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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-sensitlve 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 meek the needs of upland game species.

INTRODUCTION favorable habitats and increase in size, When

altered habitat conditions result in increased

Birds are sensitive indicators of habitat mortality or lowered reproductive rate, the
conditions, because each bird species has its population will decllne unless it can be

own distinctive breeding range and habitat re- supported by immigration from nearby areas
qulrements. Habitats can be managed to in- where a high reproductive rate produces a

crease or decrease abundance of bird species, surplus of individuals. If a supply of
with information derived from correlating bird invading individuals is not available or is

populations with quantitative descriptions of insufficient to make up for the deficit, the
the habitats in which they nest. Likewise, population may decrease to a new lower

the presence or even abundance of certain equilibrium or even disappear entirely from
species can be predicted on the basis of the regio_ of altered habitat.
geographical location and habitat descriptions

(Robbins [978), I first present the results of some

recent studies relating changes in breeding

The purpose of this presentation is _o bird populations to changes taking place in
discuss a relatively new concept in forest the environment. Following that I suggest
management: the dependence of many of the some guidelines for management of forests to

neotroplcal migrants on extensive tracts of benefit those nongame bird species that are
forest, Just as many species of birds are disappearing as a result of failure to take
restricted to certain types of habitats their needs into consideration.
(woodland, prairie, desert, tundra), some

species are adapted to living in the interior

of an extensive forest while others utilize AREA SENSITIVITY
habitat boundaries such as wood margins and

hedgerows. Each species has evolved over In the eastern and north central forest

thousands of years and its populations have regions of the United States, there are many
reached a state of equfllbrium wihhln its species of birds that are dependent ou
particular preferred environment. When extensive forest systems. In recent decades

habitat conditions change as a result of plant these species have been retreating in the face

succession, climatic changes, or various of fragmentation of forest by such impacts as
influences brought about directly or indirect- suburban sprawl, super highways, transmission

ly by man, the survival potential of the lines, reservoirs, and surface mining. These
species changes. When these changes favor a sensitive birds have all hut disappeared from
species, the population may spread into the suburban and hfghl y agricultural areas.

/] Wildlife Biologist (Research), Migra- Bird students have been aware of the
sharp decline in breeding populations of fly-

tory Bird and Habitat Research Laboratory, catchers , vireos, warblers, and other Iong-
U.S. Fish & Wildlife Service, Laurel, MD 20810. distance migrants in woodland in and near the
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District of Columbia (Crlswell et al. 1978). Sources of Maryland Data
These decreases have been attributed by

various investigators to a variety of causes, During the breeding seasons of 1974-76,

including sewer and highway construction, R.F. Whitcomb and colleagues undertook a more
predation, greater human use, storm damage, extensive study of area sensitivity of eastern

pesticides, and loss of habitat in the viein- deciduous forest birds (Whitcomb e!ta!. ,

ity of the study plots and on the wintering 1979). Realizing the urgency of obtaining a
grounds, broad base of bird population data from

forested plots of many sizes and degrees of

Ornithologists in both Europe and America isolation, they used four techniques.
have shown that more bird species can be found Breeding Bird Census (Williams 1936) and Point

nesting in large study plots than in small Survey data (Whitcomb et al., 1979) from 30

ones (Oelke 1966, Moore and Hooper 1975). forest fragments ranging in size from I to 121
This conclusion seems obvious, because birds hectares were supplemented with data obtained

are patchily distributed in most habitats, from the results of Breeding Bird Survey
which in itself is because most habitats are Minlroutes (Bystrak 1978) and a Breeding Bird

structurally heterogeneous. A major reason for Atlas project (Klimkiewicz and Solem 1978).
increased avian diversity in larger tracts, They used bird counts from 185 Miniroute stops

however, was overlooked by these authors, scattered throughout Howard County, Maryland,
and 700 stops throughout Prince Georges

Bond (1957), who studied bird populations County; each of these Miniroute points was
in woodlots in southern Wisconsin, was the covered twice. The Atlas data, gathered by

first to report that many species of small members of the Maryland Ornithological

songbirds are dependent on relatively large Society, showed which species were detected in
forest tracts during the breeding season, each of the 25 square kilometer blocks
MacArthur and Wilson (1963, 1967) demonstrated throughout Montgomery County and 6.25 square
the relation between oceanic island avifaunas kilometer blocks throughout Howard County.

and the size and degree of isolation of the

islands. They also suggested that the same Characteristics of Area--sensitive Species

equilibrium between colonizations and extinc-
tions might exist on fragmented woodlots. In Whltcomb _a!l. (1979) computed an index
oceanic or mainland models, the number of of area sensltivity Eor each forest bird

breeding species increases with "island" size species by dividing the average number of
and decreases with distance from sources of territories detected at sampling points within

repopulat[on. Whiteomb (1977) has summarized small (6-14 ha) forest islands by the number
MacArthur and Wilson's widely accepted equi- detected in large (80+ ha) forest tracts.

librlum theory of island hiogeography, and They noted strong correlations between the

discussed its implications for biotic diver- area sensitivity of many bird species and

sity. He pointed out that: (I) as many as 92 their regional distribution and abundance in

percent of the breeding birds in some forests forest habitats. When they compared area
are migratory, (2) most of these are area- sensitivity of each forest bird species with
sensitive species that cannot persist in the characteristics of its breeding biology, they

face of forest fragmentation, and (3) they are found that most of the species sharply reduced

not replaced by other species, by forest fragmentation have the following
characteristics: (I) they are long-distance

New Jersey Studies migrants that winter primarily in the New
World tropics; (2) they are obligate inhah-

In 1972 Galli ecal. (1976) and Forman et itants of forest interior; (3) they tend to

all. (1976) studied bird populations on 30 for- nest on or near the ground; (4) they build
est fragments in central New Jersey. They nests in the open rather than in the protec-
used analysis of variance to detect those tion of cavities; (5) they raise only a single

species dependent on the size of the forest brood of young per year; and (6) they have a

fragment. Their forests varied in size from comparatively small clutch size.
0.01 to 24 ha. Unfortunately they did not

present comparable data from a large area of In contrast, many bird species that re-
Continuous forest for comparison with their produce successfully under forest edge con-

forest fragments. Furthermore, only one of ditions are permanent residents or short-dls-

their fragments was greater than i0 ha in tanee migrants that arrive early in the season
size. Although they concluded that half of and attempt two or more broods per season.

the forest species using their study plots The average nest height of these species is
were dependent on forest area_ those species 8renter, more of them nest in cavities, and
that are most critically dependent on area they raise many more young per year. Because

were lacking from all of their plots and of a h_gher reproductive potential, edge-

consequently were not recognized as being area inhabiting bird species have a much greater
dependent, chance of reproductive success in areas where

199



predation from mammals_ jays, and grackles is ved, aud 3 long-term Breeding Bird Gensuses

higher, nest parasitism from cowbirds is more published l_ .American Birds.
frequent, and disturbance from hunnRns is

higher. On the other hasd, some neotroplcal Laurel

migrants that specialize in edge or _crub
habitat (e.g._ Prairie Warbler, Orchard In 1952, I moved into my present home he-

Oriole, Blue Grosbeak) show some of th_ same side the Patuxent River gorge on the outs_/rts
tendeneles for lower reproductive effort and of Lauzel in central Maryland. At that time

higher sensitivity, the forest along the river was inEerrupted 3/4
km bel_w me by the City of Laurel, hut con-

Area Sensitive Species tlnued essentlaily unbroken for 14 km upstream
(fig. la), The contiguous forest totaled

The area-sensltive forest interior sp_- about 5260 ha at that time, but it became

ales recognized by Whitcemh et al. (1979) progressively more fragmented during the en-
include not only the Yellow-billed Cuckoo, suing 25 years. First, Rocky Gorge Reservoir

Wood Thrush, Red-eyed Vireo, Black-and-white was created 3/4 km upstream from my home;

Warbler and scarlet Tanager recognized by _emt, l_terstate 95 was coastr_cted betwee_ my
Galli et el. (_g76), but also the Whlp-poor- home and the reservoir; and then the hillside

will_ Pileated Woodpecker, Acadian Flycat- directly across the river was cleared of trees
char, Veery, Yellow-throated Vireo, Worm- (fig. ib).

eating Warbler, Northern Ferule Warbler,
Ovenbird, Louisiana Mate:thrush, Kentucky Although my woods and the remaining con-

Warbler, Hooded Warbler, and American Red- tiguous area of fores_ totaling about 40 ha

start, as well as s,eh wlde-ranging species as have not changed appreclably in character,
hawks and owls. half of the iong-dlstance migrants that uested

here 25 years ago have dlsappeared: Broad-

Effects of Forest Fragmentation winged Hawk, Whlp-poor-will, Yellow-throated
Vireo, Black-and-white Warbler, Worm-

A few speclfl_ examples will emphasize _ating Warbler, _e_blrd, Louisiana Water-

the dependence of area-sensitlve species on thrush_ Kentucky Warbler, and Hooded
large tracts o_ undlsturhed forest interior, Warbler (table I). The Aeadlan Flycatcher,

tracts greatly in e_cess of the I-5 ha terrl- Eastern Wood Fewee, Wood Thrush, Red-eyed
tory size actually defended by most small Vireo_ Northern Parula Warbler, and Snarler

migratory nongame birds during the _reedlug Tanager still nest here nearly every year, but
season. The following example8 are baaed on 3 in reduced numbezs; and one pair of Red-

lon_-term studies in which I have Bee, drivel- shouldered Haw_ still remains--perhaps

Figure la.--Vlclnity of Laurel, Maryland_ Figure _b.--N_me area in 197i, showing Rocky

showing forest cover (dots), _lelds (white), Gorge Reservoir. Znterstate Route 95, Mary-

_tba_ _rea_ (small equar_s), a_d mai_ h£ah- la_d Ro_te 198 (bottom), and severe freE-
ways (black lines) as indle_ted i_ 1951. _eutation of woodland. (_SGS 7.5-mln.

Woods referred to i_ the cex_ _re mazked _opo_aphle map_ 1965_ photorewised 1971)
with a s_ar. (USGS 7.5-mln. Laurel. Md.,

quadrangle. 1951)
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Table i. Population changes of long-distance migranEs

Site Laurel Cabin Rock Clover- Seton Fatuxent
John Creek Archhold _elt WRC

Plot size (acres) -- 18.75 80 65 35 36 90 135

Forest area (acres) 13,000 i00 200 75 850 185 39 7400

Years 1953 1977 1947 1976 1948 1974 1959 1976 1942 1975 1959 1972

-54 -78 -48 -77 -49 _vv -60 -77 -76

Broad-winged Hawk X 1 0

Yellow-billed Cuckoo X X 5.0 0 1.0 0 3.0 1.5 0 3.0

}£nip-poor-will X 0

Ruby-throated Hu_ingbird X X 5.0 0 3.0 0 4.0 +2 2,0 1.5

Great Crested Flycatcher X X 14,5 5.0 4.5 - 14.0 0 8.0 0 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

Bascern Wood Pewee X X 26,5 8.0 7.0 2.0 8.5 1.0 19.0 20.] 4.0 0.5

Wood thrush X g 21.5 O 20.0 8.5 32.0 4.5 40.0 81,9 20.5 14.0

Veery 0 5.5 40.0 57.5 0
Yellow-throated Vireo S 0 9.5 0 8.0 0 3.5 0 19.0 2.1 2.0 3.5

Red-eyed Vireo E X 74.5 40.0 52.0 18.5 3].5 12.5 i00.0 92.4 50,0 50.5

Black-and-white Warbler X 0 v 3 0 3.5 0 ii.0 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 0 11.5 0 4.0 - 3.5 2.0

Ovenbir4 X O 49.0 12.0 8.5 2.0 53.0 22.9 14,5 8.5

Louisiana Waterthrush X 0 5.0 0 0 0.5 T ] 4.5 2.0

Kentucky Warbler X 0 28.0 0 1.0 0 8.5 O 17.0 9.7 ii.0 5.0

Hooded Warbler X 0 ii.0 0 5.0 0 15.0 0 8.0 1,4 19.0 0.5

American Reastarn 68.0 13.5 34.0 _ 9.0 7.0

Scarlet Tanager X S 13.5 0 9.0 6.5 8.5 0 26.0 12,5 15.5 7.5

Mean species per yeaz - - 31.0 21.5 26.5 21.5 42.0 26.5 28.0 25.5 32.0 47.0

Percent change in species -50% -31% -19% -37% - 9% +47%

Mean pairs]100 acres 658.5 364,0 223.1 126.9 718.6 453.6 437.O 390.3 289.4 260.5

Change in total population -45% -43% -37% -11% -10%

Palrs of long-dlstance

migrants/100 acres - - 382.0 109.0 190.5 84.5 232.5 80.5 348.0 262.6 184.0 120.5

Change in long-distance

migrants -22% -71% -65% -25_ -35%

[K =Present. hut density not determined

2+ =Fresen_ in very small numbers, less than one-half territory

3V =Visltor, not nesting in study plot

receiving recruitment from the thriving continuous forest that flanked both shores

population on the Patuxent Wildlife Research (fig. 2b). Many of the other nearby [oresrs

Center 8 km downstream, have yielded to housing developments.

During the 30-year study, five species

Cabin John Island that had originally been represented by two or

A second example of a drastic change in more breeding pairs disappeared completely.

bird population is evident on Cabin John These were the Wood Thrush, Yellow-throated

Island in the Potomac River 4 km northwest of Vireo, Kentucky Warbler, Hooded Warbler, and

Washington, D. C., where breeding bird popu- Scarlet Tanager. Three other less eo_on

lations have been sgudled almost annually species, the Yellow-billed Cuckoo, Ruby-

slnee 1947. This island is more than 500 m throated Hummlngblrd, and Louisiana Water-

long and has an average width of 150 m (fig. thrush, also disappeared (table 1). Several

2a). Although vegetation of the island itself other species declined 46% or more: Great

has not changed appreciably during the study Crested Flycatcher, Eastern Wood Pewee,

period, there has been signlficant road White-breasted Nuthatch, Red-eyed Vireo,

construetion_ partleularly the George Northern Parula Warbler, and American Redstart

Washington Memorial Parkway on both sides of (Thatcher 1948, Crlswell and Gauthey 1977, and

the river, that has fragmented the formerly Criswell et el. 1948). The only neo_ropical
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Figure 2a.--Vicinlty of Cabin John Island as Figure 2b.--Same area in 1971, showing urban

shown in 1951. (USGS 7.5-mln. Palls Church, expansion and fragmentation of forest by

Va.-Md. quadrangle, 1951) Shading as in major highways. (USGS 7.5-mln. Falls

figure I. Church, Va.-Md. quadrangle, )965, photo-

revised 1971)

migrant that did not decrease from [947-48 to Ovenbird. Recent surveys indicate that

1976-77 was the Acadia_ Flycatcher. changes in blrd population recorded within the

plot are characteristic of the entire Rock

Rock Creek Park Creek Park forest system.

Two similar long-term studies have been Glover-Archbold Park

conducted in Rock Creek and Glover-Archbold

parks, major wooded areas within the District Clover-Archbold Park and adjacent wooded

of Columbia. Rock Creek Park is a long, nar- areas make up about 75 ha of woodland that are

row area of about 800 ha along Rock Creek_ It connected by a narrow corridor to the fringe

is completely surrounded by city and for many of woods along the Potomac River. Breeding

years has not been connected to the narrow birds in the park have been censused annually

strip of forest along the Potomac River by since 1959 (Briggs 1960, 1961, 1977, 1978).

even a wooded corridor. Near the center of Except for the results of sewer construction

Rock Creek Park is a 26 ha study plot in which i_ [963, there has been no major change in the

breeding birds have been censused intermit- habitat of the study plot.

tently since 1947. The original study plot

(32 ha) was part of a 345 ha tract bordered on Neotroplcal migrants that were found

the north by Military Road and on the south by nesting on the 14 ha study plot in 1959 or

Porter Street. Beach Drive. Glover Road. 1960 but were absent in 1976 and 1977 were

Tilden Street, and several minor roads Broad-wlnged Hawk, Great Crested Flycatcher,

traverse the 345 ha wooded tract, but the Yellow-throated Vireo, Northern Parula

total amount of contiguous woodland present Warbler, Kentucky Warbler, Hooded Warbler, and

has changed very little during the 30-year Scarlet Tanager. The following additional

period of the study. Automobile traffic and species decreased more than 60% during the

pedestrian use has increased in both the study same period: Acadian Flycatcher, Eastern Wood

plot and the Park in general. Comparing Fewee, Wood Thrush, Red-eysd Vireo, Ovenbird.
(table I) the early studies of Thatcher (1949) and American Redstart.

with more recent studies by Craven etal.

(1974) and Crlswell _ al. (1978) one notes Seton Belt Mature Woodlot

that the Yellow-billed Cuckoo, Ruby-throated

8ummlnghlrd_ Yellow-throated Vireo, Northern In 1947, Stewart and Rohbins (1947)

Parula Warbler. Kentucky Warbler, and Hooded censused the breeding 51rd population in a 15

Warbler no longer breed in the study plot. ha plot within a fine stand of about 16 ha of

Other species that have decreased by more than mature tullp-tree--oak forest in southern

50% during this period are the Great Crested Prince Georges County_ Maryland. The results

Flycatcher, Acadian Flycatcher, Eastern Wood showed an exceptionally high density of

Pewee, Wood Thrush. Red-eyed Vireo, and breeding blrds_ 1,080 territorial males per
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square km. It is Believed to be the largest The density of neotropieal migrants

remnant of nearly virgin forest on the coastal decreased during this study (table I), but
plain of _Iaryland. only one breeding species disappeared

entirely: the Black-and-white Warbler.

Whitcomb _ al. (1977) censused this
woodlot again in 1975 and 1976 using the same The Pattern

boundaries and techniques as in 1947. Their

report includes a map showing the location of The pattern is quite clear. It is essentially

this South Tract plot with relation to the same group of species that are deellnlng

highways and nearby woods. The changes in in each study plot, and these birds are the

density of neotropical migrants are much less long-distance migrants. The permanent
than in the other plots studied (table i). resident species, on the other hand, tend to

maintain their populations despite suburban

Patuxent Wildlife Research Center sprawl and forest fragmentation; the short-
distance migrants that have adapted to sur-

In 1959, I censused the breeding bird vlval in edge habitats, such as jays, House

population in an undisturbed 36 ha portion of Wrens, catbirds, robins, starlings, black-
the mature deciduous forest along the Patuxent birds, and towhees, also are maintaining their

River in Prlnee Georges County, Mar yland. The populations.

census plot was a mosaic of well drained and

poorly drained floodplain with small islands Summarizing table 1 (in which the data
of the neighboring river terrace, into which are presented in the original English measure-

one-third of the plot projected. This plot, ments of the investigators): there was an

by virtue of its size, lack of disturbance, overwhelming decrease in every long-dlstance
habitat diversity, and location within a 3000 (neotropical) migrant except the Veery; there
ha forest on the Patuxent Wildlife Research was a decrease in density of breeding birds in

Center and adjacent Fort George G. Meade, every plot, even those with minimum disturb-
contained the entire avian species pool of the anee; and the percentage decrease in long-
eastern deciduous forest of coastal plain distance migrants was consistently much great-

Maryland. Breeding populations of the er than the decrease in the total population.
neotrcpical migrants are listed in table i; If the densities of long-dlstance migrants are

for populations of the other species see Stamm subtracted from the total densities, the sum

al. (1960). The bird population was subse- of the densities of permanent residents and

quently sampled annually by [2 days of mist short-distance migrants in five plots (no
netting each summer through [972, and breeding densities are available from Laurel) dropped
bird censuses were repeated every few years, from 984.5 fn the early studies =o 968.2, a

decrease of only 1.7%.

Timber was not cut in or near the study

plot; however, all of the following distur- The only species that showed increases in
banees probably contributed to the change in any of the study plots In table I (out of 96

avian populations shown in table i: (I) One pairs of observations) were the following:
corner of the plot was permanently flooded by Great Crested Flycatcher and Yellow-throated
construction of a duck pond In a nearby field; Vireo, both present in very small numbers,

in additio_ to loss of forest from the study increased at Patuxent; the vireo was present

plot itself, the flooding brought an array of every year_ while the flycatcher nested
edge species (plant and animal) into the plot. erratically. There were very small increases
(2) Construction of Rocky Gorge Reservoir in the Eastern Wood Pewee on the Scion Belt

upstream just before the beginninB of the tract and the Red-eyed Vireo at Patuxent. The
study altered _he flooding regime of the Wood Thrush increased substantially on the

tract; instead of being inundated periodically Seton Belt tract. The Veery, a recent invader
for short intervals several times each year, from more northern breeding grounds, estah-

the water table is lower and the floods are lished itself oz increased on three plots.

fewer but more catastrophic. (3) Effluent The Louisiana Waterthrush increased by a

from the Laurel sewage treatment plant now fraction of a territory in Rock Creek Park.

provides a substantial part of the total flow
of the Patuxent River during the su_mer A Sample Species, the Worm-eating Warbler
months. (4) In 1962, as part of a simulated

pesEiclde study, 174 breeding birds including Let us consider briefly the breeding
169 individuals of neotroplcal species were distribution in Maryland of one of the species
netted and removed from the plot to study the that GO longer nests in any of the study plots

rate of repopulation. The intent was to £n figure I_ the Worm-eatlng Warbler. The map
return the removed birds to the plot; however, in Birds of Maryland and the District of

the cooperating agency that was caring for the Columbia (Stewart and Robbins 1958) showed
birds could not keep them alive and thus none this species as nesting throughout the Ridge

of the warblers and flycatchers survived, and Valley, Piedmont, and Western Shore
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Coastal Plain Sections except for the highly to the quar=er-mile radius counting circle. I

agricultural Hagers=own, Middletown, and should stress that the measurement of amount

Frederick valleys and the flat bayshore necks of woodland included not just the wooded area
of Baltimore, Barford, and Cecil counties. It within the quarter-mile circle, but it also
also nested in forested areas along the included all contiguous forest connected to
Poeomoke River and its main tributaries and at woodland within the counting circle. For

seven isolated spots elsewhere in the State. purposes of the anal_is the forest was
A portion of the present-day distribution, categorized into units expressed as powers of

Based on the Breeding Bird Atlas of the three. For example, forest plots of less than

Piedmont counties of Montgomery and Howard 3 acres (1.2 ha) were zoded O, those between 31
(Kllmkiewiez and Solem 1978), is shown in and 32 (3 to 9 acres, I.2 to 3.6 ha) were

figure 3. This species is strictly limited to coded I, those between 32 and 33 (9 to 27

the few remaining areas of extensive woodland, acres, 3.6 to 10.9 ha) were coded 2, etc. The
highest category encountered was coded 8

Supporting Evidence from Breeding Bird Survey (between 6,561 and 19,683 acres, 2,655 and
7,966 ha).

To further test the area sensitivity of

forest species and to gather information on Correlation coefficients were computed

the minimum forest area required to maintain for 72 bird species; the recorded abundance of
populations of various species, comparisons each bird at each stop (5-year sum) was
were made between bird coun=s and habitat matched against each of the following habitat

factors at 500 Breeding Bird Survey (Robbins factors: percentage of coniferous, deciduous,

and Van Velzen 1969) stops scattered through and mixed woods within a circle of 400 m
central and eastern Maryland. Each 3-minute (one-quarter mile) radius, and heiBht of the

Breeding Bird Survey stop was visited annually canopy; percentage of brush, plowed, culti-
in the early morning in June, and data for vated, pasture, hay, lawn and fallow land, and

1974-78 were used in the analysis. Thirty of tldal estuaries, salt, brackish, and fresh
habitat characteristics were recorded ac each marsh, and disturbed or industrial areas; hUm-

stop. One of these was a measure of the ber of houses and of visible snags ; presence

acreage of contiguous forest in and adjacent of hedges, electric wires, fences, streams and

F-5/.X,Lt ¢1 I;21 i

2..,./t i,

Figure 3.--Distrlbution of forest (solid black) and of breeding Worm-eatlng Warblers (shaded

rectangles) in Montgomery and Howard Counties, Maryland. Data from Breeding Bird Atlas.
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ponds; height of shrubs and width of roadside isolated from a large continuous forest

shoulder; also whether the road was paved, the supported many of the neotropical migrant

time of morning when the bird counts were species characteristic of the larger woodland.

made, and the area of contiguous forest as Howe and Jones (1977) also pointed out that

described in the previous paragraph, the least isolated of the small woodlots in

southern Wisconsin supported the most species.

Considering only those correlations that Thus, any given small woodland is an integral

were highly significant (p <.01) when each part of a regional habitat mass that supports

bird species was compared with each of 29 a regional population of the species in

environmental factors, the only factor that question. Subunits of this regional habitat

was correlated with the abundance of more than mass are inadequate, by themselves, to support

half of the bird species was the area of a population of sufficient size to retain

contiguous forest (41 species). Other factors genetic flexibility and to buffer against

with a large number of highly significant normal oscillations that characterize all

correlations were: percentage of deciduous populations. Also, it is difficult or impos-

woods (36 species), percentage of coniferous slble to know whether a given nesting attempt

woods, percentage of mixed woods and number of is successful, or even whether a singing male

houses (24 species each), percentage of has a mate. Furthermore, it would be

hayfield (23 species), and presence of fences dangerous to draw conclusions from a single

(22 species), observatlon_ which might be atypical. A pair

of birds may succeed in rearing young in a

Supporting Evidence from the year of super-abundant food. In years when

Allegheny Mountains food is in short supply, weather is abnormally

wet, or predation is exceptionally high,

In the Allegheny Mountains of Western nesting might he a complete failure. Thus,

Mar yland and Western Pennsylvania, Deanna the critical area required for survival of an

Dawson and colleagues from the Migratory Bird area-sensitlve species is the area in which

and Habitat Research Laboratory studied breed- young can be produced in sufficient numbers to

ing bird populations with relation to replace adult attrition under the poorest

numerical habitat descriptions in the summer conditions of weather_ food availability, tom-

of 1978. They included in their llst of petition from other wildlife, and other dis-

variables the same area measurement of turhances. All in all_ the diversity of

contiguous forest that I had used in the above interacting factors presents a complex

Breeding Bird Survey analyses. Their habitat situation_ and the investigator must exercize

variables were measurements of the tree size extreme caution in proposing "safe" deflnl-

and density, shrub cover, canopy cover, ground tlons of forest area required.

cover, tree species, slopej and other criteria

almost entirely different Erom those used in Estimates from Breeding glrd Survey

the Breeding Bird Survey analysis. It is

important to note, however, that the One To approach the problem in another way, I

factor with the largest number of significant have computed for each area category the

correlations with bird populations was the percentage of Breeding Bird Survey stops at

same one that was most significant in the which each area-sensitive species was record-

Breeding Bird Survey analypis--the area of ed, using 5 years of data from 500 roadside

contiguous woodlands, stops in central and eastern Maryland. In
this way I can determine not only the smallest

Determining Area Requirements for forest fragment in which the species was

Sensitive Species recorded, but can determine at what point the
frequency of occurrence begins to decrease as

Problems in Making Estimates contiguous forest area decreases. Admittedly
this method is biased to some degree by the

Having established that a strong proportion of the quarter-mile circle that is

relationship exists between the extent of wooded, regardless of whether the woods are

contiguous woodland and the populations of continuous or fragmented. In spite of this

certain species of birds, the next question iB bias, there £s for each of the area-sensltlve

one of defining the amount of contiguous species at least one point at which there is a

forest needed for each of the area-sensltive noticeable decrease in frequency of occur-

species. Rough estimates can be obtained in fence. The percentage of stops at which Ken-

several ways. One is to find the smallest tueky Warblers were found, for example, re-

forest fragment on which the species maintains malned constant at about 13% at stops with

at least one territory during the nesting 33 or more ha of contiguous forest, but

season. The chief problem with this approach dropped abruptly in smaller woodlots (fig.

is that it does not take isolation into 4). The Ovenbird was found in the great

account. For example, MacCllntoeket al. majority of the very extensive forests, but

(1977) found that a small fragment minimally was much less frequently recorded in the 885
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Figure 4.--Percentage of Breeding Bird Survey stops at which Tufted Titmouse, Ovenbird, and

Kentucky Warbler were recorded. Stops are grouped according to the largest acreage of
contiguous woodland present.

to 2,655 ha range; it was noted at nearly 20% MJkNAGEM_NT IMPLICATIONS
of the stops with II to 98 ha of contiguous

woodland, but at very few of the smaller General Managemen_ Principles
woodlots (fig. 4). By comparison, the Tufted

Titmouse, which is a permanent resident, did From these early studies on forest
not show a sharp decline at any size class, fragmentation we can make some recommendations

and was present in woodlots of less than 3 ha. for management of forests to maintain or

The size classes at which the frequency of possibly increase the regional bird species
occurrence of many of the area-sensltlve pool. Some of these recommendations are

species shows a sharp decline are presented in counter to traditional game management

table 2. to give a prellm%nary estimate of the approaches of openln s up the forest to provide
area sensitivity of each species, more shrub growth for deer or Ruffed Grouse.

Openings do provide more food for certain

From other breeding population data we species, most especially for support of
know that figures in table 2 for the Worm- seed-eatlng birds through the winter, but such

eating and Hooded Warblers are lower than the openings as are desired for management of

size these species require. This discrepancy special interest species can be put in areas
results from an inadequate sample size for where they will not jeopardize a forest
these species. Several of the other species interior ecosystem.
registered an additional sharp decline at a

lower size level: Ovenbird at I0 ha (fig. 4)_ First, a large undisturbed forest area
and Wood Thrush and Red-eyed Vireo at 4 ha. needs to be maintained at all times. Where

The management concept shown by these studies managed forests are contiguous with large
is that large blocks of forest are necessary natural areas (fig. 5a), such natural areas

for the survival of entire nongame bird could serve as a nucleus for population
communities, maintenance. When the entire forest is

subject tO management_ it is probably
preferable to use a timber harvest rotation

program under which a large contiguous tract

remains undisturbed at any one time. Ideally,
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Figure 5.--Management implications for forests surrounded by other land use. Shading simulates
age of forest.

a) Ideal management, with best opportunity to preserve all bird species present.
b) Good management, providing maximum adjacent habitat of each seral stage.

c) Avifauna can be preserved by planting to connect isolated woods with other forest.

d) Presence of highways or other disturbance requires change in management strategy.
e) Severe fragmentation leads to extinction of area-sensitlve species.

f) Effects of fragmentation can he reduced by leaving connected wooded corridors.

harvest would occur in an orderly manner, such harvested i_ many small isolated plots in the

as a circular path (A, B, C, etc._ in fig. 5b) same season, the operations will impact not
with several hundred hectares cut in I or Z only the birds in the several plots, hut also

years. The adjoining area would be cut those along _ny access trails in other

several years later, and so on, in such a portions of the management area. Aesthetf-
fashion that the bird population would move cally, _nagement of much smaller units might

from one managed area to an adjacent one as be more pleasing; but if we wish to maintain
the various seral stages moved across the the integrity of the entire ecosystem,

landscape and as the area of mature forest fragmentation into small blo=_.s (fig. 5e)

gradually moved from one spot to another, should be avoided where possible.

Robert Whltcomb (pars. comm,) has pointed In states where forests are already

out that when running Breeding Bird Survey greatly fragmented, one should view a forest
routes in the West Virginia mountains he has management plan in the context of the

been impressed with the great variety and adjoining forest areas and strive to
abundance of warblers in areas heavily coordinate management practices w_th nearby

lumbered and disturbed by strip mining, land owners _o prevent inadvertent loss of

Although most of the _ods are in early and area-sensitive species through simultaneous

middle stages of growth, management has been destruction of sources of avla_ repopulation.

_n large units and the avian species pool has

been preserved. Another advantage of managing These recommendations are derived from
forests in _nits o_ several hundred _ectares research on bird populations; however, they

is that dfsturbanee in any given season is might apply to other forms of life as well.

restricted to a small part of the entire Special management techniques should be

management area. Conversely, if timber is considered for locally sensitive species.
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Table Z. Preliminary estimates of minimum cowbirds for watching tne activities ot o_ner

forest areas required to sustain viable breed- species i_ whose nests they will lay their own
ing populations of area-sensitive forest blrds, eggs. Brown-headed Cowbirds have been in-

based on 500 Breeding 81rd Survey stops in creasing steadily since at least the mid-

central and eastern Maryland. 1960"s (Systrak and Robbins 1977), and are
having a greater impact on nesting success of

small insectivorous birds. Mayfield (1977)

Critical size 2 found the Brown-headed Cowbird to he one of

Species Frequencyl Acres Hectares the most serious threats to survival of the en-
dangered Kirtland's Warbler. The introduction
of cowbirds into forest interior situations

Red-shouldered Hawk 14 250 I00 where they do not normally occur (Lowther and

Red-bellied Woodpecker 225 I0 4 Johnston 1977) will have a detrimental effect

Hairy Woodpecker 22 I0 4 on many of the neotroplcal insect-eatlng ml-
Great Crested Flycatcher 146 25 I0 grants that are restricted to the forest in-

Acadian Flycatcher 53 80 30 terior. The forest interior specialists are
Eastern Wood Pewee 127 I0 4 not adapted to cope with nest parasitism from

Blue Jay 262 I0 4 the cowbird. Nearly all build open nests that

Tufted Titmouse 294 I0 4 are easily found by the cowbird, and most also
Carolina Wren 300 25 i0 raise only a single brood per year; thus, cow-

Wood Thrush 3 304 250 100 bird parasitism may destroy their entire annual
Yellow-throated Vireo 27 250 I00 production.
Red-eyed Vireo 3 276 250 [00

Black-and-white Warbler 24 750 300 I am not saying that snags are bad in all
Prothonotary Warbler 9 250 I00 interior situations, but I stress that if use

Nora-eating Warbler 3 9 750 300 of snags is promoted in the forest interior

Northern Parula Warbler 19 250 I00 such snags should be clustered in a few areas

Pine Warbler 71 80 30 rather than permitted to exist throughout a
Ovenbird3 84 6550 2650 managed forest. Furthermore, when feasible, I

Louisiana Waterthrush 6 250 100 reco_end that tell snags that break the

Kentucky Warbler 3 32 80 30 canopy be removed and shorter snags within the
Hooded Warbler 3 17 80 30 canopy be retained because cowbirds tend to

Scarlet Tanager [33 250 100 select exposed perches.
Summer Tanager 45 250 100

Sear in mind that snags at or near a

forest edge will frequently attract nesting
INumbez of stops at which the species was found, Starlings, and the Starlings in turn compete

2Area ac which the sharpest decrease occurred, with native hole-nesting species, especially

3See text for comment, flickers, Red-headed Woodpeckers, and
blueblrds.

Snags Reservoirs

During the past 6 years several investl- One of the greatest disasters that can

gators have emphasized the value of snags to befall a forest bird community is the creation

wildlife (e.g., see Conner 1978). There is no of a reservoir. In large sections of north
question that presence of snags will increase central and northeastern United States the

populations of hole-nesting species, especial- most extensive wooded areas are those in

ly in the early successional habitats contain- stream valleys. When such valle_ are

ing few natural cavities. Snags also are used impounded for water supply, flood control, or
as perches for many species other than cavity recreation purposes, the more moist and
nesters. Although snags increase the popula- generally most productive forest areas are

tlons of some species, they may cause s destroyed, and many of the adjacent upland

decrease in others by introducing edge forest areas are fragmented to the point that

conditions into a forest interior. I doubt they can no longer support the area-sensitlve
that anyone will challenge the benefits of species of migratory birds. As an example, I

leaving snags at or near the edge of a managed would llke to refer again to Rocky Gorge

forest, but one must consider the consequences Reservoir near my home (fig. 6). Within the
of permitting snags to be retained intention- flooded basin of the reservoir, all of the

ally in forest interior situations. The lowland forest was destroyed. In addltlon_

principal problem is that snags are used by thsremalnlnBupland has been fragmented so
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Figure 6.--Excessive fragmentation by Rocky Gorge Reservoir could have been prevented by

planting forest within the dashed lines prior to destroying the original forest.

that now there 18 not a single point in the Corridors
forest that is more than 300 meters from the

forest edge. Although small numbers of many One way to reduce the loss of area-
of the area-sensltlve species still persist on sensitive species from forest fragments is by

these fragments, it is almost certain that leaving (or planting) corridors that connect

these populations are doomed. The proximity the fragment with a larger forested area (fig.

of edge conditions throughout the area must 4f; see also MacCllntock et el. 1977). The
inevitably lower reproductive rares of the corridor concept has also been used success-

present population, and there is no longer an gully to bring woodland birds closer to resi-

adjacent mesic forest of higher productivity dential areas during the non-breeding periods.
that can serve to offset losses in the Very _ew studies have documented effects of

peripheral population, corridor width on bird populations, so no
specific recommendations can be made now re-

My reason for citing this example is that garding the preferred width of such corridors

by means of proper long-range planning it or the extent that they are beneficial to
would have been possible to protect or plant certain species. Right now. I can only
forest in strategically located areas adjacent recommend retention of even a narrow corridor

to the impoundment before construction of the _o prevent complete isolation of forest
reservoir. If some of the areas marked with fragments. The corridor concept could also be

heavy dashed lines in figure 6 had been carried too far. If a large number of small

planted to forest before the area along the fragments were connected by corrldor_ from the
river was cut. several large areas of con- same source of repopulatlon_ birds from a main

tiguous forest could have been retalned, forest might be enticed into fragmented wood-

giving additional protection to the watershed lots where increased predation, competition
and also providing refuge areas that could from edge species, and other factors would
have served to perpetuate most of the avlfauna prevent sueeess£ul rearing of young (Whitcomb

typical of the orlginal forest, n.._tel. 1979).

209



MANAGEMENT RECO_ENDATIOWS it is not necessary to maintain high diversity
in each separate management unit as long as

The following 16 recommendations stress there is diversity among different units.

steps that can be taken to retain the obligate Grazing reduces diversity by removing or

forest-interior speeles in the breeding popu- greatly reducing one or more of the important

lation. Nearly all of the edge species and components of the forest vegetation.
those of the various seral stages will find

suitable habitat regardless of the management [0_ Pending conclusion of more definitive

techniques employed; these species are not so studies on minimum habltat area requirements

dependent upon large contiguous areas of of various avian species, thi_k in terms of
similar habitat. Thus, most edge species ef 1.000 contiguous hectares (1,500 acres) of

birds are not in danger of being eliminated forest canopy as a desirable goal to preserve
from the species pool. most or all of the avian species pool.

i. Avoid unnecessax y fragmentation of II. In smaller tracts (even down zo 2 na

forests (fig. 5e). or l_8a) it is beneficial _o maintain the
maximum zontiguous woodland with the least

2. M_nage in large blocks, oK in such a amount of edge.
way that small blocks are adjacent to more
extensive forest. 12. Management units that approach a

square are much more effective in preserving

3. In long-range plans designate tracts foreet-interior birds tna_ are long, narrow
that will be mature or nearly mature at each ones--especially when managed uracts are

stage in the management plan, and design small. The portions of a forest that are most
normal management operations in such a way beneficial £o neotropicai migrants are several

that tepopulatlon of disturbed areas _an hundred meters or more away from the forest

proceed via wooded connections or over the edge.
smallest possible gaps in forest cover.

13. leave snags along forest edge or in

4. When possible, use a fairly uniform patches in the forest interior, but not

plan of rotation cutting (fig. ha,h) so that throughout the forest. In the forest [nt_rior
the oldest sections at any time are adjacent select for preservation those snags tna_ will

to each other and the younger stages are not extend above the canopy of the nearly
adjacent to themselves, making the maximum mature forest.
usable area available co each bird species, no

matter what It8 requlrements. 14. In any management plan consider the
disruptive effects of other projects such as

5. Pla_ cooperatively wlth adjacent existing or proposed s_per hlghway_, impound-

landowners so that maximum repopulatlon manta, transmission Line corridors, or sewer

potential of those species that requlre line8 [fig. 56). Check with appropriate
extenslve mature or near mature forest can be agencle8 on the timing Df new construction, to

achieved, avoid inadvertent loss _f a critical area at
the Wrong time.

g. I= areas where mature forest is

limited, eonslder preserving one or more 15. With reference to recommendation 14,

8trateglcally ideated mature tracts to serve provide mitigation pla_ti_g as far in advance
as sources of avian repopulation, of the impending disturbance as possible (fig.

6).

7. In any management plan designate

areas that are especially se_sitlve during any 16. If wooded fragments must be isolated

particular period of the _ear; and by posti_ from the forest proper, retain a connecting
or other means keep disturbance such as corridor, such as along a stream; or if a

camping, hiklng, picnlcking, fishing, forest tract has already been separated,
8utveylng_ mar_g, or cutting to a minlmum consider planting a corridor to reconnec_ it

during the nesting season (May through early {fig. be,f).

August).

8. When public use is part of a forest

management plan_ restrict activities to the ACKNOWLEDGMENTS
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