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There is recent concern over the status of many 
Neotropical migrant bird populations. Reports of de- 
clining numbers and the continuing loss and deg- 
radation of breeding and overwintering habitats have 
prompted an upsurge of interest in the conservation 
biology of these birds (review papers in Hagan and 
Johnston 1992). Fragmentation of the breeding hab- 
itat in North America often is cited as one of the 

factors contributing to the decline of many species. 
Fragmentation is thought to act in two ways. First, 
brood-parasitic Brown-headed Cowbirds (Molothrus 
ater) thrive in fragmented landscapes, decreasing the 
productivity of many species (Brittingham and Tem- 
ple 1983). Second, fragmentation is widely believed 
to increase rates of nest predation, further decreasing 
productivity (e.g. Wilcove 1985, Terborgh 1989, 1992). 

The evidence that fragmentation of forests in east- 
ern North America increases rates of nest predation 
is based on the results of experiments in which ar- 
tificial nests baited with Japanese Quail (Coturnix co- 
turnix) eggs are used to compare rates of predation in 
fragments of different sizes (Wilcove 1985, Small and 
Hunter 1988; see also Yahher and Scott [1988] who 
used chicken eggs). There is some evidence for the 
fragmentation effect based on studies of real nests in 
Europe (Moller 1988) and in grassland habitats in 
North America (Patoh's [1994] reanalysis of Best 1978, 
Gates and Gysel 1978, Johnson and Temple 1990; Gates 
and Gysel's [1978] analysis included 10 nests of forest- 
dwelling birds). Despite the absence of data on the 
effects of fragmentation on the nesting success of real 
nests of forest-dwelling birds, the results of quail-egg 
studies have been widely accepted as reflecting rel- 
ative trends for rates of predation on real bird nests 

(e.g. Sieving 1992, Terborgh 1992, B6hning-Gaese et 
al. 1993). 

The lack of parental and nestling activity and the 
potentially unnatural positioning and appearance of 
artificial nests complicates the interpretation of arti- 
ficial-nest experiments. Studies that have investigated 
these, and other, potential biases (Boag et al. 1984, 
Martin 1987, Storaas 1988, Yahher and Voytko 1989, 
G6tmark et al. 1990, Reitsma et al. 1990, Roper 1992) 
have reached conflicting conclusions as to the utility 
of artificial-nest experiments. Based on the scratch 
marks found on many of the quail eggs in artificial 
nests, Reitsma et al. (1990) suggested that small mam- 
mals may have attempted to consume the eggs, but 
failed to break them because of the animals' small 

mouths. Roper (1992) used a similar line of reasoning 
to account for the differenc• between predation rates 
on his real and artificial nests in the tropics, and con- 
cluded that quail-egg experiments were inappropri- 
ate for making comparisons between rates of nest 
predation in tropical and temperate habitats. 

In this paper, I report the results of an experiment 
testing the suggestions of Reitsma et al. (1990). I dis- 
cuss whether quail-egg experiments are an appropri- 
ate tool for investigating among-fragment differences 
in the rate of predation on Neotropical migrant bird 
nests. The potential inappropriateness of using quail 
eggs to estimate differences in rates of predation on 
the nests of Neotropical migrant birds becomes evi- 
dent when the egg sizes of forest-nesting Neotropical 
migrant birds are compared to the size of quail eggs 
(Fig. 1). All Neotropical migrant passerines nesting 
in forests or scrub in eastern North America have 

eggs that are much smaller than quail eggs. I tested 
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Fig. 1. Frequency distribution of mean egg widths 
for Japanese Quail and for passerines. Egg-size data 
from Harrison (1975). All eastern forest- and scrub- 
nesting Neotropical migrant passerine birds listed in 
Sauer and Droege (1992: table 2, forest and scrub hab- 
itat) are included in figure. Mean jaw gape of chip- 
munk is shown by arrow. 

the hypothesis that eastern chipmunks (Tamias stria- 
tus) cannot eat the relatively large quail eggs used to 
bait artificial nests. If chipmunks cannot eat quail eggs, 
and if they are major nest predators in some habitats 
but not in others, then the results of artificial-nest 

experiments will not reflect differences in rates of nest 
predation in different habitats. I will address both 
these points in turn. 

In November 1992, I trained wild chipmunks to 
feed at a pile of seeds 3 m away from the window of 
my house 10 km north of Ithaca, New York. The area 
in upstate New York is dominated by eastern hemlock 
(Tsuga canadensis). I counted six chipmunks at one 
time around the seed pile. After three days of train- 
ing, the chipmunks were regularly visiting the area 
around the pile, so I removed the seeds and began 
the experiments, which involved presenting eggs to 
chipmunks as a possible food resource. Throughout 
the experiments, I provided no extra seeds for the 
chipmunks, so the only sources of food at the feeding 
site were the eggs that I presented. Each trial lasted 
until an egg was eaten or for 30 min after the first 
appearance of a chipmunk. In the first set of trials, 
which ran for five consecutive days, I placed one 
Japanese Quail egg and one Zebra Finch (Poephila 
guttata) egg on the site of the former seed pile. The 
average width of quail eggs was 23.5 + SD of 1.24 
mm (n = 15), whereas the average width of Zebra 
Finch eggs was 10.8 + 0.56 mm (n = 15). From inside 
the house, I noted which eggs the chipmunks ate. In 
all 20 trials, the chipmunks quickly ate the Zebra 
Finch egg, but never consumed the quail egg. These 
results demonstrate that chipmunks can and do eat 
small eggs, even when presented outside of a nest, 
and suggest that they cannot eat quail eggs. 

These results (and Roper's [1992] observations on a 
caged mouse-opossum [Microureus cinereus]) cannot rule 
out the possibility, however, that the mammals being 
observed were inexperienced individuals and did not 
recognize the large eggs as food. In order to evaluate 
this possibility, I trained the chipmunks to associate 
quail eggs with food by placing broken quail eggs 
(with contents exposed) on the former seed pile every 
day for five days. During the next five days, I again 
placed whole quail eggs on the seed pile, observing 
the behavior of the chipmunks. All seven broken quail 
eggs were readily consumed. Despite seeming to 
search for food and pushing the whole eggs with their 
noses, the chipmunks never ate any of the 15 whole 
quail eggs, even though the same chipmunks had 
eaten broken quail eggs. 

Another line of evidence suggesting that chip- 
munks cannot eat quail eggs comes from inspection 
of chipmunk skeletons in Cornell University's Ver- 
tebrate Collections. I measured the tooth-tip-to-tooth- 
tip gape of 10 adult specimens by placing the coronoid 
process of the lower jaw into its articulation, then 
opening the jaw until the angular process abutted 
onto the auditory bulla. Because these measurements 
were made on skeletons, they probably slightly over- 
estimate the actual gape of the chipmunks. The mean 
gape size was 17.0 + 1.79 mm (n = 10). Given the 
average width of quail eggs (23.5 mm), it would have 
been very difficult for the chipmunks to break or carry 
a quail egg with their teeth. In contrast, Zebra Finch 
eggs are well within the maximum gape of the chip- 
munks. 

These experiments and observations suggest that 
chipmunks, at least in central New York, cannot con- 
sume quail eggs. Considered alongside data on the 
egg sizes of Neotropical migrant birds (Fig. 1), it is 
likely that artificial-nest experiments using quail eggs 
will underestimate predation rates wherever these 
relatively small-mouthed nest predators live. If small- 
mouthed nest predators rarely ate bird eggs, or if they 
were responsible for the same proportion of nest pre- 
dation in all forest fragments, this underestimation 
of predation rates would not have much affect on the 
interpretation of artificial nest experiments used to 
compare rates of nest predation in different forest 
fragments. 

Unfortunately, neither of these conditions appears 
to hold. Eastern chipmunks and other small-mouthed 
mammals (e.g. Peromyscus) are known to be egg and 
chick predators (Maxson and Oring 1978, Weeks 1978, 
Wells-Gosling and Heaney 1984, Guillory 1987, Reits- 
ma et al. 1990), and they are common throughout 
much of the northeastern forests where many Neo- 
tropical migrant bird species breed. Furthermore, the 
relative importance of small mammals may vary ac- 
cording to the size of forest fragments. In Europe, 
Nour et al. (1993) used small artificial eggs and found 
that, as fragment size increased, the abundance of 
large-mouthed predators declined, but this decline 
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was compensated for by an increase in the abundance 
of small-mammal nest predators. Thus, they found no 
consistent effect of fragmentation on rates of nest 
predation. Although there have been no thorough 
studies of the effects of fragmentation on the abun- 
dance of nest predators in North American forests, it 
is clear that forest fragmentation profoundly changes 
the spectrum of nest predators that breeding birds 
have to face (cf. Yahnet and Cypher 1987, Yahnet et 
al. 1989; see also Robbins et al. 1989, Reitstoa et al. 

1990, Andr6n 1992, Haskell 1995). The studies just 
cited suggest that in North America, as in Europe, 
large-mouthed nest predators such as American Crows 
(Corvus brachyrhynchos), Blue Jays (Cyanocitta cristata), 
raccoons (Procyon lotor) and fetal house cats may be 
the dominant nest predators in small fragments, while 
small-mouthed mammalian nest predators may be rel- 
atively more common in large tracts of forest. The 
results of the study by Nour et al. (1993), combined 
with my observations, suggest that the negative cor- 
relation observed between fragment size and rates of 
nest predation in North America may be an artifact 
of the large quail eggs used to measure rates of nest 
predation. 

Other factors may further confound the interpre- 
tation of quail-egg experiments. For example, if over 
time chipmunks could learn how to break quail eggs, 
the results of quail-egg experiments would be influ- 
enced by different levels of "quail-egg experience" 
in different chipmunk populations. C. Whelan (pets. 
comm.) noted that chipmunks in some populations 
in Illinois may be able to break quail eggs, whereas 
chipmunks in upstate New York (my study) do not. 
We might not be justified in using the results of quail- 
egg experiments to compare the relative rates of nest 
predation in Illinois and New York (cf. Wilcove 1985). 
Variations in levels of neophobia (e.g. Greenberg 1990) 
could exert another bias. If predators in fragmented 
or urban areas show reduced neophobia, or are more 
accustomed to human smell, they may be more likely 
to prey upon artificial nests that look and smell un- 
usual than predators in areas far removed from hu- 
man disturbance. 

In conclusion, some small-mouthed mammals ap- 
pear to be unable to eat the relatively large quail eggs 
that have been used to compare rates of predation in 
forest fragments of different sizes. Quail-egg experi- 
ments, therefore, may not accurately reflect predation 
by small-mouthed mammals in populations of birds 
with small eggs. In addition, given that the relative 
importance of small-mammal nest predators seems to 
be changed by forest fragmentation, the extent of this 
bias may vary across forest fragment sizes. Quail-egg 
experiments should not, therefore, be accepted as re- 
flecting the true differences in relative rates of pre- 
dation on the nests of Neotropical migrant birds liv- 
ing in fragmented landscapes. 
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A Prairie Warbler with a Conspecific and Heterospecific 
Song Repertoire 
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Song in most oscine passetines is suspected to de- 
velop through imitative learning (Kroodsma 1982, 
Spector 1992). In the genus Dendroica, it has been 
shown that both song and the context of its use are 
learned from adult tutors (Kroodsma et al. 1983, Spec- 
tor 1992). The learning of heterospecific song may be 
constrained by many factors, including species-spe- 
cific (genetic) auditory templates for learning (Marler 
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1975), limitations of the vocal apparatus (Thorpe 1961), 
and behavioral and ecological aspects that may isolate 
birds during critical learning periods (e.g. Lanyon 
1957). Despite these constraints, learning of hetero- 
specific song has been observed in both the field and 
the laboratory, particularly in the subfamily Paruli- 
nae (see Spector 1992). 

In many reported cases of interspecific song learn- 
ing, the learned songs differ structurally from those 
of the mimicked species, or are simply incorporated 
as components of conspecific song (e.g. Baptista 1972, 
Kroodsma 1972, Kroodsma et al. 1983, Payne et al. 
1984). Aspects of singing behavior associated with 
heterospecific song are not often described in the wild. 


