The Assemblage of Birds Foraging in Native West Indian Pine (Pinus
occidentalis) Forests of the Dominican Republic during the Nonbreeding
Season

Steven C. Latta; Joseph M. Wunderle, Jr

Biorropica, Vol. 30, No. 4 (Dec., 1998), 645-656.

Stable URL:
http://links.jstor.org/sici 7s1ci=0006-3606%28199812%2930%3 A4%3C645%3ATAOBFI%3E2.0.CO%3B2-Y

Biotropica 1s currently published by The Association for Tropical Biology and Conservation.

Your use of the ISTOR archive indicates your acceptance of ISTOR’s Terms and Conditions of Use, available at
http:/fuk jstor.orgfabout/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have
obtained prior permission, you may not download an entire 1ssue of a journal or multiple copies of articles, and you
may use content in the ISTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://uk.jstor.org/journals/tropbio. html.

Each copy of any part of a ISTOR transmission must contain the same copyright notice that appears on the screen or
printed page of such transtnission.

ISTOR is an independent not-for-profit organization dedicated to creating and preserving a digital archive of
scholarly journals. For more information regarding ISTOR, please contact support@jstor.org.

hetp:/fuk jstor.orgf
Tue Sep 6 14:31:20 2005



BIOTROPICA 30(4): 645-656 1998

The Assemblage of Birds Foraging in Native West Indian Pine
{Pinus occidentalis) Forests of the Dominican Republic during the
Nonbreeding Season’

Steven C. Latta? and Joseph M. Wunderle, Jr.
International Institute of Tropical Forestry, USDA Farest Service, P.C. Box 490, Palmer, Puerto Rico 00721.

ABSTRACT

We studied avian resource use in a native West Indian pine (Pinus occidentalis) forest in the Cardillera Ceneral of the
Dominican Republic during the nanbreeding seasan. The forest is characeerized by a fairly open pine canopy and a
dense mixed-broadleaf and pine understory. We used a principal companents analysis of 23 foraging characrers for
23 bird species, including foraging heighr, the proportional use of 5 different foraging methads, 3 harizoneal posicions
and foliage densides, and 11 foraging substrates, Five principal companents accounted for 74 percent of the total
variance of the assemblage variables and resulted in the delineatian of at least 5 faraging guilds. 78 percent of bird
species had mean foraging heights of 5.0-10.0 m, carresponding co the region of overlap of pine and broadleaf
vegetatian. As a result, the diversity of foraging subscrates and maneuvers used by birds, rather than foraging heighe,
appears o be the primary means by which birds that exploir this habitat separate ecologically. Migrant waod warblers
{Parulinae) are probably able to integrate into the community because of lictle dier overlap berween residents and
migrants, and the faicly specialized nature of their largely insectivorous foraging habics. Avian foraging in chis habicac
may reflece the effects of frequent disturbance such as hurricanes.

RESUMEN

Estudiamos el uso de recursos por aves en un bosque de pino nativa (Pintus occidentalis) en la Cordillera Central
de la Repiblica Daminicana durance la época de no-repraduccidn. El bosque se caracreriza por un dosel de pino
bastance abierta, can pinos y arbustos mixtos y densos en las clases de vegeracién de alturas mas bajas. Utilizamas un
anilisis de camponentes principales de 23 caracteres de campareamiencos alimenticios para 23 especies, incluyenda la
aleura de alimencacidn, ¢l uso proporcional de cinco mérodas de comparramientas alimenricias, tres posicianes hori-
zancales y clases de densidades de los arbustas, ¥ once substratos. de alimentas. Cinco companentes principales expli-
caban 74 por ciento de la variacién total entre las 23 especies y delineaban por lo menos cinco guildas de alimenta-
ciones. 78 por ciento de las especies de aves renian una aleura media de alimencacion de 5.0-10.0 m, coincidienda
con la regidn de traslapa de pinos y arbuscas. Como consecuencia, la diversidad de substraras de alimentos y mérodos
de comportamicncos alimenticios ucilizados por las aves, en vez de la altura de comportamientos alimenticies, es la
manera principal en que las aves udlizando este hibitat separaban los nichos ecalégicos. Aves migratorias (Parulinae}
prabablamente pueden integrarse en la comunidad parque hay paco traslapo de alimentaciones entre los residentes y
migrantes, y sus comportamientos alimenticios estan bascance especializada. Es pasible que ¢l comportamienco ali-
menticio de aves en ¢ste hibicar refleja los efecros de perturbaciones frecuentes camo huracines.

Koy worde:  Dominican Repubi’ic; faraging behaiar; ﬁmgmg gm‘fafs; Hijpam‘a!'d; hurricanes; migratory bivds; Pinus occi-
denralis.

PiNE FOREST, OFTEN WITH A BROADLEAF UNDERSTORY, is  Pine makes up 21 percent af the forest area on His-

a significant component of the vegetation in the Ca-
ribbean basin {Lugo er L 1981, FAO 1991). Carib-
bean pine (Pints caribaed) is native to the northern
Bahama Islands, Cuba, and Ceneral America where &t
grows from 0-1000 m elevation, and has been widely
planted elsewhere (Liegel 1991). West Indian pine (P
oceidentalis) is native only ta Hispaniola and Cuba.

! Received August 20 [996; revision accepted June 24
1997.

2 Currene address: Universicy of Missouri, Division of Bi-
alagical Sciences, 110 Tucker Hall, Columbia, Missouri
65211, U.SA

paniola and 36 percenc of the forest area in Cuba
(FAO 1991); 19 percent of the land area of the Ba-
hamas is in pine {FAO 1991). Nadve pine forescs in
the Caribbean are declining under severe disturbance
from wildfire, agriculeure, grazing, and cucing for
fuelwood, charcoal production, and building materi-
als (Harshorn. et £ 1981, Lugo et 2. 1981) and this
has impacted adversely a number of bird populacions
{(Arende 1992). Natwural disturbances, primarily hur-
ficanes, also affecc Caribbean forests (Brokaw &
Walker 1991} and their bird communities (Wiley &
Wunderle 1994).
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The serueture of West Indian bird communities
has been the facus of many studies (Ricklefs 8 Cox
1972, Lack 1976, Terborgh 8¢ Faaborg 1980, Case
et al. 1983, Faaborg 1985), although none has de-
tailed avian communities in pine forests. Several
surveys have reported chac pine forests in the West
Indies harbor a diverse avifauna {Arendc 1992,
Waunderle & Waide 1993), buc these surveys fo-
cused on the presence or absence of species. Ter-
bargh and Faaborg (1980} described the general
foraging behaviar of birds comprising the migranc
warbler complex in Hispaniolan pine forests and
suggested thar seven species separate by verdeal
stratification and foraging tactics, resulting in a
tightly-structured, pinewaods-warbler complex.
Larea and Wunderle (1996a) analyzed foraging be-
havior of migrants and residents in mixed-species
foraging flocks, also in Hispaniolan pine, but fo-
cused on flock compasition, flocking propensity,
and modificacions of foraging behavior while in
flocks. Others have focused on bird use of managed
forests of exode pine. Falkenberg er 4l (1983)
found fewer birds in 2 caribaea plancacions than in
native broadleaf forest in Jamaica, and Cruz {1988)
deseribed resource use, niche strucrure, and avian
assemblage patterns in an incroduced Caribbean
pine plancation in Puerto Rica.

Despite the apparenc value of pine forests to
migratory and resident birds, quanticacive analyses
of the avian assemblages or avian resaurce use in
pine forests are lacking. Therefore, the abjectives
of this scudy were to quantify where and how birds
forage in P sccidentalis pine forests in the Cardil-
lera Central of the Daminican Republic, and de-
termine the food resaurces used by birds in these
forests. These observations enabled us ta describe
the assemblage of birds in native pine forest, assess
the incegration of migranes and permanent resi-
dencs into the wineer bird communicy, and evaluate
the imporaance of the pine and broadleaf compo-
nents of the foresc co birds in the nonbreeding sea-
son. We conclude by speculating on how discur-
bance to the vegetation cauld affect the bird com-
munity.

STUDY SITE AND METHODS

Stupy site.—Pine forests were sampled ac six sites
on slopes 905-1050 m elevation near Manabao
(16°6'N, 70°48'W) and ar six sites 643-779 m
¢levation near Jarabacoa (19°9'N, 70°39"%) in La
Vega Provinee in the Cordillera Central of the Do-
minican Republic from October-April, 1993-95.
Native pine forests, some of which have been se-

lectively logged, temain on the steeper slopes and
ridgetaps, with small numbers of incroduced P car-
thaea and variable amounts of broadleaf understory
thac may be affeceed by fire, cutting, ot cattle graz-
ing. Sites were chosen on the basis of availabilicy,
proximity {no site was > 20 km from the farthest
site}, and similarity in scructure. Alchough the area
of our study sites was not measured, che remnant
patches were all escimated to be > 100 ha. Sites
were visited in sequence so that approximately
equal search time was spent at each site.

We used eighc 16-m diameter circular plots
(0.02 ha} on four sites to quantify vegetational dis-
cribudion. Plots were nonrandomly selected to rep-
resent the full range of vegetational variation in
which avian foraging observations wete made. Fo-
liage heights were decermined ac 20 points located
at 1.6 m intervals along the norch, souch, cast, and
west radii of each cireular plor. A 3-m call pole
marked at 0.5 m intervals was placed vertically ac
each sampling point. We recorded the presence ar
absence of foliage touching the pole within each
height class and identified the foliage as either pine
or broadleaf. For height incervals above 3 m, we
sighted along the pole and recorded the presence/
absence of foliage in cach of the following heighe
intervals: 3—4, 4-6, 6-8, 8-10, 10-12, 12-15, 15—
20, and 20-25 m. This was facilitated by the rel-
atively sparse canopy, but height estimations were
also checked with a range finder. We used the mid-
point of cach heighc category o calculate the me-
dian and mean pine and broadleaf cree heighes for
all plows combined.

ForaginG EHavior.—Foraging observations were
made from 0700-1800 h by walking slowly
thraugh the habitat until a foraging bird was lo-
cated. The first faraging event 5 sec after an indi-
vidual was initially detected was recorded to avoid
a bias toward mare conspicuaus feeding tech-
niques. Only a single foraging event was recorded
per individual per day to reduce the problem of
autocorrelation inherent in sequence daca (Wagner
1981).

We used the terminology of Remsen and Rob-
inson {1990) to describe foraging maneuvers and
foraging-site classifications. Foraging maneuvers in-
cluded glean, hang, reach-up, reach-out, reach-un-
der, jump-up (leap), sally-suike, sally-scall, sally-
hover, sally-pounce, and probe. In all scaciscical
analyses, foraging methods were combined into five
categories. We used the term “glean” co designace
all near-perch maneuvers in which the forager re-
mainied on a perch and picked a food item from



the substrate surface. This caregory included all
forms af reaching, hanging, and gleaning. The
cerm “jump” was used for any lunging or jumping
from the substrate to obrtain a food item. We used
the term “probe” for any maneuver in which the
forager obrained a food item from the subsurface
by prabing or pecking. This included maneuvers
by birds prabing flowers for nectar, as well as prob-
ing inco lichens, bark, or woad. Finally, aerial for-
aging was divided berween maneuvers to forage in
the air (“sally-air”) and aerial maneuvers to forage
on the surface of subscrates {“sally-surface”). Any
farm of sally or hover was placed in one of these
tWO categories.

The lacation of the food item, or the “substrace
type” was assigned to 1 of 11 categaries: needles,
waad, or cones (pines); leaves, woad, Howers, fruit
ar seed (broadleaf shrubs); and epiphyte, air, her-
baceous or vines, and ground. Foraging sice was
also characterized with respect to: (1) esdmated
height of the bird above the ground, (2) horizontal
position of the bird (inner ¥ of tree, middle % of
cree, aucer % of tree}, and (3) foliage density (the
amounc of light passing chrough an imaginary 2.0
m diameter sphere surrounding the foraging sice; 1
= 75-100% of light passes through, 2 = 25-74%,
3 = 0-24%). Heighr estimates were checked daily
with 4 range finder ta assure accuracy.

Most species included in chese analyses are sex-
ually manomarphic sa chac data from the sexes
could not be distinguished. Dimorphic species with
large sample sizes (Black-throated Blue Warbler,
Black-and-white Warbler, American Redstart; sci-
entific names in Table 1) were analyzed for sexual
differences in faraging heights and methods to de-
termine if separation of the sexes was justified.

In Dominican pine forescs most species of birds
participate in mixed-species foraging flocks (Lacra
& Wunderle 1996a). Alchough flacking may alrer
the foraging behavior of some bird species (Latta
& Wunderle 1996a, b), flocking and solitary birds
were lumped rogether for this analysis. This is jus-
tified because of the high flocking propensity of
most Aock participants and the relatively few
changes in foraging behavior displayed by flocking
birds (Lactca & Wunderle 1996a).

STATISTICAL AtALvses.— Lhe software package SYS-
TAT Version 5.2 (Wilkinson 1992} was used to
perform various statistical tests described in Sokal
and Rohlf (1981). A probability of type [ error =
0.05 was accepted as significanc, bur greater values
are shown for descriptive purpases. Dara presenced
are means * 1 SD. When data were not normally
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distributed, nonparametric statistics were used. An
independent samples #-test was used ta test for in-
traspecific differences in the mean foraging heights
of males and females of sexually dimorphic species.
A 2 x 2 Tesc of Independence wich a X2 staristic
ar 2 Row ¥ Column Test of Independence with a
& statistic was used to compare percent use af var-
ious feeding lacations of males and females within
a species, and ta test for the independence of spe-
cies’ foraging location within pine, broadleaf, or
other substrates.

We used SAS (SAS 1990) and the mechods of
Holmes er af. (1979) to perfarm a principal com-
panent analysis (PCA} an faraging data. For each
of 23 of the most frequently abserved avian spe-
cies, we considered 23 foraging characters: mean
faraging heighc, and the proportional uses of 5
different foraging methods, 3 horizoncal positions,
3 foliage densities, and 11 foraging substrates.
PCA transfarmed the original variables into a lin-
car combinarion of uncorrelated variables known
as principal camponents, which additively parti-
tion the variance far the set of variables, Five com-
ponents were recained based on the Kaiser crite-
rion (Kaiser 1960) and a scree test. We then used
a Varimax rotation {Kaiser 1960) of cthe compa-
nents to facilitate interpretation of the resulting
factors by reducing split-loadings. For the purpose
of visualizing relationships between the 23 bird
species in the pine forest based on the 23 foraging
characters, the species were ploteed in the three
dimensional space dictaced by che first three fac-
tors of the PCA.

RESULTS

VeceTaTion erorie.—A foliage height profile
(Fig. 1) was determined for representative pine
habitac which shows a fairly apen canopy, a denser
mixed-broadleaf understory, and a sparse inter-
mediate layer. Pine faliage predominated in the
canopy with greatest cover in the 10-2¢ m height
categories, and a maximum pine heighe of 22.5
m. Mean and median pine heights were 13.9 m
{£5.1 m) and 13.5 m, respectively. Broadleaf wee
and shrub species were nat sampled bur included
Ribes sp., Inga vera, Mangifera indica, Citrus sp.,
Cecropia sp., Syaygium jambas, Clusia sp., Lyonia
sp., and Miconia sp., as well as numerous uniden-
tified shrubs. Mean broadleaf height was 3.2 m
{+3.5 m) and median broadleaf height was 1.75
m. The broadleaf trees and shrubs primarily
formed a dense ground cover, but scactered broad-
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FIGURE 1. The percent cover of pine, broadleaf trees, and shrubs in each of 14 heighe classes in pine forest of che

Cordillera Central, Daminican Republic.

leaf trees extended into the canopy as the maxi-
mum broadleaf height was 17.5 m.

AVIAN COMMUNITY MEMBERS.— We abserved a roral
of 63 bird species in pine forest (see Wunderle &

Lacra 1996 for a complete list), bur restricted our
analysis to 23 species with feeding observation sam-
ple sizes =15 (Table 1). However, these 23 species
nearly represented the entre winter-avian com-
munity. Of the 63 species observed, only 32 oc-

TABLE 1.  Bird species; species code; foraging bhehaviar sample size; mean foraging beight (; SD); and percent wuse of three
substrates (pine, broadieaf, ather) for éach of 23 species of birds observed in pine farest in the Cordillera Central
of the Daminican Republic. An (%) indicates a migratory species.

Pine BL
per- pet- Other

Species Code N Height cent centpercent P
Antillean Manga Anthracothorax dominicus AM 20 5.7(3.4) 20 S0 30 0.032
Hispaniolan Emerald Chiprastilbon sswainsanii HE 22 50{39) 28 57 15 0.001
Vervain Hummingbicd Mellisuga mimima VH 18 5.7(44) 28 45 27 0.239
Narrow-billed Tody Todus angustivostris B 62 3925 5 8 12 0.000
Braad-billed Tody Todus subularus BB 58 06.0{3.4) 17 83 0 0000
Hispaniolan Woodpecker Melanerpes striatus HW 39 8.6{3.5) 61 32 7 0.000
Hispaniolan Pewee Contopus hispaniolensis PE 162 59(39) 14 8 78 {.000
Greater Antillean Elaenia Elaenia fallusx EL 64 £.7(41) 32 23 45 Q.61
Cape May Warbler* Dendroica tigrina CM 30 4731 20 70 10 0000
Black-thr. Blue Warbler {M}* Dendroica cacralescens BM 133 6339 40 47 13 0.002
Black-thr. Blue Warbler (F}* Dendrotea caerulescens BE 80 4328 192 70 11 0.000
Yellow-tumped Warbler* Dendroica covonata YR 45 8338y 69 16 15 0.000
Yellow-throated Warbler* Dendraica dominica YT 48 11.9{3.7) 92 4 4 0.000
Pine Warbler Dendroica pinus PI 79 9.7(3.5) 9% 1 6 0.000
Prairie Warbler* Dendroica discolor PR 38  5.3(3.8) 40 57 3 0000
Palm Warbler* Dendroica patmarum PA 32 5445 69 9 11 0.000
Black-and-whirte Warbler* Muiotilta vavia BYW 89 9.1(3.3) 84 8 8 0.000
American Redscart* Secophaga ruticilla AR 82 85(3.8) 44 22 34 0149
Graund Warbler Micraligia palustris GW 53 3722 29 58 13 0.000
Bananaquic Coereba flaveola BQ 36 7.3{(8 9 88 3 0.000
Stripe-headed Tanager Spindalis dominicensis ST 99  5.6{2.3 0 98 2 0.000
Black-crowned Palm Tanager Phaenicophilus patmarum PT 46 A.5{3.3) 32 50 11 0.000
Rufous-collared Sparrow Zonotrichia capensis RS 20 2324 16 36 48 0011




cutred frequently enough to be recorded in poinc
councs by Wunderle 8¢ Latca (1996}. The mean
number of detections af each species per point
(X 100) ranged from 2.2-95.6, with an overall
mean of 20.8 birds/paint for these 32 species, and
a mean of 28.3 birds/point for the 23 species in
this study. The only excluded birds with detection
tates near the mean were the Hispaniolan Parrot
(48.9), Rufous-thraated Salicaire (42.2), and
Mourning Dove (11.1). All other excluded species
were recorded < 3 times on point counts and can
be considered ecalogically insignificant in che pine
community. Of the 23 species included, 14 were
permanenc residents and 9 were migratary winter
residents.

Preliminary analyses of the sexually dimorphic
Black-and-white Warbler and American Redstart
revealed no differences in foraging heights (z = 0.3,
df = 87, P = 0.766; ¢ = 0.2, df = 80, P = 0.878)
or foraging methods (G = 2.8, df = 1, P = 0.091;
G = G4, dt = 3, P = 0.095) and so the sex daca
were pooled. Because significanc differences were
found in foraging heights (r = —4.0, df = 213, P
<< 0.000) but not foraging mechods (G = 2.5, df
= 3, P = 0.471) for Black-throated Blue Warblers,
the sexes were treated separately in all further anal-
yses.

Foracing HEIGHTS AND suBsTRaTES.—Mean forag-
ing heights by species (Table 1) ranged from 2.3
m (2.4 m} to 11.9 m (*3.7 m), but 78 percent
of species (N = 18} had mean faraging heights
from 5.0-10.¢ m, corresponding o the region af
overlap of pine and broadleaf vegetadon (Fig. 1).
Four species had mean foraging heighes < 5.0 m,
including Narrow-billed Tady, female Black-throat-
ed Blue Warbler, Ground Warbler, and Rufous-cal-
lared Sparrow. Only the Yellow-throated Warbler
had a mean foraging height > 10.0 m.

All bird species used both pine and broadleaf
substrates for foraging, but nearly all species
showed a significanc difference in percent use of
foraging substrates when substrates were broadly
classified as cither pine, broadleaf, or “other” sub-
strace types (Table 1). Only the Vervain Hum-
mingbird (G = 0.0, df = 2, P = 0.239), Greater
Antillean Elaenia {G = 0.0, df = 2, P = 0.141),
and American Redstarc (G = 0.0, df = 2, P =
0.149} did noc differ staciscically in use of subscrace
categaries. In cancrast, species with the most re-
stricted use of foraging substrates were the Yellow-
throated Warbler and Pine Warbler, far which >
90 percent of foraging observations were on pine
substrates, and the Seripe-headed Tanager, for
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which > 90 percenc of observations involved
broadleaf substrates. Four ather species foraged pri-
marily (>>50%) on pine substrates, including His-
panjolan Waodpecker, Yellow-rumped Warbler,
Palm Warbler, and Black-and-white Warblet. Eighe
species foraged primarily (>50%) on broadleaf
substrates: Hispaniolan Emerald; Natrow- and
Broad-billed Todies; Cape May, female Black-
throated Blue, Prairie, and Graund Warblers; and
Bananaquit.

Within the canifers, pine needles were the most
commanly used foraging substrate, an which 87
percent af the species (N = 28] foraged at least
part af the time (Table 2). Far many species, 10—
25 percent of foraging maneuvers were directed at
pine needles, buc only the Pine Warbler used nee-
dles for > 50 percent of F-:Jraging maneuvers. Pine
trunks, limbs, and branches (pine wood) were also
used for foraging by 87 percent of the species (M
= 20), but wood comprised < 10 percent of che
suberaces used by eighe of chese species. Pine waod
was the primary subscrate used by the Hispaniolan
Woodpecker, and the Yellow-rumped, Palm, and
Black-and-white Warblers. Pinecones were the pri-
mary substrate used by the Yellow-throated War-
bler.

Within the broadleaf companent of the forest,
leaves were che most commonly used faraging sub-
strate, an which 91 percent aof the species (¥ =
21y foraged at least parc of the time (Table 2). Bath
Broad- and Narrow-billed Todies fed nearly exclu-
sively on broadleaf substrates; male and female
Black-thraated Blue Warblers, Prairie Warblers, and
Ground Warblers made the highest use of this sub-
strate. Broadleaf trunks, limbs, and branches were
used by 78 percent of the species (¥ = 18), but
only three species (Rufous-collared Sparrow, His-
paniolan Woodpecker, Ground “Warbler) used
wood for = 10 percent of their feeding maneuvers;
no species made wood its primary foraging sub-
strate. The fruit and seeds of broadleaf species were
used by 61 percenc of avian species (N = 14}, buc
the Stripe-headed Tanager was the most frugivo-
rous species in the community having made 80
percent of all feeding maneuvers on this substrate.
Flowers of broadleaf trees were an imporcanc feed-
ing subscrace for four species {Ancllean Mango,
Hispaniolan. Emerald, Cape May Warbler, Bana-
naquit), but 52 percent of the species (¥ = 12)
made some use of Aowers.

Substrates other than pines and broadleafed
trees alsa were used and contribured o the diversicy
of foraging niches. Epiphytes, most commonly pine
mistletoe, lichens, and bromeliads, were used by 61
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petcenc of species {N = 14; Table 2). The Greater
Antillean Elaenia was the most common consumer
of mistletae fruits. Lichens on tree trunks and
limbs were most often searched by Black-and-
white, Black-throated Blue, and Yellow-chroaced
Warblers, and Black-crowned Palm Tanagers.
Many of these species, as well as the Rufaus-col-
lared Sparrow, also foraged in the long, hanging
lichens cammon in these high elevation sites. Bro-
meliads were frequently prabed for invercebraces
by Black-crawned Palm Tanagers and Hispaniolan
Woodpeckers. The Rufous-collared Sparrow fed
32 percenc of the time on the herbaceous ground
cover, bur 52 percenc of species (& = 12} also
made some use of this subscrate. The farest floor
was seldom used by feeding birds (17% of species,
N = 4}, although 13 percent of Palm Warbler
observations were on the ground. Finally, 78 per-
cent of the species foraged aerially (M = 18), buc
only the Hispaniolan Pewee, Greater Antillean
Elaentia, and the American Redstart foraged main-
ly in che air.

ForacinG maneuvers.—Gleaning and aerial sallies
to substrate surfaces were the most common for-
aging maneuvers used by birds in che pine com-
municy, with 87 percenc of species (& = 20) using
each maneuver. Gleaning made up > 50 percent
of all foraging maneuvers for 56 percent of the
species (N = 13}, including all of the warblers ex-
cept the American Redstare, as well as Stripe-head-
ed Tanager, Black-ctowned Palm Tanager, and Ru-
fous-collared Sparrow. Sallying or havering to feed
on the substrace surface was the most common for-
aging method used by the Hispaniolan Emerald,
Vervain Hummingbird, Broad-billed and Narrow-
billed Todies, and the Greater Antillean Elaenia.
Aerial maneuvers to forage in cthe air were used by
74 percent of the species (N = 17), but only the
Hispaniolan Pewee and the American Redstarr used
aerial sallies more than any other foraging maneu-
ver. Subsurface probing was used by 635 percenc of
species (N = 15), including the necrarivorous An-
tillean Mango, Hispaniolan Emerald, and Bana-
naquit, as well as the Hispaniolan Woodpecker.
Jumping was the most infrequently used foraging
maneuver. Although 56 percent of the species (&
= 13} used jumps or leaps, no species appeared to
favor this maneuver.

MurTivamaTE  anaLysis.—Five principal compo-
nents accounced far 74 percent of the total variance
far the assemblage variables (Table 3). The firsc ei-
genvalue accounted for 22 petcenc of the variance
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in the 23 variables. The secand eigenvalue accounc-
ed for another 19 percenc of the variance, and the
third, fourth, and Afth eigenvalues accounted for
13, 11, and 9 percent of the variance, respectively.
Each of the factors wete bipolar in that they
included both high positive and negative loadings
(Table 3). Factor 1 had high positive loadings for
jumping and sallies to surfaces, high foliage density,
and use of leaf substrates, cambined with high neg-
ative loadings for law foliage density. This facror
separated our the tadies as unique in foraging on
leaf substrates in areas of high foliage density (Fig.
2). The impartance of foliage density in this first
principal component probably was also relared ro
the type of substrate most often used by the species,
as broadleaf sites often accurred at higher densicy
than pine substrates. Factor 2 had high positive
loadings for use of pine and broadleaf wood and
for foraging in horizontal positions near the tree
crunk, and high negartive loadings for foraging in
outer harizonral positions and on pine needles.
Factor 2 clearly distinguished the woodpecker and
the Black-and-white Warbler from all other cam-
munity members. The third faccor had high posi-
tive loadings for prabing and feeding on flowers,
and negative loadings far gleaning and intermediare
horizontal positions. This factar separated the nec-
tarivores (the three hummingbirds, Bananaquic,
and Cape May Warbler} from acher foragers. Fac-
tor -4 separated the sallying species (especially
Greater Anrillean Elaenia and American Redstart,
but alsa the Black-throated Blue Warbler) with
high positive loadings for sallying to the air or ath-
er substrate, and a high negacive loading for glean-
ing. Finaltly, the fifth factar had high positive load-
ings for height and use of pinecones and needles,
and high negarive loadings for the use of wood, the
ground, and the herbaceous understory. This factor
distinguished the Pine, Yellow-rumped, and Yellow-
chroated Warblers, and the Hispaniolan Pewee.
Figure 2 plots all 23 bird species along the firse
three principal camponent axes. This figure indi-
cates the five foraging guilds, described above, as
well as the pasition of faur ground and foliage
gleaners (Prairie, Ground, and Palm Warblers, and
Rufous-collared Sparrow) and three omnivores
{Black-crowned, Palm, and Scripe-headed Tana-
gers) thae fall oucside these guilds in chis analysis.

DISCUSSION

Avian GuILD TratTs.—The bird assemblage in the
Hispaniolan pine forest is dominated by permanent
residents (76% of point count detections) as op-
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TABLE 3.
the 23 characters.

The ratated factar pattern showing the most heavily weighted factors, cither pasitive ar negative, for each af

Factors

II [1I v v

Eigen raat 4.979
Factar contribution
to total vartance
Cumulative variance

explained

.22

0.22
Foraging categories
Foraging method
Glean
Jump
Probe
Sally-air
Sally-surface
Heighr

Horizontal position

0.777

0.593

[nner
Middle

Qurer

Foliage densicy
Light
Maderate
Dense

—0.811
0713
0.662

Substrate—pine
Needles
Waad

Cones

Substrate—broadleaf
Leawves
Waod
Flowers

Fruidseeds
Substrate—ather

Epiphytes

Air

Herbs/vines

Ground

0.874

4.366
.19

(.41

—{.819

~0.491
0.780

0.594

3.063 2616 2.009

0.13 0.1 0.09

0.54 0.65 0.74

—0.492 —0.684
0.924
0.853
0.472
0.901

0.943

—0.836
—0.500

0.458

0.582

—0.543
0.817

0.889
-0.839
—0.459

posed to migrants (24%), and by insectivores
(499%} as opposed to nectarivores (25%) and fruic
and seedeaters (26%; Wunderle & TLarra [996).
The dominance by permanent residents is nat sur-
prising, as Terborgh (1980) stared that 20—40 per-
cent of winter birds in Hispaniola are migrancs,
and Lack (1976) and Emlen (1977) found very
similar proportions of migrants and residents in Ja-
maican and Grand Bahaman pine forests, respec-
tively. However, the dominance of insectivores in
the pine forese is inconsiscent with previous Carib-
bean studies which show thar the frugivore guild is
the most complex guild in the Wesc Indies (Faa-
borg 1985), and frugivores or omnivores dominace

in other Caribbean habitats (Lack 1976, Faaborg
et al. 1984). The paucity of frugivores or frugivory
in the Dominican pine forests undoubtedly relates
to the relatively low fruic abundance presenc during
our study. Had fruit been more abundant in che
understory, it is likely that we wauld have observed
numerous instances of primarily insectivorous spe-
cies feeding oppormunistically on fruic.

Birds in chis study used a wide variety of for-

. aging substrates. Nearly all species foraged in both

pine and broadleaf, but the predominance of for-
aging on braadleaf substraces by most species sug-
gests the importance aof the understory to chese
birds, and the importance of nanpine leaves to the
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FIGURE 2.

Projection of 23 bird species along the first three principal component axes. Axes 1, 2, and 3 account

for 22, 19, and 13 percent of total variance, respectively. Species codes are provided in Table 1.

invertebrare fauna supporting the birds. Although
Emlen (1977) showed thac insect populations reach
higher depsities in pine crown tops than in upper
ot lower portions of trunks, we know of no com-
parison af potencial prey abundance between pine
canopy and broadleaf understary. In general, how-
ever, insect densities in the West [ndies appear to
be lower than in comparable mainland sites (Janzen
1973a, b), and ta be pardicularly low in pine forest.
Standardized leaf inspections showed a diversity
(but not abundance) of invertebrates including
grasshoppets, leathoppers, lepidopceran larvae, bee-
des, and spiders in the understary af this forest
(Wunderle & Latta 1996); however, counts of ar-
thropods per leaf in pine forest understory were
lower than thase in nearby sun and shade coffee
plantacions (Wunderle & Latta 1996), and lower
than found in a variety of habitats an che U.S.
Virgin Islands (Askins & Ewere 1994). A low abun-
dance and diversity of insect prey on longleaf pine
(2 paluseris) trees in the southeastern U.S. was ac-
eribured to nacural pine products such as turpen-
tine (Wahlenberg 1946), also presenc in 2 occiden-
talis (Zanoni et 2l 1990). In the broadleaf under-
story, xerophytic plants wich tough and aromatic

leaves also may be poisonous or distasteful to many
invertebrates. Nevertheless, insects appear ta be a
sufficiently reliable resource to assure migrane sur-
vival until the next breeding season; and they are
perbaps mare reliable chan fruit and seeds which
may be subject to relatively marked and unpre-
dictable Auctuations in abundance (Terborgh &
Faaborg 1980).

The majority of foraging maneuvers used by
birds in the pine community are cansistent with a
high degree of insectivory, and particularly wich the
gleaning of insects from substrate surfaces. With
the exception of the todies, birds from each of the
identified guilds frequently gleaned. However, be-
cause of che high frequency of gleaning by many
species, gleaning was not a positive factor in defin-
ing any af the guilds in the PCA.

Despite the predominance of gleaning insecti-
vores, we observed a wide variety of foraging ma-
neuvers, even within guilds. Far example, all mem-
bers of the nectarivore guild foraged noc only by
probing for necear, but also by havering or gleaning
insects from leaves, pine needles, spider webs, and
ather substrates; members of the aerial insectivore
guild used sallies as cheir primary foraging maneu-
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ver, but also gleaned substrates; even congeneric
species such as the rwo rodies used diverse foraging
maneuvers, the Narrow-billed Tody having relied
more heavily on near-surface jumping than the
Broad-billed Tody.

The diversity of foraging substraces and maneu-
vers used by members of this avian community ap-
pears to be che primary means by which birds thac
explaic this habicar separate ecologically. This is sur-
prising because studies in other habitats shawed for-
aging height to be the primary factor in subdividing
the wiacer bird cammunity (Terborgh 8¢ Faaborg
1980, Hurro 1981). In Hispaniolan pine, most of
the species foraged in a narrow strata of the forest
5-10 m high. Qur PCA indicaces chat height was
heavily weighted as a factor in anly the fifth prin-
cipal component, and that subdivision of the cam-
mumnicy is achieved by ather means, such as the den-
sity of foliage accupied, foraging substrate, or for-
aging maneuver. The narrowness of the feeding zone
used by birds in this habirat may be in part a result
of birds foraging primarily in mixed-species facks,
and the tendency of flock members to converge with
the foraging behaviar of the nuclear species of the
flack (Moynihan 1962). In our previous study in
this Dominican site, a common. tendency of species
that altered their foraging behavior in mixed-species
flacks was to move up or down in the foliage sa
thar foraging height tended o converge on that of
the nuclear species (Latca & Wunderle 199Ga, b).

Our results suggest that the scructural substrate
diversicy associated with a combined pine overstory
and a broadleaf understory appears to coneribure to
avian biodiversity by offering a variery of foraging
sices. This is consistent with several studies in diverse
habitacs, in which the diversicy of vegeration and the
strucoural complexity of che habitat appear to en-
hance bird diversity and use by affecring the ways
birds can find foad resources and coexist within a
site (MacArchur & MacArthur 1961, Karr & Roth
1971, Holmes er 22 1979). Cruz (1988} found sim-
ilar results when comparing bird use in pine plan-
tations of Puerto Rico. He showed that complex
habitac condicions, undetstory vegeradion, vine
thickers, and shrubs were important in decermining
the presence and abundance of some bird species.
Wunderle and Waide (1994) also noted that pine
forests in the Dominican Republic chac lacked 2
broadleaf understary were “relatively sterile” in terms
of migrants, and the data presented here make clear
why the underscory is of such importance.

INTEGRATION OF SEASONAL MIGRANTS INTO THE RESI-
DENT BIRD <OMMUNITY.~—The vegeracional diversity

of the pine forest also may contribute ta the inte-
gration of migrants into the winter communiry. Be-
cause variation in the foraging methods and micro-
habitats used by a bird species influences the range
of prey available to that species (Lack 1971, Cody
1974, Rabinson & Holmes 1982), and presumably
the diversity of prey taken (Poulin 8¢ Lefebvre
1994), our resules supparc the hypothesis thar mi-
grancs complement resident species by filling un-
used niches (Hespenheide 1980, Rappole & “War-
ner 1980). This is supported by Poulin and Le-
febvre’s (1996) abservadon of litde diet averlap be-
tween migrants and residencs using similar foraging
substraces, suggesting that in their Panamanian site,
migrants were well integrated into a much larger
avian community. Dietary analyses would be useful
to further test this hypothesis.

In addition, migratory winter residents may be
able to integrate into the pine forest community
because few species of permanent residencs are
present, tnost permanent residencs are primarily
fruic and seedeaters, and che migrant inseccivores
are faitly specialized in their foraging habits. In
pine forests of the Cordillera Central we found
anly 14 winter resident species making up the avi-
an community, so that the diet of migrants was less
likely to avetlap thac of the residencs. Tetborgh and
Faaborg {1980) found that resident frugivores, om-
nivores, and nectarivares overlapped in foraging
height distributions, but were distinguished by size
relationships as in this study, such thac small (Ver-
vain), medium (Hispanialan Emerald), and large
(Antillean Manga) hummingbirds, and the sll
larger necrarivorous Bananaquic were all sympatric.
In contrast, members of the migratory pine—waods
warbler complex differ from ane anather not by
size, but by relatively subtle quanticative differences
in their foraging ractics (MacArchur 1958). In fac,
wintering migranes in the West Indies are a non-
random subser of all Norch American species that
migrate to the tropics, with small, gleaning insec-
tivores strikingly overrepresented (Faaborg & Ter-
borgh 1980}. Our resules differ fram those of Ter-
borgh and Faaborg (1980), hawever, in that the
more subtle foraging differences we observed
among migrants wete not related to vertical strat-
ification bue to foraging tacties and foraging ma-
neuvers.

POTENTIAL IMPACT OF DISTURBANCE ON THE BIRD
coMMuNnITY.—Some af the patterns of avian orga-
nizatian observed in the pine forest community
may be the resulc of hurricane disturbance. Carib-
bean hurricanes are a major factor in shaping forest



vegeration structure, often resulting in parchy dam-
age thar affects farest stand strucrure and dynamics
for decades {Brokaw & Grear 1991, Brokaw &
Walker 1991}. Althaugh cultivaced P caribaca from
native seed sources ate quite wind-resistant in en-
vironments having high hurricane incidence (Liegel
1991), several studies of Pinus species have praven
it to be more susceptible to hurricane damage than
hardwoods (Brokaw & Walker 1991). However, to-
pogtaphic location, variation in tree marphology,
and stand physiognomy also may affect tree dam-
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permanent residents, suggest that these species
could shift amang foraging sites and food resources
and still coexist. This may be particulardy impor-
tant among montane nectarivores and fruic and
seedeaters in the Caribbean, which face high risks
of hurricane-induced losses due o indirect effects
occurring afrer the passage of the hurricane (Wiley
& Wunderle 1994). Hurricanes may also conerib-
uce to the characrer of the avifaunal communicy by
reducing the number of bird species surviving in
montane habitats to those capable of using a broad

age (Brokaw & Walker 1991). Hurricane damage ~range of microhabicats (Wunderle ez 2l 1992),

may result in defoliation and changes in abundance
of certain food resources, bur more severe scruccural
damage to the forest also may make it difficule far
forest-dwelling species to segregare on the basis of
foraging height (Waide 1991, Wunderle e af
1992). The apparent unimpartance of heighe in
separating community members and the fexibility
we abserved in foraging, particularly among the
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