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PREFACE

In May, 1975, a symposium was conducted in
Tucson, Arizona,on the management of forest and
range habitats for nongame birds. That landmark
meeting opened a dialog between avian ecologists
and resource managers. It was widely agreed that
both groups benefitted each other, and that a
series of regional workshops should be held.

The objective of the series would be to insure
that nongame bird habitat requirements are con-
sidered in significant land management practices,
and that a diversity of natural biological
communities are maintained.

To that end, the National Nongame Bird
Steering Committee was formed to sponsor regional
workshops to present the state of the art of non-
game bird research and management in various eco-
regions of the United States. The first workshop
in the series was held in Portland, Oregon, Feb-
ruary 7-9, 1977, entitled, 'Nongame Bird Habitat
Management in the Coniferous Forests of the
Western United States'.

This workshop, "Management of Southern
Forests for Nongame Birds', is the second in the

series, and presents bird habitat research
results and management techniques for all major
habitat types in the southern and socutheastern
United States. This workshop is jointly hosted
by the USDA-Forest Service--the Southern Region;
Southeastern Area, State and Private Forestry;
Southeastern Forest Experiment Station; and the
Spouthern Forest Experiment Station.

The Forest Service was joined by the
National Nongame Bird Steering Committee in
sponsoring this workshop. Its members include:

Forest Service, USDA

Scil Conservation Service, USDA

Fish and Wildlife Service, USDI

Bureau of Land Management, USDI

National Wildlife Federation

The Wildlife Society

Wildlife Management Institute

National Audubon Society

International Association of Wildlife
Conservation Agencies
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Keynoie Address:

Management of Nongame Wildlife--A Need Whose Time Has Come’

7

2/

Michael D. Zagata—

Aldo Lecpold and other early workers in
“the profession of wildlife management recog-
nized the theoretical value of considering

whole communities when making management deci-

sions by coining the often used adage: ''As
the community goes, so goes the species."
However, in practive the needs of game spe-
cies have generally been the only needs con-—
sidered or have taken priority. Grange
(1949) outlined the wildlife species associ-
ated with various successional stages for a
white pine climax in Wisconsin. The know-
ledge that the habitat for great-horned owls
would be lost by setting back succession to
benefit prairie chickens had little conse-~
quence,

Are we, as professional managers, to be
faulted for this? Some say yes and some say
no. Those who say yes feel that wildlife
management should consist of the application
of ecological principles that perpetuate a
desired diversity. They recognize that wild-
life in general has ecological, economic,
educational, esthetic, historical, recrea-
tional and scientific value to the Nation and
its citizens. They feel that emphasis on
game species has preempted a consideration of
management programs for the nonhunted spe—
cies.

Those who say no look to the sources of
funding for our nation's wildlife management
programs, and point out that it is the hunter
who has paid the bill. In addition, they
stress that game management also indirectly
benefits some nongame wildlife.

At this point the meaningful discus-
sions begin to take place with the recogni-
tion that any management action benefits some
species and adversely impacts others. The
formerly familiar blanket statement that
"good forest management is good wildlife man-
agement” illustrates the folly of a simplis~
tic, single species approach to wildlife

1/

~/ Keynote address at the Workshop on
Nongame Birds in Southern Forests, Atlanta,
Georgia, January 24-26, 1978.
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=" Director of Federal Relations,

National Audubon Society, 1511 K Street, N.W.,

Washington, D.C. 20005.

management in today's world. We now recog-
nize the importance of treating wildlife
and other resources as part of an inter-
related system.

It is because of the public's
increased knowledge of these interrela-
tionships that we have been prodded into
giving greater emphasis to the nongame
species. The habitat manipulations we
have made for the benefit of game species
affected other species directly or indi-
rectly, positively or negatively.

Because different wildlife species are of
value to different groups in our society,
cencentration on one species to the detri-
ment of others is likely to, and in fact
has, alienate those whose interests have
been ignored or negatively impacted.

Because of a greater recognition of
the value of all wildlife to mankind by
the wildlife professionals and the
public, specific legislation to benefit
nongame wildlife has been enacted. Exam-
ples include the Endangered Species Act,
the Marine Mammals Protection Act, and the
Wild and Free Roaming Horses and Burros
Act. They suffer the same narrow focus as
our earlier game programs and are defen-
sive actions. They do, however, serve to
point out two important factors: (1) the
public is concerned about wildlife for
wildlife's sake; and (2) the public can
limit the professional's ability to employ
sound ecological principles to manage a
speciles, e.g., Wild and Free Roaming
Borses and Burros Act. In addition, the
Endangered Species Act and Marine Mammal
Protection Act have illuminated our lack of
basic knowledge about the ecological
requirements of most listed species.

The reluctance of the professional to
act on behalf of the public has prompted
concerned, well-intentioned citizens to
draft legislation that would mandate cer-
tain actions on behalf of wildlife. On the
surface this sounds good to those of us who
have fought the upward battle to gain recog-
nition for the value of game, as well as
nongame, wildlife. However, there is a
real danger in this as was evidenced in a
1976 Senate bill entitled "The National




Forest Timber Management Reform Act of 1976"

(S. 2926). The bill contained many "carrots"

for those concerned with wildlife but could
have tied the hands of the professional to
exercise his skills.

The factors I have alluded to have set
the staze for the title of this talk:
"Management of Nongame Wildlife - A Need
Whose Time Has Come." In a 1972 survey of

households in the southeastern United States,

nonconsumptive values of fish and wildlife
were found to be greater ($12.3 billion)
than combined fishing and hunting values

($11.8 billion). Results of a 1975 survey by
the U.5. Fish and Wildlife Service encompass-

ing all 50 states indicated that one-half of
those persons 9 years of age and older who
participated in nonconsumptive f{ish and
wildlife~related activities also hunted,
fished or did both. Membership in the
National Audubon Society has grown from
41,000 in 1963 to over 400,000 today. 1In
1976, Missouri voters passed a referendum
for a constitutional amendment to add a one-
eighth of one percent sales tax for conser-
vation that is expected to generate about
$26 million in 1978 alone. Citizens in
Washington, Colorado and New York have also
gone on record in support of nongame pro-
grams that would include some or all of the
following: (1) preserve vulnerable species;
(2) establish wildlife observation areas;
(3) inventory wildlife; (4) provide for man-

agement; (5) develop wildlife education mate—

rial.

What I am saying is that there is a
very solid base of support for nongame man-
agement and that the professional community
should take the lead and not have to be
pushed into converting that support into a
program for the management of wildlife by
considering whole communities. The message
is clear; if we don't, it will happen in
spite of us. As professionals, we can not
allow that to happen.

Because of the wave of public interest
in wildlife, Congress has provided the man~
date, or as I view it the opportunity, to
make major strides in our knowledge of wild-
life, game and nongame alike. The Forest
and Rangeland Renewable Resources Planning
Act of 1974 (RPA), The National Forest Man—
agement Act of 1976, and the Land and Water
Resources Act of 1977 afford us great oppor-
tunity to assess our fish and wildiife
resource. Such an assessment, combined with
greater knowledge of community associations,
will permit us to base management decisions
on sound data and expand our knowledge of
the impacts to be expected from man-induced
or natural environmental pertubations.

Those of you familiar with the RPA process

know, however, that we are a long way from
having the necessary wildlife data to make
the kind of decisions an ever-increasing

segment of the public is asking us to make.

From a selfish standpoint, we can look
to the increased funding and personnel ceil~-
ings that have and will accompany this
increased interest in and concern for wild-
life. All that glitters is not gold, how-
ever, because the scope of our task will
probably increase at a greater rate than
the resources needed to do the job. There
are 3,699 vertebrate species in the United
States and an average of 748 species in
each state. An average of 125 species per
state may now be taken legally at pre-
scribed places and times for commercial,
control and recreational purposes. A sur-
vey by the U.S. Fish and Wildlife Service
showed that the states want to give atten-
tion to an average of 279 fish and wild-
life species in each state. It is clear
that traditional funding sources are not
adequate to do the job if we are going to
be aggressive in recognizing the needs of
nongame wildlife. In addition, we will
need to develop techniques for defining
habitat requirements like the one developed
in the Pacific Northwest which relates
wildlife~timber relationships to timber-
management activities. The result was the
ability to predict that "if I do this, T
can expect to get that."

I have discussed briefly the history,
need and justification for an expanded
program of wildlife management that would
include nongame and game species. The
question is, how do we establish a pro-
gram to fund nongame wildlife research and
management when we can't completely fund
the existing game management programs?

The "Federal Aid Tn Nongame Fish and
Wildlife Conservation Act of 1977"(Ss. 1140)
was introduced by Senator Gary Hart
{(Colorado) and eighteen co-sponsors on
March 28, 1977. During hearings held on
S. 1140 on August 3, 1977, a strong record
of support was compiled for the concept of
a nongame bill.

On July 28, 1977, Mr. Forsythe and
Mr. Leggett introduced the '"Nongame Fish
and Wildlife Conservation Act of 1978"
(H.R. 8606) in the House. The bill,
which provides funds for both planning and
implementation, also received favorable
support. The Administration, as it did on
S. 1140, withheld support.

The House has continued to work on a
bill, and on December 7, 1977, Mr. Forsythe
introduced H.R. 102553, a refined version



of H.R. 8606. It is a good bill and reflects
more than 40 hours of work by the Committee
legislative staff in cooperation with several
conservation organizations. It provides for
90 percent matching money for planning and

75 percent for implementation. The planning
portion lists 11 standards that, when adhered
to, will help fill the voids in our knowledge
of wildlife and its habitat requirements.

Its major weakness is that it uses the autho-
rized appropriation rather than an excise

tax on certain outdoor recreational equip-
ment and birdseed as the funding vehicle.

The momentum is there for the passage
of this legislation and I feel I can truly
say that nongame wildlife management is a
need whose time has come. If I am right,
or if I am wrong, we as professionals should
consider Leopold's (1933) words of wisdom:

Management of Other Wild Life.
The objective of the game manage-—
ment program is to retain for the
average citizen an opportunity to
hunt. As already pointed out, this
implies much more than the annual
production of a shootable surplus
of live birds to serve as targets.
It implies a kind and quality of
wild game living in such surround-
ings and available under such con-
ditions to make hunting a stimulus
to the esthetic development, phy-
sical welfare, and mental balance
of the hunter.

The objective of a conserva-
tion program for non-game wild
life should be exactly parallel:
to retain for the average citizen
the opportunity to see, admire and
enjoy, and the challenge to under-—
stand, the varied forms of birds
and mammals indigenous to his
state. It implies not only that
these forms be kept in existence,
but that the greatest possible
vartety of them exisb in each
conmnity. )
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The Relationship of Nongame Birds to Southern Forest Types
and Successional Stages’

2/ 3/

H. H. Shugart,~ T. M. Smith,~ J. T. Kitchings,éj and R. L. Kroodsma—

5/

Abstract.--This paper identifies general patterns of
southern nongame bird species at three different spatial
scales — the region, the forest stand, the microhabitat.
Three hypothetical examples of nongame bird management are
developed. Each example uses available information on non-
game bird habitat requirements and tools used by forest
managers. Possible future approaches to nongame bird manage-

ment in the South are discussed.

INTRODUCTION

After several decades of research in avian
ecology conducted by ornithologists in southern
forests and elsewhere, we are in a position to
generalize to a degree about the expected pat-
terns of distribution of nongame birds over
time and space. Two publications that may be
useful for providing the reader with more
detail are Slusher and Hinckley (1974) and
Smith (1975). We will draw from these two
volumes and current ecological literature to
provide an outline of the general patterns of
nongame birds and we will give some examples
of approaches to managing nongame birds from
our own research.

1/

~"Research sponsored in part by the
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One important aspect in considering pat-
terns of nongame birds is to pay close atten-
tion to the time and spatial scales that are
being discussed. The general patterns of va-
riation in nongame birds over regional spatial
scales may be quite different from the patterns
of some smaller scale such as a forest stand.
We will discuss the dominant patterns in non-
game birds at three spatial scales: in the
southern region, on study sites of 10 to 20
hectares in size (the forest stand), and at a
microhabitat scale (less than .5 ha). Within
these spatial scales, we will discuss long-
term, annual and seasonal patterns of variation.
The patterns are summarized on Table 1 and more
detailed references are given in the discussion
that follows.

DOMINANT PATTERNS OF NONGAME BIRDS IN
THE SOUTHERN FORESTS

We will discuss patterns of distributions
of forest bird species in four of the nine cate-
gories in Table 1.

Long-Term Regional Patterns of Nongame Birds

Over longer time scales (considering
decade to decade or longer patterns of varia-
tion in bird distributions), there have been
several well documented cases of range exten—
sions into the South. For example, such
northern erratic migrants as the Evening Gros-
beak and the Pine Siskin now occur regularly
during some winters in parts of the South in
which they had never been recorded before the
present decade. There have been in the some-
what more distant past — a century ago — whole-
sale extinctions and regional extirpations of
woodland species associated with the era of
resource exploitation. Changes in species
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ranges and the extinction (or potential there-
of) of species can be summarized in two ways:
(1) We can consider the patterns of overlap

of species ranges to form a regional pattern
of species richness {(viz. areas in which many
ranges overlap are species rich). We can

then consider patterns of species richness
over the South. (2) We can map the ranges of
species that are considered to be in danger

of extinction.

Species Richness

Several factors influence the richness
(measured in terms of the number of species)
of the South's regional breeding avifauna.
Regions that have considerable topographic
relief or great heterogeneity of habitat
types tend to have more species than other-—
wise comparable areas. TFlorida is depauperate
(has less species than one would expect) for
a region with both temperate and tropical
habitats. This relative lack of species is
due to the fact that Florida is a peninsula
and is isclated by the Gulf of Mexico from
the sources of tropical species that might
otherwise occur there (Cook 196583. ¥t is the
depauperate nature of Florida that has allowed
it to be a "staging area" for the invasion of
exotic species onto the North American conti-
nent.

In general, the greatest richness of non-
game bird species is in the Appalachian
region of the South. This richness is due
in part to the altitudinal changes in the
region and in part because the region is in a
zone in which several species with northern
affinities extend their ranges into the South.
Table 2 provides a list of species occurring
in these forests along with a general descrip-
tion of the species habitat preferences and
nest site characteristics.

Endangered Species

If one maps the joint ranges of all of
the so-called endangered bird species that
occur in the South (Fig. 1) the resultant pat~
tern is the inverse of that for species rich-
ness. The endangered species tend to be
distributed in coastal areas (or on the
coastal plain) and in the southern part of
the region. Of these endangered species, most
are not directly asscciated with forest habi-
tats, but the Red-Cockaded Woodpecker {(which
is an old-age pine-forest endemic species) is
often associated with areas that are managed
for wood products. The management of land on
which an endangered species occurs is a very
difficult endeavor both from a legal stand-
point and in terms of the practical management
aspects. Many of the endangered species are

Figure l.--Overlaps in ranges of endangered
species in the South. The darkest shading
on the map indicates areas in the range of
five rare or endangered bird species, the
iightest shading indicates areas in the range
of only one rare or endangered bird species.
Intermediate shadings indicate 2, 3, or 4
species increasing with intensity of map
shading.

rare birds that are associated with an ecologi~
cally unique habitat type (e.g., Cape Sable
Seaside Sparrow) and management for these spe-
cies is often a matter of avoiding any altera-
tion in the habitat in which the species occur.
Species such as the Red-Cockaded Woodpecker and
perhaps the Bachman's Warbler are rare but also
occur in transient habitats (respectively, old-
growth pine stands, and disturbed southern
swamp-forests). One cannot manage land for
such species simply by leaving areas alone that
appear to be suitable habitat. Natural succes-
sion will transform the habitat in time to some
other habitat type. The management for these
species would have to include the creation of
new habitat in adjacent areas. The management
of southern forests to include as an objective
the perpetuation of transient-habitat endemics
such as the Red-Cockaded Woodpecker may be one
of the most difficult tasks that the regional
manager ever has to tackle.



Table 2. Habitat preferences of birds that breed in woodlands of the eastern United Statesa, and their abundance in eastern mountain hardwood forests

during the breeding season

b

Density--pairs
per 100 acres

Density--pairs
per 100 acres

Forest type(s) {or_frequency_ Nest sitca Forest typeés) _ {or_frequency, Nest site
Species preferred® in all standsb) preferred Species preferred in all standsb) preferredd
1 2 3 4 5 6 7 8 9 T2 3 45 6 7 8 9
Occurring primarily in Occurring primarily in
forest interior forest edge, brush, and
Cooper's Hawk X (z)b B areas with scattered frees
Sharp-shinned Hawk X% (1) ¢ Sparrow Hawk (American Kestrel) X (0) 0
Broad-winged Hawk X (8) B Bobwhi te X (1) G
Ruffed Grouse X 1+ + o+ G Mourning Dove X (2) B
Yellow-billed Cuckoo X + 1 1 U Common Flicker X 2+ 11 0
Black-billed Cuckoo be + 2 0+ o+ U Eastern Kingbird X (0) D
Barved Owl X (7) D Willow Flycatcher X (0) u
Saw-whet Owl X (0) 0 Olive-sided Flycatcher X (0) [
Chuck-will's-widow X (0) G House Wren X o0 0 + 0
Whip-poor-will X (8) G Mockingbird X (0) U
Pileated Woodpecker X + o+ o+ ] 0 Brown Thrasher X 0 0 + 0 u
Red-bellied Woodpecker X 1T+ + 1 0 Robin X + 1 11 B
Yellow-bellied Sapsucker X + 0 0 1 oD Eastern Bluebird X (0) 0
Hairy Woodpecker X + o+ o+ 1 0D Cedar Waxwing X (9) B
Downy Woodpecker X 31 + 2 0 White~eyed Vireo X + 0 0 0 u
Great Crested Flycatcher X 21 2 2 0D Yellow-throated Vireo X 21 1 3 0
Acadian Flycatcher % 4 2 328 Warbling Vireo X {0) o
Least Flycatcher X 4 0 0 1 B Prothonotary Warbler X (0) 0
fastern Wood Pewee X 5 5 5 5§ D Golden-winged Warbler X § + 0 0 G
Black-capped Chickadee X 1 4 1 2 [ih] Blue-winged Warbler X g 0 0 + U
Carolina Chickadee X 31+ 4 0 Yellow Warbler X 01 0 + U
Tufted Titmouse X 3 2 4 9 oD Chestnut-sided Warbler X 19 2 1 4 U
White-breasted Nuthatch X 5 2 615 0D Prairie Warbler X 31+ o+ u
Red-breasted Nuthatch X (1) Louisiana Waterthrush X 2+ + 1 stream banks
Brown Creeper X &D] between bark Yellow-breasted Chat X 4+ o+ + u
and trunk Mourning Warbler X 4 + g 1 G
Winter Wren X 00 0 + exposed roots American Redstart X 3 4+ + 16 U
Wood Thrush X 5 2 615 u Orchard Oriole X (0) D
Hermit Thrush X (2) G Blue Grosbeak X (0) u
Veery X 8 5 4 3 G Indigo Bunting X 13 8 1 2 U
Blue-gray Gnatcatcher X 3 2 6 9 Rufous-sided Towhee X 19 2 ¢ 7 G
Golden-crowned Kinglet X (0) ¢ Slate-colored Junco X 4 + 6 3
Solitary Vireo X + o+ 207 cu Chipping Sparrow X (1) U
Red~eyed Vireo X 18 23 21 37 U Song Sparrow X 1T+ 0 0 G
Black-and-white Warbler X 9 6 9 5 G
Swainson's Warbler X 00 0 + U ..
Worm-eating Warbler X 2+ + 9 G Qccurring in forest
Nashville Warbler X (0) G interior and edge,
Parula Warbler X + 0 + 1 B brush and areas with
Magnolia Warbler X 1+ + 2 cuy scattered trees
Black-throated Green Warbler X 3 557 Cy Turkey Vulture X (2) G
Black-throated Blue Warbler X & 4 6 4 U, cu Black Vulture X (0) G
Cerulean Warbler X 2 0 317 D Red-tailed Hawk % (2) B
Yellow~throated Warbler X 0+ 0 0 B Red-shouldered Hawk X (3) B
Blackburnian Warbler X T+ 1 3 C Screech Owl X (2) 0
Pine Warbler X + 3 + o+ c Great~horned 0wl X (1) B
Ovenbird X 1411 17 17 G Ruby-throated Hummingbird X T 1 + + U
Kentucky Warbler X 307 5 G Red-headed Woodpecker X (0) 0D
Hooded Warbler X 14 5 4 6 U Blue Jay X + o+ 4] B
Canada Warbler X 1 + 8 3 G Common Crow X (26) B
Scarlet Tanager X 7 + 3 7 D Carolina Wren X g + 0 4 u,0
Rose-breasted Grosbeak X 1 31 2 U Cathird X 1T+ 1 U
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Long~Term Patterns of Nongame Birds at the
Scale of the Forest Stand

Patterns in Breeding Bird Diversity

Diversity indices as used by most ecolo-
gists (see MacArthur and MacArthur 1961;
Patten 1962; Lloyd and Ghelardi 1964; Monk
1967; for wvarious uses of diversity indices
with different sorts of organisms) can be
thought of as having two components:

Richness — the number of species in a
given community.

Equitability — the evenness of numeri-
cal abundance of the populations
in a given community.

For breeding bird communities the diver-
sity is mostly due to the number of species
(richness) (Tramer 1969; Kricher 1972) so
that for studies of similar sampling intensity
and size, diversity (often calculated as H =
Ip;Logpy, where H is the diversity index and
P; is the frequency of occurrence of the ith
bird species) varies directly with species
richness. The diversity index is not as
strongly influenced by rare species as is a
species list, and is useful in comparing
studies of differing sample intensity (Buzas
and Gibson 1969).

There is a general theory that species
diversity of organisms should increase through
succession with a decline in diversity in the
last successional stages (Margalef 1958).

This pattern has not been uniformly noted in
studies of breeding birds and is almost
certainly not the case in winter bird popu-
lations. Adams (1908) listed species of birds
characteristic of successional stages (aquatic
communities to bogs to climax forests) on Isle
Royale, Michigan. Adams found a greater
variety of bird life (species richness) in the
intermediate stages of succession. Figure 2
(from Smith 1975) shows the pattern for three
more recent studies. In no case is a decline
in species diversity toward the end of succes-
sion particularly evident, but there is a tend-
ency for diversity tec increase through succes-
sion. There is considerable variation in
pattern among the three studies.

Patterns of Breeding Bird Density

An increase of avian density through a
progression of successional communities has
been documented by Saunders (1936) in New
York, Kendeigh (1948) in Michigan, Odum
(1950) in North Carolina, Johnston and Odum
(1966) in Georgia, Haapanen (1965) iu Finland,
Karr (1968) in Illinois, Karr (1971) in
Panama, Shugart and James (1973) in Arkansas.
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from Johnson and Odum (1950); Il1linois data
from Karr (1971). Figure modified from
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These findings drawn from diverse regions are
in general agreement. There are notable
exceptions to this general pattern [e.g.,
Kendeigh (1947) found highest bird densities
in shrubby seral stages of communities in the
Helderberg Plateau region of New York]. How-
ever, there is an expected pattern of higher
densities of birds in mature forests.

Annual Changes in Bird Communities at the
Scale of the Forest Stand

A second time scale important at the level
of the forest stand is that of annual or year-
to-year variation in the composition of avian
communities. This annual variation can take
two forms: variation in the population of a
given species, and annual variation of the spe-
cies composition of the community as a whole.
Figure 3 shows the annual fluctuations in the
number of breeding pairs of selected bird spe-
cies in an Illinois woodland over a period of
vears.

The actual causes for such yearly fluc-
tuations in species abundance are for the most
part unknown. Wiens et al. (1974) found no
clear relationship between fluctuations in
population size of avian sgpecies and climatic
variation. The problem of identifying causal
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Figure 3.--Number cof pairs of selected spe-~
cies of breeding birds in Trelease Woods,
Urbana, Illinois (55 acres). Data from
Kendeigh (1944).

factors is confounded by the fact that many
of the breeding species in an area are migra-
tory species whose densities may be a result
of factors taking place in other areas of
their range. Fluctuations may also be a
result of changes in dispersal (distributional)
patterns rather than absolute numbers. Ter-
ritory size in avian species has been found
to be negatively correlated with abundance of
food within the territory (Stenger 1958;
Schoener 1968). As a result of this, annual
variations in the number of breeding birds of
a particular species in a given stand might
be a result of varying territory size re~
sulting from variations in the food supply
i.e., insect biomass).

Annual turnover of species in a stable
vegetation type is rather insignificant in
mainland regions and usually reflects the
presence of "rare species" encountered during
censuses. The actual species composition of
the dominant segment of the avifauna changes
littie from year to year for a given site.

Seasonal Patterns in Bird
Microhabitat Selection

One of the more interesting lines of
research to develop over the past decade has
been the use of multivariate statistical
techniques to quantify the microhabitat selec-
tion patterns of select nongame bird species
usually within a season. Schoener (1974) has
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reviewed the manner in which similar species
utilize their environments and has noted the
following general patterns:

1. The important variables involved in
resource partitioning are typically habitat
variables, followed in importance by food
variables.

2. As the number
a community increases,
needed to separate the
species increase.

of species considered in
the number of variables
ecological roles of the

Recently, there have been multivariate
statistical analyses (James 1971; Shugart and
Patten 1972; Anderson and Shugart 1974;
Whitmore 1975) directly applied to determine
the influence of a number of habitat variables
on the distributions and microhabitats of entire
avian communities. These studies indicate that
the simple relationship between bird species
diversity and foliage height diversity {irst
presented by MacArthur and MacArthur (1961) is
neither as direct nor as universally applicable
as it was first thought. The application of
multivariate analysis to the habitat selection
problem in birds also seems to reduce problems
in data interpretation.

For example, one application of discrimi-
nant function analysis has been proposed by
Conner and Adkisson (1976) to determine poten-
tial woodpecker inhabitation by measuring
variables in the structural vegetation. Dis-
criminant function analysis can also be applied
to the entire woodpecker community in order to
identify differences in structural niche
requirements among species. Using data col-
lected by R. Bunnell on a study area on the
Department of Energy Oak Ridge Reservation, a
discriminant function was computed so that
given the vegetational structure at a given
point in space, the probability of the point
being utilized by a given woodpecker species
could be determined. Vegetative data that cor-
responded to the parameters used in the wood-
pecker habitat analysis had been collected for
a number of inventory plots on the Oak Ridge
Reservation (Bumnell et al. 1978) where no
survey of woodpecker species have been made.
These data were fed into the discriminant
function and the most probable woodpecker spe-
cies associated with each inventory plot was
computed. The resultant map (Fig. 4) made with
Symap (Dougnik and Sheeham 1975) shows the
potential woodpecker feeding habitats by spe-
cies for a site called the Haw Ridge Site.
Such a map could be used bv a resource manager
to avoid the areas that might be used by a
given woodpecker species or it might allow the
placement of a nature trail so that a visitor
could expect to see all the indigenous wood-
pecker species with minimum effort., The idea
of coupling microhabitat analysis with the
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Figure 4.,--A Symap map of potential woodpecker habitat on a study site called Haw Ridge on the
Department of Energy Oak Ridge Reservation. The map was drawn using a discriminant function
(calculated on a base data set) to determine the expected woodpecker species at each of the
forest inventory plots on Haw Ridge. 1low-bellied Sapsucker and Red-bellied Woodpecker
habitats are similar and are lumped together.

forest inventory sample plots used by resource
managers creates the potential for nongame
management comparable to those used for many
game species.

POSSIBLE NEW METHODOLOGIES FOR NONGAME
BIRD MANAGEMENT

Regional Modeling of Nongame
Bird Management

Shugart et al. (1973) formulated a ra-
tionale and methodology for constructing
models of forest succession over large land
areas (10°% - 10'° acres). 1In developing this
methodology an example model was used to
simulate changes in amounts of forested land
of various successional stages in the State
of Michigan. Models of this type allow for
long-term predictions to be made concerning
the areas of land covered by a particular
forest type. For species in which the pre-
ferred habitat can be easily associated with
a forest type (as opposed to species that
have specific microhabitat preferences —
discussed below), such simulators can be
used to project the long~term regional con-
sequences of different management strategies.

As a purely hypothetical example of how
one might couple a regional-inventory pro-
jection model to the habitat selection pat-
terns of a given species, we will consider

how the habitat available to the Kirtland's
Warbler might change in the face of two dif-
ferent management schemes. We will use the
Shugart et al. (1973) example model as a suc-
cession simulator and will consider only the
gross habitat selection patterns of the
Kirtland's Warbler. Kirtland's Warbler is an
endemic of the Jack Pine forests of northern
Michigan. It is restricted to the fairly dense
stands of young Jack Pines that spring up after
forest fires (Bent 1963). As a result. of cur-
rent fire prevention practices, the Jack Pine
forests, being an early successional forest
type, are quickly declining in area. Subse~
quently the population of Kirtland's Warbler
has declined drastically to the point at which
today it is an endangered species.

Results of a 250-vear simulation of the
Jack Pine forests of Michigan under conditions
both of natural succession (in the absence of
natural or man-made disturbance) and of har-
vesting with a rotation age of 50 years, is
shown in Fig. 5. Under conditions of natural
succession Jack Pine decreases to 1/10 of its
original area (of 671.5 X 10% acres) within
100 years and continues to decrease to 1.09 X
10" acres by the end of the 250-year simulation.
When timber harvest and replanting is introduced
to the model, equilibrium occurs for Jack Pine
at the onset of the simulation with total area
covered varying by less than 27 over the 250
years.



ORNL-DWG 77-24376

2000

1500

1000

WITH 50-yr ROTATION

500

| ;

NATURAL SUCCESSION

| l

ey

: ;i

0

0 50 100

150 200 250

TIME (yr)

Figure 5.--Total acreage of Jack Pine in Michigan through 250 years of simulated succession

with and without forest management.

In actual fact, to deal with this prob-
lem of declining habitat availability for
Kirtland's Warblers under present conditions,
selected areas of Jack Pine forest are being
set aside and periodically burnt to make
available young stands of suitable habitat,
The value of models such as the one above,
is in their ability to predict long-term
trends in the availability of habitat tvpes
under various management practices. In the
above simulation, the harvesting of Jack
Pine using the equivalent of a fifty-vear
rotation period appears to maintain the
present status of Jack Pine as a forest
type and thus halt the decline of available
Kirtland's Warbler habitat.

In this hypothetical example we have
coupled a computer model (that projects
the regional inventory of different forest
types into the future) to the gross habi-
tat preferences of a nongame bird species.
Models which project future forest cover
are being used and developed for forest
systems for many regions of the United
States. Some of these models even take into
account economic feedbacks that might alter
the harvest and site preparation options
(for example) that are used {see Shugart et
al. 1977 for a review of some of the more
ecologically oriented models of this sort).
Given the existence of regional "habitat
projection models" — which is what the
models used to project state forest inven-—
tories really are — we are in a position to
incorporate bird habitat preferences into these
models and to manage nongame bird habitats.

Stand Modeling of Nongame Bird Management
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(Vertical axis in acres X 107)

Just as we can use regional inventory pro-
jection models to predict the changes of suit-~
able habitat for species over an entire state,
we can also use stand simulators to assess
effects of alternate management strategies on
selected bird species or for entire bird com=
munities. Stand simulation models are reviewed
in Horn 1977; Shugart et al. 1977. These
models are quite varied in the types of mathé-
matics used but they typically function by cdon-
sidering the tree by tree changes over time for
an area that corresponds to that of a canopy
tree or to some sampling unit. The spatial
scale of these models corresponds to the scale
of what we earlier ,termed the microhabitat
spatial scale for birds.

As a hypothetical example, we took the
stand simulator (FORET) that has been devel=-
oped for East Ténnessee (Shugart and West 1977)
and used the model to simulate 1000 years of
natural succession on 100 plots of forested
land each of which is 1/12 ha (v 1/5 acre).
This particular model functions by keeping track
of the diameter and species of each individual
tree occurring on the simulated plot. Each
year, a probability of mortality for each indi-
vidual tree is determined and a random number
is drawn to determine if a given tree should
be killed. Similarly, according to conditiohs
on the forest plot, trees of different species
become established either by seeding in or by
sprouting. Each vear the diameter of each tree
is increased according to the species and size
of the tree and taking into account shading,
crowding and climate. The output from the
model is in the form of lists of tree diameters
by species per 1/12 ha. This output looks like
a stand tally sheet and is provided each vyear



for each simulated plot. By combining the out-
put from several replicate runs (usually 100)
we can see the dynamics of a forest. Output
from the model, and a discussion of the vali-
dation of this model are in Shugart and West
1977.

The model output from 100 plots for 1000
vears of natural succession was converted to
biomass (in metric toms ha='). We then appor-
tioned this biomass between thin-barked tree
species and thick-barked species. The thin-
barked trees were the species that the Yellow-
bellied Sapsucker might use for feeding. The
Yellow-bellied Sapsucker (occurring in winter
throughout the South) feeds on the inner bark,
tree sap and the insects drawn to the holes
that the bird maintains in selected trees.
Figure 6 shows the percentage of trees that
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Figure 6.--Thin-barked tree species suitable
for feeding by Yellow-bellied Sapsuckers
as a percentage of the total biomass
through 1000 vears of simulated stand
development on 100 1/12 ha circular plots.

might be fed upon by Yellow-bellied Sapsuckers
during 1000 years of natural succession in
East Tennessee. There are two periods early
and late in the succession in which sapsucker
trees are particularly available but in no
case is there a shortage of potential feeding
sites during natural succession in the East
Tennessee forests.

There are several logical extensions of
this sort of habitat modeling. We could
have increased the mortality probability for

trees utilized by sapsuckers to obtain an
estimate of the effect of this bird on the
patterns of forest succession. We could
harvest trees from the simulated stands and
agsess the effect of any stand management
scheme on the availability of sapsucker
feeding sites. Using multivariate statis-
tical descriptions of habitat structure
associated with different bird species, we
could simulate bird community changes under
natural succession or under various manage-
ment options. What is needed in this case
iz a stand projection model and a knowledge
of species habitat preferences.

FUTURE PROBLEMS IN NONGAME BIRD MANAGEMENT

Through this discussion we have focused
on the habitat preferences of southern non-
game birds at different spatial and temporal
scales. We have provided some general rules-
of-thumb for patterns of bird populations and
we have given three examples of what we feel
will be the nature of future nongame bird man-
agement. It is imperative for the development
of nongame bird management as a scientifically
sound system of management practices that we
learn more about the habitat requirements and
niche relationships of nongame birds. Many
temperate bird species (at least within a given
season) seem to be closely tied to certain
microhabitat features. Thisg probably is not
the case with all temperate species and seems
not to be the case in general in tropical birds
(Able and Noon 1976). We must know which spe-
cies are associated with which habitat elements
and we must know which species cannot be man-
aged by simply managing for habitat.

It is probable that management for nongame
species will be practiced in the less~economi~
cally important mountain forests of the Arkansas
and Missouri Ozarks and in the Southern Appala-
chians due to several ecological and economic
factors. These forests are already used in a
primary fashion for outdoor recreation so that
the political pressures and incentives may be
greatest in these regions for a concerted
effort to manage song birds. Also these forest
systems have a rich avifauna. The economically
important pine-dominated forests of the coastal
plain should not be overlooked in terms of
their potential for nongame bird management.
The richer bird communities may be in forests
of the southern mountains, but not all species
occur in abundance in these regions and some
species are more or less endemic to the
coastal plain and piedmont ecosystems. There
is a potential for ignoring nongame bird popu-
lations in the pine forests that could create
shortages in critical habitat for some species
in the future. This potential problem should
be recognized and avoided.
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We have identified two areas in which
tools and data familiar to the forest manager
could be used to attempt to optimize birds
and other uses of forests.
volved the use of forest inventory data as
habitat potential data for nongame species.
The second area involved using stand and re-
gional forests simulators to project bird
habitat availability intc the future. There
is undoubtedly more
than simply habitat
needs to be done in

management but much work
this area. The insights

of the forest-entomelogist would be invaluable

in studying food availability for nongame
birds, for example.
in nongame bird management in the future may
well be the combining of the present under-
standing of avian ecology with the experience
in managing forests.
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The Structure and Organization of Avian Communities in Forests

1/

Sidney A. Gauthreaux, Jr.=

Abstract.—--The structure of bird communities is presented
in the context of Southwood's schema of ecological strategies

and the habitat templet.

Heterogeneity in space and time and

their effects on the gradients of durational stability and of
resource level and constancy are considered the underlying fac-

tors in community organization.

These gradients are used in

discussing species strategies and life forms, community process
(succession), and community characters (spatial complexity,
trophic complexity, niche breadth, standing crop, turnover, and

diversity).

INTRODUCTION

The concept of community as an aggregate
of organisms which form a distinct ecological
unit defined in terms of flora and fauna is
widely accepted, but it is also obvious that
the concept includes complex dynamic inter-
actions and properties of the component
species. In this presentation I will give a
broad overview of the structure of avian
communities in forests. In discussing avian
community ecology I should mention that it is
a bit naive to speak of "avian' community
ecology, because birds represent but a part
(and some would say a rather insignificant
part) of the total community structure.
Nonetheless, work on birds has contributed
greatly to our knowledge of the structure and
dynamics of ecological communities, and it is
this contribution I wish to stress in this
paper.

The ultimate objective in studying com~
munity ecology is to determine the nature and
the relative importance of the factors con~
trolling its composition; also, whether, to
what extent, and why the community is changing
with time (Pielou 1974). 1In order to achieve
this objective it is necessary to define some
measurable properties of the community as a
wheole and in so doing make possible compar-
sons of the quantitative properties among
several communities. As Pielou (1974) points

1/
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out, this is a necessary first step toward an
understanding of how communities function.

Thus, the study of bird communities is the

search for relations among measurable aspects

of sets of bird species such as patterns of size
or relative abundance among the species within a
community and patterns of numbers of species that
vary regularly from community to community
(MacArthur 1971).

Southwood (1977) has recently stressed the
importance of time and space in terms of ecologi-
cal strategies of species in communities and
emphasized that the strategies of the species
have evolved to maximize the numbers of their
descendents in the community. He has generated
a schema in which variocus features of communities
have been arranged against the axes of space and
time (fig. 1). Southwood's schema will be used
as a guideline in my treatment of avian community
ecology. It should be noted that any considera-
tion of avian communities involves treatment of
component species' strategies, community process
(succession), and community characters (spatial
complexity, trophic complexity, niche breadth,
standing crop, turnover, and diversity), and
these considerations will serve as the outline
for my presentation.

COMPONENT SPECLES STRATEGIES

A number of recent studies have addressed
life history strategies from many different
viewpoints. In a theoretical examination of
optimal reproductive efforts, Schaffer (1974a)
has relaxed the general assumption of environ-
mental constancy, and Schaffer (1974b) and
Schaffer and Rosenzweig (1977) have investigated
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Figure 1.--Ecological strategies and the habitat templet (after Southwood 1977).

the problem of more than one life history
strategy in a species. The influence of en-
vironmental certainty, trophic level, and
resource availability in life history stra-
tegies have been discussed by Wilbur et al.
(19743, and they suggest that additional eco-
logical dimensions, such as environmental
predictability and the relative trophic
position of species may be important in the
evolution of life histories. Nichols et al,
(1976) agree that attempts to explain life
histories as outcomes of single selective
pressures have actually obscured the
evolution of life history strategies, and
they add that numerous organisms inhabiting
variable environments exhibit temporally
dynamic reproductive strategies (see also
Giesel 1976). Ricklefs (1977) in a dis-
cussion of the evolution of reproductive
strategies in birds suggests that the di-
versity in life histories must be sought
primarily in environmental factors that
directly influence fecundity, prereproductive
survivorship, and adult mortality and in
density-dependent or fortuitous relation-
ships among those aspects of the environment.

Pianka (1970, 19742:90) has tabulated
several characteristics correlated with r-
and K=selection (Table 1). Stearns (1976,

1977) has carefully examined the ideas and cor-—
relates of r— and K-strategists in an overview
of life history tactics, and questions the
validity of the underlying assumptions and
theoretical predictions that have flourished

in the literature. According to Stearns (1976),
the key life history traits are brood size, size
of young, the age distribution of reproductive
effort, the interaction of reproductive effort
with adult mortality, and the variation in these
traits among an individual's progeny. The general
theoretical problem is to predict which combina-
tions of traits will evolve in organisms living
in specific circumstances. Leon (1976) has
addressed this problem in part by using optimal
control theory.

Some bird species resemble r-strategists
{see MacArthur and Wilson 1967) in that they
have high reproductive potential (longer
breeding seasons and raise more broods per year
than do other species), extraordinarily catholic
and unspecialized habitat preferences, high
dispersal ability, and are competitively excluded
from species-rich islands by K-selected species
(Diamond 1975). These former species are called
supertramps, and Diamond found that faunas domi-
nated by supertramps maintain population densi-
ties up to nine times higher than those of K-
selected faunas of the same number of species.
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Table 1.,--Some of the Correlates of r and K Selection (After Pianka 1970, 1974:90).

r Selection

X Selection

Climate
uncertain

Mortality

Survivorship Often Type III

Population size

Intra- and interspecific

Variable and/or unpredictable;

Often catastrophic, nondirected,
density independent

Variable in time, nonequilibrium;
usually well below carryving
capacity of envirocmment; un-
saturated communities or portions
therecf; ecologic vacuums; re-
colonization each year

Variable, often lax

Fairly constant and/or pre-
dictable; more certain

More directed, density
dependent

Usually Types I and II

Fairly constant in time,
equilibrium; at or near
carrying capacity of the
environment; saturated
communities; no recolo-
nization necessary

Usually keen

competition
Selection favors 1 Rapid development 1 Slower development
2 High maximal rate of increase, 2 Greater competitive
r ability
max
3 Early reproduction 3 Delayed reproduction
4 Small body size 4 Larger body size
5 Single reproduction 5 Repeated reproductions
Length of life Short, usually less than 1 year Longer, usually more than
1 vear
Leads to Productivity Efficiency

It should be emphasized that although
some bird species may be thought of as r-
strategists, birds as a whole, compared with

many other groups of organisms (e.g., insects),

are more K-strategists on the r-K continuum.
Southwood et al. (1974) have made brief
reference to birds as r—- and K-strategists
and have concluded that while many verte—
brate species may have arisen as a result

of K-selection (in comparatively stable
geological periods), many groups within these
taxa have had their population parameters
modified to conform to the habitats they
occupy. Really successful K-strategists
become precisely adapted to a very permanent
(in generation terms) habitat type, they
become larger in size, and, because of their
extreme K-type population parameters, they
lose their plasticity for selection. Another
clear and straightforward discussion of opti-
mal life history strategies with some refer-

ence to birds can be found in Southwood (1976).

Brewer and Swander (1977) have examined life
history traits as they influence the intrin-
sic rate of natural increase in forest, grass—
land, and marsh inhabiting birds. They
conclude that forests can prebably be thought
of as K-selecting environments for birds,
while grasslands and marshes probably are not,

specifically "because vegetational fluctuations
make particular areas unpredictably uncrowded or
overcrowded.”

SUCCESSION

The appearance of species population densi-
ties along the time axis during succession is
fundamentally similar to that found along spatial
gradients (see fig. 1), but the rate of change
slows as the community matures (Whittaker 1975).
The properties of succession have been thoroughly
reviewed by Margalef (1968), Odum (1969), Horn
(1974, 1975, 1976), and Whittaker (1975). Succes-
sion is being viewed currently in the context of
adaptations of individual species independent of
any transcendent properties of the whole communi-
ty (Drury and Nisbet 1971, 1973; Connell 1972;
Horn 1974), and the replacement process is in-
creasingly being represented by Markovian models
(Horn 1976). The mechanisms of succession in
natural communities and their role in community
stability and organization have been reviewed
recently by Connell and Slatyer (1977). They
have suggested that the sequence of species
observed after a relatively large space is
opened up is a consequence of the following
mechanisms. Species with broad dispersal powers
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dand rapid growth to maturity usually arrive
first and occupy empty space. These species
cannot invade and grow in the presence of
adults -of their own or other species. Several
alternative mechanisms may then determine
which species replace these early occupants.
Connell and Slatyer (1977) have proposed
three models of such mechanisms. The first
they call the "facilitation" model that
suggests that the entry and growth of the
later species is dependent upon the earlier
species "preparing the ground," and only
after this can later species colonize. The
second they have referred to as a "tolerance'
model which suggests that a predictable
sequence is produced by the existence of
species that have evolved different stra-
tegies for exploiting resources. Later
species will be those able to tolerate lower
levels of resources than earlier ones. The
third model they have called the "inhibition"
model which suggests that all species resist
invasions of competitors. The first
occupants preempt the space and will continue
to exclude or inhibit later colonists until
the former die or are damaged, thus releasing
tresources that permit later colonists to
redch maturity. The first and third models
have the greatest supportive evidence, while
the second model has little supportive data.

Kendeigh (1945) has long considered the
general pattern of avian succession to be a
manifestation of the habitat prefereénces and
ecological requirements of the bird species.
The replacement sequencing and habitat re-
quirements of bird species during succession
in. a number of different communities have
been examined (Adams 1908; Lack 1933; Grange
1948; Odum 1950; Beckwith 1954; Johnston and
Odum 1956; Martin 1960; Mitchell 1961;
Haapanen 1965, 1966; Karr 1971; Glowacinski
1972; Shugart and James 1973; Kricher 1973;
Meslow and Wight 1975; Soots and Parnell 1975;
Winternitz 1976), and all show that there is
a high correlation between bird species and
vegetation stage (fig. 2). Bond (1957) and
Shugart and James (1973) have analyzed the
correlation between bird and plant similarity
coefficients between successional stages in
communities and found that the correlations
were both strong and significant.

The progressive changes in the composi-
tion and relative abundance of various bird
species with the cropping of the forest on a
40-year cycle in Burgundy, France, has been
examined by Ferry (1960). He found that the
birds could be placed in four groups according
to their responses to the changing environ-
ment. The first group of birds settle in
the low heérbaceous or bushy layer with open
spaces above 1it, increase in density, and
then disappear quickly. The second group
consists of species that arrive fairly

quickly after the felling, increase in density,
and then slowly decrease without disappearing
completely (provided the forest is not permitted
to return to climax). The third group includes
those birds that settle at a particular, more or
less early, stage, increase rapidly at first,
and then more slowly as the populations build up
to their limit. The fourth group contains those
birds whose populations passed through a maximum
during the early stage, diminish or disappear
when the undergrowth becomes too dense, and
become abundant once again in the mature plots.
Similar findings have been reported from studies
undertaken in different enviromments, notably

in pine forests in Britain (Lack 1933), spruce
forests in Finland (Haapanen 1965, 1966), and in
several different communities in America (Monson
1941, Hagar 1960, Kilgore 1971, Curtis and Ripley
1975, Webb et al. 1977).

COMMUNITY CHARACTERS

According to Southwood's (1977) schema (fig.
1), certain community characters (spatial com-
plexity, trophic complexity, niche breadth,
standing crop, and turnover) change during suc-
cession while some community characters (niche
breadth, trophic complexity, and diversity) also
vary in terms of resource level and constancy
and in terms of saturation or interaction selec-
tion, exploitation selection, and adversity
selection (see Whittaker 1975). It should be
stressed that the aforementioned community
characteristics are highly correlated and inter-
active and, consequently, it is almost impossible
to discuss a given community character without
making reference to another characteristic with
which it is highly correlated (e.g., species
diversity and trophic complexity). In the
following sections I will examine the community
characteristics given by Southwood (1977) with
particular emphasis on birds.

Spatial Complexity

Through successional stages, the spatial
complexity of a location increases and the
variety of niches also increases. MacArthur and
Levins (1967) have suggested that increasing the
dimensionality of resources allows more species
to inhabit a community, and MacArthur (1971) has
emphasized that any habitat containing many
kinds of patches will contain bird species appro—
priate to these patches.

A number of studies have attempted to
examine the relation between increasing spatial
complexity of vegetation in a community and avian
community organization (Cody 1974; Tomoff 1974;
Wiens 1974, 1976; Willson 1974; Balda 1975; Roth
1976; Pearson 1977). There is agreement that
more than one measure of complexity is needed.
For example, vertical measures such as foliage
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succession. The differential stippling in
relative abundance (based on Johnston and O

height diversity (MacArthur and MacArthur
1961) and percent vegetation cover (Karr 1968,
Karr and Roth 1971) do not measure horizontal

Sg;/gggggxﬁnee“bérs for each species indicates
956) .

al. 1975), and these studies also indicate that
single measures of habitat complexity as pre-
dictors of bird species diversity may not be

patchiness of grain of the habitat (MacArthur universally applicable. Shugart et al. (1975)

1968, Levins 1968).
oped a measure of heterogeneity for grasslands
using the coefficient of variation, and Roth

Wiens

(1974) has devel-

(1976) has done the same for four bird ty.
communities in the brush-grasslands of south
Texas. Spatial complexity or habitat hete- MacArthur et al. (1962) concluded that

rogeneity must be expressed in vertical and
horizontal spaces, and in bird studies vege-
tational complexity has been measured in terms
of (1) relative plant species richness, (2)
horizontal foliage heterogeneity, and (3)
vertical foliage profile (see Cody 1974,
Tomoff 1974, Roth 1976, Pearson 1977).

Multivariate statistical analyses have
been undertaken to determine the influence of

have suggested that multivariate analysis can
be a powerful tool in identifying the important
habitat variables for each species in a communi-

patchiness resulting from addition of layers was
more important than the increased opportunity
for vertical layering of birds.
(1971) found a sigmoid relationship which indi-
cated that the sharpest increase in avian diver-
sity occurs with the addition of the shrub and
early tree layers and that added vegetation

Karr and Roth

beyond that point produced diminishing returns.

Willson (1974) also showed that the greatest
addition of guilds (see Root 1967) takes place

a number of habitat variables on the distri- as trees appear. Roth (1976) found that while

butions and microhabitats of entire avian
communities (James 1971, Shugart and Patten

some new bird species can be absorbed in the
additional patches in the transition from grass—

1972, Anderson and Shugart 1974, Shugart et land to shrub-grassland, others may be vertically
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segregated because of the additional ver- generality increasing complexity makes for dyna-

tical habitat space. He further suggested mical fragility rather than robustness (but see
that an increase in stratal specialists and, McNaughton 1977).

consequently, horizontal overlap (see Cody

1974) occurs in the transition from shrubland According to Southwood's (1977) schema (fig.
to forest. Thus, according to Roth, it would 1), trophic complexity decreases with increased
appear that increased patchiness helps explain adversity (sensu Whittaker 1975), and this

why shrublands have more species than grass- decrease is associated more with an increase in
lands, and by the same token, decreased niche width than a decrease in spatial complexity,
patchiness may explain why forests have fewer although the latter does occur. In contrast, on
bird species than some shrublands despite the durational stability axis of Southwood's

their having more vegetation layers or volume. schema the relative importance of niche breadth
and spatial complexity for trophic complexity is
reversed.

Trophic Complexity
A new measure of distance from the food

Trophic complexity is a function of source to any member of a food web has been
several factors including among others: (1) introduced by Kercher and Shugart (1975). The
the number of trophic levels, (2) the number measure is referred to as effective trophic posi-~
of species at each level, (3) the abundance tion and is defined as a function of energy in-
of each species, and (4) the foraging strate- gested per unit time by a population and the
gies of each species. The complexity results production of the autotrophs necessary to main-
from the interactions of the component species tain that population. Trophic position thus
of the community, and these interactions can defined is a generalization of the trophic-level
be characterized as being mainly predator- concept capable of describing complicated food
prey (e.g., the diversity of prey eaten) and webs and based on the concept of ecclogical
competitive (e.g., the degree of competition efficiency. Pimm and Lawton (1977) have recently
with other species that is tolerated). Menge suggested that the number of trophic levels in
and Sutherland (1976) have examined predation a community may be constrained by population dy-
and competition in relation to trophic com~- namics and not by ecological energetics. Cohen
plexity and have suggested that competition (1977) has presented a new technique for using
regulates the number of species in a guild food webs to gain information about the minimum
only when the members of that guild actually number of dimensions of a niche space necessary
compete, i.e., when they are near or at to represent, in a specific sense, the overlaps
carrying capacity. They believe this is among observed trophic niche, and he concluded
usually true at relatively higher trophic that within habitats of limited physical and
levels because of the absence of other con- temporal heterogeneity, the overlaps among niches
trolling factors, e.g., predation. Conversely, along their trophic (feeding) dimensions can be
they suggested that predation characteristi- represented in a one-dimensional space.
cally regulates the number of species present
in guilds at relatively lower trophic levels. Considerable work has been done on predation
When they extended this hypothesis to between- and competition in birds in relation to community
community and between-habitat comparisons, trophic structure. Some species differ both in
they predicted that in communities with few © food and habitat rather than either separately,
trophic levels, competition will be relatively and when a group of species expleits the same
more important than predation as an overall class of resources in a similar way in a community,
organizing factor. As the number of trophic the assemblage is called a guild (Root 1967).
levels and the number of species per level The spatial and temporal separation of some bird
increase, predation will become relatively species has been correlated to food specializa-
more important as an organizing factor. Menge tion and division of food resources (Edington and
and Sutherland (1976) further suggested that Edington 1972), and Schoener (1974) has discussed
trophic complexity is related to temporal the underlying ways that similar species utilize
heterogeneity in that in areas of greater different resources in their environment. With
temporal heterogeneity (i.e., a less stable, regard to birds, in considering the important
less predictable, and more stressful envi- particular dimensions in resource partitioning,
ronment) there is less trophic complexity with habitat dimensions are more important than food-
increased competitive exclusion. With regard type dimensions, which are in turn more important
to the relationship between complexity and than temporal dimensions, and as the number of
stability, May (1976) believes that a pre- species considered increases, so does the number
dictable (stable) environment may permit a of important dimensions in resource division.
relatively complex and delicate balanced com-
munity to exist, while an unpredictable (un- In a thorough review of prey characteristics
stable) environment is more likely to demand and the range of resources used by avian predators,
a structurally simple, robust community. May Hespenheide (1975) concluded that bird species
(1976) pointed out that as a mathematical can be more closely packed in a community with
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respect to food than to foraging behavior,
implying that it is easier to adjust behavior
(e.g., foraging zone or method) to avoid com-
petition than to change food habits. Conse-
quently, as species are added to the community
diets will remain as wide as possible, but
foraging zones should contract, resulting in
habitat specialists but food generalists.
Morse (1971) has provided a detailed review

of how and where birds forage for food, and
Schoener (1971) has examined theoretically

the feeding strategies of birds and other ani-
mals with emphasis on the energetic costs of
different foraging methods.

Currently, the established role of com-
petition in structuring bird communities
(Cody 1974) is being questioned (Connell
1975, Wiens 1977) because of the lack of ex~
perimental evidence in support of the idea.
Connell (1975) has attempted to review the
field evidence (of an experimental nature)
in support of the existence of interspecific
competition in birds and could find only one
study (Davis 1973) indicating that one species
excluded another from a particular hebitat.
However, this type of competitive exclusion
has been proposed frequently to "explain' the
within~ or between-habitat or geographical
segregations of certain bird species that
show minimal or no overlap in their distri-
butions (e.g., Terborgh and Weske 1975).

Niche Breadth

The concept of niche is closely inte-
grated with spatial and trophic complexity,
and it is often difficult to discuss one with-
out making reference to the others. Before
discussing the niche concept, a distinction
among three aspects of the relationship of a
species to environment should be reviewed (see
Whittaker et al, 1973). The area of a species
is the geographical range, while the habitat
of a species is composed of the physical and
chemical environment as well as other factors
(e.g., elevation, topographic position), or
of a kind of community. The niche of a
species is the species' position in a communi-
ty in relation to other species and is defined
in terms of space, time, and functional rela-
tionships. The current theory of niche, as
proposed by Levins {(1968) and MacArthur (1968}
and recently summarized and further developed
by Vandermeer {(1972) is based on the original
definition of Hutchinson (1957). More recent
general discussions of niche can be found in
Colwell and Fuentes (1975), Pianka (1976),
Whittaker and Levin (1976), and Kroes (1977).

Niche breadth, width, and size are fre-
quently used as synonyms in the literature,
and all can be thought of as the sum total of
the variety of different resources exploited

by a species (Pianka 1976). In the absence of
any competitors or predators, the entire set

of resources utilized by the organism is refer-
red to as the fundamental, pre-interactive, pre-
competitive, or virtual niche (see Vandermeer
1972). Rarely if ever in nature does a species
exploit its fundamental niche, but rather its
activities are curtailed or modified by other
species {(its competitors and predators) in the
community, resulting in the species' realized,
post—~interactive, or post-competitive niche
(Vandermeer 1972). Consideration of niche
breadth necessitates consideration of foraging
strategies with regard to specialization and
generalization (see Orians 1971, Schoener 1971,
Covich 1976, Ellis et al. 1976, Norberg 1977,
Pyke et al. 1977, Sih 1977). Measures of niche
breadth have been provided by Simpson (1949),
Horn (1966), MacArthur and Levins (1967), Colwell
and Futuyma (1971), Pielou (1972), Roughgarden
(1972), Vandermeer (1972), Pianka (1975), May
(1975a) , and Slatkin and Lande (1976). In general
niche breadth increases as resource availability
decreases (Schoener 1971, MacArthur 1972).

Two fundamental components of niche breadth
are the "between-phenctype' and the "within-
phenotype' components (Roughgarden 1972, 1974).
When individuals have little or no overlap in
resources used (specialists), the niche breadth
of the population has a high between~phenotype
component, and in contrast, when individuals
exploit the entire range of resources (general—
igts), the niche breadth of the population has
a high within-phenotype component. The subject
of niche overlap is yet another central aspect
of niche theory (May and MacArthur 1972, Sabbath
and Jones 1973, Pianka 1974b, May 1974, McMurtrie
1976,. Harner and Whitmore 1977), and as Pianka
(1976) has pointed out, this subject has gene-
rated a number of concepts (e.g., competitive
exclusion, character displacement, limiting
similarity, species packing, maximal tolerable
niche overlap, and diffuse competition). It
should be mentioned, however, that equating
niche overlap with competition may- be on occasion
a questionable practice and is often misleading
(Colwell and Futuyma 1971, Connell 1975, Pianka
1976, Wiens 1977). Competitive interactions in
communities and their bases have been thoroughly
discussed recently by Connell (1975), Pianka
(1976), Levine (1976), deJong (1976), and Wiens
(1977).

There has been considerable emphasis on
niche theory in the work on avian communities,
Cody (1968, 1974} has carefully examined niche
theory in his work on the role of competition
in the structuring of bird communities, and he
has given detailed attention to niche breadth
and overlap in his treatment. Niche overlap
has also been studied in feeding assemblages
of birds in New Cuinea (Terborgh and Diamond
1970}, in the avifaunas of Australian islands
(Abbott 1975), in passerine birds in the
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British West Indies (Ricklefs and Cox 1977),
and in passerines in Swedish coniferous wood~-
lands (Ulfstrand 1977). Alerstam et al.
(1974) have studied the niche differentiation
during winter in woodland birds in southern
Sweden and on the nearby island of Gotland.

Several studies have shown that bird
species broaden their niches on islands by
changing their vertical foraging distribu-
tions, but seldom changing their foraging
behavior (Crowell 1962, Diamond 1970, Yeaton
and Cody 1974, Diamond and Marshall 1977).
The origin of differences in community
structure, such as those between different
islands of the same archipelago, between
different localities on the same island,
between different adjacent habitats, and
between different biogeographical regions
have been reviewed by Diamond (1975). His
hypothesis is that through diffuse compe-
tition, the component species of a community

-.are selected and coadjusted in their niches
and abundances so as to fit with each other
and to resist invaders. The relationship
between niche breadth and the amount of
morphological variation within and between
species has been examined by a number of
investigators (Grant 1968, 1971; Willson 1969;
McNaughton and Wolf 1970; Keast 1972;
Rothstein 1973; Hespenheide 1975; Karr and
James 1975; Willson et al. 1973), and
although the results suggest that competi-
tive displacement may be a particularly
important determinant of avian community
structure, such comparisons may provide
results that are misleading (Wilson 1975).

Hespenheide (1975) has examined resource
characteristics and consumer niche width in
birds and has concluded that coexistence
depends on maintaining minimum differences
between species and, for strategic reasons,
space and behavior are more easily divided
than food directly in competitive situations.
The data for foliage-gleaning species and
for birds in general support this conclusion.

Standing Crop and Turnover Rate

Both standing crop (biomass) and turn-
over rate {productivity divided by biomass)
vary during succession and as a result of
the adversity of the environment (see fig.
1). Standing crop and productivity increase
throughout successional stages, providing for
increased spatial complexity (Whittaker
1975}, but productivity frequently, but not
invariably, falls in terrestrial communities
as the climax is reached (Margalef 1969)
so that turnover rate invariably falls (Watt
1971). Holt and Woodwell (in Whittaker 1975:
175) have examined secondary succession in
the cak-pine forests of Long Island, New

York, and have found in the first year of
succession, net productivity is low and increases
to a fairly stable level in the meadow stage.
Through the shrub and young tree stage, net
productivity increases more steeply in the young
oak-pine forest, at 45 to 55 years, and this
level stabilizes and persists in the mature
forest. The growth of the forest can also be
expressed by the biomass accumulation ratio (the
ratio of biomass to annual net productivity),
and these ratios increase from about 1.0 in the
annual stage, to 2-4 in the meadow stage, to

4-7 in the shrub stage, to 10 in the 55-year
forest and probably 25-35 in the mature forest
(Holt and Woodwell in Whittaker 1975:175).

Connell and Orias (1964) have suggested
that greater plant productivity during succession
should support greater diversity, everything
else being equal. Productivity of the community
should be positively correlated with the close-
ness of species packing (MacArthur 1971). Al-
though rigorous data are scarce, there is
nonetheless some evidence in support of this
idea. Bird censuses in small areas of 4-6
hectares of nearly uniform habitat show that the
number of species generally increases with the
productivity of the habitat. If one compares
the mean net primary productivity per unit area
(dry g/m?/yr) of Whittaker (1975:226) with
measurements of species diversity (Tramer 1969)
in nine types of communities, a pattern emerges
that suggests that the more productive forest
communities have the higher number of species
(Table 2). Cody (1974:127) has alsoc shown that
the number of bird species and species diversity
are, in part, correlated with community produc-
tivity.

Glutz von Holtzheim (1962), working in
Switzerland on bird communities, suggested that
greater production in a forest habitat allows
it to support denser populations. Karr (1975)
has also suggested that differences in produc-
tivity may be important in determining the number
of individuals (not the number of species) that
can breed in an area (but see Cody 1974:127-128).
Several studies have examined changes in bird
standing crop during succession and in different
communities. Karr (1971) found a general increase
in bird standing crop a2nd existence energy as
the ecological age of abandoned strip mine areas
in Illinois increased. Similar findings have
been reported by Sturges et al. (1974) and
Shugart et al. (1975). 1In these studies there
is general agreement that bird biomass and
bird density increase in older communities, but
when bird biomass is plotted on bird density,
the slopes of the lines are often different
(see Wiens 1975:238). Shugart et al. (1975)
found that the general patterns of bird standing
crop in the successional communities studied by
Shugart and James (1973) was the same as the
pattern of bird density, indicating that the
average size of breeding birds did not fluctuate
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Table 2.--Net Primary Production (Annual Basis) of Several Communities and Bird Species

and Diversity*

Net primary productivity

Community Type H' S per unit area (g/mz/yr)f
Marshes 1.79+0.34 6.33%1.32 2000
Grasslands 1.93%0.24 5.74%*1.00 600
Shrublands 3.140.16 14.08%2.31 700
Deserts 3.25#0.60 14.17+5.68 90
Coniferous forests 3.53+0.14 17.43%1.92 1300
Upland deciduous forests 3.82+0.08 20.94+1,34 1200
Mixed forests 3.92+0.14 21.87+2.76 1200
Floodplain deciduous forests 4.07+0.16 24,22+2.84 2000
Tropical woodlands 5.23%0.24 55.14+11.24 2200

*Productivity information after Whittaker and Likens in Lieth and Whittaker, 1975:224;

bird information after Tramer, 1969,

tunits are dry grams of organic matter per meter square.

widely through the successional sequence.
However, they did note that in ecotonal
stages the size of birds tended to be larger
on the average, and in the mature forests

the mean size appeared to be somewhat
smaller. Wiens (1975), in comparing
different coniferous forest communities

of North America, found trends in total bio-
mass of birds similar to densities of birds,
although the magnitude of fluctuation in
biomass was more variable. In all coniferous
forest types biomass increase occurs at
different rates. The rate of increase is
most rapid in northeastern coniferous forests
and Sierra Nevada avifaunas and markedly less
steep in northwestern, northern, and south-
eastern coniferous forests. This indicates
that the increase in density in these latter
regions is through the addition of relatively
small-sized individuals to the avifauna,
while comparable incremental increases in
avian density in northeastern and Sierra
Nevada forests involve the addition of in-
dividuals of larger mean size (Wiens 1975).
Moreover, in northeastern coniferous forests,
immature stands, supporting the same number
of individuals as comparable mature forest
stands, contain more avian biomass; hence the
mean size of individual birds is greater in
the immature stands. McNaughton and Wolf
(1973:346-348) have done a similar analysis
on the data of Johnston and Odum (1956), and
the results are in agreement with the notion
that during successional changes in the avi-
fauna of a community, early stages support
fewer species and individuals and less avian
biomass than older stages, and the species
tend on the average to be larger and eco-
logically more dominant. Consequently,
during succession the birds that invade

tend to be smaller on the average than the
species they replace. Breeding bird density
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and bird standing crop in coniferous forests
and in grassland habitats when compared show
some comparable results (Wiens 1975, Wiens and
Dyer 1975).

While standing crop of breeding birds in
coniferous forests average 2 to 3 times that in
grasslands, energy flow is nearly 10 times as
great in the coniferous forest. This probably
reflects the greater degree of dominance of
extremely small species (forms which have re-
latively high energy demands per unit of body
weight) in comparison to the larger species
common in grasslands (Wiens 1975). Faaborg
(1977) has examined the occurrence of non-
passerines in terrestrial avian communities with
an emphasis on metabolic rates, activity levels,
and resource availability. He concluded that
the metabolically more conservative nonpasserines
can support larger populations on a given amount
of rare resource and expend less energy looking
for these rarer resources. The differential
occurrence of such resources in the tropics and
in temperate areas probably explains why more
nonpasserines occur in the tropics than in
temperate communities.

Wiens (1975) and Wiens and Nussbaum (1975)
have reported that the avifaunas of coniferous
forests in North America during the breeding
season from 1 April to 7 October have an energy
demand ranging from 10.7 kcal/m?/season in the
dry, hot forests to 20.8 kcal/m?/season in
moist, transitional forests. These figures
generated by simulation models are in gemeral
agreement with the calculated energy demand of
11.3 kcal/m?/year by the avifauna of an oak-
hornbeam forest in southern Poland (Weiner and
Glowacinski 1975). 1In the latter study, the
authors pointed out that approximately 50% of
the annual energy demand occurs during the
breeding season.



Salt (1957) proposed that the ratio of
consuming biomass to standing crop biomass
of a community (CB/SCB) may be a measure of
efficiency in food utilization in avian
communities, because communities dominated
by large species that require less energy per
gram of body weight exhibit a greater dis-
crepancy between consuming and standing crop
biomass. A number of authors have concluded
that there is an increase in community ener-
getic efficiency (measured by the CB/SCB
ratio) as succession proceeds towards the
climax (Salt 1957, Karr 1968, Kilgore 1971,
Wiens 1975), but McNaughton and Wolf (1973:
348) have noted that avian production effi-
ciencies decline as succession proceeds in
abandoned agricultural fields in the south-
eastern United States. Ecological effici-
encies relating a trophic level to the
preceding level tend to increase up the
pyramid of productivity, but net growth
efficiencies usually decrease, because the
percentage of food energy respired tends to
rise along food chains. Consequently, net
of production efficiencies need not increase
up the pyramid; they may in fact decline
(Whittaker 1975:217).

The ratio of net productivity to biomass
(P/B) or turnover rate decreases from grass—
lands to forest communities. Thus the time
it takes to replace the peak biomass com~-
pletely at a given successional stage in~
creases as succession progresses., How do
bird communities respond to the different
turnover rates of vegetation during suc-—
cession? Shugart and Hett (1973) found that
the bird species composition of a community
changed more rapidly than the plant species
composition although the pattern of change
was the same between plants and birds.
Glowacinski and Jarvinen (1975) examined
the turnover rate during secondary succession
in forest bird communities in oak-hornbeanm
forest in Poland and in Finnish coniferous
of spruce and pine. They found that the
shrub phase is characterized by rapid changes
in the bird community and its rate of change,
while the forest proper has a slowly
changing avian community and the rate of
turnover changes relatively slowly.

Species Diversity and Abundance

The simplest community attributes that
can be measured are the number and relative
abundances of species in an area. It is not
practical to study all the species of a
given community, so that most workers have
concentrated on a portion of a community or
taxocene (e.g., birds, lizards, trees, ants).
The term "taxocene" (Hutchinson 1967) means
all the members of any taxonomic group of a
higher level than a species. The emphasis

on species composition and abundance in
communities during the last half century has
resulted in a great number of measurements of
species diversity for various communities
(Williams 1964). These gquantitative indices
show the relation between community structure
not only in number of species but also in the
relative number of individuals of each species.
There are a number of different indices of
species diversity, and each varies in what it
shows (e.g., Williams 1964; Llovd and Ghelardi
1964; Pielou 1966, 1975; Dickman 1968; Lloyd,
Zar, and Karr 1968; Hurlbert 1971; Whittaker
1972; DeBenedictis 1973; Peet 1974; Hair 1978).

The Shannon-Wiener function and the Simpson
index are two of the most commonly used measures
of species diversity. Ideally the Shannon-
Wiener measure should be used only on random
samples drawn from a large community in which
the total number of gpecies is known. The
Shannon-Wiener measure combines two components
of diversity: (1) number of species and (2)
equitability or evenness of allotment of indi~
viduals among the species. In Simpson's index,
relatively little weight is given to the common
species. Recently the utility of diversity
indices has been questioned in ecoclogical
studies (Peet 1975). The measures of species
abundance and diversity have been reviewed
analytically by May (1975b), and May (1976:158)
has recently argued for describing the community
by its full distribution of species relative
abundance, and not trying to condense informa-
tion into a single diversity index which may
mislead and may obscure valuable information
on the few uncommon species in the community.

It is important to distinguish between
species diversity measurements in a single
natural community and in a large heterogeneous
region. Whittaker (1960) has defined three
categories of species diversity patterns:

(1) alpha diversity--the diversity in a sample
drawn from a single community, often referred
to as within-habitat diversity; (2) beta
diversity-~the diversity that expresses the
rate of species turnover between habitats,
gometimes called between-habitat diversity; and
(3) gamma diversity--the total diversity found
in all the available habitats in a fairly large
geographical area. Additional considerations
of these categories can be found in Whittaker
(1972), Allan (1975), Tramer (1974a), and
Pielou (1975).

Diversity Gradients

One of the most conspicuous aspects of
the geographical patterns of bird species
distribution is the gradient in numbers of
breeding bird species from the poles to the
equator {(Dobzhansky 1950, MacArthur 1972:199,
Welty 1975:413). More bird species occur in
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Figure 3.-~The numbers of land bird species
breeding in quadrants of 500 km per side
in different parts of North and Central
America (after MacArthur 1969 and
MacArthur and Wilson 1967).

tropical communities than in temperate and
arctic communities, and this pattern is
found in most other terrestrial taxa of large
enough size (Klopfer and MacArthur 1960,
1961; MacArthur and MacArthur 1961; MacArthur
et al. 1966; MacArthur 1969; Orians 1969,
Karr 1971; Karr and Roth 1971; Schoener
1971). The numbers of breeding land bird
species in different geographical sectors
and communities of North America have been
computed (MacArthur 1965, 1969, 1972;
MacArthur and Wilson 1967; Cook 1969;

Tramer 1969, 1974a; Peterson 1975), and as
Tramer (1974a) shows, during the breeding
season the alpha diversity for bird species
does not change significantly from 45°N to
25°N, but from 25°N socuthward, alpha di-
versity increases as one moves toward the
equator. Gamma diversity of breeding birds,
on the other hand, differs in both eastern
and western North America. In the East,
gamma diversity decreases from 45°N south-
ward to southern Florida and the northern
coast of the Gulf of Mexico. In the West,
gamma diversity increases all the way to the
equator (fig. 3). As can be seen in figure
4, during the winter the numbers of land
bird species in different communities and
regions of North America have also been

Figure 4.--The numbers of land bird species
wintering in quadrants of 500 km per side
in different parts of North and Central
America (after Tramer 1974a).

examined (Bock and Lepthien 1974; Tramer 19%74a,
1974b), and in winter both the alpha diversity
and gamma diversity of bird species increase
southward (Tramer 1974a).

Tropical mountain-top communities have
fewer bird species than would be expected on
the basis of geographical latitude (Orians
1969, Kikkawa and Williams 1971, Diamond 1973),
and although these communities have mean annual
temperatures and short heights of trees more
typical of temperate zones, there is no winter.
Even though fewer species occur in mountain
communities at higher altitudes, Terborgh
(1971) has pointed out that in Peru an alti-
tudinal transect showed more forest bird
species than the entire eastern United States.

Certain communities have a higher avian
species diversity than others (e.g., Margalef
1963, 1968; Recher 1969; Tramer 1969; Karr
and Roth 1971; Cody 1974; Rov 1975; Reese 18976),
and bird species diversity usually increases
during succession (e.g., Kricher 1973,

Shugart and James 1973, Hamilton and Noble
1975). What are the factors responsible for
higher species diversities in communities as

one moves toward the equator, and why do certain
communities have higher species diversity
indices than others?
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Figure 5.--Bird species diversity in deciduous forest plots of eastern United States in relation
to (A) plant species diversity and (B) vegetative structure (after MacArthur and MacArthur

1961).

Determinants and Correlates of Diversity

In an effort to determine what factors
account for species diversity in selected
forest types, MacArthur and MacArthur (1961)
found that from the layering of the vegeta-
tion alone they could predict the number of
breeding bird species in temperate deciduous
forests and that further knowledge of the
number of plant species did not improve the
understanding (fig. 5A and 5B), They con-
cluded that height profile of foliage density
in the layers 0-2 feet, 2-25 feet, and greater
than 25 feet is important in determining bird
species diversity, and they felt that these
three layers correspond to different config-
urations of foliage--herbs, shrubs, and
trees over 25 feet tall--in five acres of
habitat (see MacArthur and Horn 1969). The
height profile of foliage density is in
fact a major component of the floristic
community that allows birds to specialize
on a particular part of the habitat
(MacArthur 1964, Karr and Roth 1971, Cody
1975, Roth 1976).

That birds restrict their activities
to different levels within a forest is well
known. Even though birds are highly motile
they are nonetheless characteristic inhabi-
tants of a particular forest stratum, or
even a particular level within a given
stratum. Colquhoun and Morley (1943) in a
paper on the relative stratal abundance of
12 species of birds in Bagley Wood in
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England found that the majority of species
utilized several strata with a particular
stratum of abundance for each kind of bird.

In an almost pure stand of Quercus robur,

they identified five strata utilized by the
birds: (1) upper canopy (above 35 feet),

(2) tree (15 to 35 feet), (3) shrub (4 to 15
feet), (4) herb (3 inches to 4 feet), and

(5) ground. Similarly, Kendeigh (1945) found
breeding warblers generally stratified (or
even substratified) in a sugar maple-beech-
hemlock forest near Albany, New York, and
concluded that diversification in niche re-—
quirements reduced interspecific competition
and permitted a greater and more varied popu-
lation to inhabit an area. Gibb (1954) studied
coexistence in the Parids of Britain and
demonstrated that different species fed in
different strata when several occurred toge-
ther in the same habitat. In structurally
simpler habitats than forests (e.g., grasslands,
fields, and marshes), the opportunities for
within-habitat segregation are less, and there
are fewer bird species per unit area (Cody
1968, Wiens 1969). Cody (1974:29) pointed out
that in habitats taller than 3 feet vertical
stratification is the single most important
factor in the segregation of species' feeding
activities.

Orians (1969) found that the number of
bird species in Costa Rica was not correlated
with the number of tree species but was
closely associated with foliage height di-
versity. The same is true for the southeastern




portion of Australia near Sydney (Recher
1969). In Puerto Rico, MacArthur et al.
(1966) found vertical foraging ranges
expanded, and species diversity was predic~
table when only two layers of vegetational
height profiles were considered. Similarly,
the vertical foraging range of birds was
found to be expanded on species-poor islands
in Panama Bay in comparison to mainland
Panama (MacArthur et al. 1972). Karr (1971)
likewise found that vertical foraging ranges
in Illinois were more expanded in comparison
to Panama, thus documenting the narrower
vertical foraging ranges of tropical species.
Pronounced vertical stratification has also
been found in a dry forest in Peru, and
moreover the vertical foraging ranges of
many of the species shift as a function of
time of day (Pearson 1971).

Although the number of species and
their abundance can be predicted accurately
on the basis of height profiles of foliage
density, MacArthur (1964) failed to predict
just what bird species would be present in
the complex habitats on the slopes of the
Chiricahua Mountains of southeastern Arizona.
Additional findings do not support MacArthur's
foliage profile hypothesis. Balda (1969)
failed to find a significant correlation
between bird species diversity and foliage
profiles in ponderosa pine and oak-juniper
forests in Arizona. Although juniper was
the most abundant tree in the oak-juniper
forests and had a good fit for bird use
according to the height distribution of
the foliage, juniper was sparsely used by
the birds. Instead the birds used the two
species of oak more heavily, and all parts
of a tree were used by the several bird
species. Total bird use of Douglas fir
foliage by height class was not correlated
because there was a large proportion of low
foliage that was underused while the upper
heights were overused. Consequently, the
very few tall Douglas firs in the area were
used greatly out of proportion to their
availability. Marshall (1957) has earlier
reported similar findings in his studies of
bird utilization of pine-oak habitat in
Arizona. In the latter two cases the birds
were probably showing within-habitat segre-
gation (e.g., (a) different parts of trees or
bushes, (b) different species of plants, or
(c) different sections of the habitat
characterized by overall differences in vege-
tation structure) (Cody 1974:23).

Tomoff (1974) related bird species di-
versity to some measures of vegetative com-—
plexity (plant densities, foliage height
diversity, and physiognomic coverage diversity)
and found that the physiognomic coverage
diversity (life forms divided into categories)
was significantly correlated with bird species
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diversity. Tomoff (1974) concluded that plant
species diversity may be highly important to
desert breeding birds because each plant
species may have peculiar properties which are
needed by the birds for breeding. Additional
shortcomings of using only foliage height
diversity to predict bird species diversity
can be found in Balda (1975), Reese (1976),
Roth (1976), and Pearson (1977).

Temporal Aspects

Most studies of bird species diversity in
various communities have concentrated on
breeding birds, and the seasonal aspects of
avian diversity in the community have been
largely ignored. Stewart et al. (1952) found
that the composition of the avifauna changed
throughout the year in Maryland with the
greatest number of gpecies occurring in the
spring and the greatest number of individuals
occurring in the fall. Kricher (1972) and
Holmes and Sturges (1975), working in the New
Jersey piedmont and in New Hampshire, respec-—
tively, noted that bird species diversity
decreased from summer to winter as a result of
fall migration. Dickson (1974) found that
species diversity in a bottomland woods in
Louisiana increased from summer to winter,
indicating that there were more overwintering
migrants in the area than breeding migrants.
Cody (1974:154), working in the Santa Monica
Mountains in southern California, and Reese
(1976), working in the piedmont of South
Carolina, found that bird species diversity
increased from summer to winter in certain
habitats but remained the same or decreased
slightly in other habitats. These results
based largely on alpha diversity measurements
are in general agreement with the summer and
winter gamma diversity measurements of Tramer
(1974a). Clearly, considerably more work is
needed on the seasonal dynamics of avian
community ecology if we are to gain a better
understanding of how avian communities are
structured and organized.

EPILOGUE

In this presentation I have attempted to
present an up-to-date overview of avian communi-
ty ecology. My overview is fairly representa-
tive but not exhaustive. Ecology as a whole
and avian ecology specifically is in the process
of undergoing major revisions and reassessments
(see Foin and Jain 1977). A few years ago
complexity of the community was thought to
impart stability to the community, but rather
recently we have increasingly appreciated that
stability (e.g., climatic stability) is a
requisite for community complexity, and when
stability is not present complexity cannot be
achieved, Less complex communities cope better



with adverse and unpredictable environ-
ments. Goodman (1975) has recently criti-
cally reviewed the diversity-stability
relationships in ecology and concluded that
there is no simple relationship between the
two. Competition has long been the corner-
stone of niche theory, but lately some
serious doubts have emerged regarding the
role of competition in shaping diverse
communities, and predation is being examined
more closely. Likewise, many avian eco-
logists have been content with accepting
foliage height diversity as the best pre-
dictor of bird species diversity, but
several relatively recent studies have
cautioned that foliage height diversity must
be considered but one of many ''dimensions'
and factors dictating bird species diversity;
bird behavior and climatic factors are
receiving more attention. Avian communi-
ties show seasonally rhythmic changes, but
there has been little appreciation for this
fact as the preponderance of breeding season
studies attests. We have much to learn of
the energetic efficiencies of the avifauna
in a community throughout the year and from
year to year during succession. In depth
experimental (manipulative) field studies
of avian communities are needed if we are to
make meaningful statements about man's
influence on bird communities. We do have
some knowledge of the structure and function
of avian communities, but clearly much, much
more remains to be done, Theory abounds

and is very much in vogue, but carefully
detailed empirical findings are needed most.
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Effects of Management Practices on Nongame Bird Habitat
in Longleaf-Slash Pine Forests

1/

Gene W. Wood and Lawrence J. Niles™~

Abstract.--Increase in numbers of habitat niches that de-
velop with increasing stand complexity is important to raising
the species richness and abundance of non-game birds in longleaf

and slash pine forests.

complexity while others increase it.

Some silvicultural practices decrease

Practices which lead to

eradication of the understory, destruction of dead trees and
generally promote monoculture appear to be deleterious to non-

game bird populations.

INTRODUCTION

The approach of this paper will be large-
ly a theoretical discussion of the response of
non-game bird populations to habitat changes
caused by silvicultural practices in longleaf
(Pinus palustris) and slash pine (P. elliottii)
forests. Non-game birds will be discussed
collectively with very little emphasis placed
on individual species. This is necessitated
by the dearth of published literature on non-
game bird response to silvicultural practices
in the southern pine forests.

LONGLEAF-SLASH PINE TYPE

Longleaf pine occurs naturally in por-
tions of 9 southeastern states in a climatic
zone characterized by long, hot summers and
mild winters. The main longleaf pine belt is
found on the Atlantic and Gulf Coastal Plain,
though it extends into the Piedmont and Appa-
lachian borders. Soils are characteristically
sandy in texture, low in organic matter, have
good to excessive drainage, and are low in
fertility. (USDA 1965:384-385)

Slash pine, in general, can be grown
wherever longleaf grows although its natural
range is considerably more restricted. The
natural range extends from southern South
Carolina to central Florida and southeastern
Louisiana although it has been planted as far
north as North Carolina and west to East

1/ The authors are assoclate professor
and forestry aide II at the Belle W. Baruch
Forest Science Institute of Clemson Univer-
sity, Georgetown, South Carolina, 29440.
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Texas. Soils are typically sandy and range in
drainage from well drained to poorly drained.
The wet soils of pond margins are most produc—
tive. (USDA 1965:458-459)

There are 18.3 million acres of land in
the longleaf-slash pine type. Five percent of
this land is in natural forest and five per-
cent in other public holdings. The forest in-
dustry owns 33 percent of the longleaf-slash
pine type with 57 percent in other private
holdings. (USDA 1973:304-305)

Within the geographical range of the long-
leaf-slash pine type there are 68 species of
birds that are year round residents, 40 of
which are associated with pine forest habitat.
There are 106 summer residents and 112 winter
residents of which 49 and 54 respectively are
associated with pine habitat. (Bent 1937,
1938, 1939, 1940, 1942, 1946, 1948, 1949,

1950, 1953, 1968; Robbins et al. 1966, Har-
rison 1975, Bull and Farrand 1977)

PRINCIPLES

The influence of silvicultural practices
on wildlife is based on the principles of the
relationships of plant community complexity
and productivity to habitat niche variety and
carrying capacity. The habitat niche is the
assimilation of environmental components nec~
essary for a species to maintain and sustain
life. The habitat is a more inclusive term
and refers to the general environment and
plant associations within which a species is
found. In this paper the habitat is the
longleaf-slash pine forest type. In prin-
ciple, habitat niche variety is directly re~-
lated to habitat complexity and is the deter-




minant of the variety of animal species that
can be accommodated. Simple plant communi-
ties, such as an even-aged monoculture, will
not support as large a number of bird species
as a more heterogenous community. The hab-
itat niches simply are not there. In the
forest, a tract of land with a wide variety
of stand conditions can be depended upon to
provide the habitat niches for a wide vari-
ety of bird species. Similarly, within a
given forest stand vertical structure com-
plexity will determine habitat niche avail-
ability with the most structurally complex
supporting the widest array of bird species.

Carrying capacity is the number of in-
dividuals of a species that can be accom-—
modated in a given habitat niche. In gen-
eral, in natural communities, the size of
the array of niches and their respective
carrying capacities are expressions of site
productivity potential. The potentially most
productive sites in terms of dry matter pro-
ductivity will usually support the most struc-
turally complex and species rich communities.
In addition to the wide variety of bird spe-
cies that can be supported, relatively large
numbers of individuals within these species
will occur in these communities. This phe-
nomenon in forest communities can be changed
by silvicultural procedures. The implemen~—
tation of procedures that channel nutrients,
water, and energy into single plant species
tend to greatly reduce natural complexity.
This decreases the size of the array of niches
and consequently species diversity, an ex-
pression of numbers of species and individuals
within species, of non-game birds.

Data that support these principles with
respect to non-game bird populations have
been published by Saunders (1936), Kendeigh
(1948), O0dum (1950), Johnston and Odum (1956),
Bond (1957), MacArthur and MacArthur (1961),
MacArthur et al. (1962), Karr (1968), Davis
and Savidge (1971), Shugart and James (1973),
Kritcher (1973), and Roth (1976).

COMPLEXITY WITHIN AND AMONG STANDS

As previously stated a wide variety of
habitat niches may be available in a forest
that has a wide variety of stand conditions,
i.e., successional stages and compositions of
species. The complexity or heterogeneity in
this area is referred to as beta-diversity.
The forest manager's ability to create a
forest mosaic that will support a species
rich and diverse non-game bird population
will depend on his ability to govern stand
size, stand structure, and juxtaposition of
stands.
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The primary unit that the forester deals
with is the stand, which is itself a plant
community. The silvicultural treatments
applied to the stand will determine its in-
dividual complexity or heterogeneity or
alpha diversity. 1In addition, the natural
changes in stand complexity concurrent with
natural development are important to rec-
ognize in order to know what portions of the
forest are providing the habitat niches and
various levels of carrying capacity for
given birds. For these reasons this paper
will be confined to the influence of silvi-
cultural treatments on stand complexity as
it relates to raising and lowering the num-
ber of habitat niches.

REGENERATION CUTTING

The time of the final harvest of long-
leaf and slash pine stands is also the time
of the beginning of the new stand. Three
general methods of harvest may be used in
these timber types and the method used will
determine the nature of non-game bird habitat.
The methods are seedtree, shelterwood, and
clearcutting followed by planting. Each of
these methods is preceded by prescribed
burning for seedbed preparation. At this
point there are two habitat parameters in
which changes wrought by the silvicultural
treatment will be reflected in bird response.
These are the conditions of the understory.
and the existence of dead trees left standing.

_Generally, seedtree and shelterwood cut-
ting will lower the carrying capacity for
overstory species but may raise it for under-
story birds. In these methods, prescribed
burning will usually be carried out in the
fall of good seed years and followed by log-"
ging. While much of the aerial portion of
the understory may be killed by the fire
most of the woody stems will remain standing.
Enhancement of the non-game bird population
may stem from several causes. First the de-
struction of the litter layer exposes quan-
tities of seed that normally would have gone
undetected by birds foraging in the winter
habitat. TFlocks of wintering sparrows, Rob-
bins and Dark-eyed Juncos will frequently be
seen taking advantage of this forage resource.
In addition, where the woody understory is
sparse, small mammals will be made more vul-
nerable to birds of prey. Sharp-shinned,
Sparrow, Red-tailed, Coopers and Red-shoul-
dered hawks may be seen hunting on recent
burns. Second, the stand understory will
make significant recovery in the first growing
season following treatment. Many of the hard-
wood seedlings, shrubs and perennial herbs
will resprout the following spring. Spring






























































































































































































































































































































































































































