 1974) reported that urban gray squirrels are destructive to gardens and 
ornamental trees and shrubs. Red, gray and fox squirrels have debarked sugar 
maples, oaks and conifers throughout their North American ranges (Pike 1934, 
Pearce 1947, Brenneman 1954, Englehard and Bragonier 1960, Gooden 1961). The 
most severe gray squirrel damage to tree bark has probably occurred in England 
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(Davidson and Adams 1973a, 1973b). 
Encounters similar to the people-squirrel interactions observed in Lafayette 

Park have been noted in other settings and with other wildlife species (More 1979). 
Wildlife feeding is mostly done around people's homes rather than at public parks. 
Nevertheless public feeding like at Lafayette Park has been high in some other 
urban parks (Huessman and Burrell 1974, Hardin and VanDruff 1978). These 
authors as well as Gill and Bonnett (1973) and Ordish and Binder (1967) noted a 
small percentage of park visitors who daily feed wildlife, like the Lafayette Park 
"zoo keepers." As at Lafayette Park, squirrels in other urban areas were well­
liked. Gray squirrels were the second most popular wild mammal in the city of 
Waterloo, Canada (Dagg 1974) and the most popular in metropolitan areas of New 
York (Brown et al. 1979). 

Implications and Recommendations 

Conditions as described above would be expected to continue if no action was 
taken to deal with squirrel impacts on park vegetation. However, based upon the 
activities of park squirrels and the public in Lafayette Park, there are many 
considerations that can influence management efforts to maintain a healthy park. 

Reducing the number of park squirrels is one strategy that may help minimize 
damage to vegetation. However, removal of park squirrels will have no lasting 
effect on lowering the high squirrel density. Continual squirrel movement in and 
out of the park from adjacent areas will probably replace those removed. The 
presence of large quantities of supplemental foods ensures immigration of new 
inhabitants. For removal alone to be effective, it would have to pe a continuing 
effort carried odt at least twice a year. A more efficient and long lasting method 
would be simultaneous removal of squirrels and reduction of supplemental foods. 

Removal of only part of the resident population at the park may increase, not 
decrease, tree and shrub damage. Taylor ( 1969) showed that the interplay of 
resident and immigrant squirrels creates social tension that apparently is expre:,sed 
as damage to trees, shrubs and flowers. 

Chemosterilants would problably not be effective in reducing the squirrel pop­
ulation within a short time period. Squirrels readily enter the park so a reserve of 
squirrels would always be available. Park squirrels possibly live longer than wild 
squirrels and, assuming no increased mortality or egress, it is doubtful that the 
population would decline rapidly. 

Prohibition of public feeding in the park would lower the carrying capacity for 
squirrels, rats and pigeons but would also probably cause an increase in squirrel 
damage to park vegetation. Sudden elimination of peanuts might cause squirrels 
to compensate for absence of this food by feeding on trees, shrubs and flowers. 
Park visitors who feed squirrels for enjoyment would be denied an important 
component of their park experience. This policy would be very difficult to enforce. 
The public has been feeding Lafayette Park squirrels for at least 50 years (Horace 
Wester, pers. comm.). 

Providing alternative foods has been fairly successful in preventing some wildlife 
damage to crops, orchards and conifer seedlings (Sullivan 1979). However, since 
public feeding at Lafayette Park is partially responsible for the existing high squirrel 
density, additional supplemental food distributed by park personnel or the public 
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would further raise the park carrying capacity for squirrels. Since peanuts are now 
in excess, more food would also support more rats and pigeons. 

The keen interest and concern for the squirrels by some of the public may at 
times interfere with other interests in the park. Programs which are perceived as 
harmful to the squirrels, such as relocation and prohibition of public feeding, would 
be intensely opposed, if not legally challenged. Because of past policies, bad 
experiences, and the park's continual emphasis on the squirrels' negative qualities, 
some "zoo keepers" distrust the park management staff. The park's close prox­
imity to the White House and high visibility to the public further amplifies any 
friction between the public and park managers. Strategies to reduce squirrel-park 
conflicts will be continually scrutinized by the public and may prove difficult to 
implement. 

At this point in our study, the following management approaches seem to hold 
the most promise for reducing future damage to park vegetation, improving rela­
tionships between park management and the public and enhancing a healthy squir­
rel population in the park. 

1. Since damage to park vegetation rather than the presence of squirrels is the
major concern of park management, the greatest effort should be directed at 
minimizing damage. This can partially be accomplished by not planting certain 
flowers, such as geraniums, known to be damaged by squirrels. Flowers can be 
sprayed with repellents to further discourage their use by squirrels. Preliminary 
results at Lafayette Park suggest that a mixture of hot chili sauce, water and a 
sticking agent is sometimes effective in reducing flower damage. Metal guards can 
be placed around the trunks of each of the isolated trees to prevent squirrel 
movements into the branches where most bark and twig damage occurs. Guards 
should also be fastened to all new trees planted in the park. The surface of !the 
metal guards can be painted to resemble natural tree bark to reduc,e their visibility 
to the public. Possibly bark damage could be reduced if beef bones were hung in 
concealed tree locations providing the park squirrels with a source of calcium and 
phosphorous, as well as an object to gnaw on. 

2. Efforts 'should be initiated to reduce surplus peanuts in the park. This can be
accomplished through formal and informal meetings with those individuals who 
daily feed squirrels large quantities of peanuts. It should be emphasized that the 
objective is not cessation of public feeding, but reduction in the number of peanuts 
available to rats and pigeons. Visitors should be informed that peanuts should be 
distributed only when squirrels are visible and at least one hour before sunset, to 
increase the probability that they will be eaten by squirrels and not by other 
animals. Waste would be reduced if squirrels were fed individually rather than by 
placing food at the base of trees. "Zoo keepers" should be made aware of seasonal 
differences in peanut use by squirrels. Rather than placing peanuts on the ground 
where they are easily accessible to pigeons and rats, numerous elevated feeding 
stations could be erected in the park. 

3. If vegetation damage continues and management decides to reduce squirrel
numbers, arrangements might be made with the Humane Society to euthanize the 
removed animals. This would be more humane than releasing them into areas 
already saturated with resident squirrels, where they would have little chance for 
survival. However, regardless of how "humane" this may be, squirrel benefactors 
and others may severely criticize the park for killing squirrels. If squirrels are 
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removed, there should be a concurrent reduction of supplemental foods. 
4. Long-range management of the park should be aimed at reducing unnatural

conditions that presently exist. Park personnel should begin planting trees that are 
valuable to squirrels as well as to park aesthetics. Many hickories, chestnuts, 
pecans, and crabapples grow well in urban areas and their mast could eventually 
replace peanuts as the squirrels' most important food. Dead tree limbs that contain 
cavities should not routinely be cut or pruned unless dangerous to the public. If 
this strategy is practiced, then a smaller number of nest boxes would be necessary 
in the park. 

5. Because squirrels are of great interest and concern to both the public and the
park management, the development of an interpretive program at the park would 
be of value. Brochures and/or bulletin boards could present information on the 
biology and ecology of the park squirrels and how this compares to squirrels in 
more natural areas. The public could be informed of the best times of day in each 
season in which to observe, photograph and feed the squirrels. Proper and safe 
ways of feeding squirrels and the role of public feeding in the park could be 
discussed. Park managers could voice their concerns about past, present and future 
squirrel problems, as well as promote their efforts to improve park conditions for 
squirrels (e.g. planting mast trees). Information could be in two or three major 
foreign languages, for the convenience of the many foreign visitors to the park. 
Press releases to the media, tour guides, local environmental groups and others 
could publicize the squirrels as one of the most interesting and important features 
of Lafayette Park. Such efforts would help demonstrate to the public that the park 
management is concerned with squirrels not only as pests, but as a valuable park 
resource. 

Acknowledgments 

Particular thanks to R. Hammerschlag for his unabated support and valuable suggestions. 
S. Singer, A. Johnsen, R. Hammerschlag and B. Anderson provided comments on the
manuscript. Appreciation is extended to B. Ruback, L. Kelly, C. O'Hara and E. Drotos for
administrative assistance.

Literature Cited 

Baaken, A. 1959. Behavior of gray squirrels. Proc. Southeast Assoc. Game and Fish Comm. 
13:393-406. 

Baldwin, F. T., Jr. 1969. The white squirrels of Chickahominy Park. Virginia Wild!. 
3(X4):8-9. 

Barkalow, F. S., Jr., and R. F. Soots. 1965. An analysis of the effect of artificial nest boxes 
on a gray squirrel population. Trans. N. Amer. Wild!. and Natur. Resour. Conf. 
30:349-360. 

Brenneman, W. S. 1954. Tree damage by squirrels: silviculturally significant? J. For. 52:604. 
Brown, T. L., C. P. Dawson, and R. L. Miller. 1979. Interest and attitudes of metropolitan 

New York residents about wildlife. Trans. N. Amer. Wild!. and Natur. Resour. Conf. 
44:289-297. 

Burger, G. V. 1969. Response of gray squirrels to nest boxes at Remington Farms, Maryland. 
J. Wild!. Manage. 33:796-801.

Dagg, A. I. 1974. Reactions of people to urban wildlife. Pages 163-165 in J.H. Noyes and D. 
R. Progulske, eds. Wildlife in an urbanizing environment. Holdsworth Natur. Resour.
Center. Series No. 28. Univ. Massachusetts, Amherst.

Davidson, A. M., and W. Adams. 1973a. The grey squirrel and tree damage. Q. J. Forest. 
67(3): 237-247. 

Gray Squirrels and People 453 



--· 1973b. The grey squirrel and tree damage. Q. J. Forest. 67(4):289-307. 
Englehard, A. W., and W. H. Bragonier. 1960. Squirrels as possible vectors of the oak wilt 

fungus in Iowa. Plant Dis. Report. 44(3): 192-196. 
Fitzwater, W. D., and J. Frank. 1944. Leaf nests of gray squirrels in Connecticut. J. Mammal. 

25(2): 160-170. 
Flyger, V. 1959. A comparison of methods for estimating squirrel populations. J. Wildl. 

Manage. 23(2):220-223. 
__ . 1970. Urban gray squirrels-problems, management and comparisons with 

forest populations. Trans. Northeast Fish and Wild!. Conf. 27: 103-107. 
--· 1974. Tree squirrels in urbanizing environments. Pages 121-123 in J. H. Noyes 

and D. R. Progulske, eds. Wildlife in an urbanizing environment. Holdsworth Natur. 
Resour. Center. Series No. 28. Univ. Massachusetts, Amherst. 

Gill, D., and P. Bonnett. 1973. Nature in the urban landscape. A study of city ecosystems. 
York Press, Baltimore. 209 pp. 

Gooden, S. K. 1961. Squirrel de-barking of loblolly pine. Proc .. Southeast Assoc. Game and 
Fish Comm. 15: 116-118. 

Hardin, J. W., and L. W. VanDruff. 1978. Characteristics of human visitors at urban 
waterfowl ponds in the vicinity of Syracuse, New York. Trans. Northeast Fish and 
Wild!. Conf. 35: 130-142. 

Huessman, H. W., and R. G. Burrell. 1974. Park mallards. Pages 77-86 in J. H. Noyes and 
D.R. Progulske, eds. Wildlife in an urbanizing environment. Holdsworth Natur. Resour. 
Center Series No. 28. Univ. Massachusetts, Amherst. 

More, T. A. 1979. The demand for nonconsumptive wildlife uses: a review of the literature. 
USDA. For. Serv. Gen. Tech. Rep. NE-52. Northeast. For. Exp. Sta., Upper Darby, 
Pa. 16 pp. 

Nichols, J. T. 1927. Notes on the food habits of the gray squirrel. J. Mammal. 8: 55-57. 
--· 1958. Food habits and behavior of the gray squirrel. J. Mammal. 39(3):376-380. 
Nixon, C. M., M. W. McLain, and R. W. Donohoe. 1975. Effects of hunting and mast crops 

on a squirrel population. J. Wild!. Manage. 39: 1-25. 
Nixon, C. M., D. M. Worley, and M. W. McLain. 1968. Food habits of squirrels in southeast 

Ohio. J. Wild!. Manage. 32(2):294-305. 
Ordish, G., and P. Binder. 1967. Pigeons and people. Dennis Dobson, London. 117 pp. 
Pearce, J. 1947. Identifying injury by wildlife to trees and shrubs in northeastern forests. 

Res. Rep. No. 13. USDI Fish and Wildlife Service, Washington, D.C. 29 pp. 
Pike, G. W. 1934. Girdling of ponderosa pine by squirrels. J. For. 32(1):98-99. 
Robinson, D. J., and I. Cowan. 1954. An introduced population of the gray squirrel Sciurus 

caro/inensis (Gmelin) in British Columbia. Can. J. Zoo!. 32(3):261-282. 
Stienecker, W. E. 1977. Supplemental data on the food habits of the western gray squirrel. 

Calif. Fish and Game 63(1): 11-21. 
Sullivan, T. P. 1979. The use of alternative food to reduce conifer seed predation by the deer 

mouse(Peromyscus maniculatus). J. Appl. Ecol. 16:475-495. 
Taylor, J. C. 1969. Social structure and behavior in a grey squirrel population. Ph.D. Thesis. 

Univ. of London. 
Thompson, D. C. 1977a. Reproductive behavior of the grey squirrel. Can. J. Zoo!. 

55: 1176-1184. 
--· 1977b. Diurnal and seasonal activity of the grey squirrel(Sciurus carolinensis). Can. 

J. Zoo!. 55: 1185-1189.
__ , and P. S. Thompson. 1980. Food habits and caching behavior of urban grey squirrels. 

Can. J. Zoo!. 58:701-710. 
Uhlig, H. G. 1956. A theory on leaf nests built by gray squirrels on Seneca State Forest, 

West Virginia. J. Wild!. Manage. 20(3):263-266. 

454 Forty-Sixth North American Wildlife Conference 



Wildlife-related Activities and Attitudes of 

Pennsylvanians 

Arlene P. Snyder and John L. George 
The Pennsylvania State University, University Park 

Wildlife management can be defined as " . . . the science and art of changing 
the characteristics and interactions of habitats, wild animal populations, and men 
in order to achieve specific human goals by means of the wildlife resource'' ( Giles 
1971). For most of the profession's history, the emphasis has been on management 
of habitats and game populations; the specific human goal has been a huntable or 
fishable resource. 

In recent years consideration of needs of urban wildlife, recognition of non­
consumptive uses of wildlife, and concern for endangered species are evidence of 
a widening scope of wildlife management. As wildlife agencies attempt to meet all 
these new demands, they come into conflict with a variety of special interest 
groups who have strong particular management goals. Wildlife managers are force­
fully reminded of the "people" element of the definition of wildlife management. 

Kenneth Norris (1978), in an article on marine mammals for the book Wildlife 
in America, explained why the human aspect was often neglected in wildlife 
management. "In.large part, it seems to me, we talk about managing animals and 

their environments because it is the easy thing to do. Dealing with our fellow 
humans and our institutions, on the other hand, can stir up immediate responses, 
often not very peaceful." 

The increasing importance of people and their opinions to managers is illustrated 
in part by the rise in the number of surveys conducted by wildlife professionals. 
Hendee and Potter ( 1971) reported that between 1960 and 1970, only six articles 
on people-wildlife topics appeared in the Journal of Wildlife Management (out of 
698 total articles). Two years later Hendee and Schoenfeld (1973) were editors of 
papers from a special session of the North American Wildlife and Natural 
Resources Conference which centered on human dimensions in wildlife manage­
ment. Recent survey literature addressed many topics of interest to wildlife man­
agers, e.g. attitudes toward hunting, nongame wildlife, and animals in general 
(Applegate 1979, Brown and Dawson 1978, Dagg 1970, Dagg 1973, Kellert 1976, 
Kellert 1979, More 1979, Shaw and Gilbert 1974, Shaw et al. 1978). 

How attitudes are formed or changed can depend on many factors--one of 
interest is place of residence on an urban-rural gradient. Although some researchers 
might argue that mass media communications have eliminated many of the differ­
ences in attitudes between populations from urban and rural areas, studies have 
demonstrated urban-rural differences. Shaw et al. ( 1978) showed that while 46 
percent of urban residents approved of hunting, 68 percent of rural dwellers 
approved. Schole et al. (1973) found that although 52 percent of their sample of 
Colorado hunters had spent their childhood in rural areas, 45 percent of those 
hunters were residing in population centers of 50,000 or more when they answered 
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the survey. Kellert (1978) demonstrated that childhood residence was a stronger 
predictor than current residence for all wildlife-related activities where residence 
was significant. 

Pennsylvania has an interesting history which includes urban and rural compo­
nents. Large cities, e.g. Philadelphia and Pittsburgh, are truly part of the eastern 
megalopolis which. dominates portions of the state. Pennsylvania still has the 
largest rural population of any state, and also has the largest number of hunters of 
any state. Thus Pennsylvania seemed suitable for a study of wildlife-related activ­
ities on an urban-rural gradient. 

Objectives of the Study 

The objectives of this study were to: 
I. determine the frequency of participation of Pennsylvania adults in selected

wildlife-related activities;
2. evaluate the importance of the urban-rural gradient to these activities;
3. assess some general attitudes toward nature and the issue of funding sources

for nongame management.

Methods 

A statewide telephone survey based on random digit dialing was used. Random 
digit dialing involves computerized-generation of random digit telephone numbers 
and was originally developed as a way to obtain both listed and unlisted telephone 
numbers (Dillman 1978). The Institute for Human Development at The Pennsyl­
vania State University, which conducts statewide polls on a variety of topics, 
generated the random-digit dialing list for this study. Interviews were conducted 
by three students from the School of Forest Resources. 

Surveys were conducted from May to July of 1979. Most calls were made 
between 6 and 9 PM on weekdays; additional calls were made between I and 4 PM 
on weekdays, and on weekends. A total of 1,888 different numbers were called. 
Twenty-five percent (N= 472) of the calls were to working numbers where an 
interview was attempted. Fifty-eight percent (N= 273) completed the interview; 40 
percent (N= 191) refused the interview, and 2 percent (N= 8) started but did not 
complete the interview. Of the 273 completed interviews, 261 were usable. 

Frequency of Participation in Selected Activities 
Table 1 shows the frequency of participation in selected activities. For the 

species observation question, respondents were read a list of seven birds and 
seven mammals and asked if they had observed any of the animals on their 
property. All animals listed were considered to be generally recognizable. The 
exception was the avocet, which was used as a check on question format, e.g., to 
see if respondents were tending to agree with the list of animals. Respondents were 
also asked if they had observed salamanders, frogs, toads, or snakes on their 
property. 

Seventy five percent of the respondents reported putting out food for birds and 
mammals. This feed included everything from bread and table scraps to commercial 
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Table 1. Frequency of participation in selected wildlife-related activities by respondents in 
the Pennsylvania sample. 

Activity 

Observation of selected species 
Robin 
Rabbit 
Cardinal 
Gray squirrel 
Starling 
Bat 
Pheasant 
Rat 
Raccoon 
Skunk 
Mockingbird 
White-tailed deer 
Red-tailed hawk 
Avocet 
Snakes 
Toads 
Frogs 
Salamanders 

Fed birds and mammals 
Had bird feeders 
Bird-watched at some time 
Hunted at some time 
Had bird baths or nest boxes on property 
Put out traps or poisons to control animals 
Had membership in nature or wildlife-related group 
Planted vegetation for wildlife 

% reporting participation 

98 

85 

80 

75 

73 

46 

41 

36 

35 

32 

30 

29 

9 
<I 
38 
28 

25 

18 

75 

34 
30 

25 

25 

22 

15 

7 

feed. Only 34 percent actually had bird feeders on their property. Of the respon­
dents with bird feeders, 51 percent fed only in winter, while 49 percent fed in 
additional seasons. The average poundage of seeds fed was: 36 pounds (16 kg) for 
those who fed only in winter; 75 pounds (34 kg) for those who fed winter plus other 
seasons; 57 pounds (26 kg) for all respondents. Nineteen percent of the respondents 
could not give any estimate of how much they fed and approximately five percent 
said it depended on the severity of the winter. 

While 30 percent of the sample reported bird watching at some time, only 8 
percent said they watched birds at least once each week. 

Twenty fiv'e percent of the sample reported hunting at some time in their life; 14 
percent had hunted for more than five years. 

Other activities are also listed in Table 1. 

Significancy of Urban-rural Gradient 

All activities were cross-tabulated with childhood and/or current residence. Four 
residence categories were defined: (I) a center city or high density suburb; (2) a 
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low density suburb; (3) a small town or village; and ( 4) a rural or farm area. A chi­
square test (P= 0.05) was used to determine if there was any difference in the 
frequency of these activities relative to the residence gradient. 

Observation of birds or mammals on the respondent's property was tested 
against current residence. Current residence was only significant for observation 
of two bird species: red-tailed hawk and pheasant. Respondent's current residence 
was also significant for observation of six of the seven mammal species: raccoon, 
rat, rabbit, white-tailed deer, skunk, and bat. Observation of the reptiles and 
amphibians was significantly related to current residence; totals were too sparse 
for a test by individual species. 

Bird feeding, other feeding of birds and mammals, having bird baths or bird 
houses, and planting for wildlife were not significantly related to childhood resi­
dence. However, when the same variables were cross tabulated with current 
residence, bird feeding was significant while the others were not. Participation in 
wildlife-related groups and trapping or poisoning on respondent's property were 
not significantly related to current residence. Hunting was significantly related to 
both childhood and current residence; birdwatching was not significantly related 
to either residence. 

Attitudes Toward Nature and Non-Game Funding 

Two sets of questions addressed attitudes; respondents were asked whether 
they strongly agreed, agreed, were neutral, disagreed or strongly disagreed with 
the statements read. Table 2 shows responses; since only two questions had more 
than IO percent in either of the strong categories, responses were summarized as 
agree or disagree. 

The only two statements which drew strong agreement or disagreement were 
numbers 1 and 4 under General nature. Statement 1 had 14 percent strongly agree, 
while statement 4 had 19 percent strongly disagree. 

Refusal Rate 

Four different introductions were used to attempt to reduce the refusal rate so 
a representative sample could be obtained. A chi-square test (P= 0.05) showed no 
significant difference in refusal rate among the four introductions. There was also 
no significant difference in refusals among different interviewers. 

Some authors have reported occurrence of higher refusal rate for a variety of 
reasons which include importance of group conducting the research, or saliency 
of topic to the respondent (Baumgartner and Heberlein 1977, Dillman 1978). Kellert 
(1979) encountered a 22 percent refusal rate in a nationwide personal interview 
survey and mentioned that this may have resulted ''. . . from the relative unim­
portance of the subject to some segments of the public, and from increasing 
difficulties recently noted in obtaining access to people's homes for personal 
interviews." These results show an increasing resistance to interviews, and indi­
cate that surveys should be carefully considered to maximize response. 

Characteristics of Respondents 

Characteristics of respondents in the survey were compared with characteristics 
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Table 2. Percentage of respondents who agree, are neutral, or disagree with the listed 

statement on nature and non-game funding. 

Statement 

General nature 
1. Forests are important primarily for

seeing beauty and wildlife.

2. In the beginning, man learns from

nature, but once man learns nature
submits to him.

3. Man has the specific know-how to
improve on nature.

4. There is nothing special about trees,
they just take longer to grow than

most crops.

5. The law of the forest is a law unto

itself; "nature" tells man what is in
the public interest not vice versa.

Non-game funding 

1. More research efforts should be put

into research on non-game species,
in other words, those species which

cannot be hunted but which could

be beneficial to urban and suburban

residents.

2. I would be willing to buy a nongame

stamp or other device to raise

money for non-game species
research.

3. I think general tax monies should be

used to help manage non-game wild­
life.

4. I feel that most of the wildlife
research efforts should continue to

be directed toward game species, in
other words those species which

could be hunted, trapped, or fished.

Percent 
agree 

80 

63 

70 

10 

63 

81 

58 

69 

38 

Percent 
neutral 

3 

11 

6 

4 

16 

12 

20 

14 

14 

Percent 
disagree 

17 

26 

24 

86 

21 

7 

22 

17 

48 

for the general population of Pennsylvania (U. S. Bureau of the Census 1970, 
Pennsylvania Department of Commerce 1980). In general, survey respondents had 
higher education levels and higher average income. For example, while 8. 8 percent 
of the population had completed four years or more of college, 20 percent of the 
survey respondents had attained this educational level. While 3.9 percent of the 
general census population had family income greater than $25,000, 14 percent of 
the survey respondents were in this category. Several researchers have indicated 
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that interest in conservation and wildlife is related to education or income status 
(Devall 1970, Fazio and Belli 1977, Harry et al. 1969, Kellert 1979). It seems that 
respondents in this survey had a higher than average interest in wildlife and were 
more likely to agree to an interview. 

Discussion 

Many people were able to report observation of animals on their property. More 
than 99 percent of the respondents reported not seeing an avocet, or that they did 
not know what one was; so it seemed that most respondents were not simply 
agreeing with the list. 

Frequencies of wildlife-related activities were similar to findings of other studies. 
DeGraaf and Payne (1975) reported 20 percent of the households in the United 
States feeding an average of 60 pounds (27 kg) of seed. Brown· and Dawson ( 1978) 
in a study of Albany metropolitan residents reported that: 34 percent had bird 
feeders, 50 percent fed wildlife, 11 percent had birdhouses, 16 percent provided 
water, and 10 percent made plantings. Horvath (1974) in a study in the Southeast 
found that 17.2 percent fed birds, 15.9 percent had birdhouses, and 14.2 had 
birdbaths. Kellert (1980), in a nationwide survey, found that 67.7 percent of 
respondents fed birds; 21.3 percent of the sample fed for more than 151 days (or 
two winters). This feeding was not restricted to commercial seed. Approximately 
11 percent of respondents in Kellert's study belonged to conservation organiza­
tions; 24.9 percent reported hunting at some time in their life although only 14.5 
percent had hunted in the past two years. Twenty-five percent reported watching 
birds. All studies indicate that there is considerable interest in animals. 

Findings on the urban-rural gradient are more difficult to interpret. Observation 
of the red-tailed hawk and pheasant, which one would expect to occur in rural 
habitats, was related to residence. The lesser observability of mammals probably 
accounted for six of the seven mammals species being significantly related to 

. residence since some of these species are found in a variety of habitats. The gray 
squirrel, which is diurnal and highly observable was the only mammal whose 
observation was not related to area. Reptiles and amphibians also would be 
expected to be seen more frequently in certain habitat types. The significance of 
bird feeding by current residence was probably due to a small number of people 
feeding in the center city and high density suburbs. Hunting has been shown to be 
related to childhood residence, and the same relationship was found in this study. 
The lack of significance of the urban-rural gradient to the other variables illustrates 
two points: ( 1) hunting is a special case and (2) that a variety of factors can 
influence other activities. 

The attitude responses point to the importance of forests for their aesthetic 
values as well as utilitarian uses. The fact that statements 1 and 4 under general 
nature were the only ones which elicited strong feelings shows the special feelings 
people have for trees in their environment. Statements 2 and 3 under general nature 
illustrate respondents' confidence in our ability to manage resources; yet statement 
5 illustrates an underlying belief in what nature can offer to us. Although the 
majority of people in this study did feel n,on-game species should be investigated 
(81 percent in statement I on non-game funding); 42 percent were hesitant to 
commit their money to buying a non-game stamp. This could have been natural 
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caution at being "trapped" into buying one, or a desire to hear more specifics 
about a program. More of the respondents ( 69 percent) thought general tax monies 
could be used for non-game. There was still strong support for game species (38 
percent in statement 4 of non-game funding), illustrating the interest in game 
species in Pennsylvania. 

Snmmary 

As wildlife managers are <?ailed upon to mana.ge limited resources for the max­
imum number of people, the opinions of these people will become increasingly 
important. These survey results suggest that there is a high degree of interest in 
wildlife, especially around respondent's homes, and that wildlife professionals 
could move ahead more rapidly in non-game management than they have. There is 
also increasing evidence of difficulty in getting people to answer surveys. 
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The Value of the Wild-bird Products Industry 

John L. George, Arlene P. Snyder, and Gloria Hanley 
The Pennsylvania State University, University Park 

The scope of wildlife management has greatly enlarged in recent years. Increas­
ing suburbanization is one of the factors which has expanded the focus of wildlife 
managers. Wildlife biologists have examined the interests of suburbanites and have 
found an emphasis on nonconsumptive uses of wildlife (Brown and Dawson 1978, 
More 1979). Therefore such varied states as California, Colorado, Missouri, New 
Jersey, and Pennsylvania have developed programs with an emphasis on noncon­
sumptive uses and experimented with several techniques of funding. 

Non-game programs cannot be funded solely from consumptive use (hunting 
and fishing) revenues, although some states have used portions of their "gamf' 
funds to initiate non-game programs and many "game" commissions have been 
renamed "wildlife" commissions to denote broader interests. One potential source 
of funds for non-game is general appropriations; wildlife is a public resource and 
can therefore qualify to be managed for maximum human benefits with general 
funds. Another source of funding is a special-use tax such as the manufacturers' 
excise tax on sporting arms and ammunition which funds the Federal Aid in 
Wildlife Restoration Act of 1937 (Pittman-Robertson Act) or the comparable tax 
on fishing equipment (Dingell-Johnson Act). Some of the items which have been 
suggested for taxation for non-game program funding are off-road vehicles, back­
packing equipment, photographic supplies, and wild-bird feeding supplies and 
equipment (Wildlife Management Institute 1975). Propositions for an excise tax on 
many of these items have encountered organized opposition by various outdoor 
groups because the items have uses not always directly related to wildlife. A tax 
on wild-bird feeding supplies and equipment has legislative appeal since this equip­
ment, like that for hunting and fishing, is used mainly for a special purpose. People 
who feed birds would benefit from non-game management and research programs 
and, by the nature of their activity, already are showing a commitment to non­
game species. The original version of Senate Bill 2181, "The Fish and Wildlife 
Conservation Act of 1980," (U.S. Senate, 96th Congress) contained an 11 percent 
excise tax on mixed wild-bird seed, houses, feeders, and baths in addition to a 
general appropriation for the first four years of the program. 

The purpose of this study was to determine a preliminary wholesale value of the 
wild-bird products industry to learn whether the industry constituted an adequate 
financial base for an excise tax to fund a non-game program, and to give this 
information to the Congress. Although the bill passed, the tax was deleted. The 
Act requires further study on possible sources for funding including an excise tax. 
This study provides a basis for evaluating the potential yield from a tax on the 
wild-bird products industry. 

The study was conducted in two phases: (1) a literature review, and (2) surveys 
of manufacturers (informal telephone and formalized mail surveys). The literature 

A report on Project 2456 of the Pennsylvania Agricultural Experiment Station. Research was supported 
by the Wildlife Management Institute. This paper, although included in these transactions, was not 
presented at the 46th Conference. 
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review included published and unpublished sources on two topics-the value of 
the bird feeding industry and estimates of numbers of people feeding birds. A list 
of manufacturers for the questionnaire survey was compiled from the Thomas 

Grocery Register (1979), from informal surveys of local bird equipment distribu­
tors, and from suggestions by manufacturers. Preliminary telephone surveys 
showed that the manufacturers often could not answer some of the questions 
related to their total sales because such information was not readily available. A 
mail survey seemed more appropriate to encourage complete and accurate answers 

from respondents who could obtain required information without the time restric­

tions which occur in a telephone survey. 

Literature Review 

Economic Values 

Cross (1973) in a study for the Maine Fish and Game Department estimated that 

approximately 30 percent of the households in Maine fed birds; and an average of 
124112 pounds (56.5 kg) of seed was used by each of those households in 1972. 

Cross cautioned that the bird feeding statistics were probably high because a large 

number of people in the mail survey had an above-average interest in birds. 
A mail survey by the Massachusetts Audubon Society (1974) provided a base 

for estimating that the average household which bought feed purchased 60 pounds 

(27. 3 kg) in a year. A telephone survey of randomly selected households was used 
to determine that 33 percent of the households fed birds. With this information 
they estimated that 35.3 million pounds (16 million kg) of seed would be sold in a 
year in Massachusetts alone (for a retail value of $8 million). 

In 1975 a report from the Wildlife Management Institute included wild bird food 
as one source for an excise tax to fund non-game programs. The Institute's report 
stated that the 1972 manufacturers' shipments of wild bird food had an estimated 
worth of $19.9 million. No data on houses, feeders, or baths were presented. The 

Institute provided us with supplementary data to their 1975 report. The wholesale 
estimate of $19.9 million was based on manufacturer's information for the feed 
industry alone. That information was provided from records assembled at the 
University of Missouri. 

The article most frequently cited as a source for estimates for the bird feeding 
industry was written by DeGraaf and Payne (1975). Based on the literature and 

market survey data, they estimated that approximately 20 percent of U.S. house­
holds fed an average of 60 pounds (27.3 kg) of seed each year. Using this infor­

mation they estimated that total annual retail sales of feed in 1974 were $170 million 
($85 million wholesale). Based on information from one supplier, they estimated 
sales of $15 million ($7.5 million wholesale) for bird houses and feeders. Also they 
estimated that in 1972, with fewer households and with bird seed at half of the 

1974 prices, retail sales were $80 million ($40 million wholesale). The combination 

of 1972 and 1974 gave a basis for estimating trends. 

Ferriss (1980), while reviewing the topic of winter bird feeding, mentioned 

estimates of up to $340 million in sales for the industry. He presented no infor­
mation on how he obtained those figures. 

Two manufacturers provided market surveys, but requested confidentiality of 
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the source. One of these market surveys (based on a nationwide sample by a 
survey research firm) quoted an average of 20 percent of the households feeding 

approximately 58 pounds (26.4 kg) of seed to wild birds in 1969. Assuming the 
same percentage of households fed birds in 1972, 773 million pounds of seed would 
have been sold with a retail value of about $70 million. 

Regional Variation in Bird Feeding 

More (1979) reviewed several studies which show regional variation in numbers 

of people who feed birds. He mentioned the Massachusetts Audubon Society 

study (1974) which estimated that 33 percent of the households in Massachusetts 
bought bird seed. Researchers studying the metropolitan area of Albany in New 
York found that 34 percent of the residents had bird feeders (Brown and Dawson 
1978). Only 17.2 percent of the residents in the Southeast United States had bird 

feeders (Horvath 1974). Aney and Cowan (1975) reported that 46 percent of adults 
in Oregon fed birds (not necessarily bird seed). More (1979) concluded that a 
national average of 20-25 percent of households feeding birds was not unreason­
able. More also indicated that the demand seemed to be greatest in the Pacific 
Northwest and the North Central regions and lowest in the Southeast (while noting 

that data from all regions are not available). 

In a random telephone survey of 261 Pennsylvania residents by Snyder1
, 75 

percent of the respondents reported feeding something to birds; however only 34 
percent of the households had bird feeders. Among those with bird feeders, the 
average amount fed was 57 pounds (25.8 kg). These data might overestimate the 
number of people having bird feeders in Pennsylvania, since the survey had a 41 
percent refusal rate and the sample had higher education and income levels than 
average. However, even if all those who did not answer the survey did not feed 
birds, a minimum of 20 percent of the households had bird feeders. Assuming the 
sample was more representative of feeders than non-feeders, the estimate of 
pounds fed was not as biased. 

Kellert2
, in a nationwide study, found that 67.7 percent of the people fed birds 

in the past two years. This feeding, however, was not restricted to commercial 

bird feed. Although Kellert did not gather information about pounds of seed fed, 
he did determine the number of days respondents put out feed for birds. Only 21.3 

percent fed more than 151 days (or at least two winters). 

Additionally, Kellert provided data on days feeding by region. One portion of 
these data, illustrating the percent of people feeding for 151 days or more within 
each region, is shown in Table 1. 

Manufacturers Survey 

Questionnaire Results from a Mail Survey of Manufacturers 

Sixty-one manufacturers of products for wild birds were telephoned. Interview­
ers explained the purpose of the study and requested permission to mail a ques-

'Unpublished data from Arlene P. Snyder, Research Assistant, School of Forest Resources, The Penn­

sylvania State University, University Park, Pennsylvania. 

'Unpublished data from Dr. Stephen R. Kellert, School of Forestry and Environmental Studies, Yale 
University, New Haven, Connecticut. 
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Table I. Percent of persons feeding birds for 151 days or more in the past two years, by 
region of the country where the r�spondents lived. 

Region of the country 

Northeast 
North Central 
Rocky Mountain 
South 
Pacific 
Alaska 

Percent feeding for 151 days or more 

26 
23 
22 
18 
17 

17 

tionnaire to the company. The questionnaires were mailed with a prepaid return 
envelope and a cover letter which included telephone numbers where the research­
ers could be contacted with questions. Sixty-two percent (38 of 61) of the manu­
facturers completed the survey. Following a telephone reminder, 19 of the man­
ufacturers indicated that they would return the questionnaire, but then did not 
send it. Four manufacturers refused to answer the questionnaire. Questionnaires 
were returned during March and April, 1980. 

The questionnaire included questions on items manufactured or distributed, 
regional distribution of sales, estimates of the total value of the industry's products, 
seed production areas, and comments on an excise tax. Many manufacturers were 
not able to give a breakdown of their sales either by state or by region. Some 
manufacturers felt that this information was confidential; others sold to distributors 
and could not determine readily where their products were marketed. Seventeen 
companies were able to provide regional marketing data. Fifteen manufacturers 
had sales in the Northeast region; and IO of these manufacturers had 50 percent or 
more of their business concentrated there. Although 13 manufacturers had some 
business in the North Central region, only two had more than half of their sales 
there. Ten manufacturers did some business in the Midwest, only one manufacturer 
had more than half of his business in that region. Ten manufacturers had sales in 
the Southeast; all sales were less than 20 percent of the manufacturer's total 
business. Four manufacturers mentioned business in the Southwest; and four 
mentioned business in the Pacific states. Alaska and Hawaii were mentioned by 
only one manufacturer. 

Most of the companies supplied a wholesale dollar value for their individual 
company's sales of wild-bird products. These data will not be presented separately, 
since manufacturers asked that this be confidential information. These data were 
used to calculate an estimate for the entire industry. The estimate was obtained by 
multiplying the total wholesale value of products of all manufacturers by the 
approximate market percentage the responding companies constituted (the approx­
imate market percentage was obtained in the informal telephone conversations 
with manufacturers). Estimates of $52 to $80 million wholesale value for the wild­
bird seed business and $7 million wholesale for the house/feeder/bath business 
were calculated. 

In a further effort to get an estimate of the wholesale value of the industry, 
manufacturers were asked if a value of $45 million for feed and $15-20 million for 
houses, feeders, and baths (best estimates based on preliminary data) was low, 
about right, or high. Four felt the estimates were low, IO felt the values were 
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almost right, and six felt the estimates were high. Thirteen manufacturers were 
unsure; five did not answer the question. 

Manufacturers were also asked whether the industry was increasing, decreasing, 
or stable. Seventeen manufacturers felt it was increasing; 13 felt it was decreasing; 

and four felt it was stable (four manufacturers did not answer the question). Many 
manufacturers provided additional comments on this topic. Manufacturers who 
felt the industry was increasing cited factors such as promotion and advertising, 
greater interest in birds and wildlife preservation, local availability of bird seed in 
stores and nurseries, and an increase in the middle-age segment which finds this 
hobby attractive. Reasons presented for a declining industry included inflation, 
mild weather, changes in lifestyles not compatible with the hobby (apartment 

living, working housewives, etc.), and higher prices for an item which is not a 
necessity. 

Manufacturers' Estimates of Product Sales Value of the Industry 

Based on the questionnaire results and some information from the informal 

telephone conversations, minimum and maximum wholesale values for the wild­
bird products industry were obtained (Table 2). The informal telephone survey 
revealed the importance of questionnaire wording; many manufacturers reported 
only mix-seed sales unless specifically asked to include straight seeds. This was 
made clear for the mail questionnaire survey. These estimates do not include the 
"cottage industry," e.g., local stores or groups selling seed, or Cub Scouts making 
bird houses and the like. It is extremely difficult to assess these sources, and to 
date we have not been able to do so. The estimates for the total industry (all 

products) varied from $29 to $81 million but the average estimate given by the 

majority of manufacturers was about $65 million. 

Discussion 

History of the Business 

To obtain our best estimate of the value of the industry, the literature and 
manufacturers' surveys were compared. Since the most recent literature estimates 

Table 2. Manufacturers' estimates for the minimum and maximum wholesale value of the 

wild bird products industry, by product. 

Produce Minimum Maximum 

Wild bird seed• Pounds 165,000,000 7 3 0, 000, 000 

Dollars $ 28, 000 , 000 $61, 000, 000 

Wild bird feeders Dollars $500,000 $19, 000, 000 

Wild bird houses Dollars $250,000 $750,000 

Wild bird baths Dollars $250,000 $250,000 

Total sales $ 2 9, 000 , 000 $81, 000, 000 

•Mix and sunflower, not including thistle seed. 
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were for the wholesale values in 1974, a basis for the comparison was needed. 

Through telephone conversations with manufacturers, an informal history of the 

business was outlined. This outline provided a basis for comparisons. 
The history of the wild-bird product industry is a surprisingly brief one--con· 

cerned mainly with the past decade. From 1970 to 1973, the mass media prompted 

public concern about the effects ofman's actions on the environment. Pesticide 

poisoning was one critical issue, and helped to focus public attention on the plight 

of wildlife. Part of this concern manifested itself as care for wild birds, through 

feeding and provision of nest sites. The year 1973 was the best year for the wild 

bird products industry. In 1974, sales began to decline and remained down for 
several years. Manufacturers felt that increasing inflation caused a tightening of 

budgets and a subsequent decline in purchases of non-essential products such as 

bird seed or feeders. Since the bird feeding business is seasonal, mild winters can 

affect sales. By the winter of 1979-80 sales were still about lO percent below the 

1973 peak figures, even at current prices, according to one manufacturer. Unfor­
tunately many of us interested in market value of wild bird products assumed the 

trend shown from 1972 to 1974 continued to 1978 and therefore that the industry 

had doubled. At present there are several estimates in the popular literature which 

appear to be much too high-probably by a factor of two. 

Comparison of Literature and Manufacturers' Survey 

The best estimate from the literature is that approximately 20 percent of the 

households feed an average of 60 pounds (27.3 kg) of seed each year. Therefore in 

1978, (based on the most recent number for households from the U.S. census), 15 

million households fed 900 million pounds (408.2 million kg) of seed to birds. At 
an average price of $0.10 per pound, this would mean that $90 million wholesale 

was spent for feed. Assuming feeder, house, and bath sales to be the same as cited 

by DeGraaf and Payne, a total industry value of approximately $98 million would 
be postulated. This assumes no increase in bird feeding; rather, that the industry 

has nearly come back to its 1974 size. 
The manufacturers' average estimate was between $60 and $65 million for the 

entire wild-bird products industry. The lowest total value for the industry was $29 

million and the highest was $81 million. 
The literature estimate is much higher than the average industry estimate ($60-

$65 million) but within range of the highest manufacturer's estimate of $81 million. 

Part of the discrepancy between the literature and the highest manufacturer's 
estimate can be explained by a time factor. The literature value was based on the 
1978 sales; manufacturers were estimating their 1979 sales. The winter of 1979 was 

a mild one, and sales were down from the previous year. 
Using literature estimates for pounds fed, 900 million pounds (408.2 million kg) 

would have been purchased in 1978. This is higher than the average industry 

estimate of 500 million pounds (226.8 million kg) but within range for the highest 

manufacturer's estimate of 730 million pounds (331.1 million kg) when considering 
the time factor. 

Based on these figures, an 11 percent excise tax would have produced between 

approximately $7 and $10 million in revenue (since such a tax would be levied at 

the wholesale level). This amount alone would have financed only a modest 
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nationwide non-game program (especially with funding of 9: l,federal:state). 

Additional supplemental income would have been needed. 

Consumer Characteristics 

Results of the literature review demonstrated regional differences in bird feed­

ing-with the Northeast and North Central regions having the highest percentages 

of people feeding birds. Manufacturers also confirmed this; a high portion of 

businesses giving regional data had major sales in these regions. The sales in these 

areas are undoubtably tied to snow cover and the image of the birds not being able 
to fend for themselves. Thus, there will be some changes in the .potential market 

from year to year depending on the weather. 

Manufacturers expressed concern that a tax would adversely affect older citi­

zens, whom they felt were a major portion of their market. They based this 

assumption on one market survey where 75 percent of the respondents were over 
45. This survey was distributed to individuals who responded to a mail order for

bird feeding products. The survey cautioned that results were for the specific

group studied and were not generalizable to all persons feeding birds.

Snyder3 found only 47 percent of the people who had bird feeders were over 45; 

and 26 percent were 56 or older. Because of the higher level of education and 

income in this Pennsylvania sample, one might hypothesize that older people on 

fixed incomes might have been under-represented. 

However Kellert4 also found that among people who fed for more than 150 days, 

only 53.2 percent were over 45 and 34.3 percent were over 55. His sample was 

representative for the United States. 

Fixed income is not a problem for all individuals over 45, it is mainly a concern 

for those over 65. The percentage in that group is not a majority of people feeding 

birds. 

Areas for Research and Further Clarification 

One major finding of this study is the lack of readily available information on the 

wild-bird products industry. Until recently, there was no formal organization of 
wild-bird products manufacturers; therefore, no single listing of wholesalers was 

available. Many of the manufacturers themselves were unsure of the size of the 

total market. The Department of Commerce does not keep records on the ultimate 

use of seeds which are important components of some mixes; thus, documented 

poundage statistics were not available. 

One problem with comparing estimates of people feeding birds is that these 

questions often are not asked uniformly. While some researchers ask about having 
bird feeders, others ask about buying seed or simply feeding birds. Therefore 

replies vary from individuals with many feeders and seed purchases to that for 

individuals feeding occasional table scraps on the ground. Also rural farm people 

feed very differently than urbanites. It is extremely difficult to compare these types 

of information. Probably the only way to obtain uniform information would be 

'Unpublished data from Arlene P. Snyder, Research Assistant, School of Forest Resources, The Penn­
sylvania State University, University Park, Pennsylvania. 

4Unpublished data from Dr. Stephen R. Kellert, School of Forestry and Environmental Studies, Yale 
University, New Haven, Connecticut. 
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through a specific question asked in a nationwide survey. 
The most pressing issue is a mechanism for funding non-game management 

programs. To date, good starts have been made in several states using a variety of 
approaches. Missouri, for example, has a program funded by a one-eighth of one 
percent sales tax. Colorado, using a tax check-off box on income tax forms (which 

enabled individuals to designate part of their refunds for the non-game fund), raised 

$350,000 in the first year and $500,000 in the second year of this program. These 
programs are very successful. Several states, including Iowa, New Hampshire, 
Michigan, New Jersey, California, and recently Pennsylvania have sold conser­

vation stamps to raise money. A variety of items, such as T-shirts and decals, have 
also been sold to raise funds. The contributions from the sale of these items have 

been valuable. Often they do not form a stable base for a sustained statewide 

program. The idea of an excise tax such as the Federal Aid in Wildlife or Fish 

Restoration Acts seems appropriate for a sustained funding base. However, taxes 
on outdoor products have met opposition from the special interest groups involved. 

Kellert (1979), for example, using data from his national survey for the U.S. Fish 
and Wildlife Service, found that while 57 percent of the general public supported 
a tax on backpacking and camping equipment to help pay for the cost of wildlife 
conservation, only 49 percent of the backpackers did. While 71 percent of the 
general public supported a tax on off-road vehicles (ORVs), only 58 percent of 
frequent ORV users did. Among birdwatchers, 51 percent supported a tax on 
birdwatching equipment and supplies; 54 percent of the general public approved 

such an option. This illustrates a gap between the measures which are acceptable 
to the general public and those which can be approved by the special interest 

groups concerned. This is the key area for research because a stable economic 
base must be found for the non-game program. 

One final point concerns the question of administration of a non-game program. 
Although several states have and are making good beginnings in non-game research 
and management, a federal program would be the stimulus for a nationwide effort. 

Many non-game species are migratory and thus must be handled on a federal level. 
A comprehensive national program also could coordinate and set standards for 
research on species. The need for coordination was clearly illustrated by bird 
feeding statistics already reviewed. Questions on this topic were asked in such 
diverse ways that results were difficult to compare. A comprehensive program 
could also provide for larger research efforts-with several states pooling infor­

mation or sharing programs. A federal program, especially one which provided 

matching funds like the Federal Aid in Wildlife or Fish Restoration programs, 
would stimulate additional states to get involved in non-game conservation and 

planning-states which otherwise might not have sufficient funds to get involved 
in this area. 

Summary Evaluation 

As a result of this investigation it is our opinion that: (I) The best estimate for 
the wholesale value of the wild bird feeding industry in 1980 is at least $90 million 

wholesale ($180 million retail). (2) Many of the estimates in the popular literature 
which report double the above retail figure are based on projections of earlier 

trends which did not continue. (3) The bird feeding industry is a recent one, mainly 
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developing within the past decade. Although it experienced a period of rapid 
growth in the early 1970s, it has since fluctuated around the peak 1973 level rather 
than increasing. It is a business which experiences seasonal and yearly fluctuations 
depending on weather and other factors. There is also a cottage industry which 
cannot be easily determined. (4) Approximately 20-25 percent of households feed 
birds an average of 60 pounds (27 .3 kg) of seed per household. There is important 
regional variation; the Northeast and North Central are centers for the activity. 
(5) The majority of bird feeders are middle-aged or younger-not over 65 as the
manufacturers indicated. (6) Information on bird feeding is difficult to obtain. The
Department of Commerce does not have specific breakdowns on many seeds used
for bird feed. Some manufacturers did not know the size of the total; some reported
only mixed seeds. Additional confusion is found in studies of who feeds birds;
information can include anything from feeding of table scraps to feeding of com­
mercial mixes. (7) Our best estimate is that a tax in 1980 might have generated $10
million dollars. This amount alone would not have supported a large nationwide
non-game management and research program; but a federal program would help
coordinate and stimulate non-game management and research. (8) The manufac­
turers in the wild-bird product industry are strongly opposed to a tax on their
products, but support the non-game program.
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Introduction 

The business of conservation, the planned management of resources to ensure 

current and future productivity, is done on the ground as well as in the legislature,s 

and courts. There is a considerable distance between laws (National Forest Man­
agement Act of 1976) that call for an ecosystem approach to resource management 
and getting that job done. Field application of ecosystem approaches to land 

management is still in its infancy. We have concepts, philosophies, and perspec­
tives, not tried and true procedures. 

We discuss four aspects of the integration of wildlife habitat needs with timber 
management: (I) philosophies and laws, (2) historical approaches, (3) an example 

at the field level, and (4) thoughts about the realities of ecosystem management. 
This approach is a process, not a rigid set of constraints. 

Philosophies and Laws 

The multiple-use philosophy of National Forest management is at the heart of 

resource integration concerns (Wengert et al. 1979). This philosophy was refined 
and made binding by such legislation as the Multiple Use Sustained Yield Act of 
1960, and the Renewable Natural Resources Planning Act of 1974 (RPA) as 

amended by the National Forest Management Act of 1976 (NFMA). It was also 

extended to the non-reserved public domain by the Federal Land Policy and 
Management Act of 1976 (FLPMA). Because the resource land base is relatively 
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fixed and demands for goods and services from that land are increasing, integration 
of management is essential. 

Multiple-use has applied for over 9 decades, while perceptions about appropriate 
balances among resources, society's expectations for wildlife, and coordination 
methods have changed markedly. The National Environmental Policy Act of 1969 
(NEPA) heralded a major shift in expectations about public resources. Followed 
by such legislation as the Endangered Species Act of 1973, RPA, NFMA, FLPMA, 
and the recent Fish and Wildlife Conservation Act of 1980, the Federal conser­
vation legislation of the 1970s fixed in law a revolution in conservation perceptions 
(Thomas 1981). Nelson (1975) claimed we are entering an era of coordinated 
intensive management of forest resources in which interdisciplinary planning is the 
k�y. 

When Aldo Leopold ( 1949: 207) spoke of a' 'land ethic'' and defined conservation 
as " ... a state of harmony between men and land" the tef!llS ecosystem and 
ecological diversity were novel concepts. Now, our conservation laws recognize 
the ecosystem as a functional unit through which renewable resources are pro­
duced, and ecological diversity as a critical attribute in sustaining productivity. 
Further, Leopold's (1949:204) admonition that "a land ethic changes the role of 
Homo sapiens from conqueror of the land-community to plain member and citizen 
of it" is woven into the fabric of the new laws. 

The Forest Service is implementing these laws through regulations for land and 
resource management planning. The regulations require treatment of public issues 
and the management of all resources through interdisciplinary planning on each 
National Forest. Coordination with other Federal and state agencies and private 
organizations is part of the process. The process incorporates planning concepts 
for fish and wildlife: ( I) use of management indicator species, (2) maintenance of 
viable populations of all native and desirable non-native vertebrates, and (3) main­
tenance of plant and animal species and community diversity. 

Historically, emphasis has been focused on game, predators, and threatened or 
endangered species. The management indicator species concept expands that focus 
to include species which indicate the welfare of other species with similar habitat 
requirements or which indicate the conditions of special habitats such as snags 
and riparian areas. The concept still allows forest management to emphasize 
certain species over others for economic, recreational, aesthetic, and ecological 
reasons, but the emphasis is no longer confined to game and rare species. The 
"featured species" concept of Holbrook (1974) has been given a broader ecological 
perspective. 

The maintenance of viable ( self-perpetuating) populations is intended to prevent 
the future jeopardy of species whose needs for special habitat requirements could 
cause population declines through anticipated habitat changes. It also promotes 
the recovery of endangered species so that they can be removed from the lists. 
The viable population requirement is difficult and controversial to deal with 
empirically as populations of many species, such as grizzly bears ( Ursus horribilis) 

and spotted owls ( Strix occidentalis), require large land areas for long-term via­
bility, and their habitats also have high commodity values. 

The rationale for maintaining diversity is to ensure that the biological and 
physical variety of natural resource ecosystems is maintained; population viability 
is directly related to species diversity over the long-term. Diversity has received 
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much attention (e.g., Patrick's 1978 collection of papers), and has been applied to 
forest management by Siderits and Radtke (1977). Diversity as an applied concept 
deals with the richness of species and communities, their relative abundances, and 
their distribution. 

This era of National Forest management, guided by these new laws, philoso­
phies, and expectations, needs practicable procedures for field level management. 
Regulations and concepts which are still vague to many field practitioners have to 
be made a part of their everyday jobs. 

Integration Approaches and Principles 

Many principles useful in integrating wildlife habitat needs with timber manage­
ment have been developed and applied. Aldo Leopold's (1933) early text identified 
many basic habitat concepts. Edminster ( 1935) noted that extensive monocultures 
of densely stocked conifers were detrimental to game, and he recommended 
plantations be no larger than 600 feet ( 183 m) in diameter and be interspersed with 
hardwoods, shrubs, and herbaceous openings. Miller (1935) reported that leaving 
a forest in its natural state did not necessarily result in good game habitat, and 
suggested manipulating food and cover by using tree harvest, thinning, and other 
silvicultural practices to provide game and timber-a call for integrated manage­
ment. McAtee (1936) cited forestry practices detrimental to wildlife, especially 
those that reduced diversity, and he recommended maintaining openings and 
brushfields. Pattern, edge, diversity, patch size, habitat management, and resource 
integration had all been recognized for their importance to wildlife by 1936. 

The scant literature on integrated habitat management during the 1940s and 
1950s probably reflects the emphasis on wildlife population management during 
that period. Giles (1962) developed a comprehensive approach to integrated plan­
ning using the watershed as a planning unit and applied a prescription for habitat 
pattern for one to a few selected species. He emphasized the need for a species­
specific, integrated resource plan to provide wildlife products where wanted, 
usable, manageable, and where they will not cause unacceptable problems for 
other resources. Shaw (1967) suggested a blend of selection and clear-cutting be 
scheduled over time and space to maintain mast and fruit in juxtaposition to 
herbaceous openings and browse stands-a dynamic approach to habitat conser­
vation. Both Giles (1962) and Shaw (1967) illustrated a hypothetical managed area. 
Starker Leopold ( I 966) discussed the relationships of big-game species to succes­
sional smges, a precursor to the development of species-habitat relationships 
(Patton 1978, Thomas 1979). The literature of the 1960s introduced area plans, 
featured species, species-habitat relationships, and the scheduling of practices to 
attain multiple objectives. 

Marcstrom ( 1970), writing about Swedish forests, summarized the then state-of­
the-art by recommending a pattern of successional stages, intensive forestry only 
on the most suitable sites, wildlife habitat priority on marginal timber sites, forage 
producing stands in juxtaposition to cover producing conifers, control of clear-cut 
block size, and thus the provision of a diverse ecosystem. Holbrook (1974) 
described how the featured species concept fosters integrated wildlife and timber 
management by using rotation length, stand size, stand distribution, site prepara­
tion, intermediate cutting, and prescribed fire as joint management practices. 
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Roach (1974) demonstrated that both wildlife habitats and timber can be regu­
lated in a cost effective manner for a sustained yield on relatively small land areas 
of 500 to 5, 000 acres (200 to 2 ,000 ha). Nelson (1975) presented a thorough approach 
to integrated resource planning on such areas which highlighted uneven-aged forest 
streamside zones, conservation of seeps, snags, and mast trees, and sustained 
timber production largely through regeneration cutting. 

Most of these integration approaches emphasized the use of practices in a pattern 
that leads to forest diversity as an outcome of managing for specific resources­
timber and featured wildlife. Siderits and Radtke (1977) used diversity itself as a 
goal for wildlife. They created a pattern of stand conditions through a blend of 
rotation length strategies for both conifers and hardwoods. Multi-resource pre­
scriptions were written for each stand. There was no distinction between manage­
ment for game and non-game species. 

Patton (1978) and Thomas (1979) expanded the concept of big-game habitat 
relationships to all species and emphasized the integration of featured species and 
diversity approaches to habitat management. Thomas (1979) also developed prin­
ciples for managing "special" habitats such as snags, cliffs, downed logs, and 
riparian areas, and presented silvicultural options to achieve goals for wildlife 
(Hall and Thomas 1979). Others developed species-habitat relationships data bases 
(Patton 1978, 1979, Verner and Boss 1980, Mason et al. 1980), and management 
principles for featured species (Lyon 1975, Lyon and Jensen 1980, Thomas et al. 
1976) to provide the information needed for increased coordination. The literature 
of the 1970s emphasized management for both game and non-game wildlife, eco­
system diversity, sustained yield regulation of both timber and wildlife habitat 
products, and the application of wildlife habitat relationships in addition to using 
previously developed concepts. 

In reviewing forestry and wildlife Starker Leopold (1978) stressed the need to 
better understand the relationships between wildlife and forest successional stages. 
The maintenance of the full spectrum of wildlife requires a mosaic of all forest 
successional stages. Leopold noted that a lack of early and late successional stages, 
and the regeneration of forests in large, dense monocultures are the most detri­
mental aspects of intensive forest management for wildlife. But, forests need not 
be so managed. Vegetation management done in keeping with the multiple-use 
philosophy and new legal requirements will result in forest conditions characterized 
by ecological diversity. 

The approaches to integrated management reviewed here give rise to some 
principles for integrating wildlife habitat management into multiple-resource forest 
management: (1) biologically based, tractable Management Areas, (2) specific 
wildlife and other Resource Goals for each area, (3) Habitat Criteria for wildlife 
on the area, (4) long-term Scheduling of Management Activities (e.g., roading, 
stand regeneration, thinning, forage seeding, etc.) on the area, (5) Stand-by-stand 

Management Prescriptions, and (6) Monitoring and Revision (Table 1). 

An Application of Integration Principles 

The Management Area 

A 3,584 acre (1450 ha) area on the west slope of the Sierra Nevada mountains 
was used to test this approach to integration. The area, 3,500 to 4,200 feet (1070 

476 Forty-Sixth North American Wildlife Conference 



Table I. Some principles for integrating wildlife habitat management into multiple-resource 

forest management. 

1. MANAGEMENT AREAS: Areas should be based on resource capabilities, home range

size of featured wildlife, watershed boundaries, vegetation conditions, and other criteria

such as transportation and administrative lines. All resource managers should use 

designated areas in common. 

2. RESOURCE GOALS: Goals and objectives for all resources should be described for each

area. Wildlife goals should include species and community diversity and the featured

species on the area. Timber goals include volume to harvest, acres to regenerate, acres 

to thin, treatment costs, etc. Selection of featured species should be based on: 

a. Socio-economic demands of resource users

i. Forest land management plans

ii. New information on public issues, management concerns, and resource use

and development opportunities

iii. Comprehensive statewide wildlife management plans

b. Habitat capability and wildlife needs

i. Information on area resources

ii. Information on species-habitat relationships

c. Management practicability

i. Public and other agency support and cooperation

ii. Logistics

iii. Costs and benefits

d. Compatibility with other resource values and practices

3. HABITAT CRITERIA: Quality standards for featured species habitat, road design, log­

ging systems, fuels, new stands, diversity, etc., guide planning and project work. The

habitat criteria should be expressed in terms that other resource specialists can under­

stand, and in terms of management practices: 

a. Habitat criteria

i. Stand area sizes

ii. Stand shapes

iii. Stand species composition and density structure

iv. Distribution of stands (juxtaposition)

v. Relative amounts of each successional stage

vi. Conditions of designated special habitats (e.g., snags)

b. Silvicultural and timber management practices

i. Rotation length (cutting cycle)

ii. Logging and transportation systems

iii. Site preparation

iv. Regeneration (species composition and density of trees and shrubs)

v. Stand management practices (release, thinning, fertilization, prescribed

burning, etc.)

vi. Costs (direct costs and opportunity costs)
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4. ACTIVITY SCHEDULING: Stands within the area should be scheduled for treatment:

a. Prioritize stands needing immediate treatment or protection

b. Give most attention to activities in the current decade

c. Work toward regulation of the areas's resource products

d. Schedule over space and time with future options in mind

5. STAND PRESCRIPIIONS: Management of each stand should be based on site potential,

vegetative conditions currently in the stand, and the role of the stand in meeting overall
area goals. Each stand prescription should integrate to the extent possible the needs for 

timber and wildlife habitat resources. 

6. MONITORING AND REVISION: On a 5 to 10 year period make necessary changes:

a. Monitor results of activities

b. Assess changes in resource goals

c. Incorporate new knowledge into habitat criteria

d. Revise activity schedules

e. Develop new stand prescriptions

to 1280 m) in elevation, has annual precipitation in excess of 50 inches (127 cm), 
most falling as rain between October and May. The forest type is predominantly 
mixed-conifer ranging from 10-year-old plantations to 90-year-old stands. Soils are 
productive. Well stocked stands of 5,000 to 8,000 cubic feet of wood per acre (350 
to 560 cubic m per ha) are growing 125 to 145 cubic feet per acre (9 to IO cubic m 
per ha) per year. Some stands are 40 to 80 percent hardwoods. The area was 
heavily logged and burned during the gold mining era of 1860 to 1880. Fire or 
logging results in rapid invasion by shrubs, usually Ceanothus spp. and Arctos­

taphylos spp. 
The area is a winter range for black-tailed deer ( Odocoileus hemionus colum­

bianus), and year-long habitat for band-tailed pigeons ( Columbafasciata), pileated 
woodpeckers ( Dryocopus pileatus), western gray squirrels ( Sciurus griseus), and 
many other species. Several small streams support rainbow trout ( Salmo gaird­

neri). Public uses include fishing, hunting, fuel wood gathering, and nature obser­
vation. National Forest boundaries and a major river delimit the area. 

Resource Goals 

Timber goals from the existing National Forest timber management plan are: 
harvest about 11 million board feet (62 thousand cubic m) and regenerate about 
350 acres (140 ha) to commercial conifers per decade. There are no wildlife goals 
other than general coordination. We used the criteria in principle 2 (Table l) to 
develop such goals. Deer, band-tailed pigeon, pileated woodpecker, gray squirrel, 
and rainbow trout are the featured species. They also serve as management indi­
cator species as required by an NFMA Forest plan. Deer represent early to mid­
successional stage wildlife, pileated woodpeckers represent snag-dependent and 
late successional stage wildlife, the pigeon and squirrel represent mast and conifer 
seed dependent species, and the trout represents stream quality. The wildlife goal 
is to maintain or enhance the habitats for these species by providing a pattern of 
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habitats that will, over time, produce a diverse flora and fauna with sustained 

production of both timber and game. Diversity results from management for these 

species. 

Habitat Criteria 

Habitat criteria were developed from wildlife habitat relationships (Verner and 

Boss 1980), deer habitat management principles (Salwasser in prep.) and timber/ 
wildlife coordination principles being developed by the USDA Forest Service 
Pacific Southwest Region. 

Vegetation is categorized so that both timber and wildlife specialists can use the 

categories (Table 2). Stages 1 and 2, brushfields and plantations, are considered 

suitable habitat for early successional wildlife; they are treated as deer forage 

habitat in this analysis. Stages 3 and 4 are suitable as deer cover in the D canopy 

class. Stage 4 with a D canopy is also suitable for late successional wildlife. Stages 
3 and 4 with an O canopy are understocked for timber production. Optimum mast 

production occurs only in stage 4 stands containing hardwoods. 

To enhance habitat for successional wildlife, regenerated stands should be from 

10 to 40 acres (4 to 16 ha) in size, have irregular shapes with undulating edges no 

more than 600 feet (183 m) apart at their widest point, and be stocked with a mix 
of native tree species. Shrubs and herbs competing with young trees should be 
reduced to an average 30 percent cover in both the shrub and herbaceous layers. 

This maintains travel routes and forage accessibility for deer and allows young 
conifers to grow on schedule. Regeneration should be scheduled so that adjacent 

stands have at least 80 percent of their common boundary with at least a two 
decade age difference. From 20 to 30 percent of the compartment should be in the 

deer forage classes, stages 1 and 2, to sustain winter forage needs during each 
decade; their distribution should be dynamic so as to keep young vigorous plants 

available as a by-product from timber management. 
To sustain habitat values for late successional wildlife at least 20 percent of the 

area should be in stage 4 conifer and hardwood stands with a D canopy cover; the 

Table 2. Categorization of vegetation for use by wildlife and timber specialists. 

Cover types: 

"M" Mixed conifer 

"H'' Hardwoods 

Developmental stages: 

1) Grass/forb/seedling tree or shrub (up to I" dbh*)

2) Shrub/sapling tree(!" to 611 dbh)

3) Pole/small tree (6'' to 24" dbh)

4) Medium/large tree (greater than 24" dbh)

Canopy cover of dominant plants: 

"O" open; less than 40 percent cover 

"D" dense; greater than 40 percent cover 

*dbh means "diameter at breast height"; about 4� ft. (1.5 m) from ground. 
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larger tree sizes of stage 3 stands may also suffice. A multi-layered, mixed-species 
tree canopy is desired in these stands, and snags and downed logs should be 
retained to the extent that they are not fire or safety hazards. Where such stands 
are adjacent to streams or meadows, or in a sensitive visual resource area ( observ­
able from well traveled roads), they should be managed with small group selection 
harvest to maintain a mature forest condition with minimum disturbance. Desig­
nated streamside zones managed in this manner protect the riparian and aquatic 
ecosystems, thus sustaining the trout habitat. Within these zones restocking har­
vested sites should be through natural means, or be designed to replace the original 
forest mix. Mast-dependent wildlife will be sustained on stage 4 hardwood stands, 
which should constitute at least 20 percent of the total area in hardwood stands. 

Activity Scheduling 

To provide the habitats required by the featured species over time we partitioned 
the area into zones: (1) stands on soils or slopes that preclude vegetation manip­
ulation (marginal sites), (2) stands with hardwoods as the dominant trees (to be 
managed to maintain hardwood production), (3) stands within 200 yards (183 m) 
of the major streams and the highway that bisects the area (to be managed by 
combinations of small group selection and shelterwood to maintain a continuous 
cover of mature forest), and ( 4) conifer stands capable and suitable for commercial 
timber production and related successional wildlife habitat (to be managed to 
optimize timber and featured species values). This partitioning, shown in Figure 
1, placed 151 acres (61 ha) (4 percent of the area) in marginal sites due to physical 
limitations, 548 acres (222 ha) (15 percent of the area) under a hardwood rotation, 
535 acres (217 ha) (15 percent of the area) in mature forest/streamside/roadside 
zone, and the remaining 2,350 acres (951 ha) (66 percent of the area) under a conifer 
and wildlife habitat rotation. Within the latter area two priorities guided stand 
scheduling for regeneration: (1) begin immediate regeneration of poorly stocked 
stands (the "P" stands in Figure 1), and (2) begin some regeneration adjacent to 
the mature forest zone and roadsides to avoid having to concentrate later decade 
regeneration in those areas. 

Using timber goals and wildlife habitat criteria we selected stands for regener­
ation and intermediate cutting in the first decade, designed the pattern and shapes 
of the cuts, and estimated the resulting timber and wildlife habitat yields. In order 
to ensure that the rate and pattern of regeneration would not seriously affect future 
options, and provide a continuous flow of timber and wildlife habitat, the same 
procedure was used for four subsequent decades. At the end of each decade we 
"grew" the regenerated vegetation using yield tables (Dunning and Reinecke 1933, 
Oliver and Powers 1978) in order to project habitat conditions and timber produc­
tion. 

Stand Prescriptions 

In practice, a stand management prescription would be prepared for each stand 
scheduled to receive treatment. The prescriptions detail such things as harvest 
method, site preparation, tree stocking, release of trees from competition, wildlife 

forage seedings, retention of snags, logs, and slash piles, and thinning of trees. 
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Figure I. Initial conditions and partitioning of the area. PL = plantations. S = streamside 

zone. R = roadside zone. H2 and H3 denote hardwood stands of size classes 2 and 3. M3 and 

M4 denote mixed-conifer stands of size classes 3 and 4. "P" stands are poorly stocked 

mixed-conifer of size classes 3 or 4. Streamside zone stands are nearly all mixed-conifer size 

class 4. 

Opportunities to use revenues collected from timber sales would be identified and 
prescribed. We have not included that level of detail in this example. Nor have we
dealt with monitoring and revision. 

. · 
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Results and Discussion 

Timber and wildlife goals were met through at least five decades (Table 3 and 

Figure 2). Less than half of the compartment would receive manipulation during 

the period with these results: (1) harvest of over 11 million board feet (62 thousand 

cubic m) of timber per decade, (2) regeneration of about 350 acres (142 ha) to 

commercial tree species and successional wildlife habitat per decade, (3) conser­

vation of mature forest conditions on over 20 percent of the compartment, and ( 4) 
perpetuation of mast producing hardwood stands and early successional hard­

woods on 15 percent of the compartment. At the end of five decades there would 

still be 600 acres (243 ha) of mature conifers in stands slated for regeneration. And, 
by that time, the stands regenerated during the first two decades would contain 

over 20 million board feet (112 thousand cubic m) of timber, enough to meet the 

timber goal by harvesting only from these stands. Timber goals would change in 

response to improved production, but there is flexibility to accommodate changing 

goals. 

During initial decades the area is deficient in deer forage habitat, stages I and 2 

(Figure 2). Not until the close of the third decade, when the area in stages 1 and 

2 reaches the desired 30 percent figure, is deer forage habitat sustained. Hardwood 

stands augment the deer forage habitat. No regeneration was scheduled in the 
hardwood stands as they would be in the prime mast producing age throughout the 

period. However, some treatments would be needed in these stands to ensure 

future production of browse and mast. 

As shown in Figure 3, the net result is a diverse pattern-a mosaic of cover types 
and successional stages, covering the needs .of both timber management and the 

featured species. To the extent that the featured species represent the habitat 

needs of other wildlife, this approach can be used to manage for wildlife diversity. 

The mosaic can be sustained, barring catastrophes such as fire. After five decades 
about 30 percent of the conifer rotation zone is in early successional stages and 

Table 3. Summary of acres regenerated and volume harvested from management zones 

within the area during each decade. 

Million 
Acres board feet 

Management zone Decade regenerated harvested 

Marginal (151 acres) all * * 

Hardwood rotation (548 acres) all * * 

Mature forest/streamside/roadside zone 

(535 acres) all * 3 

Conifer rotation (2,350 acres) 1 324 11.30 

2 349 11.05 

3 345 11.59 

4 348 11.08 

5 318 11.29 

5 decade total 1,684 71.31 

*Some timber harvest and regeneration would occur in these areas, but amounts were not estimated for
this example.
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Figure 2. Profile of vegetative conditions in the conifer rotation management zone. Bars 

represent the percent of area in the zone covered by stands of specified size and canopy 

cover classes at the end of the indicated decade. The 674 acres (273 ha) of "marginal" brush 
and hardwood stands and the 535 acres (217 ha) of mature forest/streamside/roadside stands 

remaining after 5 decades are not included in these profiles. 
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Figure 3. Projected stand conditions at the end of 5 decades of management. Hardwood 

stands have been "grown" according to site potentials. They are denoted by cross-hatching. 
Unregenerated mixed-conifer stands are denoted by stippling. They are assumed to have 

grown to size class 4 by the end of the period. Regenerated conifer stands are indicated by 

the projected size class of dominant trees at the start of decade 6. See Table 2 for descriptions 

of size classes of trees. 
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about 15 to 20 percent is in later and mature successional stages (size class 4 and 
larger trees in class 3). Using a longer rotation for conifers results in a higher 
proportion of mature forest;_ a shorter rotation leads to more early successional 
stages. It is not possible to have more of all conditions. Thus, management deci­
sions deal with the proportions desired. This example strikes a middle ground in 
maintaining habitat for a broad range of animals. Other areas with different starting 
points of vegetation conditions or with different resource goals would lead to 
different outcomes. Yet, this approach to integration can be applied regardless of 
the starting conditions. 

The rationale for projecting harvest and vegetation change for 5 decades is to 
show the long-term consequences of current projects and to see if multiple-resource 
goals are realistic. In no way is such a projection implied to be a plan that must be 
rigorously followed for 50 years. Too much changes during that time, including 
goals and policies. 

Sustained production of the featured species requires vegetation manipulation. 
Further, that manipulation can be achieved through a blend of timber management 
practices that also meet timber goals. In this example timber goals can be met, and 
probably adjusted upward, without suffering an unacceptable loss in mature forest 
wildlife habitat or hardwood habitat. Such insights are possible only when specific 
resource goals are stated and more than just the consequences of activities in 
individual stands or only in the immediate decade are examined. 

Plans constantly change in response to shifting resource values and policies, and 
to changing land conditions, thus necessitating periodic monitoring and revision 
of goals, criteria, schedules, and prescriptions. This approach to integrated man­
agement is an analysis tool useful for developing plans and projects. It is a means 
for testing and implementing goals assigned to specific management areas by a 
more general land use plan, e.g., a National Forest Land and Resource Manage­
ment Plan. Its usefulness is measureable in terms of higher levels of resource 
production and the extent to which possible resource conflicts are identified and 
resolved before projects are initiated. 

Summary and Conclusions 

Recent shifts in how society values natural resources have led to an increased 
emphasis on multiple-resource management with an ecosystem perspective. This 
calls for integration of resource management plans and activities for intensive land 
management. A review of historic approaches to integration led us to formulate 
six principles of wildlife habitat integration with timber management. The appli­
cation of four of these principles to an actual piece of land shows that there is a 
practicable method for implementing new laws, policies, and directions. This 
example dealt with only two of the many resources that must be integrated. The 
approach can be expanded to encompass all the resources and when used with 
stand prescriptions and monitoring can serve as a continual means for achieving 
integrated resource management. 

While planning is a major activity of any resource agency, the personnel available 
to do detailed planning, or to do project implementation, are limited both in 
numbers and by experience. Detailed planning must be balanced with quality 
implementation at the field level. New legislation was intended to result in better 
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resource conservation, not just in better plans. Since a typical National Forest 

might have as many as 200 management areas (usually called compartments) it is 

inconceivable, at present, that detailed management plans could be worked out 
for all of them. We propose the use of analysis methods such as presented here to 

assist resource specialists in implementing a general land management plan on the 
smaller land units. 

A key goal in implementing large scale plans, and in ecosystem management, is 
to meet current objectives while maintaining future options. This may be a simple 
approach, but ecosystem management must begin simply. Concepts like diversity 

and indicator species are just now being applied extensively. Like the notion of a 

fully regulated forest they are directional guides. But, we don't know exactly how 

to achieve them. The Forest Service is developing and applying Wildlife and Fish 
Habitat Relationships models (Salwasser et al. 1981) as the principal analytical 

tools in establishing habitat criteria for use in land allocations, activity schedules, 

and stand prescriptions. They are useful in much the same way as a forester uses 
yield tables. We will eventually know more about how to manage ecosystems for 

a greater variety of products. For now the best we can do (given the state-of-the­
art, the numbers of professionals in the field, and their present skills) is to nudge 
the ecosystem in what we hope is the right direction. 
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Integrating Wildlife Habitat Objectives into the 
Forest Plan 

Stephen P. Mealey 
USDA Forest Service, Fort Collins, Colorado 

John R. Horn 
USDA Forest Service, Arapaho and Roosevelt National Forests, Fort Collins, Colorado 

Introduction 

The National Forest Management Act (NFMA) of 1976 (16 U.S.C. 1600) requires 

that each National Forest, by 1985, prepare one integrated management plan which 

provides for multiple use and sustained yield for goods and services (36 CFR 219). 
"Multiple use", in part, means: "the management of all the various renewable 

surface resources of the national forests" (including range, timber, watershed, 
wildlife and fish and outdoor recreation) so that they are utilized in the combina­

tion that will best meet the needs of the American people [16 U.S.C. 53l(a)]. The 
Forest Service Chief decided that ''the combination'' would reflect a quantitative 

integration of the multiple uses (outdoor recreation, range, timber, watershed and 
wildlife and fish [16 U.S.C. 531(a)]) and that linear programming (LP), a mathe­

matical optimizing process (Kent 1980) would be used to achieve such integration 
at the National Forest level (Leitz 1979). 

The Arapaho and Roosevelt National Forests Draft Forest Plan is among the 

first of the integrated forest management plans being completed in response to 

NFMA requirements. This paper discusses the following aspects of that plan: 
1. Requirements for quantitative, integrated, multiple use planning.

2. Wildlife habitat objectives used in planning for the coniferous forest community.
3. Resource allocation and scheduling relative to wildlife habitat objectives.

Forest Setting 

The Arapaho and Roosevelt National Forests encompass approximately 1.5 

million acres (600,000 ha) in north-central Colorado. Of the Forests' 880,000 acres 
(352,000 ha) of coniferous vegetation, 51 percent is lodgepole pine (Pinus contorta), 

23 percent is Douglas fir (Pseudotsuga menziesii) and ponderosa pine (Pinus 

ponderosa), and 22 percent is spruce (Picea engelmannii) and subalpine fir (Abies 

lasiocarpa). 

Habitat diversity (the variety of different vegetative successional stages) in the 

forest is low. Most pine and Douglas fir stands are mature or overmature. In at 
least 11 major watersheds where timber harvest has been concentrated, early 

forest successional stages are in excess and late successional stages are lacking. 
Spruce, subalpine fir, and lodgepole pine are the major species affected. 

Approximately 414 vertebrate species occur on the forests. Twenty percent are 

mammals and 61 percent are birds. Forest dependent terrestrial game species are 

associated most closely with early forest succession; however most forest depen­
dent terrestrial vertebrates, primarily non-game species, are more commonly 
associated with late forest succession. 
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Planning Requirements 

The Integration Problem 

Each of the five multiple use resources has a specific management goal and set 
of management requirements stated in 36 CPR 219 or in the Forest Service Manual. 
Each goal, emphasized to the extreme, potentially excludes the others. 
Simultaneous maximization of these five potentially exclusive or competing goals, 
through mathematical means, is impossible (see Clawson 1975). Quantitative inte­
gration of all the goals and requirements, allowing opportunities for emphasis of 
a single goal while satisfactorily maintaining the rest, is achieved by stating thresh­
olds or standards for some minimum, biologically required, or socially demanded 
condition for each (Clawson 1975). Any one resource then, can be emphasized to 
the extent that the thresholds for the others are not violated. 

Process Requirements 

Quantified, integrated, multiple use planning requires minimum management 
standards for each multiple use resource. These standards, stated as minimum 
thresholds of resource use, are based on public issues and management concerns 
and reflect law and regulations. Integrated multiple use planning also requires 
delineation of the "decision space" (Figure 1) or the bounds of multiple use 
management opportunity. This space is bounded by minimum and maximum con­
strained levels of management for each resource. Multiple use management alter­
natives come from the decision space and provide integrated mixes of resource 
outputs where all multiple use resources are adequately represented. 

Wildlife Habitat Objectives 

Objectives for threshold or minimum acceptable wildlife habitat conditions were 
stated for all major ecosystems to assure that the wildlife resource would be 
adequately considered under all management emphases. Objectives for the most 
desirable habitat conditions were also stated to provide direction for future man­
agement. 

Two kinds of wildlife habitat objectives were stated in the planning process: 
1. Those that served as either constraints (minimum acceptable conditions) or

objective functions (optimum condition) in the LP resource allocation model.
2. Those that provided direction for project planning outside the modeling process.

Those used in the LP specified the acceptable range of proportions of forest
habitat necessary and sufficient to meet wildlife habitat requirements. Derivation 
and application of these objectives are discussed below. Objectives providing 
direction for project planning including considerations of edge, edge contrast, 
thermal and hiding cover, riparian zones, snags, dead and down woody material, 
burrows, caves, cliffs, rimrock, talus and "open" road density are presented in 
the Forest Plan (USDA Forest Service, in prep.). 

Wildlife Goal 

Habitat objectives reflect requirements of the wildlife goal. The goal has four 
distinct aspects: 
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Figure I. Intersection of graphs of linear equations showing maximum constrained man­

agement level (a, b, c, d, e, f) and minimum constrained management level (g, h, i,j, k) which 
delineate decision space (shaded area). Lines represent minimum and maximum levels for 
each of the multiple-use resources. Management at any point outside the decision space 
would represent a non-integrated mix of outputs inconsistent with multiple use principles. 

I. '' . . . wildlife habitat will be managed to maintain viable populations of all

existing native vertebrates in the planning area (36 CFR 219.12)." This aspect

relates to ecosystem principles and concepts pertaining to organization at the

biotic community level (Odum 1971). Thomas (1979) has referred to this aspect

as "management for species richness." Species richness management requires

that the highest possible number of resident species be maintained in viable

numbers.
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2. " . . . maintain and improve habitat of management indicator species (36 CFR
219.12)." This aspect relates to ecosystem principles and concepts pertaining
to the species and the individual in the ecosystem (Odum 1971). Thomas (1979)
has referred to this aspect as "management for featured species." Featured
species management requires the production of desired species (one or several)
in appropriate locations and numbers

3. "Provide for and maintain diversity of plant and animal communities to meet
overall multiple use objectives (36 CFR 219.13)." Diversity, the distribution
and abundance of different plant and animal communities and species in the
planning area (36 CFR 219.3), must be provided in maintaining viable popula­
tions of all vertebrates and in maintaining and improving habitat of management
indicator species. Where appropriate and practicable, diversity, at least as great
as that which would be expected in a natural forest, should be provided (36
CFR 219.13).

4. "Provide wildlife and their habitat on a sustained-yield basis (16 U.S.C. 528-
531).'' The ''stable flow'' annual-increment concept applies to wildlife and their
habitat just as it does to other National Forest resources. Since habitat manip­
ulation for wildlife is most often related to vegetation manipulation, such
manipulation must reflect the sustainable annual increment of the vegetation.

Management Indicator Species 

Management indicator species (MIS) were selected using criteria in· 36 CFR 
219.12(g) and in Odum (1971: 138-139). MIS were used for planning because devel­
opment and use of equitable habitat objectives for all 414 vertebrates was imprac­
tical. Primary factors in selection were the needs to maintain viable populations of 
all vertebrates and to provide diversity. 

It was assumed that the majority of forest related species find optimum habitat 
conditions in either early or late successional stages (Hall and Thomas 1979). At 
least there were no vertebrate species with apparent obligate dependencies on the 
sapling, pole or young timber successional stages (USDA Forest Service 1980). 
Associations of vertebrate species, related primarily to either the grass/forb/shrub 
stage (early forest succession) or the mature and old growth stages (late forest 
succession) were selected which represent or indicate the effects of management 
upon other vertebrates similarly adapted (Table l ). Members of associations of 
species were used as indicators in order to represent a variety of ecological niches 
within a general habitat type. Associations of species were assumed to more 
reliably reflect the effects of management upon other species and their habitat than 
single, unrelated species (Odum 1971). 

Habitat objectives representing the needs of the two associations of indicator 
species were stated as proportions of forest successional stages, and numbers of 
residual trees per acre by size class. They were based on the habitat requirements 
of elk (Cervus elaphus) representing the early forest succession MIS, and the three 
accipiters: goshawk (Accipiter gentilis), sharp-shinned hawk (Accipiter striatus), 

Cooper's hawk (Accipiter cooperii), representing late forest succession MIS. Elk 
were represented because of their large space and food needs. Accipiters were 
represented because of their large space needs and nesting and foraging habitat 
requirements. It was assumed that habitat objectives compatible with the needs of 
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Table I. Associations of management indicator vertebrate species for the Arapaho and 

Roosevelt National Forests.• 

Early forest succession 
indicator animal association 

(common name) 

Elk 

Mule deer 

Deer mouse 

Gray-headed junco 

Ground squirrel 

Late forest succession 
indicator animal association 

(common name) 

Goshawk 

Sharp-shinned hawk 

Cooper's hawk 

Northern three-toed woodpecker 

Ruby crowned kinglet 

Red backed vole 

Tree squirrel 

•Threatened, endangered and sensitive species as well as species commonly hunted, fished or trapped
supplemented the associations as management indicator species. 

species with the most restrictive habitat requirements would also accommodate 
the needs of MIS with similar but less restrictive requirements. Such objectives 

would accommodate the needs of all MIS and therefore all vertebrates (See Canutt 
and Poppino 1978, Hall and Thomas 1979, Verner 1975). 

Elk home range size during summer, the period of widest distribution, was 
assumed to be 5,000 acres (2,000 ha). The assumed area reflected an average of 

data describing elk distribution during summer in forested habitats in Oregon, 

Idaho, Montana and Wyoming (Pedersen et al. 1980, Marcum and Lehmkuhl 1980, 
Lonner and Hammond 1980, Cada 1978, Craighead et al. 1973, Hash 1973). Nesting 

density of each of the three species of accipiters was assumed to be approximately 
one pair per 5,500 acres (2,200 ha). The assumed area reflected an average of data 

describing goshawk nesting density in Colorado (Shuster 1977) and Cooper's hawks 
and sharp-shinned hawks in Oregon (Reynolds 1979). 

Habitat objectives applicable to all forested areas and pertaining to elk, accipiters 
and all other vertebrates, were calculated as percentages of 5,000 acres. Primary 
justification was the requirement to maintain and improve habitat for MIS. Since 
elk and accipiters are adapted throughout the Forests to units of approximately 
5,000 acres (2,000 ha) and require habitat suitable year-long to their mobility, it 
was assumed that all habitat maintenance and improvement activities must be 

based on objectives reflecting a correlation of use patterns related to food, cover, 
water, reproduction and space. Additional justifications were the requirements to 
maintain viable populations of native vertebrates and to provide for and maintain 
diversity in animal communities. Relatively large breeding populations or gene 
pools are necessary to meet these requirements because they maintain high levels 
of heterozygosity or opportunities to increase heterozygosity (Soule 1979, Mayr 
1976), and reduce the incidence of inbreeding (Soule 1979, Keeton 1967). Habitat 
objectives expressed as proportions of discrete land units used by MIS, are com­
patible with such conditions. This approach has precedence in northeastern Oregon 

where four National Forests stated wildlife habitat objectives relative to 5,000-

6,000 acre (2,000-2,400 ha) units (Miller 1978). 
Minimum proportions of habitat necessary to provide for threshold populations 

of accipiters and elk on 5,000 acres (2,000 ha) and opportunities to emphasize 
conditions for one or the other are shown in Figure 2. One thousand acres (400 ha) 

492 Forty-Sixth North American Wildlife Conference 



;;' 
�� 
� 
§'·� 
� 
� 
,§; � 

�
'3-�-.... 
a 
� �· 
(") ....�-� "'

.i::,. 
\C) 
w 

20% Vert 1 ca 1 
Diversity 

Minimum of 1000 
acres required to 
provide habi t,,t 
for I pair of each 
ac

L

cipiter species 

. 
. - � 

� 

5,000 Acres - Coniferous For, 
50% Vertical and/or Horizontal 

Diversity 

2,500 acres available to emphasize either vertical 
and/or horizontal diversity, depending on rus to 
be featured 

- -

I

30% Hori zonta 1 
Diversity or Equi va 1 ent 

Mi nmum of 1, 500 acres required 
to pro vi de forage on a sus­
tained basis for 20 elk 

�,A, ;;::: ; \i\ 

I 
I 
I 
I 

j_ I 300A . ; i o ! .. jl�.11,,Jseedling /Sapling [JI:: !\__ � I 3QOA 
b 

• , · .. 

: Oraat/Forb/Shru 
80 TO 80 50 40 30 20 I 

t � � � f PercenlofAmO IO 2 30 40 50 80 TO 
Available for 
Verttcal Diversity Any Camblnallon Acceptable I I depending on silo capablHty 

Figure 2. Proportions of habitat to accommodate at least threshold populations of manage­

ment indicator species and emphasize habitat conditions for different management indicator 

species. 

�'fl':1:!.t.:Ta Available 
Diversity or 
Equivalent 



(20 percent of any area 5,000 acres or greater) of mature forest with a high degree 
of vertical vegetative diversity were assumed necessary to provide habitat for one 
breeding pair of each ofthe three accipiter species (Mealey and Hom 1981). Old 

growth was judged a desirable but not necessary component of the vegetation 
requirement. Conditions assumed to be necessary were three canopy layers, 

including the seedling, pole and mature (9-24 inches [22.5-60 cm] dbh) size classes, 

and snags occurring within each stand. 
Uneven-aged silviculture (36 CFR 219.3; Alexander and Edminster 1977) was 

determined appropriate to establish or maintain these conditions in spruce and 
subalpine fir. Group selection and individual tree selection were assumed to 
enhance vertebrate species diversity in general and bird species diversity in par­
ticular (Smith 1980, Alexander 1977). An acceptable way to maintain or establish 

these conditions in lodgepole pine, Douglas fir and ponderosa pine was to increase 

the rotation ages of the coniferous species (see Diem and Zeveloff 1980, Hall and 
Thomas 1979). 

Fifteen-hundred acres (600 ha) (30 percent of any area 5,000 acres or greater) 
under even-aged silviculture (36 CFR 219.3) with five structural stages, a 120 year 

rotation cycle, and a high degree of horizontal vegetative diversity were assumed 

sufficient to provide most of the year-round food needs for 20 elk (Mealey and 
Hom 1981). Fifteen hundred acres under uneven-aged silviculture (Alexander and 

Edminster 1977) were assumed sufficient also, to provide, through induced open­

ings ecologically equivalent to the grass/forb/shrub stage, most of the year-round 
food needs for 20 elk (See Patton 1976). Silvi cultural objectives for residual growing 

stock, diameter distribution and maximum tree size would emphasize herbage 
production rather than vertical layering of foliage. At least one of the systems was 

assumed necessary to provide elk food needs. 

Habitat objectives for 50 percent of any area 5,000 acres (2,000 ha) or greater 
were fixed, to provide habitat for at least threshold populations of elk and accipiters 

and species represented by them. Habitat objectives for the remaining 50 percent 

were assumed to be necessary since space requirements of the most mobile species 
related to the entire 5,000 acres as did the food, cover, water and space require­
ments for all other vertebrates. Objectives were variable depending on the coni­
ferous species present and their amenability to even-aged and uneven-aged silvi­
culture, or horizontal and vertical vegetative diversity. 

Habitat Objectives Summary 

The general wildlife habitat objective for coniferous forests follows: 

Management activities changing current conditions will, in the earliest feasible 

time, maintain or establish vertical diversity in a minimum of 20 percent of the 

forest area and maintain or establish horizontal diversity in a minimum of 30 

percent of the forest area. In the remaining area, emphasize vertical and/or hori­
zontal diversity. 

Objectives for optimum vegetation structures, where any or all of lodgepole pine, 

Douglas fir and ponderosa pine predominated, were: 20 percent vertical diversity 

and 80 percent horizontal diversity. Objectives applied to the total forested area. 

Habitat objectives for each coniferous species are shown in Table 2. Objectives 
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Table 2. Minimum and optimum habitat objectives for lodgepole pine, Douglas fir and 
ponderosa pine expressed as proportions of successional stages. 

Successional 
Stage 

Grass/forb/shrub 

Seedling/sapling 
Pole 
Young 
Mature 
Old growth or vertical 

diversity 

Grass/forb/shrub 
Seedling/sapling 

Pole 
Young 
Mature 
Old growth or vertical 

diversity 

Lodgepole pine 

Minimum standards 

High range ,,;;; 20% 
Low range > present if 
present is < 20% 

20% ± 5
;;,,20% 

Douglas fir and ponderosa pine 

Minimum standards 

High range ,,;;; 31 % 
Low range > present if 
present is < 31 % 

35 ± 5%

;;,,20% 

Optimum conditions 

Case 1• 

16% 

16% 

16% 

16% 

16% 

20% 

Case 2• 

20% 

20% 
20% 
20% 
20% 

Optimum conditions 

Case 1• Case 2• 

25% 31% 

25% 31% 

30% 38% 

20% 

•Applicable if species is generally continuous and vertical diversity cannot be provided on lands unsuitable
for harvest operations, on lands constrained for other purposes such as edge and riparian management,
or in spruce and subalpine fir or other coniferous species.

•Applicable if species is not generally continuous and vertical diversity can be provided on lands unsuitable
for harvest, on lands otherwise constrained or in spruce and subalpine fir or other coniferous species.

applied only to that portion of the forested area where the respective species 
occurred. 

Minimum standards (Table 2) reflect habitat conditions that must be maintained 

or established if current conditions are changed through management. Standards 
would maintain or establish habitat for at least minimum viable populations of all 

vertebrates and maintain and improve habitat of MIS to provide for at least viable 

populations. Specific objectives were stated only for early and late forest succes­

sional stages, because, as discussed previously, most species appeared to be 

adapted primarily to one or the other. It was assumed that unconstrained propor­

tions pf intermediate stages, resulting from LP allocation, would be at least mar­
ginally acceptable as wildlife habitat. Objectives for optimum conditions reflect 
the sustainable future condition of the forest that would provide optimum habitat 

for elk and other MIS oriented primarily to early forest succession and maintain 

acceptable habitat for species adapted primarily to late forest succession. 

Objectives for optimum vegetation structure where spruce and subalpine fir 

predominated were: 70 percent vertical diversity and 30 percent horizontal diver-
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sity. Horizontal diversity could be provided in pine or Douglas fir stands through 
even-aged silviculture or in spruce-fir stands through group or single tree selection 
cuts emphasizing herb production. Vertical diversity would be established or 
maintained by providing three canopy layers, as previously discussed, with resid­
ual numbers of trees per acre, plotted over diameter classes, resulting in a typical 
inverse "J" shaped curve (Alexander and Edminster 1977). 

Optimum conditions were defined by the inverse '' J'' shaped curve with diameter 
classes ranging from 2-24 inches (5-60 cm) and reflect the future forest condition 
that would emphasize habitat conditions for accipiters and other species oriented 
primarily to late forest succession and maintain acceptable habitat for species 
adapted to early forest succession. The minimum standard was current stand 
conditions directed toward optimum. 

For all coniferous species, if current vegetation conditions were within or equal 
to limits of habitat objectives and management was planned, conditions directed 
toward optimum were required over the 50 year planning period. If current con­
ditions were outside limits and management was planned, conditions compatible 
with limits were required as a first priority. Conditions directed toward optimum 
were required as a second priority. 

The Forest Plan requires "on site" monitoring to determine the degree of 
conformity of future silvicultural projects with minimum and optimum habitat 
objectives and objectives for project planning. Monitoring of MIS populations is 
also required to determine population response to habitat conditions resulting from 
plan implementation. Refinement of habitat and project planning objectives is 
required to assure attainment of the wildlife goal. 

Modeling Wildlife Habitat Objectives 

Process Overview 

Two linear programming models (Horn, in preparation), one driving the other, 
were used to determine the optimum, integrated multiple use output levels for the 
Forests. In considering wildlife habitat objectives, a primary model allocated and 
scheduled non-contiguous homogenous timber stands, on a forest-wide basis, for 
silvicultural treatment which provided horizontal or vertical diversity in response 
to constraints (minimum standards) and goal equations (optimum conditions) 
(Table 2). An auxiliary model responding to the same habitat standards and con­
ditions disaggregated the forest-wide solution to fourth order watersheds (areas 
averaging approximately 15,000 acres [6,000 ha]) on the basis of stand conditions, 
habitat needs and other resource conditions within each watershed. As a result, 
site-specific allocation and scheduling was compatible with resource capability 
and requirements. In both models, different allocation priorities were assigned to 
stands depending on their occurrence in big game winter range or in non-roaded 
areas. These priorities forced allocation sensitivity to habitats with different ecol­
ogic and economic significance. 

Over the 50 year planning period, the primary and secondary models forced 
habitat structure to move incrementally toward optimum conditions while main­
taining minimum standards for wildlife and all other resources. During each time 
period, the acres deviating from optimum habitat conditions decreased (Figure 3). 
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Figure 3. Incremental reduction in deviation of habitat conditions from optimum habitat 

conditions. 

This was achieved by placing constraints, during each time period, on the amount 

of deviation from the optimum. In watersheds where mature or overmature timber 

predominated, the proportion of early forest successional stages was increased. In 
watersheds where timber harvest has been concentrated, the proportion of late 
forest successional stages was increased. 

An Example: The Willow Creek Area Watersheds 

Preliminary allocation and scheduling of management prescriptions to timber 

stands in five watersheds in the Willow Creek area of the Forests was done to test 
the compatibility of modeled outputs with site- or area-specific resource conditions 

and needs. Watersheds varied in size from 26,414 acres (10,565 ha) to 6,882 acres 

(2,752 ha). Lodgepole pine was the predominant species in all watersheds. 
Any of the forested acres allocated by stand to silvicultural treatment in the 

primary, forest-wide model were available to the auxillary model in meeting area­

specific habitat needs. Area wide vegetation structure objectives were: 20 percent 
vertical diversity and 80 percent horizontal diversity. Optimum conditions, case 

2 (Table 2) served as an objective function in the auxillary model. Old growth or 

vertical diversity was not constrained because of its sufficient availability in spruce­

fir and forested areas unavailable for harvest. Current, projected and optimum 
proportions of forest successional stages resulting from modeled allocation and 
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Table 3. Current, projected and optimum proportions of forest successional stages resulting from linear programming model allocation and 

scheduling of timber stands to management prescriptions in 5 watersheds in the Willow Creek area. 
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scheduling are shown in Table 3. Current conditions show an excess of the seedling/ 

sapling stage and a shortage of the young and mature forest stages. This indicates 
the effects of timber harvest activities which were concentrated in the watersheds, 

primarily during the 1960s. Habitat conditions resulting from allocation, projected 
over the planning period, show a strong movement toward optimum, and the 

establishment of habitat conditions compatible with the wildlife management goal. 
Silvicultural practices emphasized thinning and partial removal while allowing 

existing stands to mature. Objectives for project planning required proper spatial 

arrangement of stands and provision for special and unique habitats. 
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Use of Forest Simulation Models to Integrate Timber 
Harvest and Nongame Bird Management 

Thomas M. Smith, Herman H. Shugart, and Darrell C. West 
Oak Ridge National Laboratory, Environmental Sciences Division, Oak Ridge, Tennessee 

Introduction 

The loss of habitat from past and present forest management practices has 
resulted in a growing concern among wildlife biologists. Much of this interest has 
been focused on the nongame bird component of the animal community (Smith 
1975, DeGraaf 1978). Researchers have attempted either to define the general 
habitat requirements of selected species or the role of structural heterogeneity on 
the overall avian diversity of the forest (MacArthur and MacArthur 1961). This 
information, coupled with a knowledge of the effects of various silvicultural prac­
tices on the vegetational structure of the forest, has been the basis for predicting 
the effects of timber management on the availability of avian habitat. This approach 
is generally of a qualitative nature and usually considers only the presence or 
absence of a given species under the proposed management scheme. The purpose 
of this paper is to introduce a methodology for predicting habitat availability under 
various forest management schemes on specific forested sites through the use of 
habitat simulation models. 

Habitat simulation models integrate the use of habitat classification with the 
predictive ability of the forest simulation model (Shugart and West 1980). This 
process involves (a) the structural classification of forest stands in terms of suit­
ability to provide habitat for a given animal species, and (b) a forest simulator with 
the ability to generate the specific structural variables on which the classification 
is based. By introducing proposed management strategies to the model, we can 
evaluate the long-term effects of timber harvest on the availability of habitat for a 
specific avian species. 

Examples will be presented of two forest simulation models used to predict 
available habitat for their corresponding avian communities. FORLOB, a loblolly 
pine simulation model, was used to simulate loblolly pine stands in Arkansas to 
assess the effects of different forest management strategies on the availability of 
nesting sites for the red-cockaded woodpecker. A second model, FORHAB (a 
deciduous forest succession model), was used to predict changes in the structure 
of the avian community on the Walker Branch Watershed in east Tennessee 
resulting from simulated timber management practices. 

The General Form of the Model 

Both FORLOB and FORHAB simulate the annual change of a forest stand ( one­
fifth acre, one-twelfth hectare circular plot) by calculating the growth increment 
of each tree on the stand (subroutine GROW), by tabulating the addition of new 
saplings to the stand (subroutines BIRTH and SPROUT), and by tabulating the 
death of trees present on the stand. These processes are simulated based on general 
silvicultural information including: site requirements for germination, palatability 
of seeds to browsers, sprouting potential, shade tolerance, germination and growth 
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temperature requirements, inherent growth potential, longevity, and sensitivity to 
crowding stress. The maximum growth of each tree on a plot is computed from the 
inherent radial and height increment potential and longevity of the tree species. 
This maximum growth is modified by the response of the tree to such environmental 
conditions as light availability, annual temperature and growing degree days, 
spatial crowding, and root competition. These environmental factors are consid­
ered to be homogeneously distributed over the plot (Shugart and West 1977). Seed 
and sprout establishment is based on the availability of light, proper temperatures, 

substrate requirements for germination, and sprouting capabilities of dying trees. 
Mortality is a function of the growth and expected maximum age of the tree. Each 
growth response to environmental conditions is described as a probability function. 
Therefore, the models are of a stochastic nature, allowing for a wide variation in 
the response of any individual tree. Provided that the mean and variance of the 
biological response of an individual tree to a management technique are known, 
the model can be used to simulate the subsequent effect on the forest community. 
The inclusion of such disturbances into the dynamics of the forested communities 
simulated by both FORLOB and FORHAB and their subsequent effect on the 
availability of avian habitat will be discussed in the following sections. 

FORLOB: A Loblolly Pine Simulation Model 

FORLOB is a modified version of FORAR (Mielke et al. 1978) and simulates a 
loblolly pine forest on upland forest sites typical of south central Arkansas. The 
model was used to determine the effects of various forest management schemes 
on both the availability of red-cockaded woodpecker (Picoides borealis) nesting 
sites and timber production. 

The red-cockaded woodpecker was once widespread in the southern pine forests 
ranging along the eastern states from southern Virginia to Florida and west to 
Arkansas, Louisiana, and eastern Texas (Jackson 1971). In recent years, however, 
the distribution of the red-cockaded woodpecker has steadily declined to only a 
fraction of its previous range. Although some of this habitat loss can be attributed 
to fire prevention policy and the subsequent increase of hardwood cover, the major 
factor is the decline in the number of older pine trees used by the birds for the 
excavation of nest cavities (Thompson and Baker 1971). This decline is due to 
present timber management practices which find it economically advantageous to 
harvest the trees before they reach the age at which birds find them favorable for 
the excavation of cavities. 

The red-cockaded woodpecker prefers mature pine stands with a low ( < 5 ft, 
1.52 m.) sparse understory (Crosby 1971, Jackson 1977). Home ranges of a single 
pair usually range between 35 to 50 acres (14.2 to 20.2 ha), although a colony of up 
to eight breeding pairs may have a home range of 200 acres (81 ha). Inside the 
smaller nesting sites, the birds select live pine trees infected by red heart fungus 
(Fornes pini) in which to excavate their nest sites (Steirly 1957). The age of trees 
with cavity starts varies with species, but nest cavities are rarely found in trees 
younger than 60 years (Hopkins and Lynn 1971, Jackson et al. 1979). 
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The model was used to simulate several management strategies (Table 1) con­

sisting of thinning and controlled burning at different stand ages. All stands were 
"planted" with an initial stocking density of 1,500 stems per acre. At year 100 all 
stands were clearcut independent of previous management. It was assumed that 
the stand was unsuitable as red-cockaded woodpecker habitat until at least year 
60. Habitat was further defined as low stocking density (preferably less than 80 ft2 

per acre) and low or non-existent understory.

Results and Discussion 

Table 1 shows the results of five simulated management schemes. Each simu­
lation was for a period of 100 years, at which time the plots were clearcut. The five 
management schemes reflect various cutting schedules with periodic burning to 
clear the understory of hardwood invasion. Timber production is expressed as 
average basal area and number of trees removed per one-fifth acre stand over all 
cuts. The availability of potential nest trees is expressed as the average number 
and basal area of the trees greater than 60 years of age on the plots at year 100. 

Results (Table 1) show that management scheme number 3, which involved cuts 
at years 25, 40, and 60 to a basal area of 80 ft2 per acre, gave maximum timber 

production as well as availability of potential nest trees. Management scheme 
number 2, which involved only a thinning cut at year 60, resulted in older and 

larger potential nest trees, but timber yield in both number of trees and basal area 
were considerably less. Management scheme number 1, in which there was no 
thinning or burning prior to clearcut, resulted in the largest available nest trees. In 
this case, however, the understory was very dense (as a result of no burning over 
the 100 year simulation) and would potentially limit the use of these trees as nest 
sites. 

Despite the wide variation in timber production for the various management 
schemes, the variation in cutting schedules appears to have only a limited effect 
on the availability of potential nest trees. This may very well be misleading. The 
number and size of potential nest trees may not necessarily reflect their quality 
and ultimate use as nesting sites. Also the suitability of a tree is dependent on the 
presence of red heart fungus, a factor very much related to the age of the tree. The 
model does provide a means by which various management schemes can be 
assessed as to their potential to maximize timber production as well as provide 
habitat for the red-cockaded woodpecker. 

FORHAB: An Eastern Deciduous Forest Habitat Simulation Model 

FORHAB is a modified version of FORET (Shugart and West 1977), an Appa­
lachian deciduous forest stand simulator. A detailed description of the model 
(FORET) can be found in Shugart and West (1977). FORHAB was used to predict 
the impact of certain forest management decisions on the availability of breeding 
habitat for the avian community inhabiting the Walker Branch Watershed in east 
Tennessee (for a detailed description of the site see Grigal and Goldstein 1971). 
Those subroutines involved in the management and classification of simulated 
stands will be discussed separately. 
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Table I. Results of FORLOB for five simulated forest management schemes. 
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Type of Management 

Scheme No. 1 
No thinning cuts. No fire. Clearcut at 
year 100. 

Scheme No. 2 
Thinning at year 60 to basal area of 
80 ft2 per acre. Periodic fire. Clearcut 
at year 100. 

Scheme No.3 
Thinning at years 25, 40 and 60 to a 
basal area of 80 ft2 per acre. Periodic 
fire. Clearcut at year 100. 

Scheme No. 4 
Thinning at years 30, 45 and 60 to a 
basal area of 80 ft2 per acre. Periodic 
fire. Clearcut at year 100. 

Scheme No. 5 
Thinning at years 25, 40 and 60 to a 
basal area of 60 ft2 per acre. Periodic 
fire. Clearcut at year 100. 

� 
•Values expressed on a per acre basis.

� 
� 
$, � 
;:s 
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Number of potential nest trees 
Mean basal area removed• Mean number of trees cut• at year !()()a Mean basal area of nest trees 

81.11 ft2 17.0 17.0 4.77 ft2 

120.91 ft2 30.5 16.5 3.96 ft2 

206.35 ft2 187.0 19.5 1.10 ft2 

169.68 ft2 137.0 13.0 1.24 ft2 

165.54 225.0 15.5 0.74 ft2 



Subroutine CUT 

The CUT subroutine simulates various forest management practices which are 
applicable to the southeastern deciduous forest type. The version of this subroutine 
used for the following analysis was a diameter-limit cut. In this subroutine all 
commercially valuable species for saw timber greater than 11 inches (28 cm) dbh 
were removed from the plot on a 60-year rotation. The rotation period of 60 years 

was determined by analysis of stem and basal area curves generated by FORHAB 

after initial simulations of logging on the watershed. 

Subroutine HABIT 

The process of classifying stands as to their potential to provide habitat for a 

given species is carried out in subroutine DISCRM. The classification is based on 

a set of biomass variables which describe the vegetational structure of the forest 
stands. Model output, in the form of species and tree diameters, must therefore be 
used to calculate these biomass variables. 

The HABIT subroutine divides all trees on the simulated plot into two groups, 

conifer and deciduous, and then into three size classes within each of these two 
groups. The foliage, branch, and bole biomass for each tree is then calculated 
using regression equations which are site specific to the Walker Branch Watershed 

(Harris et al. 1973). These values are then summed for all trees on a plot for each 
class to provide the above-mentioned variables. 

Subroutine DISCRM 

The classification of simulated forest stands as potential habitat for a given bird 

species is carried out in subroutine DISCRM. The classification is based on the 
statistical procedure of two-group discriminant function analysis (Morrison 1967). 
Classification criteria were constructed-using the vegetational data collected on 
298 one-fifth acre (one-twelfth hectare) permanent census plots. Breeding terri­
tories of the various bird species which either contained or overlapped any of the 

298 plots were located and mapped. If a plot was located within a territory of an 
individual bird (breeding pair), the plot was considered as potential habitat for that 
species. Conversely, if a given plot was not within the boundary of a territory of 
that species, the plot was classified as not providing habitat for the species. Thus, 
data were obtained on areas of both suitable habitat as well as areas that were not 
used by the various bird species. Data on the vegetation of these census plots, in 
the form of species and diameter for each tree on the plot, were then used to 
generate the biomass variables for classification using the same regression equa­
tions as those in subroutine HABIT. This data set was then used to construct 
linear decision scales, a classification scheme using the Bayes or minimum loss 
classification rule, based on two-group discriminant function analysis (Smith et al. 
1981). Subroutine DISCRM consists of a series of linear decision scales, one 
corresponding to each bird species comprising the avian community. Each simu­
lation plot is input into subroutine HABIT, where the biomass variables necessary 
for the classification are generated. These variables are then input into subroutine 
DISCRM, where a decision is made as to whether that plot provides potential 
breeding habitat for each of the species. 
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Results and Discussion 

Figure 1 shows the dynamics of the forest structure from 120-year simulations 
of the Walker Branch Watershed. Forest structure is expressed as the average 
number of stems, foliage and branch biomass over all species per one-fifth acre. 
Year zero represents the structural configuration of the present forest on the 
watershed. This was accomplished by initializing the model with 298 randomly 
chosen census plots from the watershed using the vegetation data collected on 
those plots in 1977. Results are given for both timber management and undisturbed 
conditions. Sawtimber cuts were made at both year 1 and 60 of the simulation, 
which can be seen from the reduction in number of stems, foliage and branch 
biomass for the greater than 9-inch (22.8 cm) size class of trees. 

Figure 2 shows the availability of potential breeding habitat for the red-eyed 
vireo (Vireo olivaceus) and ovenbird (Seiurus aurocapillus) for the same 120-year 
simulations. The red-eyed vireo showed a steady decrease in habitat availability 
under undisturbed conditions until approximately year 90. At this time there was 
only a slight increase in habitat to 10 percent of the total land area of the watershed. 
Results of the simulation which included timber harvest diverged from those of 
the undisturbed forest. The percentage of available habitat declined for the first 
two years following the initial thinning, after which habitat for the red-eyed vireo 
increased to a high of 45 percent. This was followed by a continual decline until 
approximately year 50, at which time the forest was unsuitable as habitat for the 
red-eyed vireo. Following the timber harvest at year 60, habitat increased to a 
level between 20 and 25 percent for the next 20 years and declined thereafter. 

Results of the simulation of habitat availability for the ovenbird showed a pattern 
similar to that of the red-eyed vireo, however, it differed in temporal arrangement. 
The undisturbed simulation showed an initial increase of habitat for the first several 
years followed by a continual decline until approximately year 50. At this time, 
habitat for the ovenbird varied between 3 to 12 percent for the remainder of the 
simulation. The simulation which included timber harvest showed a decline in 
available habitat during the first five years following the initial timber cut. Over 
the next 10 years, habitat availability increased to 75 percent before declining to 
less than 10 percent of the watershed by year 60. Following the second cut, 
however, there was an increase in available habitat. This initial increase over the 
first few years after thinning was followed by a slight decline �nd subsequent 
increase to over 60 percent available habitat by year 80. This increase was then 
followed by a decline in habitat for the remainder of the simulation. 

In the case of both species, we observed a general increase in the available 
habitat as a result of timber harvest. This increase contrasts with the decline of 
habitat availability for the undisturbed simulations. The red-eyed vireo character­
istically feeds by gleaning the foliage of insects where the canopy is abundant and 
the understory is dense (Williamson 1971). The general decline in habitat is a 
function of canopy closure and the lack of a well-developed understory as the 
forest increases in age over the simulation. When the canopy is opened after 
thinning, there is a development of the understory and a subsequent increase in 
habitat. This can be seen in the increase of stems, foliage and branch biomass 
following the thinnings at years 1 and 60 in Figure 1. 
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Figure I. Structural dynamics of the Walker Branch Watershed as predicted by FORHAB 

for both undisturbed and timber harvest conditions. Biomass measurements are expressed 

as kilograms dry weight per one-fifth acre. Results are grouped into three size classes: -­

less than 3 inches (7.6 cm), --- 3 to 9 inches dbh (7.6 to 22.8 cm), ... greater than 9 inches 
dbh (greater than 22.8 cm). 
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Figure 2. Percentage of available habitat for red-eyed vireo and ovenbird as predicted by 
FORHAB for both undisturbed and timber harvest conditions. Percentage ofavailab le habitat 
expressed as percentage of the total land area of the watershed. Undisturbed simulations are 
expressed as a solid line, results of the timber harvest simulations are shown as a dashed 
line. 

A deciduous stand with a well-developed canopy, sparse understory and brush, 
and little ground cover provides optimal habitat for the ovenbird. The decline in 
available habitat following the first cut was a result .of disturbing what is presently 
ideal habitat for the ovenbird. However, the effect was short lived as the number 
of stems in the second (3-9 inch [7.6-22.8 cm]) and third (greater than 9 inch) size 
classes increased over the next 10 years. As the stand matures and the over-all 
density of the forest stands increases to a park-like configuration of closed canopy 
with a very sparse to nonexistent understory (Figure I), the availability of habitat 
for the ovenbird decreases. This is the same reason for the continual decline of 
habitat for the undisturbed simulations. The thinning of the overstory led to an 
initial increase of habitat, but further increase in the understory and brush reduced 
available habitat. This increase in the understory and brush, however, is short 
lived (Figure 1) and habitat availability again increases as the understory and brush 
decline. 

It should be noted that the models presented simulate the availability of potential 
habitat expressed either as a percentage of the total land area under consideration 
or the number of potential nest sites. The model does not simulate the population 
dynamics of a given bird species per se. The ability of the ovenbird population to 

track changes in the availability of habitat or to reinvade after the elimination of 
potential breeding habitat in an area is not explicitly considered in the model. 
These considerations would depend on immigration into the area or the existence 
of a "floater" population of non breeding individuals unable to establish territories 
as a result of lack of suitable habitat. Likewise, the model does not consider the 
quality of habitat provided by a given stand. Some marginal areas may become 
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potential habitat depending on the size of the ovenbird population. These points 
must be kept in mind when interpreting simulation results. 

Conclusions 

The two examples of habitat simulation modelling presented have been meant 
as an introduction to a methodology which is not limited to either nongame bird 
species or the particular spatial scale with which we have dealt. In the 'introduction 
we identified two necessary components for habitat simulation: (a) the structural 
classification of forest stands in terms of their suitability to provide habitat for a 
given animal species, and (b) a forest simulator with the ability to generate the 
specific structural variables on which the classification is based. Neither of these 
components places limitations on the animal species of interest, forested system 
to be simulated or the spatial scale at which the habitat requirements are defined. 
Likewise, we have not meant the specific silvicultural practices involved in the 
management schemes to be presented as the most viable for the particular site 
modelled. Rather, we have attempted to present a methodology for predicting the 
effects of a wide array of both uneven and even-aged management practices on the 
availability of wildlife habitat on specific forested sites. 

FORLOB was an example of the use of habitat simulation to integrate the 
creation and preservation of wildlife habitat with the concerns and need for timber 
production. The model was used to determine the effects of various management 
senarios on habitat availability for the red-cockaded woodpecker, but also the 
resulting timber production under these same silvicultural practices. 

The long term simulations of FORHAB were meant to show that extrapolations 
about potential habitat cannot necessarily be made from results of a single timber 
cut to future cuts. Secondly, the failure to look at potential effects of repeated 
harvest may mislead the manager with respect to long-term habitat dynamics. For 
example, this was evident for a 500-year simulation of ovenbird habitat on the 
Walker Branch Watershed with the harvesting of timber on a 60-year rotation 
beginning at year 60 (Smith et al. 1981). The first cut was followed by a four-fold 
increase in available habitat for the ovenbird. Subsequent cuts, however, resulted 
in less dramatic increases and in some cases led to an elimination of potential 
habitat. These results show the importance of historical considerations in deter­
mining the effects of a particular timber management practice on a given forested 
area. The structural configuration of the forest prior to cutting is of utmost impor­
tance in the case of repeated long-term management plans. To date, this type of 
information has been lacking. FORHAB and models of its type can be used to 
provide the information on long-term management plans and combinations of 
management schemes before their actual implementation. 

The potential applications of habitat simulation models to predict the effects of 
proposed management schemes on specific forested areas for both individual 
species and the animal community as a whole, as well as their adaptability to a 
diverse array of forested regions, make models such as FORLOB and FORHAB 
important tools for the timber-wildlife manager of the future. 
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Habitat Size and Bird Community Management 

Stanley H. Anderson 
Wyoming Cooperative Research Unit, University of Wyoming, Laramie 
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Migratory Bird and Habitat Research Laboratory, Laurel, Maryland 

Introduction 

In recent years many wildlife studies have identified structural components of 

a species' habitat. Management criteria are therefore suggested on the basis of 

habitat components showing high correlation with presence or abundance of wild­

life species. Current conservation practices go beyond management for a single 

species, to prescribe management of communities of wildlife. To accomplish com­

munity management goals, it is necessary to apply biological principles that serve 

to maintain all wildlife species in each vegetation association. Concepts such as 

plant community succession, effects of ecotones, and theories of biogeography 

must be field tested and presented to wildlife managers in forms practical for 

managing wildlife communities. 

The purpose of this paper is to review the results in the literature that show the 

effect of area of forest on nesting migratory bird species, and to present the results 
of additional field work that we have conducted in forest habitats in western 

Maryland. These results indicate the area sensitivity of many long distance 
migrants. Because 80 to 95 percent of the breeding birds in the northeastern 
deciduous forest are neotropical migrants (MacArthur 1959), the changes in bird 

species composition as a result of forest fragmentation can be immense. Manage­

ment strategies based on habitat size are suggested to assist in maintaining com­

munities of nesting migratory birds. 

Biological Theory 

Historically, the number of species of both animals and plants in an area has 

been shown to be an indicator of diversity. Arrhenius (1921) and Gleason (1922) 
are among the first to present this concept. Williams (1964) defines the correlation 

between species and areas as habitat diversity; he feels that as the sample area is 
increased there is a greater probability of more diversity of habitat being sampled, 
and so species number increases with area. 

Work done by MacArthur and Wilson ( 1967) on bird populations of ocean islands 

shows that the number of species on an island increases as the island size increases. 

They explain that the number of species present on an island represents a balance 

between the immigration of new species and the extinction of species present. (See 

also Preston 1960, 1962.) Connor and McCoy (1979) offer another explanation for 

the effect of area on species numbers. They feel that species number is controlled 

by passive sampling from the species pool so larger areas receive effectively larger 
samples than smaller ones and ultimately contain more species. 

Vuilleumier (1970) applied the concepts of biogeography to bird populations of 
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the Northern Andes. He concluded that there are similarities between continental 

and oceanic islands. For example, both show an increase in species numbers with 
size. Continental island avifaunas, however, are less prone to extinction when 

birds are forced to move between habitat islands, because intermediate habitats 

provide resting areas. This land bridge idea is discussed further by Faaborg(l979). 
Because of the correlations developed between area and species numbers, some 

biologists have suggested that larger preserves should be maintained in preference 
to smaller areas (Terborgh 1975, Diamond 1975, Wilson and Willis 1975). There 

are, however, other factors to be considered. For each habitat type there is a 

minimum size that must be available before most of the typical species of that 

habitat are likely to be present. Maintaining preserves or habitat samples larger 

than that particular size will increase the probability of retaining the whole com­
plement of breeding species over a period of years, but will only minimally increase 

species diversity unless habitat diversity is also increased. In addition, the diversity 

of habitat maintained by preserving smaller preserves at some distance from each 

other will be greater and therefore contain more species. These ideas are discussed 

by Simberloff (1972), Connor and McCoy (1979), and Boyce (in press). Configu­

ration of habitat also appears to play a role in the number of species present (Game 
1980). 

Habitat Size and Nesting Birds 

Literature 

Relationships between habitat size and numbers of bird species nesting have 

been investigated by a number of biologists. Forest island habitat studies, partic­

ularly in the eastern deciduous forest, have shown a strong positive correlation 
between forest size and numbers of breeding species of long distance migrants 

(Whitcomb et al. in press). Bond (1957) showed that many species of song birds 
were dependent on relatively large forest tracts during the breeding season. 

Galli et al. (1976) studied the relationship between the number of bird species 
found in the breeding season in forested habitats interspersed with agricultural 

land in New Jersey, and found that bird species richness increased significantly as 
forest island size increased. Their studies included habitat islands of 24 ha (59.3 
acres) or smaller because larger areas were not available. Thomas (1979) stated 

that bird species richness increases significantly up to about 34 ha (84 acres). His 
studies in the Blue Mountains of eastern Oregon did not use direct data, but were 
based in part on correlations developed in other studies. He felt that bird species 

richness could be an indicator of the richness of all vertebrate wildlife. 
In 1979, Robbins published the results of a 25-year nesting season study of one 

small tract within a central Maryland forest. During the years of the study, the 
contiguous forest that had originally totaled more than 5,260 ha (12,700 acres) 

became progressively more fragmented (to the present 40 ha). Nine species of 

long-distance migrants disappeared from the breeding population of the study site, 
which had remained undisturbed: Broad-winged hawk, whip-poor-will, yellow­

throated vireo, black-and-white warbler, worm-eating warbler, ovenbird, Louisi­

ana waterthrush, Kentucky warbler, and hooded warbler. Furthermore, Robbins 
showed that data from the Breeding Bird Survey corroborates this evidence of 
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decline of nesting long-distance migrants in the eastern deciduous forests. He 
examined Breeding Bird Survey data from routes conducted in central and eastern 
Maryland from 1974 to 1978, comparing bird counts at 500 stops with 30 different 

habitat characteristics. He showed a positive correlation between contiguous forest 
area adjacent to each stop and the number of highly migratory birds detected. This 
was the only factor correlated with the abundance of more than half of the 72 bird 
species studied. Other habitat factors that showed highly significant correlations 
with many different bird species were percentage of deciduous woods, percentage 

of coniferous woods, percentage of mixed woods, number of houses, percentage 

of hay fields, and presence of fences. 
Whitcomb et al. (in press) computed an index of area sensitivity for a number 

of forest bird species by dividing the average number of territories detected at 
sampling points within 6-14 ha (15-35 acre) forest islands by the number detected 
in 80+ ha (200 acre) forest tracts. They noted a strong correlation between the 
area sensitivity of many bird species and their regional distribution and abundance 
in forest habitats. When they compared area sensitivity of each forest bird species 
with its biological characteristics they found that most of the species whose pop­
ulations were sharply reduced by forest fragmentation have the following char­
acteristics: ( l) they are long distance migrants that winter primarily in the New 
World tropics; (2) they are obligate inhabitants of the forest interior; (3) they tend 
to nest on or near the ground; (4) they build nests in the open rather than in the 

protection of cavities; (5) they have comparatively small clutch sizes; and (6) most 
raise ortly a single brood of young per year. Apparently the biological needs of 
these forest interior specialists can be satisfied only by large tracts of undisturbed 
habitats despite their relatively small territories. 

Area Sensitivity of Bird Species in Different Parts of the United States 

Habitat correlation studies of field work done in western Maryland, Michigan, 
and Oregon (Anderson 1981) were examined by means of stepwise multiple regres­
sion. Results (Table I) show that frequency of occurrence of the majority of the 
bird species present is highly correlated with extent of contiguous forest and 

distance to the edge. Further details of the Michigan and Maryland studies follow. 

Michigan's Upper Peninsula 

The Michigan study was conducted on the Seney National Wildlife Refuge in 
Schoolcraft County, Michigan, in 1976-1980 by biologists of the Migratory Bird 

Table 1. Number of bird species showing correlation with forest size. 

Forest size 

Distance to edge 

Habitat variable 

Bird species considered 
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Maryland 

24 

26 

36 

Study site 

Michigan 

18 

14 

35 

Oregon 

19 

12 

26 
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and Habitat Research Laboratory. In this region of mixed northern forest and bog 

habitat, a series of wildfires burned erratically through the habitat in the mid­

summer of 1976. Following the fire, 14 paired plots of 8 ha each were set up on 

burned and unburned areas. Data were collected on the number of breeding birds 

found on these plots during the summers of 1977, 1978, and 1979. Aerial photo­
graphs were used to measure the area of woodland in which each study plot was 
located, and to measure the distance to the nearest edge. 

Western Maryland 

To obtain quantitative information on area requirements of individual forest 

species, Robbins and Boone surveyed breeding birds in deciduous woodlots. These 

studies were conducted in the summer of 1979 in a I-degree block of latitude and 
longitude (39°N, 77°W) that was centered in Frederick County, Maryland, and 

included portions of adjacent counties in Pennsylvania, Maryland, West Virginia, 
and Virginia. Grouping woodlots by area, the investigators located 10 or more 
candidate locations in each of the following size classes: 2.8-7, 8-19, 22-34, 38-120, 

130-1,700, and over 4,000 ha (mainland). After excluding those woodlots that were
disturbed or too narrow, those connected by corridors to other woods, those near

major highways or other sources of frequent noise, and those that were predomi­
nantly coniferous or located on a floodplain, they randomly selected 20 woodlands
in the 8-19 ha size and 10 in each of the other size classes.

Bird utilization of the various woodlands was compared using results from a 
series of point counts, a modification of the IPA (Indices Ponctuels d' Abondance) 

method developed by the French ornithologists, Ferry and Frochot (1970). From 
a marked point near the center of each of the small woodlots, or from a point 

randomly located in the larger ones, three 20-minute counts were made of all birds 
seen or heard. Each 20-minute count period was divided into four 5-minute inter­
vals in which all birds seen or heard were recorded. Each point was sampled on 

3 days during the peak of the nesting season, at different times during the early 
morning. Sequence of coverage on the first day was determined at random. This 
method proved to be well suited to the study because it permitted sampling of 
approximately equal areas of each of many study sites, with equal effort, spread 
through the peak of the nesting season. 

After completion of the bird counts, a quantitative assessment of vegetation 
structure using a modified James-Shugart (1970) technique was made in a 0.04-ha 

circle at each counting point and in circles located 50 m north, east, south, and 

west of each counting point. When the results of the vegetation assessment were 
examined by discriminant analysis a 75-80 .percent overlap among the structural 

characteristics of isolated woodlots in the various size classes was found. This 

indicated that differences in the bird population were probably a result of size and 
isolation of woodlots rather than their vegetation. 

The 1979 mainland points, on the other hand, proved to be significantly different 
from all of the isolated woodlots in that they had greater slope and lower shrub 
density. Thus, their bird populations could not be compared with equal confidence 
to those of the various isolated woodlots. For this reason a new sample of 24 
mainland counts was taken in the summer of 1980, selected from a relatively flat 

area of the Catoctin Mountains within the same I-degree block. The vegetation 
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data from the 1980 points have not yet been analyzed statistically, but a preliminary 
appraisal indicated that the 1980 sample was more comparable to the isolated 
woodlots than was the 1979 mainland sample. Therefore, bird data from the 1980 
mainland plots were used in the last column of Tables 2, 3, and 4 for comparison 
with the 1979 counts in the smaller isolated woodlots. 

In order to study the effect of woodland area, the principal avian species in the 
western Maryland study sites were divided into three categories. Except for the 
yellow-billed cuckoo, the long-distance neotropical migrants, including the fly­
catchers (in part), thrushes, gnatcatchers, vireos, warblers, and tanagers (Table 
2), were found least frequently in the smallest woodlots and most frequently in the 
continuous forest. Only 5 of the 17 species were found in the 2.8-7 ha woodlots. 
Discounting irregularities that are probably largely attributable to small sample 
size, frequency of occurrence in Table 2 appears to increase as woodlot size 
increases. On the other hand, the short-distance migrants in Table 3 show the 
opposite trend; these typically "edge" species were found with decreasing fre­
quency as woodlot size increased. The permanent residents in Table 4 do not show 
a consistent trend in either direction; except for the large pileated woodpecker, 
which was scarce or absent in the three smallest size classes, all species were 
found in good numbers in isolated woodlots of all sizes. 

Clearly, neotropical migrants were adversely affected as woodlot size decreased. 
Because these birds make up the great majority of the breeding population in 
undisturbed eastern deciduous forest, there is a special urgency to keep their needs 
in mind when planning forest management. Robbins (1980) has made preliminary 
estimates of the critical size of deciduous forest habitat that is required to support 
viable popuiations of various forest-interior species. Additional work along this 
line involves refinement of initial estimates and expansion of field work into other 
habitats and geographic areas. 

Management Implications 

All the data we have collected to date indicate that many nesting migratory bird 
species, particularly long-distance migrants, are sensitive to habitat size. Species 
in the eastern deciduous forests are particularly affected because of the large 
number of neotropical migrants nesting there. Each major community appears to 
have a minimum size below which area sensitive species disappear. 

Habitat configuration may be another important concept in the context of bird 
community management. Smaller tracts of land, for example, can often be used 
effectively in management practices when connected to larger tracts of land by 
means of wooded corridors (Robbins 1979). 

Some habitats, such as riparian zones in arid environments, are very important 
for birds (Tubbs 1980). Size of these areas is critical to maintain the diversity of 
birds. 

Effective management of bird communities means effective management of 
forest lands in tracts large enough so that different successional stages can occur. 
Management practices such as logging, thinning, brush control and reforestation 
can often be rotated among different parts of the management area, maintaining 
enough undisturbed forestland to support area-sensitive bird species. Grazing in 
the West can also be accomplished on a rotational basis on large tracts of the land, 
leaving some areas undisturbed each year to allow migrant species to nest. 
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Table 2. Frequency of detection(%) of neotropical migrants in deciduous woodlands of various sizes in western Maryland. 

Woodlot area ha 2.8-7 8-19 22-34 38-120 130-1,700
(acres) (7-17) (19-47) (56-84) (94-293) (320-4,200)

No. of sample points 10 19 II 8 10 

Yellow-billed cuckoo 100 84 82 75 90 

Acadian flycatcher 0 21 36 75 40 

Eastern wood pewee 50 95 82 100 100 

Wood thrush 70 95 100 100 100 

Blue-gray gnatcatcher 0 5 27 25 20 

Yellow-throated vireo 0 0 0 0 0 

Red-eyed vireo 10 68 100 88 90 

Black-and-white warbler 0 0 0 0 0 

Worm-eating warbler 0 0 18 13 20 

Cerulean warbler 0 0 0 0 0 

Ovenbird 0 0 27 25 70 

Kentucky warbler 0 26 18 50 60 

Hooded warbler 0 0 0 0 0 

American redstart 0 0 0 0 0 

Scarlet tanager 30 68 82 100 90 

Mean 17.3 30.8 38.1 43.4 45.3 

4,000+ 
(10,000+) 

24 

58 

54 

100 

67 

46 

21 

100 

29 

17 

24 

100 

21 

42 

25 

100 

53.6 



t:l:l Table 3. Frequency of detection(%) of short-distance migrants in deciduous woodlands of various sizes in western Maryland. 
-.

Woodlot area ha 2.8-7 8-19 22-34 38-120 130-1,700 4,000+ 
(":) (acres) (7-17) (19-47) (56-84) (94-293) (320-4,200) (10,000+) 
c:, No. of sample points 10 19 11 8 10 24 
� 
� 

Yellow-shafted flicker 100 95 82 63 40 4 
;::: Great crested flycatcher 100 95 73 88 80 37 
�- Blue jay 100 95 100 100 100 79 

Gray catbird 70 63 36 25 20 8 

;::: Common grackle 100 100 91 88 70 21 
i::i Brown-headed cowbird 60 68 36 100 80 37 
� Rufous-sided towhee 60 58 36 45 60 58 
� 

Mean 84.3 82.0 64.9 72.7 64.3 34.9 � 
;::: 

Table 4. Frequency of detection(%) of permanent residents in deciduous woodlands of various sizes in western Maryland. 

Woodlot area ha 2.8-7 8-19 22-34 38-120 30-1,700 4,000+ 
(acres) (7-17) (19-47) (56-84) (95-293) (320-4,200) (10,000+) 

No. of sample points 10 19 11 8 10 24 

Pileated woodpecker 0 II 18 63 70 46 

Red-bellied woodpecker 90 100 91 100 100 37 

Hairy woodpecker 20 37 55 25 60 8 

Downy woodpecker 70 89 73 88 90 58 

Carolina chickadee 30 89 82 88 50 25 

Tufted titmouse 80 100 100 100 100 58 

White-breasted nuthatch 50 68 91 88 80 37 

VI 
Cardinal 90 95 100 100 100 21 

- Mean 53.8 73.6 76.3 81.5 81.3 36.3 
-..J 



What size of habitat is needed to maintain adequate populations of area-sensitive 
species? Thomas (1979) feels that 34 ha (84 acres) are sufficient in the Blue 
Mountains of Oregon. The western Maryland data (Table 2), however, indicate 
that even I 00 to 1,300 ha is too small to support the full complement of forest 
interior species in eastern deciduous forests. 

Habitat configuration, distance to disturbance such as roadways and transmis­
sion lines, wooded corridors, and management practices all play a role in main­
taining breeding bird communities, and complicate the task of the researcher who 
is attempting to define minimal area needs. The manager must not only (I) have 
access to information on the minimum size that can support a breeding bird 
community in the type of habitat under management; but also (2) maintain a 
diversity of habitats so that the minimum area of each successional sere is always 
available to breeding birds in that region; and (3) where possible, maintain or 
create corridors to connect small plots with larger ones. 
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Appendix. Scientific names of birds 

Broad-winged hawk 

Yellow-billed cuckoo 

Whip-poor-will 
Yellow-shafted flicker 

Pileated woodpecker 
Red-bellied woodpecker 

Hairy woodpecker 

Downy woodpecker 
Great crested flycatcher 

Acadian flycatcher 

Eastern wood pewee 

Blue jay 

Carolina chickadee 

Tufted titmouse 

White-breasted nuthatch 

Gray catbird 

Wood thrush 
Blue-gray gnatcatcher 

Yellow-throated vireo 
Red-eyed vireo 

Black-and-white warbler 

Worm-eating warbler 

Cerulean warbler 

Ovenbird 

Louisiana waterthrush 

Kentucky warbler 

Hooded warbler 

American redstart 

Bird Community Management 

Buteo platypterus 

Coccyzus americanus 

Caprimulgus vociferus 

Colaptes auratus 

Dryocopus pileatus 

Melanerpes carolinus 

Picoides villosus 

Picoides pubescens 

Myiarchus crinitus 

Empidonax virescens 

Contopus virens 

Cyanocitta cristata 

Parus carolinensis 

Parus bicolor 

Sitta carolinensis 

Dumetella carolinensis 

Hylocichla mustelina 

Polioptila caerulea 

Vireo flavifrons 

Vireo olivaceus 

Mniotilta varia 

Helmitheros vermivorus 

Dendroica cerulea 

Seiurus aurocapillus 

Seiurus motacilla 

Oporornis formosus 

Wilsonia citrina 

Setophaga ruticilla 
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Common grackle 

Brown-headed cowbird 

Scarlet tanager 

Cardinal 

Rufous-sided towhee 
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Quiscalus quiscula 

Molothrus ater 

Piranga olivacea 

Cardinalis cardinalis 

Pipilo erythrophthalmus 
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Forest Management and Anadromous Fish Habitat 
Productivity 
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USDA Forest Service, Forestry Sciences Laboratory, Corvallis, Oregon 

William R. Meehan 
USDA Forest Service, Forestry Sciences Laboratory, Juneau, Alaska 

Introduction 

In 1976, the USDA Forest Service established a research program to study the 
biological, physical, and economic aspects of anadromous salmonid habitat. The 
Anadromous Fish Habitat Research Program is a cooperative effort involving 
scientists at three USDA Forest Service forest and range research stations: the 
Pacific Northwest at Portland, Oregon; the Intermountain at Ogden, Utah; and 
the Pacific Southwest at Berkeley, California. 

Scientists at these facilities are studying the relationship between forest man­
agement practices and the habitat of anadromous salmonids to develop better ways 
to achieve concurrent production of timber, fish, minerals, livestock, and other 
resources. The program is oriented around three types of studies: (1) habitat 
requirements, (2) effects of various land uses on habitat, and (3) development of 
ways to improve fish habitat. 

The anadromous fishery resources of western North America are produced 
largely within forested watersheds. Eight species of anadromous salmonids includ­
ing five salmon-chinook (Oncorhynchus tshawytscha), coho (0. kisutch), sock­
eye (0. nerka), chum (0. keta), and pink (0. gorbuscha); two trout-steelhead 
rainbow (Salmo gairdneri) and coastal cutthroat (S. clarki); and one char-Dolly 
Varden (Salvelinus malma), inhabit waters of the Pacific Northwest and Alaska. 
Habitat requirements of the fish are specific, and alterations of habitat by humans 
affects production in many ways. 

Forest and rangeland management activities that can influence the quality of 
anadromous fish habitat include timber harvest, road construction, livestock graz­
ing, mining, water developments of various kinds, and recreational pursuits. This 
paper discusses some of the specific interrelationships between fish habitat and 
timber harvest, road construction, and livestock grazing. These three activities 
were selected for discussion because the USDA Forest Service is actively engaged 
in studies pertaining to these areas of concern. 

More specifically the following subjects will be discussed: (1) effects of organic 
debris and its removal on fish habitat; (2) effects of mass soil movements on fish 
habitat; and (3) preliminary results of studies concerned with the relationship 
between different livestock grazing systems and fish habitat. 

Organic Debris 

Organic debris from forested watersheds of the Pacific Northwest and Alaska 
enters streams through direct litterfall, various lateral movements including land-
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slides, debris torrents, timber felling, and streambank erosion, plus blowdown of 
trees, treetops, and branches. Natural accumulation of debris in streams is slow 
and fairly constant in mature forests, and eventually moves toward an equilibrium 
between the rate of increase and rate of biological and physical processing in old­
growth forests (Sedell and Triska 1977). Logging, or change in forest succession 
due to natural events can shift the equilibrium causing significant changes in 
streams and fish populations. 

Organic debris can be divided into two categories based on size of individual 
pieces. Large debris consists of tree boles, rootwads, and large limbs, while small 
debris is composed of needles, leaves, twigs, and branches. The two categories of 
debris affect the physical characteristics of streams and production of anadromous 
fish in different ways. 

The effects of organic debris on fish production can be either beneficial or 
detrimental. The effect is often determined by the size of the recipient stream, the 
size, quantity, and accumulation rate of woody debris entering the channel, and 
species of fish. Small streams in the Pacific Northwest are strongly influenced by 
adjacent terrestrial environments and are dependent largely upon external energy 
inputs, thus tend to be extrinsic and heterotrophic. The following discussion 
pertains primarily to small streams-first to third order (Strahler 1957)-which are 
important producers of anadromous salmonids, and yet because of their size are 
readily influenced by organic debris. 

Several major positive effects of organic debris have been identified in previous 
studies. Large debris creates physical habitat diversity for rearing salmonids 
(Swanson and Lienkaemper 1978), provides hiding and resting cover in summer 
(Baker 1979), respites from floods and ice in winter (Bustard and Narver 1975), 
and stabilizes streambeds and banks (Swanson and Lienkaemper 1978). It also 
slows downstream movement of inorganic sediments and fine organic matter 
(Swanson and Lienkaemper 1975), thus providing an energy base for the aquatic 
food chain and retaining gravels essential for salmonid reproduction and production 
of fishfood organisms. On the other hand, massive accumulations of large debris 
can create barriers to migration of anadromous fish (Holman and Evans 1964), 
cause bank erosion and channel instability during flood events (Helmers 1966), 
and debris jams when dislodged by high flows can scour streambeds, thereby 
removing cover and gravel and altering stream morphology. Small debris provides 
the primary source of energy for the aquatic food chain in small forested streams 
(Cummins 1974), but excesses of small debris sometimes cause ponding and deple­
tion of dissolved oxygen in stream waters (Hall and Lantz 1969). Small debris that 
infiltrates stream gravels can also cause the depletion of intragravel dissolved 
oxygen (Hall and Lantz 1969) and mortality of incubating salmonid embryos. 
Accumulations of fine organic material can also produce potentially toxic leach­
ates, particularly in estuaries (Buchanan et al. 1976). 

Bryant ( 1980) measured the evolution of large organic debris after timber harvest 
in the Maybeso Creek watershed in southeast Alaska. He found a decrease in 
accumulations of large debris 15 to 20 years after logging, resulting in a decrease 
in pool areas and an increase in riffles. Although amount of debris decreased in 
general, remaining debris along the banks and projecting into the channel still 
influenced channel morphometry, and in some instances contributed to streambank 
stability. This residual debris helped to maintain pools that were important rearing 
areas for juvenile salmonids. 
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Removal of debris has been a concern of resource managers for many years. 
When should debris be removed and when should it be retained? Often all logging­
associated debris has been removed, including large material. In southeast Alaska, 
natural debris accumulates very slowly (Swanson et al. 1977), and total debris 

removal often results in a completely open channel (Bryant unpublished). Effects 
of total debris removal on aquatic invertebrates and Dolly Varden populations 
were assessed by Elliott (1976). He foun� a shift in the invertebrate community 
structure in Starrigaven Creek near Sitka, Alaska, to taxa associated with riffles 
within a year after debris removal. Dolly Varden populations also exhibited an 80-
percent reduction. 

Differences between natural and logging debris were also apparent in recent 
studies in southeast Alaska (Bryant unpublished). Natural debris was often par­
tially decomposed and less concentrated than logging debris. Logging debris was 
smaller, contained more floatable material, and occurred in more dense and patchy 
concentrations. Streambed scour and channel instability resulted more from log­
ging debris than from natural debris. 

The effects of organic debris may depend on the species of anadromous sal­

monids present (N arver 1971). Debris that forms pools used by rearing coho salmon 
may promote sediment deposition in riffles used by pink salmon for spawning. 
Conversely, removal of debris accumulations may reduce pools and increase 
riffles, providing less productive rearing areas, but more spawning areas. 

Mass Soil Movements 

Mass erosion events are a common occurrence in forested steeplands of western 
North America. Landslides, slump earthflows, and debris torrents account for 
most mass erosion in the Pacific Northwest but debris torrents are the most 
universally distributed and frequent events. The rate at which debris torrents occur 
in steep unstable watersheds is closely linked to timber management and the 
presence of roads (Swanson and Dyrness 1975). Since anadromous fish and timber 
are concurrent crops in most western watersheds, it is important to understand 
how debris torrents affect fish production and harvest. 

Debris avalanches, the precursors of debris torrents, are often initiated when 
intense precipitation saturates exposed soils in road cuts and fills, or clearcuts. 
The saturated soil slumps under its own weight and forms a slurry which moves 
rapidly downslope, entraining additional soil, rock, and woody debris. Before 
losing momentum, most torrents enter the channels of small streams. Once in 
streams, the soil, rock, and debris might move downstream, scour the channel to 
bedrock, or be deposited in a massive dam of organic and inorganic debris. In 
either case, the physical features of the stream channel are changed and fish habitat 
is altered. 

In 1978 we initiated a study to assess the relationships between debris torrents 
and habitat of anadromous salmonids. The study was designed to: (1) quantify site­
specific effects on salmonid habitat immediately below the egress of a debris 
torrent and assess longevity of those effects, and (2) determine the long-term 
relationships between debris torrents and fish habitat within an extended reach of 

stream. The first objective was accomplished with an extensive study of four 
debris torrents in different watersheds, and the second with an intensive study in 
a single watershed. 
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Site-Specific Effects-Extensive Evaluation 

Torrents on four streams in the Oregon Coast Ranges about 50 miles (80 km) 

west of Eugene were studied from 1978 through 1980. Two of the streams (Hadsall 
Creek and Knowles Creek) were small at the study sites, flowing less than 0.5 

cubic feet per second (cfs) ( 14 liters/sec.) in summer, and two were larger (Tenmile 

Creek and Cummins Creek), flowing more than 2.5 cfs (71 liters/sec.) in summer. 
The smaller streams received large inputs of debris (greater than 1,000 cubic yards 
(765 m3)) while the larger streams received smaller amounts (less than 500 cubic 
yards (380 m3) ). The torrents on Hadsall and Knowles creeks occurred in February 
1978, and those on Cummins and Tenmile creeks date from November 1975. The 

study was designed to assess both spatial and temporal habitat changes caused by 
debris torrents. Spatial effects were assessed by sampling similar stream habitats 
above and below a torrent egress (point where torrent exited first order stream 

and entered second or third order stream) at low summer streamflow and com­
paring results. Consistent major differences were assumed to be attributable to the 
effects of debris torrents. Samples collected at given locations over a period of 

years will also be compared to assess recovery rates. 
The major parameters examined included: 

1. structure and biomass of fish populations,
2. numbers, biomass, and size of aquatic invertebrates,

3. textural composition of spawning gravels,
4. surface and intragravel dissolved oxygen, and
5. instream cover.

Fish populations examined included cutthroat trout, juvenile steelhead trout,

juvenile coho salmon, and freshwater sculpins (Cottus perplexus and C. gulosus). 

Numbers and biomass of all species of fish were reduced in all sampling areas 

impacted by debris torrents (Table 1). Biomass of salmonids was reduced an 
average of 90 percent in the small streams and 55 percent in the larger streams. 

Populations of sculpins suffered similar reductions. In three years of sampling, no 
definite trends toward recovery were noted. 

The effects on aquatic invertebrates were variable. Biomass of benthic macroin­
vertebrates longer than 0.39 inches (1 mm) was lower in square-foot bottom 

samples collected in torrent-disturbed areas in three of the four streams sampled, 
but no definite trends in numbers or mean lengths of individual organisms were 

noted. The largest reduction of benthic invertebrates was observed on the smallest 

stream, Hadsall Creek. 
Texture of spawning gravels and supply of intragravel dissolved oxygen are 

critical factors in survival of incubating salmonid embryos. Fine sediments less 
than 0.39-inch ( < 1-mm) diameter and low concentrations of intragravel dissolved 
oxygen tend to reduce reproductive success of salmonids. We noted an initial 
increase in fine sediments of more than 90 percent by weight in torrent-disturbed 

gravels of Hadsall Creek, and little improvement occurred during two years of 
sampling (Table 2). Knowles Creek had no upstream gravels near the torrent egress 

so comparative data for that stream are lacking. No major changes were observed 
in gravels of the larger streams. Intragravel dissolved oxygen followed a similar 
pattern, dropping substantially in the disturbed area of Hadsall Creek where sand 

and organic debris were entrained in gravels, but changing little on the larger 
streams (Table 2). 
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Table 1. Biomass offish in stream habitat above and below a debris torrent egress. 

Stream Species Biomass, pounds per acre (g per m2) 

1978 1979 1980 

Above Below Above Below Above Below 

Hadsall Cutthroat 42.97(4.82) 7.93(0.89) 48.85(5.48) dry intermittent dry 
Creek Sculpins 32.36(3.63) 0.36(0.04) 47.24(5.30) dry intermittent dry 

Knowles Coho 4.10(0.46) 2.85(0.32) 4.01(0.45) 0.80(0.09) dry 5.17(0.58) 
Creek Sculpins 11.86(1.33) 6.86(0.77) 10. 70( 1.20) 8.65(0.97) dry 14.00(1.57) 

Cummins Steelhead 9.81(1.10) 3.39(0.38) 31.02(3.48) 6.51(0. 73) 21.48(2.41) 4.10(0.46) 
Creek Sculpins 13.28(1.49) 8.74(0.98) 33.42(3.75) 16.58(1.86) 16.40(1.84) 16.31(1.81) 

Tenmile Steelhead 11.32(1.27) 5.61(0.63) 16. 76( 1.88) 2.94(0.33) 16.49(1.85) 12. 75( 1.43)

Creek Sculpins 77.55(8.70) 29.24(3.28) 47.51(5.33) 19.52(2.19) 51.35(5. 76) 30.49(3.42)

Table 2. Percent weight fine sediment less than .039-inch (<I mm) diameter and intragravel dissolved oxygen (mg/I) in salmonid spawning 
areas above and below a debris torrent egress. 

1978 1979 1980 

Stream Parameter Above Below Above Below Above Below 

Hadsall Sediment 12.06 23.33 17.16 23.56 

Creek Oxygen 9.3 6.7 6.5 4.4 6.5 dry 

Cummins Sediment 8.99 6.31 6.73 8.67 

Creek Oxygen 10.3 8.3 10.7 11.0 8.3 6.1 

Tenmile Sediment 7.26 7.14 8.93 8.54 

Creek Oxygen 10.0 7.3 10.3 11.7 8.0 6.3 



lnstream cover was also examined in disturbed and undisturbed areas in the 
stream channels of Hadsall and Tenmile creeks. The largest changes in cover were 
observed for the small stream. The torrent scoured most instream cover from the 
channel of Hadsall Creek below the egress and filled most pools with sediment. 
Both cover and pool area were reduced by about 70 percent. Pool area on Tenmile 
Creek was unchanged by the debris torrent, but cover in the form of woody debris 
increased about 30 percent in the disturbed area. 

In summary, the site-specific effect of debris torrents on fish habitat and pro­
duction was generally negative in the area immediately below the torrent egress. 
The cumulative effects were greatest on small streams that received large quantities 
of debris. 

Extended Reach Effects-Intensive Evaluation 

The effects of debris torrents on habitat and production of anadromous fish were 
also studied on a 1-mile (1.6-km) reach of Knowles Creek in 1979 and 1980. 
Observations were also made outside the 1-mile (1.6-km) reference reach. Bedrock 
in the Knowles Creek watershed is sandstone, and about 80 percent of the stream 
substrate along the main-stream is composed of sandstone bedrock. In this sedi­
ment-poor system, fish habitat diversity in terms of cover, pools, and variations 
in substrate in the study reach was directly related to organic and inorganic 
materials deposited in the channel by debris torrents. Habitat utilization by adult 
and juvenile coho salmon was also strongly associated with habitat changes result­
ing from debris torrents. 

Debris torrents entering first- through third-order stream channels of Knowles 
Creek appear to have consistent and predictable effects on habitat of anadromous 
fish. Recent torrents on this stream occurred during intense storm events when 
all streams in the basin were at or near flood stage. Typically a large mass 
(> 1,000 yd3(765 m3) )  of large woody debris, rock, and soil entered the stream 
from a steep side channel. High flows tended to float the woody material out of the 
system, or deposit it at the stream margins or in a massive debris jam somewhere 
downstream. Large rock, rubble, and soil in the torrent created a dam in the 
channel, changed the channel gradient, and created a small lake upstream. Sedi­
ment transported by subsequent winter freshets was deposited at the head of the 
lake, forming new gravel bars. Over a period of years the lakes fill with gravel. 

There is evidence of three large debris torrents in the 1-mile study reach of 
Knowles Creek. Two are recent-one occurred on November 14, 1980, and the 
other in February 1977. The third i's an old torrent of unknown age. Gradient 
changes caused by the 1977 torrent and the undated torrent were similar. The 
stream channel rises at 0.8 percent grade in the area of both torrents. A stable dam 
of boulders and rubble increased the gradient at the egress of the 1977 torrent to 
1.6 percent for a distance of 450 feet (137 m), and gradient at the undated torrent 
was increased to 1.9 percent for 600 feet (183 m). Gradient changes caused by the 
1980 torrent have not yet been surveyed. None of the debris dams retarded 
upstream passage of anadromous salmonids. The 1977 and 1980 torrents created 
lakes with volumes of 1.7 and 1.8 acre feet (2,097 and 2,220 m3), respectively. The 
capacity of the debris torrent ponds for rearing underyearling coho salmon 
exceeded other habitats available in the stream. The population of coho rearing 
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during the summer in the pond created by the 1977 torrent was estimated at 875 

fish in 1979 and %5 in 1980, or an average of about 1. 77 fish per lineal foot (5.8 fish 
per lineal meter) of stream channel. Coho population estimates from four unponded 
segments of Knowles Creek indicated an average of 0.18 coho per lineal foot (0.6 
per m) in summer. In 1979 and 1980, the debris torrent pond was rearing under­
yearling coho at a rate nearly 10 times greater than the unponded channel. The 

number of coho rearing in the 530-foot-long (160-m) pond was estimated to be 
approximately equal to the number rearing in 1 mile (1600 m) of unponded habitat. 

The debris torrent ponds also provided habitat for adult coho. Ponds created by 
the torrents provided resting habitat for adult coho awaiting spawning. Ponds also 

provided natural settling basins for gravels transported downstream during fresh­
ets. Observations made during the winter of 1980 illustrate the importance of 

torrent ponds to adult coho. On December 13, 1980, 92 adult coho salmon were 
observed in the 1-mile ( 1.6-km) study reach of Knowles Creek. Eighty-five percent 

of the fish were either resting in the deep ponds created by the 1977 and 1980 

torrents, or spawning on gravels impounded by the three torrents. Ten coho redds 
were counted in the reach and 7 were in gravels impounded by torrent-produced 
dams. 

Coho make immediate use of habitat created by debris torrents. The 1980 torrent 
was less than three weeks old when 14 adults were seen resting in the new pond 
and 2 redds were observed on 25 yd2 (21 m2) of freshly impounded gravel at the 

head of the pond. 
Our study of an extended reach of stream on Knowles Creek has helped clarify 

the effects of debris torrents on fish habitat in that watershed. Although torrents 
have a negative effect on habitat in areas inundated with organic and inorganic 
debris, the over-all effect on Knowles Creek appears positive. Within the extended 
reach, debris torrents enhanced spawning and rearing habitat for adult and juvenile 
coho salmon and did not interfere with adult migration routes. 

The results obtained on Knowles Creek might be generally characteristic of 
other sediment-poor systems in the Coast Range sandstone formation. Similar 
changes in habitat probably do not occur in sediment-rich systems where sediment 
added by torrents would add little to habitat diversity and torrent-created ponds 
would fill rapidly with sediment. Additional research is needed to determine how 
broadly results from Knowles Creek can be inferred. 

Future research is also needed to determine how the accelerated occurrence of 

debris torrents caused by timber management affects fish habitat. The rate of 
accumulation of debris in stream channels could be the determining factor in 

whether cumulative effects on habitat of anadromous salmonids are positive or 
negative. 

Livestock Grazing Systems 

Livestock use streamside areas heavily, for feeding and resting. The stream 
itself is often their only source of water; this also promotes use of streamside 
areas. Many studies have described the adverse impacts of overgrazing and con­
centration of livestock along streams, but these have usually dealt with physical 

impacts such as soil compaction, streambank trampling, and reduction of stream­
side vegetation (Meehan and Platts 1978). A few studies have compared biomass 
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of salmonids in stream reaches protected from streamside grazing with reaches 
along which grazing occurred. Gunderson (1968) showed that brown trout (Salmo 

trutta Linnaeus) production was considerably greater in sections of Rock Creek, 

Montana, adjacent to ungrazed areas than in sections adjacent to grazed areas. 
These findings were later verified by Marcuson (1971). Platts and Rountree (1972) 

reported fish habitat was damaged, primarily from bank trampling, more along 
sections of Bear Valley Creek, Idaho, than along ungrazed sections. 

Several different livestock grazing systems are in use today (Meehan and Platts 
1978). These systems differ primarily in the intensity of use within various pastures 
of a grazing allotment. All pastures may be grazed continuously throughout the 

grazing season; a given pasture may be grazed during the early part of the season 
and left ungrazed during the latter part, or vice versa; various pastures may be 
rested periodically for a full grazing season; or any number of combinations or 
modifications of these strategies may be used. 

The USDA Forest Service Anadromous Fish Habitat Program has two studies 

underway to evaluate the effects of various grazing systems on fish habitat. One of 
the studies is being conducted on several streams in central Idaho; the other is on 
Meadow Creek in northeastern Oregon's Blue Mountains. Neither study has been 
completed, so conclusive results cannot be reported at this time. We have been 
working on the Meadow Creek study, and will briefly discuss this study and some 
preliminary observations. 

The stream was divided into four 1.25-mile (2.0-km) sections to study effects of 

various livestock grazing systems, with and without wildlife (deer and elk) influ­
ence, with a separate 1.25-mile upstream "control" section. The fisheries portion 
of the study concentrated on the upstream treatment section. This section was 
subdivided into five units. The first year, cattle grazed season-long in the unit 
farthest downstream, while upstream units remained ungrazed. The second year, 
the two downstream units were grazed, etc., so that at the end of the five-year 
study, the most downstream unit had been grazed for five years, the next upstream 
unit for four years, etc. with the farthest upstream unit being grazed for one year. 
Stream channel and bank profiles, benthic and invertebrate drift samples, and 
steelhead trout population estimates and stomach contents were obtained before 
cattle were put on, at mid-season, and after cattle were removed each year. Water 
temperature and various chemical parameters were measured as well. 

Data analysis will continue for about two more years. Presently, nothing can be 
said about effects of grazing on invertebrate organisms. Preliminary observations 
show no obvious differences between fish standing crops in the control section 
and the treatment sections after three years of season-long grazing. Stream channel 
changes have not yet been fully analyzed, but preliminary examinations indicate 
changes are due more to flow conditions than to direct livestock effects. 

The primary purpose of this discussion has been to outline the general scope of 

the grazing study and the kinds of data that will result. 

Summary 

The USDA Forest Service Anadromous Fish Habitat Research Program is inves­
tigating relationships between forest and rangeland management and fish habitat 
productivity. Scientists are studying habitat requirements of anadromous salmo-
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nids, the effects of various land uses on habitat, and habitat enhancement tech­
niques. Current research is clarifying the impact of large woody debris, mass soil 
movements, and livestock grazing systems on habitat productivity for anadromous 
salmonids. 

Large woody debris can create habitat for rearing salmonids, but may cause 
sedimentation in spawning areas. Large, naturally occurring debris can promote 
streambank stability and reduce strei;tmbed scour. Large accumulations of fine 
organic debris can adversely affect salmonid habitat by reducing dissolved oxygen 
and producing toxic leachates. In some instances, large debris accumulations may 
impede fish movement. Total removal of debris can result in a completely open 
channel, promoting streambed scour, streambank instability, and loss of fish hab­
itat productivity. 

Debris torrents, a common mass erosion event in the Pacific Northwest, have 
a negative impact on habitat and production of anadromous salmonids in small 
streams immediately downstream from the torrent egress. In a restricted area, 
both spawning and rearing habitat are degraded and fish production is reduced. 
Studies within a 1-mile (1.6-km) reach of Knowles Creek, however, indicate that 
the total effect of debris torrents in that sediment-poor watershed tends to be 
positive. Torrents created habitat diversity by adding boulders, rubble, gravel, and 
woody debris to the channel and increased both quantity and quality of habitat for 
juvenile and adult coho salmon. Torrents are a natural physical process that 
provide woody debris and gravel necessary to maintain productive fish habitat. 
The rate at which debris torrents occur might be the most important factor in 
determining whether cumulative effects are positive or negative: 

Very preliminary results of our livestock grazing study do not show profound 
effects on fish populations among various grazing systems or between one to three 
years of season-long grazing and ungrazed controls. Final analysis ofresults should 
be completed in 1982. 
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Introduction 

Early in the establishment of wildlife management as a profession, theories were 

commonly presented as facts. It is not surprising then, that subsequently we have 

often been confused with contradictory evidence. One example is the aphorism 
that good timber management is good wildlife management. Bunnell (1976: 147) 

protested that advocates of this doctrine espoused it "on the basis of ingenuous 

faith in the term 'good' with little supportive data." 
This principle apparently was not based on experience with timber management

practices that resulted in "good" things for wildlife, but, instead, on the undocu­
mented belief that higher populations of some game species in certain areas 
occurred after industrial-scale logging and/or widespread wildfire had removed 
much of the virgin forest. A corollary, therefore, was that "old-growth" forest 

was relatively unproductive of wildlife (as stated by many authors including, for 
example, Leopold 1949, 1950, Cowan 1956, Severinghaus and Cheatum 1956, 
Robinson 1958, and Jenkins and Bartlett 1959). Therefrom, it seems to have been 

concluded that any means used to eradicate ''old-growth'' would yield the nebulous 
"good for wildlife." 

Recently, Thomas (1979: 11) citing Bunnell (1976) warned "it has become 
increasingly obvious that such cliches . . .  will no longer suffice." We agree, but 
should concede our doubts were not quickened until we were assigned to study 
the influences of timber harvesting and management on wildlife habitat in southeast 

Alaska where there is a unique opportunity to contrast truly pristine forest with 
logged areas in various stages of succession. Early in the program we acquired 
data (discussed later) that did not fit the theory. One possibility, of course, was 
that the Alaskan forests were somehow different from other North American 

forests. Consequently, we searched the literature for information on those earlier 
forests and the data that lay behind the doctrine. 

The Historical Record 

Harvesting the "Old-growth" Forests 

The extent of "old-growth" forest today is much different than when European 

settlers first colonized this continent over 300 years ago. According to rough 
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estimates the original forests of commercial quality equalled about 850 million 
acres (344 million ha) with about 75 percent of this area occurring east of the Great 
Plains (Clawson 1979, Kellogg 1907). Much of today's commercial forest land, 
about 500 million acres (202 million ha) (Clawson 1979), is in second or third 
generation timber stands. Although it is difficult to accurately trace the demise of 
"old growth" because of limited, inaccurate, and noncomparable data, several 
sources allow us to describe this history generally. 

Following early colonization on the Eastern Seaboard, trees were harvested for 
firewood, lumber, and to clear the land for agriculture (Brown 1948). In the early 
1800s, wood was in demand in the Northeast for fuel, charcoal, and shipbuilding. 

By the mid 1800s, lumbering was developing rapidly and expanding to the west 
and south from New England (Reynolds and Pierson 1923, Brown 1948), reaching 
its peak about 1900 (Clawson 1979). The progression of the timbering industry in 
the United States through the nineteenth century was described by Reynolds and 
Pierson (1923: 11) as follows: 

For 100 years the lumber industry has been in the process of migration from one 

forested region to another .... As the first cut of pine in the more thickly settled 

coast regions drew near its end, the exploitation of the white pine forests of the 

Lake States began and the hardwood regions of the central Appalachians were 

opened to the market. As the cut of the Lake States drew to its close many lumber 

manufacturers of that region removed their operations to the South and began the 

attack upon the great belt of long-leaf pine stretching from Virginia to Texas. . . . 

Now [ 1920] four-fifths of the original southern pine is gone, and there is in progress 

a marked drift of lumbermen from the Southern States to the Pacific Coast, and to 

the northern part of the Rocky Mountains, known as the Inland Empire. 

Reynolds and Pierson (1923) reported that by 1920, 96 percent of the virgin 

timber had been cut from the Northeast and Central States, 90 percent from the 
Lake States, and the South was not far behind. They reported that 61 percent of 
the total remaining sawtimber was west of the Great Plains. In the West, as of 
1920, 17 percent of the timber had been cut and this was from the best and most 
accessible stands (Reynolds and Pierson 1923). These authors further stated that 
even Colorado, Utah, and Wyoming were well past the peak of their production. 
By 1920, Reynolds and Pierson (1923:21) stated, "we are beginning in earnest to 
cut our last reserve of virgin timber. . . . '' 

As of 1938, the Society of American Foresters ( 1947) classified 22 percent of the 
total forest area (about 460 million acres [186 million ha]) of the United States as 
"old growth." "Old growth" was defined here as "original forest" ; however, 
portions of the so-called "old growth" were described as having been culled. East 
of the Great Plains, the forest was largely cut over with remnants of "old growth" 

representing about 11 percent of the commercial forest land (Society of American 
Foresters 1947). 

In 1953, "old growth" (which in this report was not defined) represented only 

10 percent of the commercial forest land (USDA Forest Service 1958). Thirty­
three percent and 10 percent of this limited "old growth" was in the Pacific 
Northwest and Alaska, respectively, and no significant old-growth acreage 
remained in the Eastern forest area. 

In 1963, "old growth" was defined as being trees past rotation age (USDA 
Forest Service 1965:225). To our knowledge, "old growth" has subsequently been 
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poorly defined or its occurrence has been unreported in nationwide inventories. 
We know that some "old-growth" stands exist in the Eastern deciduous forests 
but these are scattered, of small size, and rare (Bormann and Likens 1979, Lorimer 
1980). The major states where significant "old growth" still exists today are 
Washington, Oregon, Idaho, Montana, California, and Alaska. According to Juday 
(1978:498), in the Pacific Northwest, "The elimination of old growth on forest 
industry lands is now virtually complete." There, most of the remaining "old 
growth" occurs primarily on public lands in remote areas and higher elevations. 
Vast tracts of unbroken '' old growth'' occur today only in Alaska. All of the timber 
harvest in Alaska today is in "old growth," and, following the historical pattern 
of logging in other regions of the country, the present harvest is concentrated in 
lower elevation stands of highest quality and volume. 

Deer Populations in North America 

Within the limitations of these proceedings, we can only present a cursory 
review of some of the historical accounts that are relevant to the topic. We have 
selected deer (Odocoileus spp.), because their history in North America is well 
documented, probably due to their high market and sporting value. 

The numerous anecdotal records reviewed by Young ( 1956) in The Deer of North 

America suggest that before the virgin forests of this continent were significantly 
altered by man, deer apparently were very abundant: Ernest Thompson Seton 
"estimated" the original North American deer population at more than 50 million 
animals; between 1755 and 1773, over two and one-half million pounds (1.13 million 
kg) of deerskins from about 600 thousand deer were shipped to England from 
Savannah, Georgia; in 1753, 30 thousand deerskins were shipped from North 
Carolina; in 1786, Quebec exported 132,271 deerskins. 

Schemnitz (1973: 12) said, "Historical accounts in the Northeast reveal an abun­
dance of wildlife in the period 1605-1820 (Banasiak 1961) .... In the period 
between 1820-1880, logging, agriculture and livestock grazing increased. Com­
mercial hunting was prevalent. Deer populations declined greatly (Silver 1957).'' 

In the Lake States, heavy market hunting of deer began about 1860, and enor­
mous quantities of venison were shipped by rail to the Milwaukee and Chicago 
markets (Bersing 1956: 10). In Michigan (Jenkins and Bartlett 1959: 11), "an average 
hunter could take 10 or 15 animals a day .... and in 1878 ... 70,000 carcasses 
[were] shipped out of the Lower Peninsula. In 1880, rail stations handled 100,000 

deer.'' By the end of the century, both timber and deer were nearly gone from the 
Lake States (Bersing 1956, Jenkins and Barlett 1959). 

In the Gulf South, according to Davis (1945:92-94), "The sale of deer hides was 
an important item of trade before 1900. . . . " Impressed with this volume of 
trade, Strecker (1927: 108) said, "This animal [white-tailed deer] must have been 
excessively abundant before the country was settled by whites." Logging activity 
peaked in this region around 1910 (Maxwell 1973). Subsequently, the deer popu­
lation declined radically as wanton hunting-and logging--continued, and reached 
a low point in eastern Texas (the timber country) about 1930 (Davis 1945). 

In the Northeast and the Lake States, as in Texas, the fantastic market harvests 
of deer occurred during the logging era. Concern over declining deer populations 
led to strict hunting regulations. In Michigan (Jenkins and Bartlett 1959: 13), "we 
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were scraping the bottom of the deer barrel between 1900 and 1910 "; in Wisconsin 
(Bersing 1956: 15), "probably the population reached the lowest point before World 
War I." 

If we are to believe more recent studies on post-logging habitat conditions 
(Leopold 1949, Verme 1965, Wallmo et al. 1976, Blymeyer and Mosby 1977, 
Wallmo and Schoen 1981), deer populations declined radically exactly when they 
should have increased, if removal of the "old-growth " forest had resulted in its 
supposed influence. DeGarmo and Gill (1958:2) were similarly confounded: "Two 
paradoxes are evident from the early history of deer in West Virginia; one that 
they were reported to be abundant in virgin forests; the other that they nearly 
disappeared when heavy timber harvests began to stimulate an abundance of food 
and escape cover .... Virtual disappearance of the deer from most of the State 
coincided with the big timber-cutting years between 1880 and 1910. " We should 
acknowledge, however, that because excessive market hunting took place con­
current with or just preceding removal of "old growth," it is difficult to separate 
the relative contribution of each to the deer decline. 

In the West, Murphy (1879; as cited in Young 1956) gave similar pre-logging 
accounts of deer in great abundance and market hunting on a massive scale from 
the northern Rockies to the Pacific Coast. Gill (1976) and Wallmo et al. (1976) 
pointed out that there were no reliable estimates of deer populations in the Rocky 
Mountain region before or after the advent of extensive logging. 

In the Pacific Northwest, Einarsen (1946), Cowan (1945, 1956), and Brown 
(1961) were perhaps most influential in legitimatizing the concept that "old­
growth" forests supported few deer-despite Young's (1956:3) accounts of phe­
nomenal market hunting along the Pacific Coast and in interior Oregon and Wash­
ington. Cowan ( 1945) arrived at deer density estimates of one deer per square mile 
(2.59 km2) on the southwest coast of Vancouver Island. He did not present any 
data or describe how these estimates were derived, however. Later Cowan 
(1956:606) offered only one source of documentation-Einarsen's (1946) report of 
the response of deer to the Tillamook Bum in western Oregon. Later, Hine (1973), 
in summarizing a long-term study of deer in the Tillamook Burn, also offered only 
Einarsen's record of the early event. 

Einarsen (1946:56-57) said, "This was originally a rugged area covered by a 
heavy stand of giant spruce, hemlock, Douglas fir, and cedar .... As a result of 
two severe fires, in 1933 and 1939, .. . the deer population was reduced [our 
italics] to less than one animal per section [square mile; 2.59 km2] of land .... 
The area was closed to hunting until September 26, 1942. . . . During the protec­
tion period, deer increased from one to over 15 per section." There was no 
comment on the population density before the fire, or how any of the later estimates 
were obtained, or on the role that protection from hunting may have played in the 
increase. 

Brown's (1961) verification of the reaction of deer populations to logging is 
limited to the results of pellet-group surveys conducted in southwestern Washing­
ton and the Olympic Peninsula in 1951. He measured four successional stages. His 
final successional stage consisted of "dense second-growth or mature old-growth 
timber areas that were considered to have a low productivity of deer forage" 
(Brown 1961:56). Because "old growth" and second growth were considered a 
single successional stage, it is difficult to evaluate the relative importance of "old 
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growth" as deer habitat especially since, on his intensive study area, true "old 
growth" was virtually absent (Brown, personal communication, 7 January 1981). 

In our literature search we found few records of measured deer densities in 
"virgin" forest, but these were of interest because of their high levels. Hebert 
( 1979: 139) reported densities of Columbian black-tailed deer in previously unlogged 
forest on Vancouver Island: "25-60.per square mile on a watershed basis" and 
"75-150 per square mile [on] specific winter ranges" (10-23 and 29-58/km2). 

Barrett (1979) estimated winter densities of 53 to 75 deer per square mile (20-29/ 
km2) on Admiralty Island in southeast Alaska. These estimates were based on 
pellet-group counts. Such estimates do not support the thesis that "old-growth" 
forest is poor deer habitat, but neither does the rest of the historical record. 
Furthermore that record does not provide reliable documentation of remarkable 
increases in deer populations attributable solely to the removal of "old-growth" 
forest. 

There are only limited records and some photographs of the structure and 
composition of remnant stands of Eastern "old-growth" or virgin forests. To our 
knowledge, there were few, if any, deer studies in such forests. Moreover, many 
of the '' old growth'' forest ecosystems of North America had been greatly reduced 
before there was an intellectual discipline capable of interpreting them. The term 
ecology was not even coined until 1869, and the science was not formalized until 
around the tum of the century. The concepts of wildlife management, biotic 
communities, and succession developed thereafter (Leopold 1933, Allee et al. 
1950). The simplistic notion that logging and timber management are "good" for 
deer, at least, seems to have come about more through a speculative process than 
through objective evaluation of data. 

Forest Ecology 

On the preceding pages, we have made a point of setting the term old growth in 
quotation marks, because it is used so indiscriminately. In the field of silviculture, 
old growth refers to forests that have reached the plateau of volume increment or, 
even, to an earlier age beyond which maximum economic return per rotation 
interval declines. But, those distinctions apply to managed forests, and much of 
the timber harvesting on this continent, to date, has consisted largely of first entries 
into unmanaged forests. So, for convenience in classifying that resource, the U.S. 
Forest Service applies the term old growth to stands older than some arbitrary 
age; in the Northwest it is 150 years. For the purposes of interpreting wildlife 
ecology, this definition is not adequate. 

Silvicultural systems fall basically into two classes, even-age and uneven-age. 
The former takes advantage of the most common pattern of secondary succession. 
When old growth is completely removed by clearcutting, wildfire, or other agents, 
the trees that regenerate are all of about the same age. They tend, then, to grow 
apace toward the "green-up" stage, when their developing crowns have formed 
a more or less uniform canopy. As the trees continue to grow, each needs more 
space, and competition overcomes the weaker trees, but the stand retains its even­
aged character (Figure 1). This is the aggradation phase, described by Bormann 
and Likens (1979), during which biomass increases more or less steadily_ to a 
maximum. 
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From the standpoint of timber production, it is most efficient to harvest at or 

below maximum biomass for it is followed by a transition phase of declining 
volume as growth of individual trees slows down and some succumb to disease, 
insects, or windthrow. Over a long period of time, perhaps centuries in spruce­
hemlock forests of Alaska (Harris and Farr 1974), the forest reaches a point at 
which the standing crops of living, and total biomass begin to oscillate about a 
mean. According to Bormann and Likens ( 1979: 174, 175) an ecosystem in this 
dynamic but relatively unchanging condition can be labeled a "Shifting-Mosaic 
Steady State," which structurally, "would range from openings to all degrees of 
stratification. . . . The forest stand would be considered all-aged and would 
contain a representation of most species, including some early successional spe­
cies, on a continuing basis." 

Although there may be no immediate reason for the timber manager to preserve 
the Shifting-Mosaic Steady State, it has some important characteristics for wildlife. 
In southeast Alaska, for example, most of the forest exists in this uneven-age stage 
(Figure 2), and as such, exhibits high structural complexity and variability in both 
a vertical and horizontal plane as compared to second-growth stands. In areas of 
recent disturbance, or where older trees have fallen, herb and shrub communities 
occupy the openings, or thickets of saplings may develop. Wet or rocky sites, or 
areas subject to soil sliding may remain permanently brushy. With trees of a wide 

Figure l. This second-growth forest in southeast Alaska is about 150 years old. It is even­

aged, silviculturally mature, and has low habitat diversity compared to old-growth forest. 
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age span, the forest has a multi-layered canopy. Thus, in the vertical plane, the 
structure of the community includes an herb layer, shrubs varying from a few 
inches (cm) to over 6 feet (2 m) in height, sapling-size and pole-size trees, and 
subdominant and dominant trees many centuries old with crowns ranging from, 
perhaps, 100 to 200 feet (30-61 m) in height. Fallen trees in various stages of decay, 
standing dead trees ("snags"), and a variety of epiphytes, including mistletoe, 
fungi, mosses and lichens, add to this vertical complexity. 

Even-age silviculture stops development at or below the end of the aggradation 
phase when forest structure is comparatively simple. At that stage, in most coni­
ferous forest types, vertical structure consists of the forest floor stratum, mostly 
devoid of vascular plants, an intermediate stratum of even-aged, even-sized, more 

or less evenly distributed tree trunks, and a dense, one-layered canopy. Obviously, 
there is much less structural complexity and variability (i.e. diversity) in such a 
stand compared to old growth. In Alaska, this condition persists for close to two 
centuries following clearcutting (Alaback unpublished report, Harris and Farr 
1974, Wallmo and Schoen 1980). It is the kind of "mature forest" illustrated by 

Cowan (1956:566) as an example of poor deer habitat in the Pacific Northwest. 
Bormann and Likens (1970:170), in reference to the northern hardwoods, state: 
"Interestingly, it seems in the minds of many novelists, conservationists, foresters, 

Figure 2. This old-growth forest in southeastern Alaska is uneven-aged, silviculturally 
overmature, and has high habitat diversity compared to second-growth forest. 
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and ecologists this type of massive, more or less even-aged successional forest is 
equated with 'virgin,' 'climax,' 'pristine,' or steady-state forest." 

In the remainder of this paper, the term old growth will be used to refer to forests 

that have reached the "shifting-Mosaic Steady State." This concept says more 

about the potential biotic community than the term climax. 

Wildlife Ecology 

The importance of old growth to many species of wildlife remains largely unstu­

died and poorly understood. We intend to direct our primary focus here to one 
subspecies, Sitka black-tailed deer (Odocoileus hemionus sitkensis), which we 
have had recent opportunity to study in a true, steady-state, old-growth forest in 

southeast Alaska. Our investigations revealed that these deer used old-growth 
forest considerably more in both summer and winter than any seral stages from 1 

to 150 years of age (Schoen and Wallmo 1979, Wallmo and Schoen 1980, Schoen 
et al. 1981a). Other researchers in southeast Alaska revealed that relatively shallow 
snow and an abundance of available forage are among the reasons for this pref­
erence in winter (Bloom 1978, Barrett 1979). In comparison to old-growth forest 

in Alaska, even-aged, second-growth stands (30-150 years old) produce minimal 
understory forage. Recent clearcuts (3-20 years old) produce abundant forage but 

snow accumulation during winter periods often makes this forage unavailable to 
deer. 

Encouragement that our observations of the importance of old growth were not 
anomalous comes from studies of Columbian black-tailed deer (Odocoileus hem­

ionus columbianus) which have exhibited similar responses. In British Columbia, 

it has been suggested that clearcutting in the hemlock-spruce climax would not 
improve game production (Robinson 1958) or benefit deer populations (Gates 1968) 

due to reduced range quality associated with rapid succession. On Vancouver 
Island, Jones (1974, 1975), Weger (1977), and Harestad (1979) obtained data sup­

porting the importance of old-growth forests as winter deer habitat. The results of 
these British Columbia studies were reiterated and emphasized further by Bunnell 
and Eastman (1976), Cowan (personal communication, 2-13-78), Bunnell (1979), 
and Hebert (1979). Hebert (1979), in addition, presented evidence of deer declines, 
following logging of old growth on Vancouver Island, of as high as 75 percent. He 

indicated that declines as great as 80 to 90 percent may be expected. 
In eastern North America, the effect of snow in reducing white-tailed deer 

(Odocoileus virginianus borealis) use of clearcuts has been described by Krull 

(1964) in New York and by Drolet (1978) in New Brunswick and Nova Scotia. 
Mundinger (1980) reported the same for northwest white-tailed deer (Odocoileus 

virginianus ochrourus) in western Montana, and he recommended a 250-year 
timber harvest rotation to retain suitable forest for winter habitat. 

Numerous graphic models have been presented to illustrate the value of sequen­
tial stages of forest succession as deer habitat (e.g., Leopold 1949, Brown 1961, 

Mohney 1976, Lowe et al. 1978, Wallmo and Schoen 1980). They are based on 
many reports of increases in potential forage supplies and deer use levels in young 
clearcuts or burned areas relative to adjacent forest. None of these models, except 
that developed by Wallmo and Schoen (1980), carry the theoretical results to the 
ultimate stage of uninterrupted succession. When considering deer response to 
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forest succession, it is important to adequately evaluate the entire chronological 
sequence of succession. In Alaska, the effect of cutting an old-growth stand is to 
increase for a short (15-20 year) period understory productivity, recognizing how­
ever, that understory availability may actually decline due to excessive snow 
accumulation in these openings. This is followed by 80 to 85 years (on a 100-year 
rotation) of relatively nonproductive second growth. The net result for deer is a 
decline in carrying capacity over the entire rotation. 

in southeast Alaska, we have only begun to study how deer respond to certain 
characteristics of their old-growth environment (Schoen et al. 198 la). Many other 
wildlife-habitat relationships, with respect to old growth, will require review and 
further study. Lacking these data, one might safely assume that a goal of main­
taining the greatest wildlife diversity (i.e., variety) is more a matter of maintaining 
the greatest habitat diversity. This relationship has been discussed generally by 
Odum (1971) and Ricklefs (1973), and is perhaps best demonstrated by the numer­
ous studies correlating bird species diversity with habitat diversity (MacArthur 
and MacArthur 1961, MacArthur 1965, Balda 1975, Shugart et al. 1975, Meslow 
1978, Anderson et al. 1979, Mannan 1980, and others). 

Ecologists generally believe, with some exceptions (Whittaker 1970, Ricklefs 
1973), the diversity and complexity of community organization increases with 
succession (Whittaker 1970, Odum 1971, Ricklefs 1973). In southeast Alaska, it is 
readily apparent that habitat diversity in the old-growth, or climax stage of succes­
sion (e.g., Figure 2) exceeds that found within early or intermediate successional 
stages (e.g., Figure 1). A conceptual model of a few seral relationships within the 
forest ecosystem of southeast Alaska is presented in Figure 3. 

In the Pacific Northwest, old growth is considered an optimal or essential habitat 
for some bird species (Meslow and Wight 1975, Meslow 1978, Forsman et al. 1977, 
Bull 1978). 

In discussing breeding bird diversity and vegetative structure, Balda (1975) 
stated, "Until we have the necessary information on specific habitat types on a 
regional basis a goal of land managers should be to maintain as many naturally 
occurring habitats (especially climax communities) as possible . . . .  " 

Luman and Nietro (1980) listed several wildlife species in the Pacific Northwest 
whose complete or partial dependence upon old growth is such that preservation 
of their present populations may require the retention of large areas of old-growth 
timber. They included the northern spotted owl (Strix occidentalis caurina), gos­
hawk(Accipiter gentilis), pileated woodpecker(Dryocopus pileatus), Vaux's swift 
(Chaetura vauxi), marten (Martes caurina), fisher (Martes pennanti), northern 
flying squirrel (Glaucomys sabrinus) and red-backed vole (Clethrionymys califor­
nicus). 

Some species that may not have primary dependence on old-growth forest 
throughout their geographic range have been observed to utilize it seasonally, and 
may be dependent upon it in some areas at some times. Examples are moose, 
Alces alces (Doerr et al. unpublished manuscript), mountain goats, Oreamnos 
americanus (Schoen et al. 1981b), black bears, Ursus americanus (Kelleyhouse 
1980), grizzly bears, Ursus arctos (R. D. Mace, personal communication and in 
press), white-tailed deer, Odocoileus virginianus (Mundinger 1980), and Vancou­
ver Canada geese, Branta canadensis fulva (Lebeda 1980). 

The Vancouver Canada goose is interesting because of its remarkable departure 
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Figure 3. Conceptual models of several seral relationships within the forest ecosystem of 
southeastern Alaska. 

from typical habitat use by the species. On Admiralty Island in southeast Alaska, 

their preferred habitat for nesting and early brood rearing was found to be old­
growth forest (Lebeda 1980). Also in southeast Alaska, which has the largest 

population of bald eagles ( Haliaeetus leucocephalus) in the United States, nesting 

habitat of bald eagles consists almost exclusively of old-growth forest usually 
within close proximity to the marine shoreline (Robards and Hodges 1976). 

It is significant that many of the examples of old-growth use by wildlife are taken 

from the Pacific Northwest or southeast Alaska because this area is the last 

stronghold of extensive, though rapidly diminishing, old growth left in the United 

States. Here, opportunities are still available to observe natural phenomena that 
have long disappeared over much of the continent. In North America, generally 

our understanding of early seral ecology is much more complete than that of old­
growth forest ecology for the reason that relatively few ecologists have studied or 

have had the opportunity to study the biotic communities of true old-growth 
forests. We have been able to cite only a few examples of the value of old growth 

to some wildlife species. It is regrettable that the interest developed so late, 
because such habitat may be disappearing faster than we can develop an adequate 
understanding of it. 

Conclusion 

The diverse goals to which wildlife managers are responding today require a 

better process than is currently used for integrating wildlife and forest management. 
Thomas (1979) has offered the first realistic attempt to face up to the enormity of 
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that charge, and his planning system has been widely acclaimed as a means for 
providing responsible multiple use management of forest lands. However, as we 

develop new approaches for integrating wildlife goals and objectives into forest 
management, we must ensure that such guidelines are based on current quantitative 

data and are applicable to the area in question. We must also be cautious in our 
application of generalities and keep in mind that ''Progress in any field may be 
measured by the rate at which generalizations are broken down and reformulated'' 
(Leopold 1930:332). 

Our purpose here has been to point out the scarcity of old growth in North 
America today, and to draw attention to the need for a greater understanding of 

the role old growth plays in wildlife-forest relationships. Old-growth forests are 

today very limited and, under standard rotations, nonrenewable. Thus our 
approach to forest management of old growth will have substantial and long-term 

consequences. The magnitude of our responsibility is well stated by Juday 

(1976: 158) who cautioned that "despite the enormous temptation of great economic 

gain from the sale of old-growth timber, resource managers must always remember 

that old-growth is a phenomenon that pre-dates them and the human species 
. . . It functions according to rules that the human species must understand if we 

are truly serious about managing forest ecosystems on a long term basis." More 
research and less speculation will be required if we are to meet our responsibilities 

in providing enlightened and knowledgeable wildlife-forest manage.ment. 
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