
The Condor 95516-624 
0 The Cooper Ornithological Society 1993 

DIETARY SHIFTS AMONG SONGBIRDS FROM A 
DIFLUBENZURON-TREATED FOREST’ 

BRADLEY E. SAMPLE,* ROBERT J. COOPERS AND ROBERT C. WHITMORE 
Division of Forestry, West Virginia University, Morgantown, WV 26506 

Abstract. Effects of diflubenzuron (a chitin-synthesis inhibiting insecticide) application 
on diets of forest birds were evaluated in eastern West Virginia in 1986. Nine species of 
songbirds were collected from May through July from treated and untreated plots. Gut 
contents from each specimen were removed and 10 arthropod taxa were identified. The 
percentage biomass comprised by each food taxon and total gut biomass was determined 
for each specimen. The diets of five species were significantly different between treated and 
untreated plots. In general, biomass of Lepidoptera larvae was reduced and biomass of other 
orders (Homoptera, Diptera, Coleoptera, etc.) was greater at treated sites. In addition, two 
species displayed reduced total gut biomass at treated sites. These data show that while 
diflubenzuron is not directly toxic to vertebrates, birds are affected indirectly through reduced 
availability of Lepidoptera larvae. Birds possessed differing capabilities to compensate for 
these diflubenzuron-induced food reductions. Most birds adjusted by switching prey, while 
others consumed less food. Resident species experienced less impact than did migrants. 
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mouse; Blue-gray Gnatcatcher; Red-eyed Vireo; Pine Warbler; Cerulean Warbler: Worm- 
eating Warbler: Scarlet Tanager: diet composition; indirect effects; pesticides. 

INTRODUCTION 

Diflubenzuron (common name: Dimilin or 1-[4- 
chlorophenyll-3-[2,6-diflubenzoyl] urea) is an 
insecticide widely used to control forest defoli- 
ating pests. In the eastern United States, it is 
applied in midspring to extensive areas of forest 
to slow the spread and reduce the extent of forest 
defoliation by gypsy moth (Lymantria dispar L.) 
larvae. In 1990, over 269,000 ha of forest were 
treated with diflubenzuron (US Forest Service 
1990). 

Diflubenzuron acts by inhibiting the synthesis 
of chitin, a primary component of the arthropod 
exoskeleton (Grosscourt and Jongsma 1987). Be- 
cause mortality occurs when the insect molts, 
diflubenzuron is most effective against immature 
or larval insects and is generally not lethal to 
adult insects (Maas et al. 1981). The acute tox- 
icity of diflubenzuron to birds and mammals is 
extremely low; the acute oral LD,, for Red-winged 
Blackbirds (Ageluiusphoeniceus) was reported as 
3.8 g/kg body mass by Maas et al. (1981). 
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The effects of diflubenzuron are not restricted 
to populations of target insects. In West Virginia, 
Martinat et al. (1988) found significant reduc- 
tions in the populations of non-target, canopy- 
dwelling larval Macrolepidoptera and non-lepi- 
dopteran mandibulate herbivores following 
diflubenzuron application. Effects on non-target 
aquatic insects (Hansen and Garton 1982, Bradt 
and Williams 1990) and beneficial insects (Gra- 
nett and Weseloh 1975, Broadbent and Pree 1984) 
also have been documented. 

There is no evidence that diflubenzuron ap- 
plication has direct effects on avian populations 
(Richmond et al. 1979, DeReede 1982, Stribling 
and Smith 1987, Cooper et al. 1990). However, 
because Lepidoptera larvae are a major dietary 
component for many forest birds (Robinson and 
Holmes 1982, Cooper 1988, Holmes and Schultz 
1988), diflubenzuron application significantly re- 
duces the abundance of Lepidoptera larvae (Mar- 
tinat et al. 1988) and application occurs at the 
time of both peak abundance of, and demand 
for, Lepidoptera larvae (Graber and Graber 
1983), birds may be indirectly affected by re- 
ductions in their food supply. 

Earlier research showed reductions in the per- 
centage abundance of Lepidoptera larvae in the 
diet of birds from diflubenzuron-treated areas 
(Cooper et al. 1990). Additionally, male Red- 
eyed Vireos (scientific name in Table 1) spent 
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TABLE 1. Results of factorial analyses of variance (ANOVA) of total biomass of gut contents and multiple 
analyses of variance (MANOVA) of arcsine-transformed percentage biomass of arthropod taxa in the diet of 
songbirds from diflubenzuron-treated and untreated sites at SCPHFA in 1986. Only orders that accounted for 
>2% of total biomass were included in MANOVA models. 

Species Source 
ANOVA of gut contents 

MANOVA of % biomass prey tam 
Wilk’s 

F df P Lambda F df P 

Eastern Wood-Pewee 
(Contopus virens) 

Black-capped Chickadee 
(Parus atricapillus) 

Tufted Titmouse 
(Parus bicolor) 

Blue-gray Gnatcatcher 
(Polioptila caerulea) 

Red-eyed Vireo 
(Vireo olivaceus) 

Cerulean Warbler 
(Dendroica cerulea) 

Pine Warbler 
(Dendroica pinus) 

Worm-eating Warbler 
(Helmitheros vermivorus) 

Scarlet Tanager 
(Piranga olivacea) 

Treatment 
Month 
TreatmenteMonth 

Treatment 
Month 
TreatmenteMonth 

Treatment 
Month 
TreatmentaMonth 

Treatment 
Month 
TreatmentsMonth 

Treatment 
Month 
TreatmenteMonth 

Treatment 
Month 
TreatmentsMonth 

Treatment 
Month 
Treatment*Month 

Treatment 
Month 
TreatmentsMonth 

Treatment 
Month 
Treatment-Month 

1.70 1,30 0.20 0.78 0.94 
0.38 2, 30 0.69 0.20 4.18 
0.20 2, 30 0.81 0.38 2.10 

2.85 1, 18 0.11 0.56 1.69 
1.58 2, 18 0.23 0.14 3.63 
0.47 2, 18 0.63 0.68 0.45 

0.06 1,29 0.80 0.60 2.13 
0.54 2, 29 0.59 0.40 2.05 
1.58 2, 29 0.22 0.62 0.88 

1.49 1, 34 0.23 0.54 2.91 
5.66 2, 34 co.01 0.30 2.79 
0.26 2, 34 0.77 0.39 2.04 

0..07 1, 36 0.79 0.63 2.59 
0.27 2, 36 0.76 0.66 1.04 
2.25 2, 36 0.12 0.65 1.04 

5.13 1, 10 0.04 0.32 5.53 
4.83 2, 10 0.03 0.27 7.35 
6.24 2, 10 0.03 0.59 1.85 

0.01 1, 18 0.92 0.68 0.63 
0.88 2. 18 0.43 0.11 2.84 
0.12 2; 18 0.73 0.62 0.82 

5.30 1, 11 0.04 0.31 1.59 
0.88 2, 11 0.44 0.54 2.37 
1.01 2, 11 0.39 0.12 1.31 

4.70 1, 34 0.04 0.36 7.07 
2.72 2, 34 0.08 0.14 6.52 
0.79 2, 34 0.46 0.35 2.72 

7, 24 
14,48 
14,48 

6, 13 
12,26 
12,26 

7, 23 
14,46 
14,46 

8, 27 
16,54 
16,54 

7,31 
14,62 
14,62 

3, 8 
3, 8 
3, 8 

8, 11 
16,22 
8, 11 

7, 5 
14,lO 
14,lO 

7, 28 10.01 
14, 56 co.01 
14, 56 10.01 

0.49 
co.01 

0.03 

0.19 
co.01 

0.92 

0.08 
0.03 
0.57 

0.02 
co.01 

0.03 

0.03 
0.43 
0.42 

0.02 
0.01 
0.21 

0.72 
0.01 
0.59 

0.31 
0.08 
0.35 

more time foraging and covered larger areas in 
search of food at diflubenzuron-treated sites than 
at untreated sites (Cooper et al. 1990). 

In this paper, we evaluate the biomass of food 
consumed by nine insectivorous forest passer- 
ines collected at diflubenzuron-treated and un- 
treated sites. The null hypotheses tested are that 
total biomass of food consumed and the com- 
position of diets (percentage biomass of prey taxa) 
are not different between birds at treated and 
untreated sites. 

extending from the SSW to the NNE (maximum 
elevation 658 m). The ridges are forested in sec- 
ond-growth oak-hickory, with white (Quercus 

alba), chestnut (Q. prinus), northern red (Q. r~/- 
bra), black (Q. velutina), and scarlet oaks (Q. 
coccinea), hickories (Curya spp.), red maple (ilccr 
rubrum), and pitch pine (Pinw rigida) as the 
dominant tree species. In 1985, this area was 
along the leading edge of the expanding gypsy 
moth range; however, no measurable forest de- 
foliation occurred at the time of this study. 

STUDY SITES METHODS 

Study sites were located within the 8,000 ha 
Sleepy Creek Public Hunting and Fishing Area 
(SCPHFA), approximately 10 km southeast of 
Berkeley Springs, West Virginia, in Morgan and 
Berkeley counties. This area consists of Third 
Hill and Sleepy Creek mountains, parallel ridges 

A linear series of six 770 m x 770 m (59.2 ha) 
plots was established along the west slope ofThird 
Hill Mountain. Treatment status was assigned 
systematically to even-numbered plots after a 
random start. This design assured spatial inter- 
spersion of treated and untreated plots and 
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avoided a pseudoreplicated design that could re- 
sult from segregated selections (Hurlbert 1984). 
Plots were separated by at least 150 m to min- 
imize effects of spray drift. Diflubenzuron was 
aerially applied as a 25% wettable powder to 
treatment plots at a rate of 70.75 g/ha on 9 May 
1986 as part of the West Virginia Department 
of Agriculture Gypsy Moth Suppression Pro- 
gram. Spray cards (Barry et al. 1978) placed in 
buffer areas between plots indicated that no spray 
reached untreated plots. 

Between 06:OO and 13:00 hr from 13 May to 
22 July, we collected individuals of nine bird 
species (Eastern Wood-Pewee, Black-capped 
Chickadee, Tufted Titmouse, Blue-gray Gnat- 
catcher, Red-eyed Vireo, Pine Warbler, Cerulean 
Warbler, Worm-eating Warbler, and Scarlet 
Tanager; scientific names in Table 1) from in- 
teriors of treated and untreated plots. The gas- 
trointestinal tract of each bird was extracted and 
injected with formalin to prevent digestion, then 
preserved in 75% ethanol. In the laboratory, gut 
contents were washed into a petri dish and an- 
alyzed under a dissecting microscope. Individual 
arthropods, usually fragmented, were pieced to- 
gether until we accounted for all identifiable prey. 
The number of individual prey items per sample 
was determined in a manner similar to that de- 
scribed by Anthony and Kunz (1977). For each 
head capsule, pair of antennae, mandibles or eyes, 
six legs (or tarsi), or four wings (two for Diptera) 
encountered, only one prey item was counted. 
For example, a sample with one head capsule 
and eight legs was presumed to represent two 
prey items while a sample with three head cap- 
sules and eight legs was presumed to represent 
three prey items. All prey items were identified 
to order. Lengths of individual prey items were 
estimated by comparing characteristic body parts 
from diet samples to voucher specimens of known 
size. Biomass of prey items was determined using 
length-weight regressions (Sample et al. 1993). 
Total biomass of gut contents and percentage of 
total biomass each order of prey taxa represented 
were calculated for each bird. 

Univariate factorial analyses of variance were 
performed on the total gut biomass for each bird 
species using PROC GLM (SAS Institute 1988). 
Because birds display seasonal dietary shifts 
(Cooper 1988) and to determine if diflubenzuron 
application affected these seasonal shifts, treat- 
ment, month (May, June, or July), and the in- 
teraction between treatment and month were the 

independent variables used in the analyses. May 
generally corresponds to territory establishment, 
mating, and egg laying, June with incubation and 
hatching, and July with fledging for most migra- 
tory species in our study area. 

Multivariate analyses of variance were per- 
formed on the arcsine-transformed percentage 
biomass of each prey order in the diet of each 
bird species. To reduce the influence of minor 
prey orders, only those orders accounting for > 2% 
of the mean total biomass for each bird species 
were included in the MANOVA models. Differ- 
ences were considered significant if P < 0.05. 

Contribution of each prey order to significant 
multivariate dietary differences was evaluated by 
correlating canonical scores (eigenvector coeffi- 
cients multiplied by original variable values) to 
the original variables. Mean canonical scores were 
calculated for each level of the effect variable, 
and the differences in the mean canonical scores 
were explained as functions of the original vari- 
ables (Bray and Maxwell 1985). 

RESULTS 

Total biomass of gut contents was significantly 
reduced at treated plots for Worm-eating War- 
blers and Scarlet Tanagers and greater at treated 
plots for Cerulean Warblers (Table 1, Fig. 1). In 
addition, a significant month effect and treat- 
ment-by-month interaction were observed for 
Blue-gray Gnatcatchers and Cerulean Warblers, 
respectively. No other effects or interactions were 
significant for any other species. 

Four species displayed significant multivariate 
treatment effects: Blue-gray Gnatcatchers, Red- 
eyed Vireos, Cerulean Warblers, and Scarlet 
Tanagers (Table 1, Fig. 1). The treatment ca- 
nonical variable for each species was negatively 
correlated with the biomass of Lepidoptera lar- 
vae consumed and positively correlated with at 
least one of the following: Araneae, Hemiptera, 
Homoptera, Coleoptera, adult Lepidoptera, or 
Diptera (Table 2). For Scarlet Tanagers, the treat- 
ment canonical variable also was negatively cor- 
related with the biomass of Orthoptera. Mean 
treatment canonical variable values for all four 
species were greater at treated sites (Table 2) 
indicating reduced consumption of Lepidoptera 
larvae (and Orthoptera for Scarlet Tanagers) and 
increased consumption of at least one ofthe other 
prey taxa among birds at treated sites. 

All species except Red-eyed Vireos and Worm- 
eating Warblers displayed significant multivar- 
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TABL.E 2. Correlation coefficients for treatment canonical variables and percentage biomass values for prey 
taxa included in multiple analyses of variance (MANOVA) models. Only bird species with significant treatment 
effects are presented. *: P < 0.05. **: P < 0.01. 

Araneae 0.23 
Orthoptera 
Hemiptera -0.11 
Homoptera 0.21 
Coleoptera -0.06 
Lepidoptera (L) -0.45** 
Lepidoptera (P) 
Lepidoptera (A) -0.04 
Diptera 0.92** 
Hymenoptera 0.21 

Mean ( f SE) Canonical Variable 
Treated 1.34 * 0.07 
Untreated 1.07 i 0.03 _ 

0.12 0.36* 
-0.27 -0.71** 

0.66** -0.11 
0.03 0.83** 0.38** 
0.02 0.50* 0.51** 

-0.42** -0.99** -0.42** 

0.66** 

0.13 * 0.05 
0.09 i 0.03 

0.17 

-0.34 * 0.21 0.31 * 0.04 
-1.03 i 0.16 -0.07 i- 0.08 

iate seasonal differences in the amounts of the 
ten prey taxa consumed (Table 1, Fig. 1). While 
each of the ten prey taxa was significantly cor- 
related with the month canonical variables for 
at least one bird species, no general pattern was 
evident. 

Multivariate treatment-by-month interactions 
were observed for Eastern Wood-Pewees, Blue- 
gray Gnatcatchers, and Scarlet Tanagers (Table 
1, Fig. 1). Among Eastern Wood-Pewees the in- 
teraction was explained by variation in the con- 
sumption of Diptera, adult and larval Lepidop- 
tera, Coleoptera, and Homoptera (Fig. 1). 
Variation in consumption of Diptera, Orthop- 
tera, larval Lepidoptera, Coleoptera, and Ho- 
moptera dominated the treatment-by-month in- 
teractions for Blue-gray Gnatcatchers and Scarlet 
Tanagers (Fig. 1). 

DISCUSSION 

There has been little research on the sublethal or 
indirect effects of insecticides on forest birds. 
Previous efforts focused on either organophos- 
phates (i.e., Milliken 1989, Milliken and Smith 
1990) or carbamates (i.e., Hunter et al. 1984, 
Hunter and Witham 1985) both cholinesterase- 
inhibiting compounds directly toxic to birds 
(Smith 1987). In contrast to compounds previ- 
ously studied, direct toxicity from diflubenzuron 
is extremely unlikely because the compound acts 
on a metabolic pathway unique to arthropods 
and possesses an extremely high vertebrate LD,, 
(Maas et al. 198 1). While Lepidoptera larvae are 
directly affected by diflubenzuron application 

(Martinat et al. 1988) the impacts we observed 
among forest birds are entirely indirect; they re- 
sult solely from the reduced abundance of a key 
food resource. 

Dietary shifts, where the consumption of Lep- 
idoptera larvae decreased and that of alternate 
prey increased at diflubenzuron-treated sites, were 
observed for five of nine bird species. Dietary 
shifts following diflubenzuron application have 
also been recorded by DeReede (1982). Follow- 
ing diflubenzuron application, DeReede (1982) 
observed the percentage of Lepidoptera larvae 
in the diet of nestling Great Tits (Purus major) 
decreased while that of Diptera increased. 

It is not unusual for insectivorous birds to ex- 
hibit dietary shifts in response to changing prey 
densities in undisturbed systems (Rotenberry 
1980,Rosenbergetal. 1982, Cooper 1988,Rech- 
er 1989). Most of the species studied here nor- 
mally shift from a diet dominated by spring- 
defoliating Lepidoptera larvae in the early-mid 
spring (May) to a more diverse diet in late spring- 
early summer (June-July), in which Homoptera 
and Coleoptera often dominate (Cooper 1988). 
This shift is due to a decrease in the availability 
of larvae as the breeding season progresses and 
an increase in the availability of other taxa. Al- 
though Lepidoptera larvae remained the pre- 
ferred food, diets of most birds reflect these 
changes in availability. Even species that usually 
do not eat many Lepidoptera larvae, such as fly- 
catchers, eat caterpillars when they are available. 
Apparently, declines in caterpillar abundance 
caused by diflubenzuron application caused most 
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FIGURE 1. Biomass of arthropod taxa in the diet of songbirds from diflubenzuron-treated and untreated sites 
at SCPHFA from May through July 1986. Bar height represents mean biomass of stomach contents. Segments 
within bars represent mean biomass per arthropod taxa. Values above bars indicate sample size. 
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FIGURE 1. Continued. 

birds to switch diets to non-lepidopteran prey in 
May, earlier than they normally would. Unlike 
later in the breeding season, however, there may 
not be adequate alternate prey at that time. 

What are the costs of a diet shift? This may 
be partially determined by comparing the nutri- 
tional value of Lepidoptera larvae to other prey 
types. Lepidoptera larvae have both high fat 
(Redford and Dorea 1984) and very low chitin 
content relative to other insect taxa. The cuticle 
(approximately 60% chitin [Karasov 19901 ac- 
counts for about 4% of the dry mass of Lepi- 
doptera larvae, whereas about 47% Gf the dry 
mass Of GrthGpteranS of comparable Size CGnSiStS 
of cuticle (Bemays 1986). Because most verte- 
brates, including birds, are incapable of digesting 
chitin (Bell 1990), all biomass consumed in the 
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form of chitin is of little nutritional value. Be- 
cause of their low chitin, high digestibility, and 
high fat content, Lepidoptera larvae are a higher 
quality food than most other arthropod prey 
(Redford and Dorea 1984). As a result of shifting 
the diet from Lepidoptera larvae to other taxa, 
birds would have to consume greater amounts 
of food to get the same nutritional value as they 
would from an equal amount of Lepidoptera lar- 
vae. 

TG find the greater amounts of food required, 
birds in treated areas would have to spend more 
time searching or enlarge the areas within which 
they search. Increased search activity, enlarged 
foraging areas, and use of different foraging sub- 
strates have all been observed among birds in 
insecticide-treated areas (Hunter et al. 1984, 
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Hunter and Witham 1985, Donahoe 1987, Coo- 
per et al. 1990, Milliken and Smith 1990). 

Ultimately, all responses of the birds to re- 
duced abundance of Lepidoptera larvae entail an 
energetic cost. The energetic costs of a difluben- 
zuron-induced food reduction was evaluated by 
considering the fat reserves of birds from treated 
and untreated sites (Whitmore et al., in press). 
Those data, collected concurrently with this study, 
indicated that all species, except Black-capped 
Chickadees and Tufted Titmice, displayed sig- 
nificantly reduced subcutaneous body fat levels 
at treated sites. By considering those data along 
with these diet data, responses of forest birds to 
the indirect effects of diflubenzuron begin to be- 
come evident. 

One species, the Worm-eating Warbler, did 
not adjust to the reduced availability of their 
preferred food by switching to alternate prey. 
Although Greenberg (1987) believed that Worm- 
eating Warblers demonstrated some degree of 
behavioral plasticity, shifting from foraging on 
insects obtained from live foliage on their breed- 
ing grounds to those from dead foliage on their 
wintering grounds, such plasticity is probably 
morphologically constrained. To economically 
switch diets from caterpillars to more active prey 
requires greater use of flying maneuvers. Both 
Greenberg (1987) and Cooper (unpubl. data) 
demonstrated that Worm-eating Warblers rarely 
use flying maneuvers to capture prey. This spe- 
cies may find it uneconomical to pursue more 
active prey, even when sedentary prey, like cat- 
erpillars, become rare and therefore may be af- 
fected by this insecticide treatment. 

The next group, consisting of Eastern Wood- 
Pewees, Blue-gray Gnatcatchers, Red-eyed Vir- 
eos, and Cerulean Warblers, was able to consume 
sufficient biomass of food by exploiting alternate 
prey types. However, either because of the re- 
duced quality of food (i.e., higher chitin, lower 
fat content) or increased energy expended in 
search of food (larger territories or more time 
spent foraging), insufficient energy was obtained 
from the altered diet. Apparently as a result, the 
fat reserves of these species were reduced. 

Scarlet Tanagers were the most strongly af- 
fected species. In addition to shifting diet, they 
consumed less food and displayed reduced fat 
levels. The strong effect on this species may have 
resulted from foraging in the upper canopy 
(Maurer and Whitmore 198 1, Sabo and Holmes 
1983) the portion of the forest where the greatest 

impact from aerial spraying would be expected. 
Also normal, seasonal, diet shifts by Scarlet Tan- 
agers go from Lepidoptera larvae to Coleoptera 
and Orthoptera (Cooper 1988). Adult Coleoptera 
generally are not affected by diflubenzuron, and 
comprised a large portion of the Scarlet Tanager 
diets in treated areas in this study. Orthoptera, 
however, are affected by diflubenzuron (Martinat 
et al. 1988). Thus, two important prey taxa of 
Scarlet Tanagers (Orthoptera and Lepidoptera 
larvae) were reduced in abundance, whereas only 
one was reduced for most other bird species. 

There were no dietary differences between 
treatments for Pine Warblers, and birds at treat- 
ed and untreated sites consumed the same bio- 
mass of prey. However, fat reserves were reduced 
at treated sites (Whitmore et al., in press). Diets 
in both treated and untreated areas contained 
large percentages of caterpillars. Perhaps Pine 
Warblers expended more energy to locate this 
relatively rare prey item on treated plots. 

The last two species, Black-capped Chickadees 
and Tufted Titmice, experienced little effect from 
diflubenzuron application. There are several fac- 
tors that may contribute to the minimal effect 
experienced by these species. First, both species 
forage primarily by gleaning prey from substrates 
without flying (Robinson and Holmes 1982, 
Kellner et al. 1990). In contrast, Eastern Wood- 
Pewees most frequently hawk prey from midair 
(Johnston 1971; Cooper, unpubl. data) and the 
other species employ a variety of flying maneu- 
vers (Bennett 1980; Maurer and Whitmore 198 1; 
Robinson and Holmes 1982; Cooper, unpubl. 
data). The energetic cost of foraging while perched 
on a leaf or branch is likely to be much less than 
that required to forage while in flight. 

In addition to less energetic foraging behavior, 
both Black-capped Chickadees and Tufted Tit- 
mice are resident species (DeGraff et al. 1981). 
Resident chickadees and titmice may not expe- 
rience the dramatic fluctuations in fat levels ex- 
perienced by migrating species (Loria and Moore 
1990). Even after a harsh winter, they will have 
had more time to restore depleted fat reserves 
than migrants. They, therefore, may start the 
breeding season in better condition (i.e., with 
greater fat reserves) than the migrants. Also, both 
species may be more familiar with habitat and 
locations where food may be available than would 
the other, migratory species. 

Another factor may be that many parids, in- 
cluding Black-capped Chickadees and Tufted 
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Titmice, cache food (Sherry 1989). Stored food 
(seeds and invertebrates) may permit these small 
birds to access a greater proportion of the avail- 
able food before being displaced by larger birds. 
Storing food may also serve to reduce the effects 
of dilhtbenzuron-induced food reductions. 

A growing body of knowledge indicates that 
while diflubenzuron is not directly toxic, its ap- 
plication for gypsy moth control indirectly affects 
birds by reducing food availability. While repro- 
duction in birds may be limited by food avail- 
ability (Martin 1987), effects on avian reproduc- 
tion resulting from diflubenzuron application 
have not yet been documented (Richmond et al. 
1979, DeReede 1982, Shearer 1990). However, 
reproductive effects have been shown for Bacillus 
thuringiensis (Bt), a gypsy moth control agent 
that, like diflubenzuron, is lethal primarily to 
Lepidoptera larvae and has low vertebrate tox- 
icity (DuBois and Lewis I98 1). Rodenhouse and 
Holmes (1992) observed that abundance and 
biomass of Lepidoptera larvae were reduced fol- 
lowing Bt application. They also showed that 
Black-throated Blue Warblers (Dendroica caeru- 
lescens) in treated areas made fewer nesting at- 
tempts and nestlings were fed fewer Lepidoptera 
larvae. 

If temperate deciduous forest birds are gen- 
erally food limited (Holmes et al. 1986) factors 
such as insecticide application that reduce food 
availability could be detrimental to their popu- 
lations. More research is needed to determine if 
the indirect impacts of diflubenzuron on avian 
diets translates into effects on reproductive suc- 
cess. 
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