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RESPONSES OF BIRD POPULATIONS IN A PUERTO RICAN 
FOREST TO HURRICANE HUGO: 

THE FIRST 18 MONTHS’ 

JOSEPH M. WUNDERLE, JR. 
International Institute of Tropical Forestry. USDA Forest Service, P.O. Box B, Palmer, Puerto Rico 00721 

Abstract. Bird populations in a subtropical wet forest were monitored every two to three 
weeks with mist nets and point counts beginning two weeks after the passage of Hurricane 
Hugo in September 1989. The results were compared with those of a pre-hurricane study 
in the same locations in which birds were sampled in forest understory and openings. Capture 
rates were initially higher than in the previous study, due to displaced canopy dwellers 
foraging in the understory. The shift of canopy dwellers may have obscured expected declines 
in nectarivores and fruit/seedeaters and contributed to increased detections of omnivores 
and insectivores. Bird captures and fruit production peaked 93-156 days after the storm in 
pre-existing gaps, where higher capture rates and a distinct assemblage of birds occurred in 
contrast to sites without fruit (forest understory and a powerline opening). Captures in pre- 
existing gaps decreased as fruit production ceased, and overall captures declined to baseline 
levels after 198 days. After one year of recovery, new gaps and forest understory became 
distinguishable on the basis of their unique foliage profiles. Although different bird assem- 
blages had been found in forest understory and in gaps prior to the hurricane, these assem- 
blages lost their distinctiveness after the storm. It may take many years after a hurricane 
for forest understory and gaps to become sufficiently distinct in structure and resources 
before birds differentiate between the two habitats. 
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INTRODUCTION 

Frequent hurricanes may directly and indirectly 
influence some of the characteristics of local avi- 
faunas (reviewed in Wiley and Wunderle 1994). 
The high winds and rainfall associated with hur- 
ricanes directly cause mortality of some birds. 
However, the indirect effects of hurricanes may 
have even more profound and long-lasting effects 
on bird populations. These indirect effects in- 
clude loss of food supplies or foraging substrates, 
loss of nests and nest or roost sites, increased 
vulnerability to predation, microclimate changes, 
and increased conflict with people. Before plant 
succession has had time to commence, birds may 
respond to hurricane damage by shifting their 
diet, foraging sites or habitats, and reproductive 
patterns. In the long-term, birds may respond to 
changes in plant succession as vegetation regen- 
erates in storm-damaged forests. 

Recently, some hurricane effects on birds have 
been documented in studies in which prior base- 
line data enabled quantitative before-and-after 
comparisons (Hooper et al. 1990, Lynch 1991, 
Askins and Ewert 199 I, Waide 199 1, Wunderle 

et al. 1992, Wauer and Wunderle 1992). How- 
ever, most of these studies examined bird pop- 
ulations only once, shortly after a hurricane, and 
rarely have populations been continuously mon- 
itored for several months or years after a storm. 
Waide (199 1) provides an example in which bird 
populations at El Verde were periodically sam- 
pled with point counts for one year after Hur- 
ricane Hugo hit subtropical moist forest in the 
Luquillo Mountains on the Caribbean island of 
Puerto Rico on 18 September 1989. 

My study complements Waide’s work by mon- 
itoring bird populations at El Verde using mist 
nets and point counts for 1.5 years after Hurri- 
cane Hugo. This study takes advantage of a pre- 
hurricane baseline netting study of bird popu- 
lations that was conducted in three habitats from 
October 1983 through September 1984 (Wun- 
derle et al. 1987) prior to the arrival of Hurricane 
Hugo in El Verde. This study replicates the net- 
ting methods, but in addition, extends the netting 
period by six months and includes point counts 
conducted in the same period. Birds were si- 
multaneously monitored in three pre-existing 
habitats (gap, powerline opening and forest un- 
derstory), thereby documenting population 
changes at a relatively small spatial scale com- 
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pared to the larger area surveyed at the same 
time by point counts. Thus, this study docu- 
ments the immediate effects of a hurricane on 
bird populations in a subtropical moist forest and 
describes subsequent population changes at dif- 
ferent spatial scales over a year and a half in 
which substantial vegetation changes were doc- 
umented. 

was conducted at three week intervals rather than 
2 week intervals. Nets were placed in the same 
locations as in the baseline study, except in two 
pre-existing gaps where the direction of net 
placement was changed to avoid fallen trees. All 
other post-hurricane netting procedures dupli- 
cated those of the baseline study. 

For each captured bird, standard measure- 
ments were obtained as well as body mass and 
fat score. Subcutaneous fat in the furcular region 
was scored as follows: 0 (no fat), 1 (trace), 2 (fat 
filling bottom of furculum), 3 (fat filling furcu- 
lum), 4 (fat mounded and spreading over pec- 
toralis). Pre-hurricane body masses were ob- 
tained by placing birds in a plastic canister and 
weighting them on a triple beam balance. After 
the hurricane birds were weighed with Pesola 
spring balances. The two methods were com- 
pared and found to be equivalent (to the nearest 
0.1 g) across the range of weights obtained in this 
study. 

Birds were also surveyed using fixed-radius 
point counts (Hutto et al. 1986). A single ob- 
server recorded all birds seen and heard during 
a ten-minute period at each point. Counts were 
initiated at sunrise and 15 counts completed by 
lo:30 each morning for two consecutive days. 
The 30 points initially surveyed on 2 1 Feb. 1987, 
were re-sampled on 3 October 1989, two weeks 
after the passage of Hurricane Hugo and subse- 
quently surveyed at intervals of two to three weeks 
until 11 March 199 1. Each point was located 100 
m from its nearest neighbor, with three points at 
net sites, and the remaining points both east and 
west of the nets. Point counts were made over a 
much greater area of the forest (25 ha) than were 
the mist nets (6.4 ha). 

For each bird observed during a point count, 
I estimated the minimum distance between my- 
self and the bird. Those birds that were heard 
but not seen were tallied in one of two categories: 
525 m from the observer or >25 m from the 
observer. Before sampling, Wunderle and Waide 
(1993) determined that no individuals within a 
25-m radius of the observer went undetected in 
this forest. For each species detected in a plot, I 
calculated the mean number of detections per 25 
m radius plot. To examine changes in detect- 
ability, I used the methods of Hutto et al. (1986) 
to calculate detectability ratios for each species 
both before and after the hurricane. The ratio is 
equivalent to the number of point counts at which 

STUDY SITE AND METHODS 

This study was conducted at the El Verde field 
station in the Luquillo Experimental Forest in 
eastern Puerto Rico, described in Wunderle et 
al. (1987). The broad-leafed evergreen forest here 
at 350 m elevation is characterized by its dom- 
inant canopy species, tabonuco (Dacryodes ex- 
celsa), and is classified as subtropical wet forest 
in the Holdridge system (Odum and Pigeon 1970, 
Brown et al. 1983). Prior to the hurricane, a closed 
canopy existed at 20-24 m above an open un- 
derstory. 

Baseline netting methods are described in de- 
tail in Wunderle et al. (1987) and are only briefly 
described here. Birds were captured in mist nets 
(12 m length, 30-mm mesh, four shelves) placed 
in four treefall gaps (six nets), second growth in 
a powerline opening (six nets), and in nearby 
forest understory (six nets). A small stream (dry 
from March through May) ran through all three 
habitats and under a gap net (net C), a powerline 
net (net 3) and a forest understory net (net 8). 
The term pre-hurricane habitats is used through- 
out the remainder of the text to refer to the gap, 
powerline opening and forest understory as stud- 
ied in the original baseline study. 

Baseline netting occurred during a 12-month 
period from 8 October 1983 to 30 September 
1984, and included all 16 nets, which were run 
for two days on each of 19 weekends (designated 
as netting sessions) at two or three-week inter- 
vals. Nets were open from dawn to dusk on Sat- 
urday and Sunday of each netting session, and 
were checked every l-2 hr. All captured birds 
were given unique color-band combinations ex- 
cept for hummingbirds and todies in which tail 
feathers were clipped. 

Post-hurricane netting sessions (two days each) 
began on 2 October 1989, two weeks after the 
passage of Hurricane Hugo, and were continued 
until 6 March 199 1. The intervals between net- 
ting sessions corresponded with the baseline 
study, except during April-May, when netting 
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a given species was recorded only beyond the 
25-m radius, divided by the total number of 
counts in which the species was recorded. 

Foliage height profiles were used to quantify 
changes in vegetation structure surrounding each 
net, using the methods of Karr (1971) and 
Schemske and Brokaw (198 1) as described in 
Wunderle et al. (1987). Profiles were obtained 
by establishing six 12-m long transects parallel 
to each net at 0.5 m intervals on each side of the 
net. The presence or absence of vegetation within 
each of 13 vertical height intervals was recorded 
at every 1 m along the transects. Height intervals 
above the ground (in meters) were 0-0.25,0.25- 
0.50, 0.50-0.75, 0.75-1.00, 1.0-1.5, 1.5-2.0, 2- 
3, 3-5, 5-10, 10-15, 15-20, 20-25, and 25-30. 
For every profile at each net, we sampled at 156 
points and calculated the percent cover for each 
height interval. 

Foliage height profiles were obtained before 
the hurricane in September 1984, and after the 
hurricane in October 1989, April 1990, October 
1990, and April 199 1. Fallen trees and large 
branches were cut, but not removed in the pow- 
erline before the foliage profiles were made in 
October 1989. Trimming of live trees occurred 
in April 1991 along powerline nets 7, 9, and 11 
and therefore, profiles associated with these nets 
are excluded at this period from analysis and 
Figure 1. 

Post-hurricane fruiting phenology was moni- 
tored in belt transects along each net during each 
netting session. Only Hirtella rugosa was found 
fruiting in the gaps, and ripe fruit of this species 
was counted on both sides of a net in one meter 
strips parallel to each net (24 m2 per net). 

A percentage similarity (PS) matrix was used 
to make pairwise comparisons of foliage distri- 
butions associated with each net and to make 
pairwise comparisons of assemblages of birds 
captured in each net. The percent similarity de- 
rived from Bray and Curtis (1957) consisted of 
the following formulation: 

PS = 100 - l/2 5 lPai - P,,l 
i=l 

where Pai and P,i represent the percentage of 
individuals belonging to species i in samples a 
and b. 

Statistical analyses followed Sokal and Rohlf 
(1981) unless otherwise noted. Possible hurri- 

cane-induced changes in the distribution of fo- 
liage were analyzed by comparing pre- and post- 
hurricane foliage-height profiles for each plot, 
using contingency chi-square tests. Chi-square 
tests were used to compare the observed number 
of net captures in stream nets with the expected 
number of captures within a pre-existing habitat 
(i.e., gap, powerline, or forest understory), and 
to compare the observed number of captures in 
two new habitats created by the hurricane and 
subsequent vegetation recovery with the expect- 
ed number of captures in the new habitats. A row 
x column test of independence with a G-statistic 
was used to compare post-hurricane population 
changes in relation to pre-hurricane foraging site 
(canopy vs. understory). A Student’s t-test (non- 
paired) was used to compare distributions that 
were normally distributed such as body mass of 
birds captured before and after the hurricane. 
The nonparametric Mann-Whitney U-test was 
used to compare two distributions which were 
not normally distributed which included: per- 
centage similarities of foliage profiles; pre- and 
post-hurricane capture rates ofindividual species 
and groups of species; capture rates in gaps versus 
understory, and fat scores. The nonparametric 
Kruskal-Wallis test was used to compare the dis- 
tribution of net captures in three habitats, be- 
cause the distributions were not normally dis- 
tributed. The association between two variables 
was quantified with a Spearman rank correlation 
coefficient, because the associations were found 
to be nonlinear for the ranked abundance of spe- 
cies in net samples, point count detections and 
net captures, and point count detections and de- 
tectability indexes. A K-means clustering tech- 
nique (Wilkinson 1989) based on foliage profiles 
measured in October 1990 (one year post-hur- 
ricane) was used to distinguish two classes of 
foliage profiles (new gaps versus forest understo- 
ry). 

A Friedman rank sums test based on distri- 
bution-free multiple comparisons (Hollander and 
Wolfe 1973) was only used to compare the cap- 
tures of a species among the three habitats when 
sample sizes were sufficient. This test makes all 
pairwise comparisons among the three habitats 
while controlling for the experimentwise error 
rate with each species. For all statistical tests, a 
probability of type I error of 0.05 or less was 
accepted as significant, but greater values are 
shown for descriptive purposes. Throughout the 
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FIGURE 1. Foliage height profiles for forest understoty (upper), powerline opening (center), and treefall gap 
(lower) nets before (September 1984) Hurricane Hugo struck El Verde (18 September 1989) and afterwards at 
four different dates. Percent cover represents the percent of vegetation touches in a given height interval. N = 
156 sample points per net. Height intervals are in meters (1 = O-0.25, 2 = 0.25-0.50, 3 = 0.50-0.75,4 = 0.75- 
1.0, 5 = 1.0-1.5, 6 = 1.5-2.0, 7 = 2.0-3.8, 8 = 3-5, 9 = 5-10, 10 = 10-15, 11 = 15-20, 12 = 20-25). 
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TABLE 1. Mean (k SE) Percent Similarity (PS) values for foliage profiles of all net-pairs, net-pairs within the 
same pre-hurricane habitat, and net-pairs among different pre-hurricane habitats on different dates after Hur- 
ricane Hugo struck El Verde, Puerto Rico (18 September 1989). Comparison based on foliage height profiles 
associated with six nets each in forest understory, gap, and powerline opening shown in Figure 1. See text for 
description of methods. 

Mean + SE percent similarity 

Date All net-pairs 
Net-phwi~i Net-pairs among 

different habitats 

October 1989 0.59 t- 0.16 0.63 rf: 0.16 0.57 + 0.15 
April 1990 0.68 + 0.11 0.7i * 0.90 0.66 + 0.13 
October 1990 0.70 + 0.13 0.73 -t 0.11 0.69 2 0.14 
April 1991 0.74 + 0.08 0.76 + 0.06 0.73 * 0.11 

text, the standard error is used to describe vari- the original canopy had recovered by the end of 
ation around the mean. the study (Fig. 2). 

RESULTS 

VEGETATION 

Foliage height profiles made at the end of the 
pre-hurricane baseline study in September 1984, 
indicated significant differences in foliage distri- 
bution among gap, understory, and powerline 
nets. At this time, foliage profiles from net-pairs 
within the same habitat were significantly more 
similar than profiles from net-pairs among hab- 
itats. This was evident from the mean percentage 
similarity (PS) of foliage profiles for all net-pairs 
within habitats (X = 0.71 -t 0.09) which differed 
significantly (Mann-Whitney U = 4,229.5, P < 
0.00 1) from the mean PS for all net-pairs among 
habitats (X = 0.52 + 0.13). 

A dramatic loss of foliage was documented in 
all habitats after the hurricane, particularly in 
the canopy (Fig. 1). Significant differences were 
found between baseline foliage profiles and pro- 
files obtained one month after the storm in Oc- 
tober 1989 along nets in the understory (Contin- 
gency Chi-square = 652.54, df = 10, P < O.OOl), 
powerline (Chi-square = 191.61, df = 10, P < 
O.OOl), and gap (Chi-square = 264.92, df = 10, 
P < 0.001). Recovery of foliage was most rapid 
in the lower height zones primarily as a result of 
new herbaceous growth and resprouting of ex- 
isting shrubs and trees. By the end of the study, 
this understory growth in the first seven height 
classes had resulted in greater foliage density than 
existed previously in the three habitats (Fig. 1). 
In contrast, the canopy never regained its original 
foliage density due to treefalls, trunk breaks, and 
numerous major branch breaks. As a result, 
Walker (199 1) estimated that only about 50% of 

After the hurricane, foliage profiles associated 
with individual nets became increasingly similar 
as the vegetation recovered. Pairwise compari- 
sons of foliage profiles indicated a significant 
increase(y=0.05x+0.56,F=21.44,P=0.04, 
R2 = 0.92) in mean PS for profiles from all net- 
pairs taken at six month intervals from October 
1989 to April 1991 (Table 1). Shortly after the 
hurricane (October 1989), foliage profiles from 
net-pairs within the same pre-hurricane habitat 
were significantly (Mann-Whitney U = 2,972, 
P = 0.03) more similar than profiles from net- 
pairs among habitats (Table l), due to the high 
PS values of gap nets (0.78 + 0.13). The pattern 
of higher PS values from profiles of net-pairs 
within habitats than among habitats persisted 
through the April 1990 measurements (U= 2,946, 
P = 0.04) and weakened by October 1990 (U = 
2,864, P = 0.08) and finally disappeared by April 
1991 (U = 629, P = 0.249). Thus as the vege- 
tation recovered from the hurricane, foliage pro- 
files which defined pre-hurricane habitats be- 
came less distinctive because variation within 
pre-hurricane habitats approached the variation 
among pre-hurricane habitats. 

As a result of differential damage and regrowth 
of vegetation in the pre-hurricane habitats, new 
habitats (also defined on the basis of foliage pro- 
files) became distinguishable. Two new foliage 
profile groups were identified by the K-means 
cluster technique from the profiles measured in 
October 1990. At one extreme were the “new 
gap” foliage profiles (associated with powerline 
nets 1, 3; pre-hurricane gap nets A, B) charac- 
terized by more foliage at ground and shrub level 
(O-3 m) in contrastto “new understory” profiles 
(associated with all remaining nets) with more 
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FIGURE 2. Mean (*SE) individuals per point counts conducted during 16 two-day sessions over a year and 
a half after Hurricane Hugo struck El Verde on 18 September 1989 (upper) and mean (&SE) captures per net 
hour during two-day netting sessions over a one-year period before (1983-l 984) the hurricane and a one- and 
one-half-year period afterwards (lower). Also included in the upper graph is percentage of original canopy at 
different dates after the hurricane as reported by Walker (199 1). 

foliage from shrub layer through canopy (3-20 
m). Profiles associated with net-pairs within the 
same “new” habitats in October 1990 were sig- 
nificantly more similar than profiles among “new” 
habitats (X = 0.76 -C 0.02 vs. x = 0.62 k 0.02, 
Mann-Whitney U= 2,055, P < 0.001). Thispat- 
tern persisted through the final foliage profiles 
measured in April 1991, so that profiles within 
“new” habitats were more similar than among 
“new” habitats (X = 0.76 -t 0.01 vs. K = 0.67 f 
0.02, U = 2,055, P < 0.001). Thus, by 378-534 
days after the hurricane, two new foliage profile 
groups or habitats were distinguishable, but 
membership in these groups was not entirely 
congruent with the pre-hurricane foliage profile 
groups. 

FIRST POST-HURRICANE NETTING SESSION 

Ninety-one individuals of 12 species (see Ap- 
pendix for scientific names) were captured in the 

first post-hurricane netting session (2-3 October 
199 l), in contrast to 26 individuals of eight spe- 
cies in the comparable baseline session (8-9 Oc- 
tober 1983). The first session capture rate was 
more than twice the capture rate in the compa- 
rable baseline session (Fig. 2; Mann-Whitney U 
= 56.0, P = 0.001). Moreover, the first post- 
hurricane session capture rate was also signifi- 
cantly (U = 68.50, P = 0.003) higher than the 
highest baseline capture rate on 14-15 April 1984. 

Increased capture rates shortly after the storm 
may have resulted from the presence of displaced 
canopy dwellers foraging in the understory. To 
test this hypothesis, birds were classified as either 
forest understory species, which forage exclu- 
sively in the forest understory, or as canopy and 
understory dwellers, which forage mostly in the 
forest canopy but at times follow the canopy con- 
tour into and out of forest openings (Wunderle 
et al. 1987). Based on this classification (see Ap- 
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pendix), it is evident that more canopy dwellers 
were captured after the hurricane (89% of cap- 
tures, 8 l/9 1) than before in the comparable base- 
line session (65% of captures, 17/26) and in the 
entire baseline study (74%, 3931534). In both 
cases, the differences were significant (G = 7.24, 
df = 1, P = 0.01; G = 5.81, df = 1, P = 0.03, 
respectively). Despite the increased captures of 
canopy dwellers, the total captures of understory 
dwellers after the hurricane (n = 10) were nearly 
identical to those of the corresponding baseline 
session (n = 9). Thus, the immediate effect of the 
hurricane was to destroy the vertical stratifica- 
tion of the forest thereby forcing canopy dwellers 
to forage in the understory, where they faced a 
greater likelihood of capture. 

Based on previous studies, population declines 
were expected to vary with diet, with those spe- 
cies relying directly on plants for food suffering 
most (reviewed in Wiley and Wunderle 1994). 
To test this hypothesis, birds were classified as 
either nectarivore, frugivore/seedeater, or om- 
nivore (see Appendix) on the basis of Wetmore 
(19 16), and Waide (199 1). Despite predictions, 
this pattern was not evident in nectarivores (0.04 
captures per net hr before vs. 0.5 captures per 
net hr after; Mann-Whitney U = 139, P = 0.44) 
nor in fiuit/seedeaters (0.1 captures per net hr 
before vs. 0.3 captures per net hr after; U = 134, 
P = 0.29). However, post-hurricane increases 
were documented in both omnivores (0.002 cap- 
tures per net hr before vs. 0.4 captures per net 
hr after; U = 82.0, P = 0.002) and insectivores 
(0.005 captures per net hr before vs. 0.07 cap- 
tures per net hr after; U = 50.00, P = 0.001). 
The post-hurricane increase in omnivores is at- 
tributable primarily to significant increases in 
Pearly-eyed Thrashers (U = 216.0, P = O.OOS), 
and Puerto Rican Tanagers (U = 207.0, P = 0.02). 
Post-hurricane insectivore increases are mostly 
due to increases in Puerto Rican Todies (U = 
52.0, P = 0.0001) and Black-and-white Warblers 
(U = 126, P = 0.04). Thus, predicted decreases 
in nectarivore and fruit/seedeater captures were 
not detected shortly after the hurricane whereas 
omnivore and insectivore captures increased. 

ALL NETTING SESSIONS 

In 10,896 net hours after the hurricane, 1,428 
individuals were captured representing 25 spe- 
cies, nine of which had not been captured pre- 
viously. Most of the new species were repre- 
sented by only one individual each (Scaly-naped 
Pigeon, Puerto Rican Lizard Cuckoo, Gray Ring- 

bird, Wood Thrush, Ovenbird, Hooded War- 
bler), but some were represented by several in- 
dividuals (Puerto Rican Woodpecker, it = 3; 
Stripe-headed Tanager, n = 5, Indigo Bunting, n 
= 6). Only one species from the baseline study 
was not captured after the hurricane, the Black- 
throated Green Warbler (Dendroica virens). This 
rare visitor to Puerto Rico was captured only 
once in the baseline study. Overall captures var- 
ied widely (Fig. 2) and averaged 44.1 f 23.7 
birds per netting session (range = 1 l-88) and 8.5 
species per session (range = 2-14). After initially 
high capture rates, total bird captures declined 
to baseline levels 50 days (14-15 Nov. 1989) 
after the storm’s passage. Bird captures reached 
their highest levels at 135 days after the storm 
(9-10 Jan. 1990) before returning again to base- 
line levels, at 198 days after the storm (3-4 April 
1990), and remained at baseline levels through 
the end of the study. Post-hurricane capture rates 
declined to baseline levels as canopy cover 
reached an asymptote (Fig. 2). 

Although the post-hurricane capture rates re- 
turned to baseline levels, the ranked abundance 
of species captured in a post-hurricane netting 
session was only rarely correlated with the ranked 
abundance of species captured on the corre- 
sponding date in the baseline study. There was 
no indication that the ranked abundance of spe- 
cies from a netting session captured after the 
storm became more similar to the original ranked 
abundances of the baseline sessions as the study 
progressed. For example, only in five of the 27 
post-hurricane netting sessions were the ranked 
abundances of species significantly correlated with 
the ranked abundances from the corresponding 
baseline sessions (16-l 7 Oct. 1989, Spearman r 
= 0.63, df = 13, P = 0.02; 19-20 Feb. 1990, r 
= 0.77, df = 16, P = 0.001; 4-5 June 1990, r = 
0.96, df = 7, P -C 0.001; 26-27 June 1990, r = 
0.83, df = 7, P = 0.02; 22-23 Jan. 1991, r = 
0.77, df = 7, P = 0.04). However, as in the base- 
line study, Bananaquits were the predominant 
species, ranking first in abundance in 22 of 27 
post-hurricane netting sessions and accounting 
for 16-79% of the captures per netting session. 

For individual species the most prevalent cap- 
ture pattern (Figures 4-8) was an initial high cap- 
ture rate shortly after the hurricane followed by 
an eventual return to baseline levels. This was 
evident in permanent residents such as the Puer- 
to Rican Tody, Pearly-eyed Thrasher, Red-leg- 
ged Thrush, Puerto Rican Tanager, Stripe-head- 
ed Tanager, Puerto Rican Bullfinch, and Black- 
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TABLE 2. Mean (+ SE) body mass (g) and fat scores of birds captured before (October-November 1983) and 
after (October-November 1989) Hurricane Hugo struck El Verde, Puerto Rico. Fat scores cover a range from 
O-4 based on the quantity of subcutaneous fat in the furcular region, as described in the text. P values based 
on before and after comparisons of body mass with student’s t-test and fat scores with Mann-Whitney U test. 

Ruddy Quail Dove 

Puerto Rican Emerald 

Puerto Rican Tody 

Bananaquit 

Black-throated Blue Warbler 

Before 152.0 + 7.1 
After 117.9 f 4.3** 
Before 2.9 f 0.1 
After 3.3 + 0.1* 
Before 6.2 f 0.1 
After 6.5 f O.l** 
Before 9.7 f 0.1 
After 10.1 f 0.1* 
Before 9.0 * 0.3 
After 9.3 * 0.1 

13 
13 
10 
50 
44 
80 

3: 

1.0 * 0.0 
0.3 If- 0.2* 
0.1 * 0.1 12 
0.1 2 0.1 13 
0.7 * 0.2 10 
0.5 -t 0.1 43 
0.7 ? 0.1 44 
1.7 * o.o** 74 
0.4 * 0.2 7 
0.6 f 0.2 24 

*P < 0.01, ** P < 0.001. 

faced Grassquit and in summer or winter resi- 
dents including Black-whiskered Vireo, Ameri- 
can Redstart, Black-and-white Warbler, North- 
em Panda, and Black-throated Blue Warbler. 
Only for the Louisiana Waterthrush did post- 
hurricane captures remain higher than baseline 
levels throughout the study. A post-hurricane de- 
cline from baseline capture rates appeared in 
Ruddy Quail-Doves in which initial post-hur- 
ricane captures were equivalent to the baseline, 
but decreased as netting continued. The nectar- 
ivores (Bananaquit, Puerto Rican Emerald, and 
Green Mango) showed no overall trend in post- 
hurricane captures, although the seasonal pat- 
terns of captures differed from the baseline pat- 
terns. 

BODY MASS AND FAT 

Comparisons of body mass and fat scores from 
birds captured in October and November 1983 
with those captured in the same months after the 
hurricane indicated significant weight increases 
after the hurricane in Puerto Rican Emerald, 
Puerto Rican Tody, and Bananaquit, which also 
showed a significant increase in fat score (Table 
2). Ruddy Quail-Doves displayed significant de- 
creases in both body mass and fat score after the 
storm. The winter-resident Black-throated Blue 
Warblers showed no significant body mass or fat 
score changes after the hurricane. 

HABITAT USE 

After the storm, the average hourly capture rate 
per netting session differed significantly (Krus- 
kal-Wallis value = 20.98, P -c 0.001) among the 

three pre-hurricane habitats (gap x = 0.02 2 
0.003 birds/net hr; powerline K = 0.02 + 0.002 
birds/net hr; understory K = 0.0 1 f 0.00 1). How- 
ever, during most post-hurricane netting sessions 
captures did not vary consistently among the three 
pre-hurricane habitats (Fig. 3), except days 93- 
156. In this period, captures varied significantly 
among habitats during successive sessions in- 
cluding day 93 (Kruskal-Wallis value = 7.67, P 
= 0.02), day 114 (Kruskal-Wallis value = 8.26, 
P = 0.02), day 135 (Km&al-Wallis value = 6.20, 
P = 0.05), and day 156 (Kruskal-Wallis value = 
6.78, P = 0.03). In this period (day 93-156) cap- 
tures were significantly higher in gaps than in 
understory (day 93, Mann-Whitney U = 33.50, 
P = 0.008; day 114, U = 34.00, P = 0.01; day 
135, U = 34.00, P = 0.01; day 156, U = 30.5, P 
= 0.04). Higher gap captures at this time cor- 
responded to the presence of Hirtella rugosa fruit 
in the gaps, in contrast to powerline and under- 
story where fruit was absent (Fig. 3). 

During the post-hurricane peak in gap captures 
(day 93-156), bird assemblages from each gap 
net were more similar to each other, than to as- 
semblages from nets in the other habitats (i.e., 
gap vs. understory or gap vs. powerline). This 
was evident in the high mean PS value for all 
gap net-pairs (IS = 0.74 + 0.01) which was sig- 
nificantly different from the mean PS value for 
net-pairs that include a gap and powerline net (X 
= 0.48 + 0.03, Mann-Whitney U = 497.00, P 
< O.OOl), or a gap and understory net (_z = 0.47 
? 0.02, U = 537.00, P < 0.001). The uniqueness 
of the gap assemblage during the post-hurricane 
peak in gap captures is attributed mostly to the 
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FIGURE 3. Upper: Mean (*SE) number of Hirtellu rugmu fruits in 24 mz strip transects associated with each 
net in pre-existing forest understory, treefall gap, and powerline opening after Hurricane Hugo struck El Verde 
on 18 September 1989. Lower: Mean (*SE) captures per net hour during 29 two-day netting sessions in forest 
understory, treefall gap, and powerline opening after Hurricane Hugo struck El Verde. 

preponderance of Puerto Rican Tanagers (45%, 
14131; 69%, 33/48; 51%, 21153; and 16%, 5/33; 
of all gap captures) and Bananaquits (23%, 7/3 1; 
8%, 4/48; 36W, 19153; and 48%, 16133; of all 
gap captures), and less so to the presence of spe- 
cies which were unique to gaps (Stripe-headed 
Tanager, n = 4; Red-legged Thrush, n = 6). Dur- 
ing this peak in gap captures, Puerto Rican Tan- 
agers were found significantly more often in gaps 
than in the understory (Friedman rank sum test 
r = 7.0, P = 0.04) while Stripe-headed Tanagers 
similarly showed a suggestive, but not quite sig- 
nificant preference for gaps over understory 
(Friedman rank sum test, r = 4.5, P = 0.07). 
Thus, approximately 3-5 months after the storm, 
a distinguishable assemblage of birds concen- 
trated in pre-hurricane gaps at a time when fruit 
was available only in this habitat. 

With the exception of this time period, total 

net captures after Hurricane Hugo did not differ 
among the pre-hurricane habitats, in contrast to 
the baseline study. For instance, total post-hur- 
ricane captures did not differ among the three 
habitats (374 in powerline, 350 in understory, 
391 in gap), whereas baseline captures differed 
markedly among habitats (299 in powerline, 83 
in understory, 149 in gap). The mean total cap- 
tures per net did not differ significantly (Kruskal- 
Wallis statistic = 0.021, P = 0.99) among the 
three habitats (powerline net K = 62.3 + 29.6; 
understory net x = 58.3 + 23.6; gap net _X = 65.2 
f 41.5). 

After the hurricane, the total number of species 
captured in each pre-hurricane habitat was high- 
er than in the baseline study, but as also found 
in the baseline did not differ among the habitats 
(18 vs. 13 in powerline, 20 vs. 11 in under-story, 
19 vs. 10 in gap). The average number of species 
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captured per netting session did not vary signif- 
icantly (Kruskal-Wallis statistic = 1.50, P = 0.47) 
among the pre-hurricane habitats (powerline K = 
4.9 ? 2.3; gap _Z = 4.6 -t 2.8; understory K = 
5.5 f 2.6) in contrast to the baseline study in 
which the average number of species captured 
per session was higher in the powerline than in 
gaps. 

Following the hurricane, only two of seventeen 
adequately sampled species showed evidence of 
habitat preference. Both Bananaquits and Black- 
whiskered Vireos had significantly (Friedman 
rank sums test, r = 12.5, P = 0.05; r = 12.0, P 
= 0.01, for the two species respectively) higher 
total captures in powerline nets than in gap nets 
(Bananaquits, 167 vs. 139; Black-whiskered Vir- 
eo, 24 vs. 13). Although the number of species 
showing habitat preference after the storm was 
higher than the value expected by chance (0.85), 
assuming a 5% level of significance, it was well 
below the baseline value (6 of 12 species). This 
indicates that few species showed differential 
habitat use among the pre-hurricane habitats 
after the storm. 

Before the hurricane, bird assemblages from 
net-pairs within the same habitat were more sim- 
ilar than assemblages among habitats, suggesting 
that birds recognized differences among the three 
habitats. However, with the exception of the pe- 
riod including days 93-l 56, this was not the case 
after the hurricane. The mean PS for all net-pairs 
within habitats (X = 0.64 ‘2 0.11) was not sig- 
nificantly different (Mann-Whitney U = 26 19.00, 
P = 0.29) from the mean PS for all net-pairs 
among habitats (X = 0.64 & 0.94). The general 
absence of differential use of pre-hurricane hab- 
itats after the storm is not surprising, given that 
within habitat variation in foliage profiles ap- 
proached the variation among habitats. 

In the baseline study, the presence of a stream 
had a significant effect on the total number of 
captures in both the powerline and gap nets. 
However, in the storm’s aftermath total captures 
in stream nets did not differ significantly (x2 test, 
P values > 0.05) from non-stream nets in pow- 
erline (14.2% of all captures), understory (13.4% 
of all captures), and gaps (13.6% of all captures). 

To examine the possibility that birds respond- 
ed to new foliage profile habitats created by the 
hurricane, I compared post-hurricane bird as- 
semblages (9 October 1990-6 March 199 1) from 
“new gap” and “new understory” nets previously 
identified by the K-means cluster analysis of fo- 

liage profiles. The PS values of bird assemblages 
from net-pairs within the new habitats were not 
significantly different from the PS values of net- 
pairs among habitats (X = 0.64 f 0.02 vs. 0.61 
+ 0.02, U = 3,145, P = 0.28). However, PS 
values of bird assemblages from net-pairs in the 
“new gap” were significantly higher than the PS 
values from net-pairs in the “new forest” (X = 
0.79 -t 0.02 vs. 0.62 +- 0.01, U = 769.0, P = 
0.002). The higher “new gap” PS values are at- 
tributable to the differential use of this habitat 
by Bananaquits, the only species to show a sig- 
nificant difference in use ofthe new habitats (39% 
of 152 captures in “new gap” nets vs. an expected 
25% of captures, x2 = 15.48, df = 1, P < 0.01). 
Although Bananaquits maintained predomi- 
nance in the two new habitats, the ranked abun- 
dance of species captured in the two new habitats 
was not significantly correlated with the ranked 
abundance in the corresponding original habitats 
(gaps, Spearman’s r = 0.20, df = 10, P = 0.51; 
understory, r = 0.39, df = 9, P = 0.27). Thus, 
although two new habitats were statistically dis- 
tinguishable on the basis of foliage profiles after 
378 days, the foliage differences were not asso- 
ciated with differences in bird assemblage, nor 
were the ranked abundances of species in these 
assemblages correlated with those in the corre- 
sponding habitat of the baseline study. 

POINT COUNTS 

The average number of individuals detected per 
point on 20-21 February 1990 (K = 4.5 f 1.9), 
156 days after the passage of Hugo, was signifi- 
cantly (Mann-Whitney U = 118.0, P < 0.001) 
higher than the average number of detections 
found before the storm on 2 l-22 February 1987 
(X = 2.0 + 1.6). As with the initial netting results, 
increases in average detections were attributable 
to increases in canopy individuals (1.84 f 1.52 
vs. 4.33 f 2.02, U= 120.5, P < 0.001). However 
in contrast to the netting results, understory in- 
dividualsdecreased(0.76 + 1.01 vs. 0.10 f 0.31, 
U = 5 11.5, P = 0.003). Significant increases were 
detected in nectarivores (0.64 & 0.15 vs. 1.57 + 
0.19, U = 183.5, P = O.OOl), insectivores (0.76 
rt 0.17 vs. 1.77 f 0.22, U = 198.00, P = 0.002), 
and omnivores (0.32 f 0.11 vs. 1.03 -t 0.23, U 
= 238.00, P = O.Ol), but not frugivore/seedeaters 
(0.24 f 0.11 vs. 0.10 +- 0.07, U = 423.5, P = 
0.156). Between these dates, only Red-legged 
Thrushes showed a significant (U = 420.0, P = 
0.05) decline in average detections per point (0.2 
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FIGURE 4. Mean (&SE) individuals of a specified species per point count and detectability index. Values are 
calculated for counts conducted during 16 two-day sessions over a year and one half after Hurricane Hugo struck 
El Verde on 18 September 1989 (upper). Also shown are mean (*SE) captures of that species per net hour 
during two-day netting sessions over a one-year period before (1983-1984) the hurricane and one- and one- 
half-year period afterwards (lower). 

-t 0.8 vs. 0.0) while significant increases in av- 
erage detections were found in Bananaquits (U 
= 173, P = 0.0003, 0.6 f 0.6 vs. 1.5 f l.O), 
PuertoRicanTanagers(U= 187.5,P=0.00001, 
0 vs. 0.8 f 1.2), and Black-whiskered Vireos (U 
= 289.0, P = 0.02, 0.04 ? 0.2 vs. 0.3 ? 0.6). 

Detectability of some species could change with 
vegetation growth and refoliation and could pos- 
sibly result in a perceived change in a species 
abundance over time. However, no consistent 
trend in detectability indexes over time was found 
in any species, despite increases in foliage density 
(Figs. 4-9). 

POINT COUNTS AND NET CAPTURES 

Post-hurricane netting and point count results 
combined for all species were not expected to be 
correlated, in part because the two methods do 

not sample equivalent vertical zones of vegeta- 
tion. As expected, no significant correlation 
(Spearman’s r = 0.38, P > 0.1) was found be- 
tween the average number of detections of all 
individuals per point count and mean number 
of captures per net hour during the 16 weeks 
during which the community was simultaneous- 
ly sampled by the two methods. Only 2 of 17 
species (Puerto Rican Tody and Puerto Rican 
Tanager) showed significant correlations be- 
tween mist net captures and mean detections per 
point (r = 0.54, P < 0.05, r = 0.55, P < 0.05, 
respectively). 

The predominant post-hurricane netting trend 
(i.e., initial post-hurricane increase in abundance 
followed by decline to baseline levels) was also 
evident in point count results for canopy dwellers 
including Puerto Rican Tody, Puerto Rican Tan- 



890 

0 
E " 
z 

% 
0.2 

E 0.1 
I 

0.0 

JOSEPH M. WUNDERLE, JR. 

RED-LEGGED THRUSH 

s” 
1.0 8 0 1.2 

0.0 E E 
0.6 $ H 0.9 

0.6 
01 z 

i 

03 ” 1 03 
i 

0.0 : 0.0 

PEARLY-EYED THRASHER 

FIGURE 5. Mean (+-SE) individuals of a specified species per point count and detectability index. Values are 
calculated for counts conducted during 16 two-day sessions over a year and one half after Hurricane Hugo struck 
El Verde on 18 September 1989 (upper). Also shown are mean (HE) captures of that species per net hour 
during two-day netting sessions over a one-year period before (1983-1984) the hurricane and one- and one- 
half-year period afterwards (lower). 

ager, Stripe-headed Tanager, Pearly-eyed 
Thrasher, and Puerto Rican Woodpecker. How- 
ever, the predominant pattern in point counts 
was no overall increase or decrease in detections. 
Seasonal residents (Black-whiskered Vireo, 
American Redstart, Black-throated Blue War- 
bler, Northern Parula, Black-and-white Warbler) 
and some permanent residents (Red-legged 
Thrush, Puerto Rican Bullfinch) fit this pattern 
despite showing decreasing post-hurricane net 
captures which indicated that they remained in 
the forest, but were probably foraging above net 
level. Ruddy Quail-Dove was the only species to 
decline below baseline net capture rates, yet point 
counts indicate that it remained in the forest un- 
derstory. Although nectarivores showed no over- 
all post-hurricane trends in point count detec- 
tions, as was also found in net captures, point 

counts revealed more seasonal variation in nec- 
tarivores than was found in net captures. 

DISCUSSION 

Hurricane Hugo remained over Puerto Rico for 
4 hr, during which time maximum sustained 
winds of over 166 km/hr were recorded (Scatena 
and Larsen 199 1). Severe defoliation occurred in 
56 percent of the trees in study plots in El Verde, 
where 9% of the trees were uprooted and 11% of 
the tree trunks snapped, although overall tree 
mortality was only 7% (Walker 1991). Damage 
in Walker’s study plots was patchy and most 
severe on north-facing sites, the same aspect in 
which nets in this study were located. Foliage 
profiles associated with the nets also demonstrat- 
ed the severity of defoliation and its patchy dis- 
tribution. However, overall damage to the 6.4 
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ha in which the nets were located was uniformly 
severe compared with the much larger area (25 
ha) over which the point counts were conducted. 
Point count sites were located over a greater range 
of slope and aspect than netting sites, and pre- 
sumably as a result, showed more variation in 
the severity of hurricane damage. Some point 
count sites appeared to suffer little defoliation or 
other canopy damage, and this variation in de- 
foliation undoubtedly contributed to observed 
differences between net and point count results. 

Despite differences in design, the results of this 
work are similar to the El Verde findings of Waide 
(1991). Waide’s study spanned a year after the 
hurricane in which he monitored populations 
with fixed-radius point counts at four different 
periods starting 10 days after the storm, and 
compared them with baseline counts obtained in 

May 1989. Waide supplemented his point counts 
with mist netting results obtained in June 1990 
and compared them with netting results obtained 
in March-July and September-October in 198 l- 
1986. In contrast, I compared point counts con- 
ducted at 16 periods over 1.5 years after the storm 
with baseline counts obtained in February 1987. 
My mist netting efforts were also more intensive 
than those of Waide and involved a longer period 
of time (29 netting sessions over 1.5 yr) com- 
pared with one year of baseline netting (Wun- 
derle et al. 1987). Despite these differences, and 
the fact that our censuses and netting were con- 
ducted in different parts of the forest near El 
Verde, our results for individual species are quite 
similar in terms of population response imme- 
diately after the hurricane and the pattern of pop- 
ulation change in the following year. The larger 
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samples in my study permitted statistical veri- 
fication of some trends described, but not tested, 
by Waide. The two studies mostly differ in their 
ability to detect local population changes and 
their documentation of use of pre-hurricane hab- 
itats. 

I attribute the marked increase in bird captures 
shortly after the hurricane to a downward shift 
by canopy dwellers. Capture rates for understory 
dwellers were indistinguishable from pre-hurri- 
cane baseline rates. Although not demonstrated 
statistically, this same pattern of captures was 
also noted by Waide (1991), who also showed 
that Bananaquits and Black-whiskered Vireos 
spent a greater proportion of time foraging close 
to the ground after the hurricane than they had 
previously. Similarly, it was the canopy/under- 
story species (62% of the species) rather than the 

understory species (38% of the species) which 
increased most in point count samples after Hur- 
ricane Gilbert struck tall-stature wet limestone 
forest in Jamaica (Wunderle et al. 1992). Thus, 
in tall-stature forests, increased captures and ob- 
servations of canopy dwellers may be expected 
shortly after a hurricane impact. 

The post-hurricane displacement of canopy 
dwellers to the understory, and the relatively slow 
regrowth of the canopy, would strongly select for 
species that are generalists in foraging height. As 
Waide (1991) and Wunderle et al. (1992) note, 
this may account for the findings of MacArthur 
et al. (1966) that birds in El Verde recognize only 
two vertical layers in the forest while those in 
mainland Panama recognize four layers. Also, 
frequent hurricanes may limit the height of Ca- 
ribbean forests (Odum 1970) thereby restricting 
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the vertical foliage profile on which segregation 
might occur. Therefore, it is perhaps not sur- 
prising that so few Caribbean species segregate 
on the basis of foraging height (J. Faaborg, pers. 
comm.). However, other traits which permit eco- 
logical co-existence (e.g., differences in mor- 
phology or body size) may be selected for by 
resource competition in the aftermath of hurri- 
canes as forest birds are restricted to the same 
zone close to the ground. 

Population changes shortly after Hurricane 
Hugo were not strongly related to diet, unlike the 
conclusions from previous studies of hurricane 
effects (reviewed in Wiley and Wunderle 1994). 
Expected population declines in nectarivores and 
fiuit/seedeaters were not apparent in net captures 
and only weakly suggested in point counts. Nec- 
tarivores, such as Puerto Rican Emeralds and 
Green Mangos showed no decline in net captures 
or point counts. However, Bananaquit detections 
were lowest in point counts just after the hurri- 
cane while net captures at this time were indis- 
tinguishable from baseline rates. Given that Ba- 
nanaquits are common canopy dwellers it might 
have been expected that their post-hurricane 
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FIGURE 9. Mean (*SE) individuals of a specified species per point count and detectability index. Values are 
calculated for counts conducted during 16 two-day sessions over a year and one half after Hurricane Hugo struck 
El Verde on 18 September 1989. 



894 JOSEPH M. WUNDERLE, JR. 

capture rate would have increased above base- 
line levels. Thus, the lack of a post-hurricane 
increase in Bananaquit capture rates might ac- 
tually indicate a decline in the total density of 
this species. Similarly, fruit/seedeater captures 
shortly after the hurricane were either slightly 
higher or comparable to baseline levels, while 
point counts indicated at least one possible fruit/ 
seedeater decline after the storm. Detections of 
the fruit/seedeating Scaly-naped Pigeon were 
lowest shortly after the storm, but increased dur- 
ing the study. This was the only canopy-dwelling 
species which did not descend to the understory 
after the hurricane, but instead concentrated in 
the remaining patches of canopy foliage. 

Both insectivores and omnivores showed sig- 
nificant increases in captures and point count 
detections shortly after the hurricane. However, 
point count detection rates then declined over 
the remainder of the study. The initial post-hur- 
ricane increase in insectivores and omnivores, is 
mostly attributable to high numbers of canopy 
dwellers represented in these diet groups. There- 
fore, the immediate post-hurricane shift of can- 
opy dwellers to the understory in tall-stature for- 
est may have obscured expected declines in some 
nectarivores and fruit/seedeaters and accentu- 
ated population counts of omnivores and insec- 
tivores. 

The appearance of fruit of Hirtella rugosa in 
pre-existing treefall gaps coincided with high 
capture rates in gaps and the appearance of an 
assemblage of gap-associated species that was 
distinct from either the understory or powerline 
assemblages. Birds observed feeding on H. ru- 
gosa fruits in gaps included Puerto Rican Tan- 
ager, Bananaquit, Stripe-headed Tanager, and 
Red-legged Thrush. These species also showed 
high capture rates in gaps (Wunderle, unpubl. 
observ.). After the hurricane, fruit was more 
prevalent than before in stomach contents of birds 
collected in El Verde (Waide 1991). Although 
relatively high fruit production in gaps is well 
documented (e.g., Croat 1975, Opler et al. 1980, 
Denslow et al. 1986, Levey 1988) and attracts a 
disproportionate share of fiugivores (Blake and 
Hoppes 1986, Martin and Karr 1986, Hoppes 
1987, Levey 1988), this pattern was unexpected 
in the aftermath of a hurricane. However, H. 
rugosa was the only plant fruiting at this time 
and its distribution was restricted to pre-hurri- 
cane gaps. Gap plants were presumably able to 
quickly take advantage of high light levels for 

growth and fruiting after the hurricane while for- 
est understory plants may have been initially 
light-shocked after the storm. Once fruit pro- 
duction ceased in gaps, capture rates in gaps de- 
clined to the level observed in the forest under- 
story and powerline corridor. Thus, even in the 
aftermath of a hurricane, pre-existing gaps may 
serve as a “keystone habitat” (sensu Levey 1990) 
by maintaining frugivore populations through 
times of fruit scarcity. 

With the exception of gap fruit production in 
the first 3-5 months, the major post-hurricane 
vegetation effect on bird populations resulted 
from vegetative growth of understory plants and 
refoliation of the canopy. As the canopy refo- 
liated, overall net captures declined to baseline 
levels, presumably because birds returned to for- 
aging in new canopy foliage above the nets. In 
addition, the foliage profiles which defined the 
pre-existing habitats lost their distinctiveness as 
a result of hurricane damage and subsequent plant 
regrowth in which foliage variation within and 
among habitats became equivalent. The loss of 
distinct foliage distributions of pre-existing hab- 
itats was associated with the absence of the dis- 
tinguishable bird assemblages which character- 
ized the three pre-hurricane habitats (Wunderle 
et al. 1987). After the hurricane, only two species 
differentiated among the three pre-hurricane 
habitats. In contrast, six species showed differ- 
ential habitat use of the three habitats during the 
baseline period. 

As the vegetation recovered following Hurri- 
cane Hugo, the pre-hurricane habitats lost their 
distinctiveness, but new gap and forest under- 
story sites became statistically distinguishable on 
the basis of their unique foliage profiles after about 
one year. However, distinct bird assemblages were 
not apparent in the two post-hurricane habitats, 
presumably because foliage differences were in- 
sufficient to promote differential habitat use by 
most species (an exception was the Bananaquit). 
Most species probably do not respond directly 
to foliage differences between gap and mature 
forest understory, but rather to differences in food 
resources which were not yet sufficiently distinc- 
tive after one year to enable birds to distinguish 
between the two habitats. Given the relatively 
slow canopy recovery rate, it may take many 
years for the gap and understory to become suf- 
ficiently distinct in structure and resources before 
most bird species differentiate between these 
habitats. 
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The initial increase in mean individual body 
mass after the hurricane in Bananaquits, Puerto 
Rican Emeralds, and Puerto Rican Todies was 
unexpected. It is conceivable that directional se- 
lection resulted in lighter birds suffering higher 
mortality after the hurricane, possibly as a result 
of competition for limited food resources. Al- 
ternatively, the mean shift might result from post- 
hurricane immigration of heavier birds from high 
altitude sites where recovery of vegetation is 
slower as suggested for Jamaica after Hurricane 
Gilbert (Wunderle et al. 1992). This may have 
occurred in the Luquillo Mountains, at least for 
Bananaquits which are significantly heavier at 
higher altitudes than at El Verde (W. Arendt and 
J. Wunderle, unpubl. data). Obviously, future 
hurricane studies should focus on body condition 
and survival to resolve these possibilities. 

Displacement, whether immigration or emi- 
gration, was the most obvious hurricane effect 
on bird populations in El Verde. This was evi- 
dent in the increased numbers of canopy dwellers 
in the understory and the movement of fruit- 
eating birds into pre-existing gaps. However, it 
also includes the invasion by forest edge or 
shrubby second-growth species into the forest, 
as shown by species that were previously very 
rare (Black-faced Grassquit) or unknown in the 
forest (Indigo Bunting). This post-hurricane pat- 
tern was noted by Lynch (199 1) in Yucatan and 
by Waide (199 1) in the grassquit in El Verde. 
Only the Stripe-headed Tanager and Ruddy 
Quail-Dove appear to have disappeared from the 
netting sites in El Verde, although both were de- 
tected elsewhere in my point counts and those 
of Waide (199 1). Stripe-headed Tanagers were 
not captured in the baseline study, but shortly 
after the hurricane they appeared in gaps, where 
they fed on fruit. Before the storm, Ruddy Quail- 
Doves avoided areas lacking a forest canopy, but 
with thick ground vegetation (Wunderle et al. 
1987). Therefore, it is not surprising that this 
species disappeared from hurricane-damaged 
sites, as was also found in the Bridled Quail- 
Dove (Geotrygon mystacea) on St. Croix (Wauer 
and Wunderle 1992). The ability to shift habitats 
conveys a selective advantage to birds inhabiting 
hurricane-prone regions, and therefore it is not 
surprising that habitat breadth of island birds in 
the hurricane-prone Caribbean is on average 
greater than in continental forests where hurri- 
cane frequency is lower (e.g., Cox and Ricklefs 
1977). 

ACKNOWLEDGMENTS 

I thank Esteban Terranova for operation of mist nets, 
measurement of foliage profiles, and assistance with 
data analysis and figure production and Oscar Diaz 
who assisted in the initial stages of the work. The 
manuscript benefitted from the constructive comments 
of D. Jean Lodge, Ariel Lugo, Nicholas V. L. Brokaw, 
Robert B. Waide, and two anonymous reviewers. Site 
support for El Verde was provided by grant BSR- 
88 11902 from the National Science Foundation to the 
Center for Energy and Environment Research (Uni- 
versity of Puerto Rico) and the International Institute 
of Tropical Forestry as part of the Long-Term Ecolog- 
ical Research Program in the Luquillo Experimental 
Forest. 

LITERATURE CITED 

ASIUNS, R. A., AND D. N. EWERT. 199 1. Impact of 
Hurricane Hugo on bird populations on St. John, 
U.S. Virgin Islands. Biotropica 23:48 l-487. 

BLAKE, J. G., AND W. G. HOPPES. 1986. Resource 
abundance and microhabitat use by birds in an 
isolatedeast-centralIllinois woodlot. Auk 103:328- 
340. 

BRAY, J. R., AND J. T. CURTIS. 1957. An ordination 
ofthe upland forest communities of southern Wis- 
consin. Ecol. Monoar. 221217-234. 

BROWN, S., A. E. LVGQ-S. SILANDER, AND L. LIEGEL. 
1983. Research history and opportunities in the 
Luouillo Exuerimental Forest. U.S. Dem. Aari- 
cult: Forest Service, Gen. Techn. Rep. SG-44: 

Cox, G. W., AND R. E. RICKLEFS. 1977. Species di- 
versity and ecological release in Caribbean land 
bird faunas. Oikos 28:113-122. 

CROAT, T. B. 1975. Phenological behavior of habit 
and habitat classes on Barrow Colorado Island 
(Panama Canal Zone). Biotropica 7:270-277. 

D~NSL~W, J. S., T. C. MOERMOND, AND D. J. LEVEY. 
1986. Spatial components of fruit display in un- 
derstory trees and shrubs, p. 37-44. In A. Estrada 
and T. H. Fleming [eds.], Frugivores and seed dis- 
nersal. W. Junk Publishers. The Netherlands. 

HOLLER, M., AND D. A. WOLFE. 1973. Non- 
parametric statistical methods. Wiley, New York. 

HOPPES. W. G. 1987. Pre- and uost-foraaina move- 
mehts of frugivorous birds in an easteid&iduous 
forest woodland, USA. Oikos 49:28 l-290. 

Hoopsa, R. G., J. C. WATSON, AND R.E.F. ESCANO. 
1990. Hurricane Hugo’s initial effects on Red- 
cockaded Woodpeckers in the Francis Marrion 
National Forest. Trans. 55th N. A. Wildl. and Nat. 
Res. Conf. 55:220-224. 

Hu-rro, R. L., S. M. PLETSCHET, AND P. HENDRICKS. 
1986. A fixed-radius point count method for non- 
breeding and breeding season use. Auk 103:593- 
602. 

I(ARR, J. R. 1971. Structure of avian communities 
in selected Panama and Illinois habitats. Ecol. 
Monogr. 41:207-233. 

LEVEY, D. J. 1988. Treefall gaps and the distribution 
of understory birds and shrubs in a Tropical Wet 
Forest. Ecology 69:1076-1089. 

LEVEY, D. J. 1990. Habitat-dependent fruiting be- 



896 JOSEPH M. WUNDERLE. JR. 

havior of an understory tree, Miconia centrodes- 
ma, and tropical treefall gaps as keystone habitats 
for frugivores in Costa Rica. J. Tropical Ecol. 6: 
409420. 

LYNCH, J. F. 1991. Effects of Hurricane Gilbert on 
birds in a dry tropical forest in the Yucatan Pen- 
insula. Biotropica 231488-496. 

MACARTHUR, R. H., H. RECHER, AND M. CODY. 1966. 
On the relation between habitat selection and spe- 
cies diversity. Am. Nat. 100:319-332. 

MARTIN, T. E., AND J. R. KARR. 1986. Patch utili- 
zation by migrating birds: resource oriented? Omis 
Stand. 17:165-174. 

ODUM, H. T. 1970. Rainforest structure and mineral- 
cycling homeostasis, p. H 3-52. In H. T. Odum 
and R. F. Pigeon [eds.], A tropical rainforest. 
N.T.I.S., Springfield, VA. 

ODUM, H. T., AND R. F. PIGEON. 1970. A tropical 
rain forest: a study of irradiation and ecology at 
El Verde, Puerto Rico, U.S. Atomic Energy Com- 

-_ mission, N.T.I.S., Springfield, VA. 
OPLER. P. A.. G. W. FRANKIE. AND H. G. BAKER. 1980. 

Comparative phenological studies of treelet and 
shrub species in tropical wet and dry forests in the 
lowlands of Costa Rica. Journal of Ecology 68: 
167-188. 

SCATENA, F. N., AND M. C. LARSEN. 199 1. Physical 
aspects of Hurricane Hugo in Puerto Rico. Bio- 
tropica 23:3 17-323. 

SCHEMSKE, D. W., AND N. BROKAW. 198 1. Treefalls 
and the distribution of understory birds in a trop- 
ical forest. Ecoloav 62:938-945. 

SOKAL, R. R., AND F.-j. ROHLF. 198 1. Biometry. W. 
H. Freeman, New York. 

WAIDE, R. B. 199 1. The effect of Hurricane Hugo on 
bird populations in the Luquillo Experimental 
Forest, Puerto Rico. Biotropica 23:475-480. 

WALKER. L. R. 199 1. Tree damage and recoverv from 
Hurricane Hugo in Luquillo Experimental Forest, 
Puerto Rico. Biotropica 23:379-385. 

WAUER, R. H., AND J. M. WUNDERLE, JR. 1992. The 
effect of Hurricane Hugo on bird populations on 
St. Croix, U.S. Virgin Islands. Wilson Bull. 104: 
656-673. 

WETMORE, A. 19 16. Birds of Puerto Rico. U.S. Dept. 
of Agriculture Bull. 326, Washington, DC. 

WILEY, T. R., AND J. M. WUNDERLE, JR. 1994. The 
effects of hurricanes on birds, with special refer- 
ence to Caribbean islands. Bird Cons. Intern. 4: l- 
31. 

WILKINSON, L. 1989. SYSTAT: The system for sta- 
tistics. SYSTAT, Inc., Evanston, IL. 

WUNDERLE, J. M., JR., AND R. B. WAIDE. 1993. Dis- 
tribution of overwintering nearctic migrants in the 
Bahamas and Greater Antilles. Condor 95:904- 
933. 

WUNDERLE, J. M., JR., A. DIAZ, I. VELAZQUEZ, AND R. 
SCHARRON. 1987. Forest openings and the dis- 
tribution of understory birds in a Puerto Rican 
rainforest. Wilson Bull. 99:22-37. 

WUNDERLE. J. M.. JR.. D. J. LODGE. AND R. B. WAIDE. 
1992. ‘Short&m effects of Hurricane Gilbert on 
terrestrial bird populations on Jamaica. Auk 109: 
148-166. 

APPENDIX 

Scientific names ofbirds detected after Hurricane Hugo 
and diet and foraging site classification based on Wet- 
more (19 16) and Waide (199 1). Letters for diet indi- 
cate: F, fruit or seed; N, nectar; I, insect; 0, omnivore. 
Letters for foraging site indicate: C, canopy; U, forest 
understory only. 

Scaly-naped Pigeon (Columba squamosa) F, C; Rud- 
dy Quail-Dove (Geotrygon montana) F, IJ; Puerto Ri- 
can Lizard-Cuckoo (Saurothera vieilloti) I, C; Puerto 
Rican Emerald (Chlorostilbon maugaeus) N, U; Green 
Mango (Antrhracothorax viridis) N, U; Puerto Rican 
Tody (Todus mexicanus) I, C; Puerto Rican Wood- 
pecker (Melanerpes portoricensis) I, C, Gray Kingbird 
(Tyrannus dominicensis) I, C; Puerto Rican Flycatcher 
(Myiarchus antillarum) I, C; Red-legged Thrush (Tur- 
dus plumbeus) 0, C; Wood Thrush (Hylocichla mus- 
telina) I, U; Pearly-eyed Thrasher (Margaropsfuscatus) 
0, C; Black-whiskered Vireo (Vireo altiloquus) I, C, 
Black-and-white Warbler (Mniotilta varia) I, C; North- 
em Parula (Parula americana) I, C, Black-throated Blue 
Warbler (Dendroica caerulescens) I, C, Ovenbird (Seiu- 
rus aurocapillus) I, U; Louisiana Waterthrush (Seiurus 
motacilla) I, U; Hooded Warbler ( Wilsonia citrina) I, 
C; American Redstart (Setophaga ruticilla) I, C, Ban- 
anaquit (Coereba flaveola) N, C; Stripe-headed Tana- 
ger (Spindulis zena) F, C, Puerto Rican Tanager (Ne- 
sospingus speculiferus) 0, C, Indigo Bunting (Pusserina 
cyuneu) 0, C, Puerto Rican Bullfinch (Loxigillu por- 
toricensis) F, C, Black-faced Grassquit (Tiuris bicolor) 
F, U. 


