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Abstract—Americanrobins ( Turdus migratorius) breeding in the Housatonic River (MA, USA) watershed were studied in the
ﬁeld in 2001 to determine whether productivity was adversely affected by exposure to polychlorinated biphenyls (PCBs), as would
be suggested by extrapolation from laboratory studies on other avian species. The study involved identifying nests within the
Housatonic River ﬂoodplain (target area) and in reference areas beyond foraging distance of the ﬂoodplain, monitoring clutch size
and number hatched and ﬂedged, collecting eggs and nestlings for analysis for PCBs, and testing for differences in productivity
between populations. One hundred and six active robin nests were monitored. Although concentrations of PCBs in target specimens
were more than two orders of magnitude greater than in reference specimens, the only statistically signiﬁcant differences in
productivity were inconsistent with an exposure-related effect. First-generation productivity of exposed robins was within the range
of natural background variation. Bioequivalence tests conﬁrmed that ﬁrst-generation productivity was statistically and biologically
equivalent in target and reference robins. These ﬁndings contrast with extrapolations from laboratory studies of other avian species.
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INTRODUCTION

Polychlorinated biphenyls (PCBs) are nearly ubiquitous en
vironmental contaminants that are widely reported to impair
hatching success in birds [1]. Much of the research on repro
ductive effects of PCBs on birds has been conducted in the
laboratory. Laboratory toxicity tests, however, cannot replicate
exposures and population-level responses in a complete eco
logical context in which population dynamics are also a func
tion of competition, predation, and other natural stressors. Such
a population-level perspective is desirable when conducting
ecological risk assessments for sites contaminated with PCBs
[2]. Interspeciﬁc variability in toxicological sensitivity to
PCBs also confounds interpretation of laboratory studies,
which generally employ either domesticated species or wild
species that can be raised in captivity (e.g., mallards [Anas
platyrhynchos] and ring-necked pheasants [Phasianus col
chicus] [3,4]). Furthermore, PCB mixtures and dosing regimes
used in laboratory tests may not reﬂect environmentally rel
evant exposures. For all these reasons, many avian toxicolog
ical studies are of limited use for ecological risk assessments
because they cannot accurately translate individual-level ef
fects observed in the laboratory to population-level responses
that might occur in wild species in a natural setting.
Several ﬁeld studies have been conducted with the objective
of characterizing the ecological risks posed by PCBs to birds.
These studies have generally focused on hatching success of
piscivorous species, usually in systems with multiple chemi
cals present. For example, Hoffman et al. [5] reported adverse
effects on hatching success and hatchling weight in Forster’s
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terns (Sterna forsteri) exposed to PCBs, dioxins, and other
synthetic organic compounds. Working with the same colonies
of Forster’s terns, Kubiak et al. [6] also observed effects on
incubation period, hatching success, and hatchling weight. Til
lett et al. [7] observed a signiﬁcant correlation between reproductive outcome and total concentrations of PCBs in com
posites of eggs of double-crested cormorants (Phalacrocorax
auritus) collected from the Great Lakes. Becker et al. [8] ob
served that concentrations of higher-chlorinated PCBs in com
mon tern (Sterna hirundo) eggs that failed to hatch were 20%
higher than in randomly selected eggs. Tree swallows (Tach
ycineta bicolor) are one of the few passerine species that have
been evaluated in ﬁeld studies of PCB effects, but ﬁndings
have been equivocal [9,10]. We identiﬁed just two ﬁeld studies
on the effects of PCBs on birds exposed via the soil-to-ter
restrial invertebrate food chain, neither of which reported con
centrations of PCBs in eggs, nestlings, or adults [11,12].
Despite the paucity of information on the effects of PCBs
on passerines exposed via the soil-to-terrestrial invertebrate
food chain, ecological risk assessments often include American
robins (Turdus migratorias) as a receptor of interest. In such
cases, risks to robins are usually estimated on the basis of
interspeciﬁc extrapolations from laboratory experiments from
species, such as mallards and ring-necked pheasant, for which
no-observed-adverse-effects levels or lowest-observed-adverse-effects levels are available [13,14]. Despite the uncer
tainties associated with such extrapolations, risk management
and remediation decisions may be inﬂuenced by their conclu
sions. For example, remediation of ﬂoodplain soils at the She
boygan River and Harbor Site in Sheboygan, Wisconsin, USA,
was justiﬁed on the basis of theoretical risks posed by PCBs
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to robins, as predicted by extrapolations from the literature on
impaired hatchability and malformations in other avian species
[15].
This paper presents a ﬁeld study conducted at another PCB
site, the Housatonic River in Massachusetts, USA, with the
objective of comparing ﬁeld observations of ﬁrst-generation
productivity in robins exposed to PCBs to predictions based
on extrapolations from the toxicological literature on other
species. Between the 1930s and 1977, PCBs were used in
manufacturing processes at the General Electric Company fa
cility in Pittsﬁeld (MA, USA). Prior to 1977, releases of PCBs
were conveyed to the Housatonic River and subsequently deposited in downstream sediments. During periodic ﬂooding,
river sediments containing PCBs were resuspended and deposited on soils throughout the 10-year ﬂoodplain [16]. Figure
1 illustrates the study site, including the location of the 1-mg/
kg-PCB isopleth, which approximately matches the 10-year
ﬂoodplain. Within this 16-km reach of the river, concentrations
of PCBs in surface soils of the ﬂoodplain range from below
detection to 334 mg/kg (mean � 15 mg/kg, standard error [SE]
� 0.60). Concentrations of PCBs in earthworms range from
1.1 to 27 mg/kg (mean � 13 mg/kg, SE � 1.7), while con
centrations in soil litter invertebrates range from 1.4 to 4.9
mg/kg (mean � 3.4 mg/kg, SE � 0.44) [16].
Screening-level risks posed by PCBs to robins may be es
timated by combining the available data on concentrations of
PCBs in prey with the dose equation and exposure parameter
values for robins [13]. Based on default literature-based as
sumptions, adult robins inhabiting the Housatonic River ﬂoodplain would be predicted to ingest approximately 7.8 mg/kg/
d PCBs. Reference toxicity values (safe doses) generated from
the avian toxicological literature for ﬁrst-generation repro
ductive effects of PCB Aroclor� 1254 (Monsanto, St. Louis,
MO, USA; a highly chlorinated commercial PCB mixture sim
ilar to the types of PCBs originally released at this site) range
from 0.18 mg/kg/d (based on pheasants) [3] to 1.4 mg/kg/d
(based on mallards) [4]. Because the estimated dose (7.8 mg/
kg/d) exceeds the range of reference toxicity values (0.18–1.4
mg/kg/d), such a literature-based extrapolation would predict
that Housatonic River robins are at risk because of exposure
to PCBs. We conducted this study to assess whether robins in
the Housatonic have high levels of PCBs and whether PCB
exposure translates to reduced productivity.
Several characteristics of robins facilitate evaluation of
their productivity in the ﬁeld. Sufﬁcient sample sizes can be
obtained because robins are common, they inhabit a variety
of habitats, and their nests are not highly camouﬂaged. The
source of exposure to robins can be well deﬁned because of
their limited foraging range (300 m from the nest [17]) and
diet (predominantly terrestrial invertebrates) [13]. It is tech
nically feasible to monitor productivity in robins based on
hatching success, ﬂedging success, incubation period, nestling
period, Mayﬁeld nest success [18], and rates of abandonment
and depredation. These reproductive endpoints are meaningful
in that they closely parallel the effects evaluated in the avian
toxicological studies most often used as a source of toxicity
reference values. Although it is possible that PCBs may also
impair thyroid function as well as growth, survival, and pro
ductivity of offspring [19–22], it is far less feasible to evaluate
these endpoints through a ﬁeld study and within the time con
straints typical of ecological risk assessments.

M.H. Henning et al.

Fig. 1. Robin study area. Housatonic River between Pittsﬁeld and
Woods Pond (MA, USA).

METHODS

This study was conducted during the 2001 breeding season
and involved identifying as many robin nests as possible both
within the Housatonic River ﬂoodplain and in reference areas
beyond foraging distance of the ﬂoodplain; monitoring clutch
size, number hatched, and number ﬂedged in each of those
nests; collecting one egg and one 7-d-old nestling from each
nest when possible and analyzing those samples to determine
concentrations of PCBs; and evaluating data for differences
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in reproductive performance in the exposed (target) and un
exposed (reference) populations. Nest outcome, fertility, sur
vival to hatching, development, and survival to ﬂedging were
evaluated as reproductive endpoints. Parental care was indi
rectly evaluated on the basis of rates of depredation and aban
donment.
The study area encompassed the Housatonic River watershed in Berkshire County (MA, USA). The target area was
restricted to the 10-year ﬂoodplain of the Housatonic River,
from the conﬂuence of the East Branch and West Branch of
the Housatonic River to Woods Pond Dam. All reference areas
were public lands within the Housatonic River watershed that
were located well over 300 m from the 10-year ﬂoodplain of
the Housatonic River.
In order to avoid confounding effects of decreased pro
ductivity later in the season and with second broods [23], only
broods assumed to be ﬁrst broods were included in the study.
Broods were assumed to be second broods if they were ob
served in nests where broods had already been completed in
2001 or if they were initiated in July or August, which is the
period during which clutch size declines most dramatically
[23].
Active nests were monitored following the methodology
described by Martin and Geupel [24]. Each nest was visited
approximately every 3 d, at which time the numbers of eggs
and nestlings present were recorded. Nest outcome was also
recorded to document instances when nests failed because of
abandonment or depredation. Nests were classiﬁed as depre
dated if all eggs or nestlings disappeared before the young
were old enough to ﬂedge. If young were absent but old enough
to ﬂedge, nests were classiﬁed as successful.
One randomly selected viable egg was collected after ap
proximately 10 d of incubation from accessible nests contain
ing four or more eggs. One 7-d-old nestling was randomly
collected from each nest containing three or more nestlings
whenever possible. External anatomy was evaluated for de
formities, and samples were then transferred to Northeast An
alytical Environmental Lab Services of Schenectady (NY,
USA), for chemical analysis. Feathers, beaks, and legs of nestling samples were removed before analysis. All samples were
analyzed for PCBs using SW-846 Method 8082 (http://
www.epa.gov/epaoswer/hazwaste/test/sw846.htm [25]). The
practical quantitation limits for individual Aroclors ranged
from 0.139 to 12.8 mg/kg for target eggs, from 0.0512 to 1.61
mg/kg for target nestlings, from 0.135 to 0.209 mg/kg for
reference eggs, and from 0.0510 to 0.0554 mg/kg for reference
nestlings (all concentrations given as wet wt). In cases where
the practical quantitation limits were elevated (e.g., target
eggs), results were well above the practical quantitation limits.
The PCB analytical results that were below the laboratory’s
instrument detection limit (U-qualiﬁed) were assigned a con
centration equal to one-half the practical quantitation limit for
purposes of describing that specimen’s assumed exposure.
The number of successful nests was calculated as the total
number of nests that ﬂedged at least one young. Although this
approach does not account for when the individual nests were
found, as the Mayﬁeld method [18] does, it offers a simple
measure of overall performance that is necessary for compar
isons with other published studies that did not apply the Mayﬁeld method [18]. Contrast [26] was used to test Mayﬁeld’s
[18] index of nest success, which is based on the daily pre
dation and survival rates of nests. Hatching success was cal
culated as the number of young hatched divided by the number
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of eggs present just before hatching [18]. Because this deﬁ
nition does not account for the collected viable eggs that would
have hatched had they not been collected, it underestimates
what the hatching success would have been in the absence of
egg collections. Fledging success was calculated as the ratio
of young ﬂedged to young hatched for all successful nests.
Again, the outcome of collected eggs and nestlings was ig
nored, likely biasing this measure low.
The number of nestlings hatched per successful nest was
calculated in two ways. First, the actual number hatched was
counted, ignoring the likelihood that most viable eggs that
were collected from successful nests would have hatched had
they not been collected; this was referred to as the range-low
number. Second, the number of nestlings that would have
hatched had the eggs not been collected from successful nests
was estimated; this was referred to as the range-high number.
In this case, it was assumed that the collected viable eggs
would have hatched. Because the former value may be biased
low and the latter biased high, the two values deﬁne the range
of nestlings hatched per successful nest. In calculating the
number of nestlings ﬂedged per successful nest, range-low and
range-high numbers ﬂedged were calculated using the same
approach.
Statistical analyses were conducted using Power and Sam
ple Size for Windows (Pass) (Ver 2000 NCSS, Kaysville, UT,
USA). Student’s t tests were performed to determine if statis
tically signiﬁcant differences were observed between reference
and target data for factors related to exposure and effects. For
comparisons involving heterogeneous variances and sample
sizes differing by more than 10%, Welch’s approximate t was
used to calculate the signiﬁcance of the comparison. Fisher’s
exact tests were used to test for differences in measures based
on proportional data. Statistical comparisons were considered
signiﬁcant at an alpha level (�) of 0.05.
Bioequivalence tests of means were conducted for the most
ecologically relevant endpoints, using the methodology described by Hintze [27] and Blackwelder [28]. Under conven
tional hypothesis testing, the absence of statistically signiﬁcant
differences does not imply that the means are equivalent. In
a bioequivalence test, if statistical signiﬁcance is achieved (p
� 0.05), it indicates that means are not distinguishable within
the range deﬁned for the test (�). The null hypotheses tested
through the bioequivalence approach were that the target area
mean numbers of young hatched or ﬂedged per nest were more
than one-half of a nestling less than the reference area mean
and that the mean hatching success and ﬂedging success for
the target area were more than 20% lower than that of the
reference area. The � of 0.5 is within the range of natural
variability (as discussed later). The � of 20% is consistent with
the level of effect considered potentially signiﬁcant at the Oak
Ridge Reservation as well as under several regulatory aus
pices, including the Chronic National Ambient Water Quality
Criteria, the National Pollution Discharge Elimination System,
the rapid bioassessment procedure (see [29]). No other de min
imis ecological effect level has been proposed in the literature,
regulations, or guidance.
RESULTS

A total of 106 active robin nests were located and monitored
during the 2001 breeding season. Of these, 44 were located
in the reference area and 62 in the target area. The nests mon
itored likely represent a substantial proportion of the actual
robin population breeding within the study area in light of the
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Table 1. Bioequivalence test results

Range-low number of nestlings hatched
Range-high number of nestlings hatched
Range-low number of nestlings ﬂedged
Range-high number of nestlings ﬂedged
Hatching success
Fledging success

intensity of the nest searching effort and the experience of the
ﬁeld biologists. The concentration of PCBs in target eggs
(mean � 84 mg/kg wet wt, SE � 22, n � 9) was signiﬁcantly
greater than in reference eggs (mean � 0.15 mg/kg wet wt,
SE � 0.085, n � 2) (t � 3.8, df � 9, p � 0.0021). Similarly,
the concentration of PCBs in target nestlings (mean � 12 mg/
kg wet wt, SE � 4.7, n � 11) was signiﬁcantly greater than
in reference nestlings (mean � 0.037 mg/kg wet wt, SE �
0.0062, n � 6) (t � 2.54, df � 15, p � 0.011).
The proportion of target nests that were successful was 29%
(n � 62), whereas the proportion of reference nests that were
successful was 25% (n � 44), a difference that was not sta
tistically signiﬁcant (Fisher’s exact test, p � 0.67). The proportion of target nests that ﬂedged at least two nestlings was
27% (n � 62), whereas the proportion of reference nests that
ﬂedged at least two nestlings was 20% (n � 44), a difference
that also was not signiﬁcant (Fisher’s exact test, p � 0.50).
The proportions of nests that were abandoned in the target
area (1.6%, n � 62) and the reference area (6.8%, n � 44)
were not signiﬁcantly different (Fisher’s exact test, p � 0.30).
The proportions of depredated nests in the target area (69%,
n � 62) and the reference area (68%, n � 44) also were not
signiﬁcantly different (Fisher’s exact test, p � 0.83). Lower
numbers of young were either abandoned or depredated per
target nest (mean � 0.64, SE � 0.14, n � 22 nests) than per
reference nest (mean � 1.8, SE � 0.42, n � 19 nests), a
difference that was signiﬁcant (Welch’s approximate t � 2.6,
df � 32, p � 0.013) but opposite that which would be predicted
if PCBs were assumed to impair food availability or parental
care.
The overall mean Mayﬁeld daily predation rate for the ref
erence area was 7.7% (SE � 1.4%, n � 338.5 exposure days),
which corresponds to an overall nest success or survival rate
of 11%. The overall mean daily predation rate for the target
area was 4.6% (SE � 0.80%, n � 711 exposure days), which
corresponds to an overall survival rate of 26%. These differ
ences were not signiﬁcant (Contrast: chi-square � 3.4, df �
1, p � 0.065). Possible seasonal effects were considered by
calculating the Mayﬁeld index for the target area nests with
the 25 earliest egg dates (deﬁned as early nests) and the 25
latest egg dates (deﬁned as late nests). No signiﬁcant differ
ences were observed between early target nests (mean � 5.7%,
SE � 1.5%, n � 229.5 exposure days) and late target nests
(mean � 4.2%, SE � 0.91%, n � 481.5 exposure days) (Con
trast: chi-square � 0.63, df � 1, p � 0.43). However, daily
predation rates of late target nests (mean � 4.2%, SE � 0.91%,
n � 481.5 exposure days) and reference nests (mean � 7.7%,
SE � 1.5%, n � 338.5 exposure days) differed signiﬁcantly
(chi-square � 4.3, df � 1, p � 0.039), suggesting that dif
ferences in depredation were related to differences in habitat

Biologically
relevant
difference
(� )

Probability
level
(p )

Power

0.5
0.5
0.5
0.5
20%
20%

0.027
0.000070
0.00029
0.000019
0.00068
0.0014

0.62
1.0
0.98
1.0
0.96
0.97

(e.g., quality of cover for robins, quality of habitat for pred
ators) and predator density in the target and reference areas
to a greater extent than seasonal differences.
The clutch sizes for target nests (mean � 3.6, SE � 0.13,
n � 39 nests) and reference nests (mean � 3.3, SE � 0.10,
n � 29 nests) did not differ signiﬁcantly (t � �1.5, df � 66,
p � 0.14). The numbers of nonviable eggs per successful target
nest (mean � 0.47, SE � 0.17, n � 17 nests) and per successful
reference nest (mean � 0.22, SE � 0.22, n � 9 nests) also
did not differ signiﬁcantly (t � 0.86, df � 24, p � 0.40). The
proportion of nonviable eggs per successful target nest (mean
� 11%, SE � 4.0%, n � 17 nests) and per successful reference
nest (mean � 5.6%, SE � 5.6%, n � 9 nests) did not differ
signiﬁcantly (t � �0.78, df � 24, p � 0.28).
The incubation periods for target area nests (mean � 14 d,
SE � 0.20, n � 10 nests) and reference area nests (mean �
14 d, SE � 0, n � 3 nests) were not signiﬁcantly different (t
� �0.53, df � 11, p � 0.078). The range-low numbers of
nestlings hatched per successful target area nest (mean � 2.9,
SE � 0.14, n � 18 nests) and per successful reference area
nest (mean � 2.6, SE � 0.24, n � 11 nests) were not signif
icantly different (t � �0.98, df � 27, p � 0.34). The rangehigh number of nestlings hatched per successful target nest
(mean � 3.2, SE � 0.13, n � 18 nests) was greater than the
number hatched per successful reference nest (mean � 2.7,
SE � 0.20, n � 11 nests), a difference that was signiﬁcant (t
� �2.2, df � 27, p � 0.036) but opposite that which would
be predicted by an exposure-related effect. Mayﬁeld’s hatching
success in target area successful nests (mean � 93%, SE �
3.5%, n � 22 nests) and in reference area successful nests
(mean � 96%, SE � 3.04%, n � 18 nests) did not differ
signiﬁcantly (t � 0.55, df � 38, p � 0.58). The development
of embryos and nestlings was evaluated by examining external
anatomy. No morphological abnormalities (n � 28) were ob
served in any of the specimens examined.
Nestling periods for target nests (mean � 14 d, SE � 0.21,
n � 15 nests) and reference nests (mean � 14 d, SE � 0.18,
n � 9 nests) were not signiﬁcantly different (t � �1.3, df �
22, p � 0.22). The range-low numbers of nestlings ﬂedged
per successful target area nest (mean � 2.2, SE � 0.13, n �
18 nests) and per successful reference area nest (mean � 1.9,
SE � 0.16, n � 11 nests) were not signiﬁcantly different (t
� 1.5, df � 27, p � 0.16). The range-high number of nestlings
ﬂedged per successful target nest (mean � 3.2, SE � 0.03, n
� 18 nests) was greater than the number ﬂedged per successful
reference nest (mean � 2.5, SE � 0.25, n � 11 nests), a
difference that was signiﬁcant (t � 2.8, df � 27, p � 0.0098)
but opposite that which would be predicted if PCBs were as
sumed to impair nestling survival. Fledging success of target
nestlings (mean � 98%, SE � 1.83%, n � 18 nests) and
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Table 2. Productivity results compared to literature values
Endpoint

Target
nests

Other
studies

Citation

Proportion successful nests
Number nestlings ﬂedged per successful nest
Proportion nestlings ﬂedged per successful nest
Mayﬁeld nest success (%)

29
2.2–3.2
98
26

8.3–75
1.0–4.2
62–100
18–90

[30,31]
[30,32]
[30,33,34]
[35,36]

reference nestlings (mean � 91%, SE � 6.51%, n � 11 nests)
was not signiﬁcantly different (t � �1.3, df � 27, p � 0.20).
Bioequivalence testing [27] was employed to determine
whether any potentially biologically relevant differences ex
isted in numbers of nestlings hatched and ﬂedged, hatching
success, and ﬂedging success between the target and the ref
erence populations (Table 1). In all cases tested, the null hy
pothesis (that there is a biologically relevant difference between target and reference populations) was rejected with p
� 0.05 and relatively high power (p � 0.62–1.0). Hence, the
sample sizes were sufﬁcient to demonstrate the statistical and
biological equivalence of ﬁrst-generation productivity in target
and reference populations.
DISCUSSION

Despite substantial differences in the degree to which target
and reference area robins were exposed to PCBs, this study
provides no evidence of adverse effects of PCB exposures on
ﬁrst-generation productivity of exposed robins. Exposure to
PCBs in the target robin population was more than two orders
of magnitude greater than in reference robins. Indeed, the con
centration of PCBs in target robin eggs (mean � 84 mg/kg
wet wt) may be the highest reported for any passerine species.
By way of comparison, the arithmetic mean concentration of
PCBs in tree swallow pippers (eggs and newly hatched nestlings) nesting in boxes along the Housatonic River between
1998 and 2000 was 69 mg/kg wet weight (C. Custer, U.S.
Geological Survey, La Crosse, WI, USA, unpublished data).
Mean concentrations of total PCBs in eggs of tree swallows
nesting in multiple grids along the Hudson River ranged from
9.3 to 29.5 mg/kg [9]. Nevertheless, we did not ﬁnd any adverse effect of the PCB exposure on the productivity endpoints
assessed. In addition, based on review of similar productivity
endpoints in other studies (which did not involve PCB ex
posure), measures of ﬁrst-generation productivity for exposed
robins were within the range of natural variability for robins
(Table 2).
Literature-based extrapolations from other avian species
would predict that exposed robins are at risk in that their
estimated doses of PCBs are at least ﬁve times greater than
toxicity reference values for ﬁrst-generation reproductive ef
fects. This site-speciﬁc ﬁeld study illustrates the uncertainty
associated with such extrapolative approaches, at least in the
case of exposure of robins to PCBs. Neither the extrapolative
approach nor the ﬁeld study addressed effects on survival or
productivity of offspring. Rather, the discrepancy in ﬁndings
between the extrapolative approach and the ﬁeld study may
be due to differences in dosing regime and interspeciﬁc var
iability in sensitivity to PCBs. Although it seems intuitive that
toxicity reference values derived from other avian species are
unlikely to provide useful information on the sensitivity of
robins to PCBs, many ecological risk assessments conducted
for regulatory purposes depend on such interspeciﬁc extrap
olations.
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