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Abstract.-~Many of the

insectivorous songbird species

that winter in the tropics are dependent on large unbroken

tracts of forest during the breeding season.

These species

are disappearing from localities where forests are becoming

fragmented.

By long-range planning, managers

can prevent

local extinctions of these area-gensitive birds through use
of such techniques as management in large units, retention
of connecting corridors, and prevention of excessive isola-

tion of forest fragments.

Edge conditions can be provided,

where appropriate to meet the needs of upland game species.

INTRODUCTTION

Birds are sensitive indicators of habitat
' .conditions, because each bird specles has its
own distinctive breeding range and habitat re-
quirements.- Habitats can be managed to in-
crease or decrease abundance of bird species,
-with information derived from correlating bird
populations with quantitative descriptions of
the habitats in which they nest. Likewise,
" the: presence or even ahundance of certain
species can be predicted on' the basis of

- (Robbins 1978). .

i The purpose of this presentation is to
L .discuss a relatively new ‘concept in forest
. manageément:. the dependence of many of the
- neotropical migrants on extensive tracts of
. forestl Just ag many species ‘of birds are
7. restricted to certain types of habitats
o (woodland, prairie, desert; tundra), some
'-species are ddapted to living in ‘the interior
-7 of an extensive forest while othérs utilize
S Habicat boundaries ‘such as wood margine and ~
hedgerows. Each species has evolved over
“thousands of years and its populations have
... ~Teached a state of equilibrium within:its
o particular preferred :environment. - When
habitat ‘conditions: change as a result of plant
;v succession, climatic changes, or various
.- influences brought about directly ot dndirect=
/1y by man,. the survival- potential. of the:
~apecies’ changea. When these changes favor a”
_species, the population may spread Into- the =
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favorable habitats and increase in size, When
altered habitat conditions result in increased
mortality or lowered reproductive rate, the
population will decline unless it can be
supported by immigration from nearby areas
where a high reproductive rate produces a
surplus of individuals. If a supply of
invading iadividuals is not available or is
insufficient to make up for the deficit, the
population mey decrease to a new lower
equilibtium or even disappear entirely from
the vegfon of altered habitat.

1 first present the results of some

_'recent studies relating changes in breeding

bird populations to changes taking place in
the enviromment. Following that I suggest

‘" some guidelines for management of forests to
_benefit those nongame bird species that are

disappearing as a result of failure to take

“thelr needs into consideration.

AREA 'SENSI‘I‘]‘:'VI.TY'

In the eastern and north central forest

"~ reglonsg of the United States, there are many

species of ‘birds that are -dependent on
In recent decades

of fragmentation of forest by such impacts as
suburban sprawl, super highways, transmisgsion
These

suburban and highly agricultural areas,

Bird atudents have been aware of the’
sharp decline in’ breeding populations of fly—

.. -eatchers:,. vireos, warblers, and other. long~ .
Jdistance migrants in woodland in and near the



District of Columbia {(Criswell et al. 1978).
These decreases have been attributed by
various investigators to a variety of causes,
including sewer and highway comstructiom,
predation, greater human use, storm damage,
pesticides, and loss of habitat in the vicin-
ity of the study plots and on the wintering
grounds.

Ornithologists in both Eurcope and America
have shown that more bird species can be found
nesting in large study plots than in small
ones (Qelke 1966, Moore and Hooper 1975},

This conclusion seems obvious, because birds
are patchily distributed in most habltats,
which in itself is because most habitats are
structurally heterogeneous., A major reason for
increased avian diversity in larger tracts,
however, was overlooked by these authors.

Bond (1957}, who studied bird populations
in woodlots in southern Wisconsin, was the
first to report that many species of small
songbirds are dependent on relatively large
forest tracts during the breeding season.
MacArthur and Wilson (1963, 1967) demonstrated
the relation between oceanic island avifaunas
and the size and degree of isclation of the
islands. They also suggested that the same
equilibrium between cplonizations and extinc-
tions might exist on fragmented woodlots. In
oceanic or maiunland models, the number of
breeding species increases with "island" size
and decreases with distance from sources of
repopulation. Whitcomb (1977) has summarized
MacArthur and Wilson’s widely accepted equi~
1ibrium theory of island blogeography, and
discussed its implications for biotic diver-
sity. He pointed out that: (1) as many as 92
percent of the breeding birds in some forests,
are migratory, (2) most of these are areca-
sensitive species that cannot persist in the
face of forest fragmentation, and (3) they are
not replaced by other species.

New Jersey Studiee'

fn 1972 Galli et al. (1976} and Formam et
al. (1976) studlied bird populations on 30 for-
est fragments in central New Jersey. They
used analysis of variance to detect those
species dependent on the size of the forest
fragment. Their forests varied in size from
0.0l to 24 ha. Unfortunately they did not
present comparable data from a large area .of
continuous forest for comparison with their
forest’ fragments.. Furthermore, only one of
thelr fragments was greater than 10 ha in_
size. Although they concluded that half ‘of
the . forest species using their study plots
were dependent on forest area; those species
that are most.critically dependent on area
were lacking from all of their plots and
consequently were not recognized as being area
dependeut.

‘Sources of Maryland Data

During the breeding seasons of 1974~76,
R, F. Whitcomb and colleagues undertook a more
extensive study of area sensitivity of eastern
deciduous forest birds (Whitcomb et al.,
1479). Realizing the urgency of obtaining a
broad base of bird population data from-
forested plots of many sizes and degrees of
isolation, they used four techniques.
Breeding Bird Census {(Williams 1936} and Point
Survey data (Whitcomb et al., 1979) from 36
forest fragments ranging In size from 1 to 121
hectares were supplemented with data obtained
from the results of Breeding Bird Survey
Miniroutes (Bystrak 1978) and a Breeding Bird
Atlas project {Xlimkiewicz and Solem 1878).
They used bird counts from 183 Miniroute stops
scattered throughout Howard County, Maryland,
and 700 stops throughout Prince Gecrges
County; each of these Miniroute points was
covered twice, The Atlas data, gathered by
members of the Maryland Ornithological
Society, showed which species were detected in
each of the 25 square kilometer blocks
throughout Montgomery County and 6.25 square
kilometer blocks throughout Howard County.

Characteristics of Area-sensitive Species

Whitcomb et al. (1979) computed an index
of area sensitivity for each forest bird
gspecles by dividing the average number. of
territories detected at. sampling points within
small (6=-14 ha) forest islands by the number
detected in large -(80+ ha) forest tracts.

They noted strong correlations between the
area sensitivity of many bird species and
their regional distribution and abundance in
forest habitats.  When they compared area
sensitivity of each forest bird species with
characteristice of its breeding biolegy, they
found that most of the speciles. sharply reduced

. by forest fragmentation have the following

characteristies: (1) they are long-distance
migrants that winter primarily in the New
World tropics; (2) they are obligate inhab-
itants of forest interior; (3) they tend to
nest on or near the. ground; (4) they build
nests in the open rather than in’ the protec—
tion of cavitiasj' (5) they raiee only a single
brood of young per year; and (6) they have a
comparatively small clutch gize.

'In contrast, many bird species that re=
produce successfully’ under forest edge con-
ditions are permanent residents or short—dis-
tance migrants that arrive early in the season
and attempt two Or more broods per geason,
The average neat helght of these specles is.
greater, more of them nest in cavities, and
they raise many more young per year. Because
of a higher reproductive potential, edge-
inhabiting bird species have a much greater
chance of reproductive success 1n areas where
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predation from mammals, jays, and grackles is
higher, nest parasitism from cowbirds is more
frequent, and disturbance from humens is
bhigher. ©n the other hand, some neotropical
migrants that specialize in edge or scrub
habitat (e.g., Prairie Warbler, Orchard
Oriole, Blue Grosbeak) show some of the same
tendencies for lower reproductive effort and
higher sensitivity.

Area Sensitive Species

The area-sensitive forest interior spe-
cles recognized by Whizecmb et al. (1979)
include not only the Yellow-bllled Cuckoo,
Wood Thrush, Red-eyed Vireo, Black-and-white
Warbler and Scarlet Tanager recognized by
Galli et al. (1976), but also the Whip-poor-
will, Pileated Woodpecker, Acadian Flycat-
cher, Veery, Yellow-throated Vireo, Worm—
eating Warbler, Northern Parala Warbler,
Ovenbird, Louisiana Waterthrush, ¥entucky
Warbler, Heoded Werbler, and American Red-
start, as well as such wide—ranging gpecies as
hawks and owls,

Effects of Forest Fragmentation

A few specific examples will emphasize
the dependence of area~gensitive species on
large tracts of undisturkbed forest interior,
tracts greatly in excess of the -5 ha terri-
tory size actually defended by most small
migrarory nongame birds durilng the breeding
geagon., The following examples are based on 3
long~term gtudies in which I have been invel-

Figure la.——Vicinity of Laurel, Haryland

showing forest cover (dota), fields’ (white),

urban areas (emall squares), end main high-
ways..(black lines) as indicsted in 195%.
- Woods: referred to.in the text are marked.
.gwith a star. . (USGS T 5wmin. Laurel Hd.,
*quadrangle, 1951)

ved, amd 3 long-rerm Breeding Bird (ensuses
publishied in American Birds.

Laurel

Ip 1952, I moved into my present home be-
side the Patuxent River gorge on the outskirts
of Laurel in central Maryland. At that time
the forest along the river wes interrupted 3/4
km below me by the City of Laurel, but con-~
tinued esgsentlally unbroken for 14 km upstream
(fig. la). The contiguous forest totaled
about 5260 ha at that time, but it became
progressively more fragmented during the en-
suing 25 years. First, Rocky Gorge Reservoir
was created 3/4 km upstream from my home;
next, Interstate 95 was censtructed between my
home and the reservoir; and thep the hillside
directly across the river was cleared of trees
(fig. Ib).

" Although my woods and the remaining con-
tiguous area of forest totaling about 40 ha
have not changed appreciably in character,
half of the long~distance migrants that nested
here 25 years ago have disappearsd: Broad-
winged Hawk, Whip-poor-will, Yellow-throated
Vireo, Black-and-white Warbler, Worm- -
eating Warbler, Gvenbird, Louisiana Water—
thrush, Kentucky Warbler, and Hooded
Warbler (table l). The Acadian FIycatcher,
Eaatern Wood Pewee, Wood Thrush, Red-eyed
Vireo, Northern Parula Warbler, and Scarlet
Tanager still nest here nearly every year, but
in reduced numbers} and one palr of Red-

shouldered Hawke still remains--perhaps

: Figufe'ib.—Fsahe ares in 1971, showing Rocky
Gorge Reservoir, Interstate: Route 95, Mary—
land Route 198 {bottom), and severe frag~

mentatiod of woodland. (UsGs 7. S—min.

,tgpog;aphic map; 1965, photoreviged 1971}



Table 1.

Population changes of long-distance migrants

Site Laurel Cabin Rock Glover— " Setoen Patuxent
John Creek Archbold Belt WRC
Plot size {acres) —-— 18.75 80 b5 35 36 90 135
Torest area (acres) 13,000 100 200 75 850 ¢ . 185 . 39 7400 '
Years 1953 1977 1947 1976 1948 1974 1959 1976 1947 1975 1959 1972 .
=54 -78 -48 =77 -49 =77 -6 -77 ~76 .
Broad-winged Hawk ¥ 0
Yellow~billed Cuckoo X X 5.0 o] 1.0 ¢ 3.0 1.5 o} 1.0
Whip-poor-will X [}
Ruby-throated Hummingbird X X 5.0 0 3.0 Q . 4.0 +2 2.0 1.5
Great Crested Flycatcher X X 14.5 5.0 4.5+ 14,9 0 8.0 i) 0 0.5
Acadian Flycatcher X X 34.5 34.5 27.0 1.0 25.5 3.0 33.0 18.1 25.0 14.5
Fastern Wood Pewee X X 26.5 8.0 7.0 2.0 8.5 1.0 19.0  20.1 4.0 0.5
Wood Thrush b4 X 21.5 0 20.0 8.5 32.0 4.5 40.0 81.9 20.5 14
Veery 0 5.5 40,0 57.5 0 + .
Yellow—throated Vireo X 1] 9.5 0 8.0 O 3.5 0 19.0 2.1 2.0 3.5
Red-eyed Vireo X X 74.5 40.0 52.0 18.5 31.5 12.5 100.0 92.4 50.0 50.%
Black-and-~white Warbler X 0 v 3.5 0 1.0 © 3.5 0
Worm-eating Warbler X 0 v 0 3.0 0 .
Northern Parula Warbler X X 70.5 8.0 0.5 0O 11.5 0 5.0 + 3.5 2.0
Ovenbird )4 0 49.0 12.0 8.5 2.0 53.0 22.9 14,5 8.5
Louisiana Waterthrush X 1] 5.0 0 o 0.5 + 0 4.5 2.0
Kentucky Warbler X 0 28.0 O 1.0 0 8.5 0 17.0 9.7 1.0 5.0
Hooded Warbler X - 0 11.¢ 0 5.0 8] 15.0 0O 8.0 1.4 19,0 0.5
American Redstart . 68.0 13.5 34.0 + 9.0 ' 7.0
Scarlet Tanager X X 13.5 0 9.0 6.5 8.5 0 26.0 12.5 15.5. 7.5
Mean species per year - - 41.0 21.5 26,5 21.5 42.0 26.5 . 2B.0 25.5 32.0 47.0
Percent change In species -50% -31% -19% -37% - 9% +477
Mean pairsf100 acres. - - 658.5 364.0 223.1 126.9  71B.6 453.6 & 437.0 390.3 . 28%.4 260.5
Change in total population - -45% -43% -37%. o =11% -10%
Pairs of 1ong—distance o
migrants/100 acres s - - 387.0 109.0 190.5 54.5 232.5 “B0L.5  348.0 262.6  '184.0 120.5
Change in long—distanee : . T : : :

migrants C = . =72%

-71% Sl -B5% E -25% < -35%

'Y =Present, but density not determined
24 =Present in very small numbers,
3y =visitor, not nesting i study plot

receiving recruitment from the thriviag
population on the Patuxent wildlife Research
Center 8 km downstream. .

Cabin John Island

A second example of a drastic change in

bird population is evident on Cabin Johm'
~ Island in the Potomac River 4 km northwest of

Washington, D. C., where breeding bird popu-
lations have been studied almost annuvally’
since 1947. This island is more than 500 m
long and has an average width of 150 n (fig.
2a). Although vegetation of the island itself
has not changed: appreciably during the study
period, there has’ baen’ significant road
construction, particularly the: George .
Washington Memorial Paxkway on both sides of
the river, that hag fragmented the formerly

less than one—half territory.

continuous forest that flanked both shores
(fig. 2b).~ ‘Many of the’ other nearby Eorests
have yielded to housing developments.-

During the 30-year study, five species
that had originally been represented by two or
more breeding pairs’ disappeared completely.
These were the Wood Thrush, Yellow-throatad
Vireo, Kentucky Warbler, Hooded Warbler, and’
Scarlet Tanager. “Thrée’ other. less common
species, the Yellow~billed Cuckoo, Ruby—
throated Hummingbird, and Louisiana: Watet—
thrush, also disappeared (table 1). ‘Several
other: species declined 46% or more:: Creat
Crested’ Flycatcher, Eastern Wood- Pewee,
White-breasted Nuthateh, Red-eyed Vireo,
Northern Parula Warbler, and American Redstart
(Thatcher 1948, Ceiswell and Gauthey 1977, and
Criewell et al, 1948Y.- The only neotropical







