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AN EXPERIMENTAL TEST OF PREY DISTRIBUTION 
LEARNING IN TWO PARULINE WARBLERS’ 

CHRISTOPHER J. WHELAN~ 
Department of Biological Sciences, Dartmouth College, Hanover, NH 03755 

Abstract. Experiments conducted to examine the prey distribution learning of two pa- 
ruline warbler species showed no significant effect of foliage structure. However, there was 
significant variation in learning abilities among individuals within each bird species, and 
between bird species. Black-throated Blue Warblers (Dendroicu cuerulescens) learned to 
locate prey more proficiently when prey were distributed on lower leaf surfaces, while Black- 
throated Green Warblers (D. virens) learned to locate prey more proficiently when prey were 
distributed on upper leaf surfaces. 
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INTRODUCTION 

Although little is actually known about the re- 
source base for insectivorous forest birds (Wiens 
1984) available information suggests that insect 
prey often vary dramatically in abundance and 
in spatial distribution over both short and long 
time periods (Hutto 198 1, Graber and Graber 
1983, Rodenhouse 1986, Holmes and Schultz 
1988). To forage efficiently, therefore, insec- 
tivorous birds might be expected to modify their 
foraging behavior based upon their experience 
of this variable resource base. In other words, 
insectivorous birds should be able to learn about 
changing insect prey distributions and adjust their 
foraging efforts accordingly (Kamil and Yoerg 
1982). 

Several laboratory experiments have pre- 
sented insectivorous birds with problems of spa- 
tial discrimination (e.g., Smith and Dawkins 
1971;Alcock 1973;ZachandFalls 1976a, 1976b; 
Krebs et al. 1978). Greenberg (1985) however, 
argued that this approach to the role of learning 
in the foraging decisions of insectivorous birds 
may be inappropriate. Because many insectiv- 
orous birds do not revisit specific branches in 
site-restricted searches (Robinson and Holmes 
1982, Greenberg 1985) rather than learning the 
location of a successful prey capture, these birds 
should learn habitat cues associated with the 
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presence of prey. In support of this hypothesis, 
Greenberg (1985) showed experimentally that 
both a generalist and a specialist species of pa- 
ruline warbler were able to learn to discriminate 
between two types of artificial foliage that dif- 
fered in foraging profitability. The ability to dis- 
criminate between different types of foliage, i.e., 
to recognize leaf shape, could allow birds to spe- 
cialize their foraging on tree species with greater 
abundances of insect prey. 

Besides the shape of foliage, other features of 
the habitat could serve as cues to the presence 
of insect prey. For example, Heinrich and Collins 
(1983) provided experimental evidence that 
Black-capped Chickadees (Parus atricapillus) can 
(1) use leaf damage by phytophagous insects as 
a cue to locate prey, and (2) discriminate between 
similar leaves of different tree species. Roland et 
al. (1986) similarly found that Pine Siskins (Cur- 
duelis pinus) also use leaf damage to locate prey. 
Because arthropods tend to be distributed dif- 
ferentially with respect to upper and lower leaf 
surfaces (Greenberg and Gradwohl 1980, Holmes 
and Schultz 1988), birds could also cue into par- 
ticular leaf surfaces for finding prey. That is, I 
hypothesize that these birds can learn that prey 
are found in greater concentrations on, for ex- 
ample, lower leaf surfaces, focus their foraging 
efforts on those leaf surfaces, and thus increase 
their foraging efficiency. In addition, because fo- 
liage structure differs among tree species and af- 
fects where and how birds capture prey (Ken- 
deigh 1945, Franzreb 1978, Holmes and 
Robinson 198 1, Whelan 1987) I also hypoth- 
esize that foliage structure might influence the 
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ability of foliage-foraging birds to learn about the 
distribution of prey on upper vs. lower leaf sur- 
faces. 

In this paper I compare the prey distribution 
learning abilities of Black-throated Green War- 
blers (Dendroica virens) and Black-throated Blue 
Warblers (0. caerulescens) on two tree species 
with contrasting foliage structures, sugar maple 
(Acer saccharum) and yellow birch (Bet& ul- 
leghuniensis). Sugar maple has large leaves held 
above the branch on long petioles, while yellow 
birch has smaller leaves held even with the branch 
on short petioles (Whelan 1987). My experi- 
ments address the following questions: (1) When 
prey distribution remains constant over time, will 
these species learn this prey distribution and in- 
crease their capture rates? (2) Will a change in 
prey distribution lead to a decrease in capture 
rates? (3) Does foliage structure influence these 
learning abilities? (4) Are there differences in 
learning abilities between these warbler species? 
and (5) Are there differences among individuals 
within these two warbler species in their learning 
abilities? 

METHODS 

SUBJECTS 

Five adult male Black-throated Green Warblers 
and five adult male Black-throated Blue War- 
blers caught in mist nets between May and Au- 
gust 1986, near Hanover, New Hampshire, served 
as subjects. Each bird was held singly in an in- 
door flight cage (1.5 x 2.5 x 2.0 m) for up to 2 
weeks, during which time experiments took place. 
When birds were not being used in experiments, 
they were fed an insectivorous bird diet modified 
from R. Greenberg (pers. comm.). After exper- 
imentation was completed, the birds were re- 
leased near the site of capture. 

EXPERIMENTAL PROCEDURE 

All birds were used in four experiments. Each 
experiment consisted of four foraging trials. In 
the first three trials, hereafter referred to as the 
acquisition period, prey distribution (all on up- 
per or on lower leaf surfaces) remained identical 
(although prey were placed arbitrarily on differ- 
ent leaves in each trial). In the fourth trial, here- 
after referred to as the transfer period, the prey 
distribution was switched to the opposite leaf 
surface. Trials were separated by 1.5 hr, during 
which time the bird was deprived of food. Before 

the first trial the bird was given a single meal- 
worm (at 06:30) and then deprived of food for 
1.5 hr. In two experiments the birds foraged 
among the foliage of a sugar maple sapling. In 
the other two experiments the birds foraged 
among the foliage of a yellow birch sapling. Each 
sapling had approximately 400 leaves. Prey in 
all experiments consisted of a single mealworm 
(Tenebrio sp.) larva cut into six equal-sized pieces. 
Mealworm pieces were attached to the leaf sur- 
faces with a small amount of vegetable short- 
ening. I measured the time taken to capture the 
first four of the six prey items present in each 
trial. Measurement began when the bird landed 
on the sapling. Increased rate of prey capture and 
decreased time to first capture during the acqui- 
sition period were considered evidence of prey 
distribution learning. 

All Black-throated Green Warblers were al- 
lowed to forage first on sugar maple, and all Black- 
throated Blue Warblers were allowed to forage 
first on yellow birch. Tree species were alternated 
in successive experiments, which were separated 
by 1 day. Whether prey were first on upper or 
lower leaf surfaces was determined by coin toss 
for each tree species. 

STATISTICAL ANALYSIS 

Acquisition period. Capture rates (captures/sec- 
ond) for the three trials of the acquisition period 
were plotted and the least squares regression line 
fitting these points was calculated for each in- 
dividual bird in each experiment (i.e., 40 regres- 
sion lines were calculated). The slopes of these 
lines were used in two ways. First, the mean slope 
of the five individuals of each bird species was 
calculated for each experiment (e.g., Black- 
throated Green Warblers foraging on sugar ma- 
ple with prey all on upper leaf surfaces).Whether 
each of these mean slopes was significantly dif- 
ferent from zero was determined with a one sam- 
ple t-test. A positive, nonzero slope indicates that 
the birds were foraging significantly faster in pro- 
gressive foraging trials. 

Second, a four-way factorial analysis of vari- 
ance (ANOVA, GLM procedure, SAS 198 5) was 
performed that examined simultaneously the ef- 
fects of tree species, leaf surfaces, bird species, 
and individual birds nested within bird species, 
as well as interactions between tree species and 
leaf surfaces, tree species and bird species, and 
bird species and leaf surfaces. 

Decreasing time to first capture can also pro- 
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TABLE 1. Results of analysis of means of capture rate slopes during the acquisition period for each of four 
experiments for Black-throated Green Warblers (GW) and Black-throated Blue Warblers (BW). 

Tree species 

Different from zero? 

Prey distribution Bird species Slope’ I P 

Sugar maple Upper 

Lower 

GW2 
BWZ 
GW 
BW 

Yellow birch Upper 

Lower 

GW 
BW 
GW 
BW 

0.042 ? 0.002 
0.009 * 0.011 
0.020 * 0.01 
0.042 * 0.012 

0.045 * 0.004 
0.021 -t 0.004 
0.026 +- 0.012 
0.021 f 0.012 

20.02 <0.0005 
0.12 >0.25 
2.099 =0.05 1 
3.374 co.025 

5.03 co.005 
4.80 co.005 
2.12 =0.050 
1.77 =0.075 

I R + 1 SE. 
2ll=5. 

vide evidence of learning. To test whether time 
to first capture decreased during the three trials 
of the acquisition period, times to first capture 
were analyzed similarly to capture rates. 

Transfer period. Actual capture rates in the 
transfer period were compared to the capture 
rates predicted by the regression lines described 
above with Wilcoxon’s Rank-Sum test (Bhat- 
tacharyya and Johnson 1977). 

RESULTS 

ACQUISITION PERIOD: 
CAPTURE RATE SLOPES 

When prey were distributed on upper leaf sur- 
faces of sugar maple, Black-throated Green War- 
blers increased their foraging rate over successive 
trials (i.e., they had positive, nonzero slopes, Ta- 
ble l), but Black-throated Blue Warblers did not 
(Table 1). Both bird species, however, increased 
their foraging rates over successive trials when 

prey were distributed on lower leaf surfaces of 
sugar maple (Table 1). 

Both bird species increased their foraging rates 
over successive trials when prey were distributed 
on upper leaf surfaces of yellow birch (Table l), 
but only Black-throated Green Warblers did when 
prey were on lower leaf surfaces (Table 1). Black- 
throated Blue Warblers showed a trend toward 
increased capture rates when prey were distrib- 
uted on the lower leaf surfaces of yellow birch 
(Table 1). 

The ANOVA model of the capture rate slopes 
was significant (Table 2). Analysis of main effects 
and interaction terms shows that individual birds 
nested within bird species (P = 0.053) and the 
interaction of bird species with leaf surfaces (P 
= 0.0055) were significant (Table 2; see also Fig. 
1). The interaction between bird species and leaf 
surfaces reflects that the capture rate slopes of 
Black-throated Green Warblers were greater when 
foraging on upper than on lower leaf surfaces, 

TABLE 2. Results of four-way factorial analysis of variance of slopes of capture rates of Black-throated Green 
Warblers and Black-throated Blue Warblers during acquisition period. 

SOUWS df Sum of sauares Mean sauare F value P 

Model 14 0.01214695 0.00086764 2.33 0.0314 
Error 25 0.000930282 0.000372 11 
Corrected total 39 0.02144978 

SOUKX df 
Type I sum 
of squares F value P 

Tree species 1 0.00000203 0.01 0.9418 
Leaf surfaces 1 0.00003062 0.08 0.7766 
Bird species 1 0.00107123 2.88 0.1022 
Individual (bird species) 8 0.00685280 2.30 0.0530 
Tree species x leaf surface 1 0.00058522 1.57 0.2214 
Tree species x bird species 1 0.000 16402 0.44 0.5128 
Leaf surfaces x bird species 1 0.00344103 9.25 0.0055 
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TABLE 3. Analysis of interaction between bird species and leaf surface from ANOVA presented in Table 2. 

Bird species 

Black-throated Green Warblers 
Black-throated Blue Warblers 

Leaf sutfaces~ 

upper Lower 

0.044 * 0.004 0.023 f 0.007 
0.015 -t 0.006 0.032 t 0.009 

while the opposite was the case for Black-throat- distribution was switched from lower to upper 
ed Blue Warblers (Table 3). leaf surfaces on sugar maple (Table 6). 

TIME TO FIRST CAPTURE 

Only Black-throated Blue Warblers foraging on 
upper leaf surfaces of sugar maple had decreased 
the time to first capture over successive trials 
(i.e., they had negative, nonzero slopes, Table 4). 
Black-throated Green Warblers foraging on up- 
per leaf surfaces of sugar maple, however, showed 
a nonsignificant trend toward decreased times to 
first capture (Table 4). All other mean slopes of 
times to first capture did not differ significantly 
from zero (Table 4). 

For Black-throated Blue Warblers, there were 
no significant differences in capture rates for two 
prey distribution switches: when prey distribu- 
tion was switched from upper to lower leaf sur- 
faces of sugar maple, and when prey distribution 
was switched from lower to upper leaf surfaces 
of yellow birch (Table 6). The observed capture 
rates following the other prey distribution 
switches, from lower to upper leaf surfaces on 
sugar maple, and from upper to lower leaf sur- 
faces on yellow birch, were significantly less than 
predicted (Table 6). 

The ANOVA model of the slopes of times to 
first capture was not significant (Table 5). No 
main effects and no interaction terms of this 
model were significant. 

DISCUSSION 

PREY DISTRIBUTION LEARNING 

TRANSFER PERIOD 

Observed capture rates of Black-throated Green 
Warblers during the transfer period were signif- 
icantly less than predicted for three prey distri- 
bution switches: when prey was switched from 
upper to lower leaf surfaces on sugar maple, and 
for both distribution switches on yellow birch 
(Table 6). The least significant difference for 
Black-throated Green Warblers was when prey 

Both Black-throated Green and Black-throated 
Blue warblers displayed evidence of learning 
where prey are distributed. Capture rates during 
the acquisition period increased in all four ex- 
periments with Black-throated Green Warblers, 
and in two of four experiments with Black- 
throated Blue Warblers, with a strong tendency 
to increase in a third. 

There was only one significant and one non- 
significant decreasing trend in time to first cap- 
ture. Thus there seems to be no relationship be- 

TABLE 4. Results of analysis of means of slopes of times to first capture during acquisition period for each 
of four experiments for Black-throated Green Warblers (GW) and Black-throated Blue Warblers (BW). 

Tree species 

Different from zero? 

Prey distribution Bird species slow t P 

Sugar maple Upper 

Lower 

GWb 
BWb 
GW 
BW 

Yellow birch Upper 

Lower 

GW 
BW 
GW 
BW 

-3.21 -t 1.82 
-1.99 ? 0.67 
-1.34 ? 0.87 
-0.47 + 1.32 

-8.43 f 6.02 
-0.66 * 1.32 
-1.15 -t 0.98 
-0.25 * 1.12 

-1.763 co.10 
-2.974 co.025 
-1.53 >O.lO 
-0.35 >O.lO 

-1.39 
-0.50 
-1.17 
-0.22 

>O.lO 
>O.lO 
>O.lO 
>0.40 
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A. Black-throated Green Warblers 

0.2 , I 

1 2 3 4 

Foraging Trial 

Black-throated Blue Warblers 

0.20 , 

I 

0 1 2 3 4 

Foraging Trial 

FIGURE 1. Learning curves based on mean slopes of capture rate vs. foraging trial of four experiments for 
(A) five individual Black-throated Green Warblers (GW) and (B) five individual Black-throated Blue Warblers 
(BW). 

tween increasing capture rates and the time to ning of each foraging trial, these birds were still 
first capture. In other words, the increased rate searching both leaf surfaces, and they then fo- 
of foraging must have occurred after the first prey cussed their foraging on a particular leaf surface 
capture. These findings suggest that at the begin- after the first prey capture. 
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TABLE 5. Results of four-way factorial analysis of variance of times to first capture of Black-throated Green 
Warblers and Black-throated Blue Warblers during the acquisition period. 

SOUKER df 

Model 14 
Error 25 
Corrected total 39 

Sum of squares Mean square F value P 

483.85073875 34.56076705 1.23 0.3168 
704.03550562 28.16142022 

1,187.88624437 

RESPONSE TO PREY DISTRIBUTION SWITCH about the distribution ofprey on upper and lower 

Although I attempted to control the motivational leaf surfaces. This result is rather surprising be- 

state of each bird by providing it with the same cause several studies have suggested (Holmes and 

amount of food and the same period of food Robinson 198 1, Holmes and Schultz 1988) or 

deprivation before each foraging trial, it was still demonstrated (Whelan 1987) that foliage struc- 

possible that motivation due to hunger, and con- ture affects the ability of birds to locate, attack, 

comitantly, capture rates, could have increased and capture prey on these leaf surfaces. However, 

from the first to the fourth trial. However, the this may simply reflect that both tree species were 

finding that capture rates decreased after the prey abundant in the understory and canopy where 

distribution switch in five of eight experiments the birds were captured, and that the birds had 

suggests that the increased capture rates during experience foraging on them. Nevertheless, this 

the acquisition period were due to learning, as suggests that these birds should be able to re- 

opposed to some other factor, e.g., increasing spond to prey distribution changes equally well 

motivation due to hunger. In addition, in two of on both tree species. 

the three trials in which the capture rate did not BIRD SPECIES DIFFERENCES 
decrease significantly following the switch, the 
prey distribution switch was to the leaf surface Greenberg (198 5) found no differences in the fo- 

on which the bird species was better able to learn 
liage discrimination learning abilities of two 

about prey distribution. species of paruline warbler. In contrast, the two 
species tested here showed differences in their 

EFFECT OF FOLIAGE STRUCTURE 
prey distibution learning. While Black-throated 
Green Warblers displayed better learning abili- 

The analysis of variance of capture rate slopes ties on upper leaf surfaces, Black-throated Blue 
showed that there was no effect of tree species Warblers had better learning abilities when prey 
on the learning abilities of these warblers. Fur- were distributed on lower leaf surfaces. These 
thermore, tree species did not interact with any results are consistent with field observations of 
other effect to influence the learning abilities of the foraging behavior of these two bird species. 
these bird species. This suggests that the con- In a study of the foraging behavior of these species 
trasting foliage structures of these tree species do at the Hubbard Brook Experimental Forest, 
not affect the ability of these bird species to learn Holmes and Schultz (1988) found that Black- 

TABLE 6. Results of comparison with Wilcoxon’s Rank-Sum test of observed capture rate following prey 
distribution switch to predicted capture rate (based on regression line of capture rates during the acquisition 
period, see text for details; Methods: Transfer period). 

Bird species 

Black-throated Green Warblers 

Black-throated Blue Warblers 

Tree species 

Sugar maple 

Yellow birch 

Sugar maple 

Yellow birch 

Prey distribution switch 

Upper to lower 
Lower to upper 
Upper to lower 
Lower to upper 

Upper to lower 
Lower to upper 
Upper to lower 
Lower to upper 

Wok P 

19 0.048 
20 0.075 
19.5 co.075 
17 0.016 

22.5 >O.lll 
16 0.008 
16 0.008 
25.5 >O.lll 
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throated Green Warblers tended to forage pro- GREENBERG, R. 1985. A comparison of foliage dis- 
portionately more often from upper leaf surfaces, crimination learning in a specialist and a generalist 

while Black-throated Blue Warblers tended to species of migrant wood warbler (Aves; Parulinae). 

forage more frequently from lower leaf surfaces. 
Can. J. Zool. 63:773-776. 

GREENBERG, R., AND J. GFCADWOHL. 1980. Leaf sur- 

INDIVIDUAL DIFFERENCES 
face specializations of birds and arthropods in a 
Panamanian forest. Oecologia (Berlin) 46: 115-l 24. 

The analysis of variance ofthe capture rate slopes 
also revealed considerable variability in the 
learning abilities among individuals within both 
bird species. These individual differences could 
be due to actual differences in the innate learning 
abilities of these birds, or they could be the result 
of different histories and prior experiences of these 
wild-caught birds. Such differences were uncon- 
trollable in this study. 

In conclusion, this study shows that two species 
of paruline warbler can cue into particular leaf 
surfaces for finding prey. The results are similar 
to Heinrich and Collin’s demonstration that 
chickadees can discriminate between similar 
leaves of different tree species and between leaves 
damaged and not damaged by insects. Studies in 
the future may examine whether warblers can 
also use other habitat cues, such as leaf damage, 
to locate phytophagous insects. Such studies 
would not only contribute to our knowledge of 
how these birds perceive their environments, but 
also help elucidate the kinds of selective pres- 
sures these visual hunters may exert on their 
insect prey (Heinrich 1979). 

ACKNOWLEDGMENTS 

I thank Richard T. Holmes for advice, encouragement, 
and numerous discussions while this and other studies 
were in progress. The constructive criticism of Carol 
Felt, Tim Moermond, and Dave Peart greatly im- 
proved the manuscript. This work would have been 
impossible without the encouragement of Kandy Wil- 
liams, and Dennis and Heide Whelan. Funding was 
provided in part from the Frank M. Chapman Fund, 
Sigma Xi, and a Melvin R. Cramer Fellowship from 
Dartmouth College. 

LITERATURE CITED 

ALCOCK, J. 1973. Cues used in searching for food by 
Red-winged Blackbirds (Agelaiusphoeniceus). Be- 
haviour 46:174-188. 

BHATTACHARYYA, G. K., AND R. A. JOHNSON. 1917. 
Statistical concepts and methods. John Wiley and 
Sons, New York. 

ROLAND, J., S. J. HANNON, AND M. A. SMITH. 1986. 
Foraging pattern of pine siskins and its influence 
on winter moth survival in an apple orchard. 
Oecologia (Berlin) 69:47-52. 

SAS INSTITUTE. 1985. SAS user’sguide. Statistics ver- 
sion 5. SAS Institute, Gary, NY. 

SMITH, J. N. M., AND R. DAWKINS. 197 1. The hunting 
behaviour of great tits in response to spatial vari- 
ation in food density. Anim. Behav. 19:695-706. 

WHELAN, C. J. 1987. Effects of foliage structure on 
the foraging behavior of insectivorous forest birds. 
Ph.D.diss. Dartmouth College, Hanover, NH. 

WIENS, J. A. 1984. Resource systems, populations, 
and communities, p. 397455. In P. W. Price. C. 
N. Slobodchikoff, and W. S. Gaud [eds.], A new 
ecoloev. John Wilev and Sons. New York. 

FRANZREB, K. E. 1978. Tree species used by birds in 
logged and unlogged mixed-coniferous forests. 
Wilson Bull. 90:22>-238. 

GRABER, J. W., AND R. R. GRABER. 1983. Feeding 
rates of warblers in spring. Condor 85: 139-l 50. 

ZACH, R.,~N; J. B. FALLS. 1976a. Ovenbird (Aves: 
Parulidae) hunting behavior in a patchy environ- 
ment: an experimental study. Can. J. Zool. 60: 
1863-1879. 

ZACH, R., AND J. B. FALLS. 1976b. Foraging behavior, 
learning, and exploration by captive ovenbirds 
(Aves: Parulidae). Can. J. Zool. 54:1880-1893. 

HEINRICH, B. 1979. Foraging strategies ofcaterpillars. 
Oecoloeia (Berlin) 42:325-337. 

HEINRICH, B., &D S.‘L. COLLINS. 1983. Caterpillar 
leaf damage and the game of hide-and-seek with 
birds. Ecology 641592-602. 

HOLMES, R. T., AND S. K. ROBINSON. 1981. Tree 
species preferences by foraging insectivorous birds 
in a northern hardwoods forest. Oecologia (Berlin) 
48:3 l-35. 

HOLMES, R. T., AND J. C. SCHULTZ. 1988. Food avail- 
ability for forest birds: effects of prey distribution 
and abundance on bird foraging. Can. J. Zool. 66: 
720-728. 

Hurro, R. L. 198 1. Seasonal variation in the foraging 
behavior of some migratory western wood war- 
blers. Auk 98:765-777. 

KAMIL, A. C., AND S. I. YOERG. 1982. Learning and 
foraging behavior, p. 325-365. In P.P.G. Bateson 
and P. Klopfer [eds.], Perspectives on ethology. 
Vol. 5. Plenum, New York. 

K~NDEIGH, S. C. 1945. Community selection in birds 
on the Heidelberg Plateau of New York. Auk 62: 
418-436. 

KREBS, J. R., A. KACELNIK, AND P. TAYLOR. 1978. 
Test of optimal sampling by foraging great tits. 
Nature 275:27-3 1. 

ROBINSON, S. K., AND R. T. HOLMES. 1982. Foraging 
behavior of forest birds: the relationships among 
search tactics, diet, and habitat structure. Ecology 
63:1918-1931. 

RODENHOUSE, N. L. 1986. Food limitation for forest 
passerines: effects of natural and experimental food 
reductions. Ph.D.diss. Dartmouth College, Han- 
over, NH. 


