Downloaded by NEW YORK STATE LiB on September 3, 2009 { http://pubs.acs.org

Publication Date (Web): July 2, 2008 | doi; 10.1021/es9008344

Environ. Sci. Technol. 2008, 43, 6052-6057

Latent Mortality of Juvenile
Snapping Turtles from the Upper
Hudson River, New York, Exposed
Maternally and Via the Diet to

Polychiorinated Biphenyls (PCBs)

KAREN M. EISENREICH,

SHANNON M. KELLY, AND
CHRISTOPHER L. ROWE*

University of Maryland Center for Environmental Science,
Chesapeake Biological Laboratory, PO Box 38, Solomorns,
Maryland 20688

Received March 19, 2009. Revised manuscript received
May 31, 2009. Accepted Jine 5, 2009.

We conducted a facterial expariment to compare sublethal
and lethal responses of juvenile snapping turtles exposed
maternally and/or through the diet to polychlorinated hiphenyls
(PCEs) over 14 months posthatching. Maternal expasure did
not affect embryonic development or hatching success.
Thyrosomatic indices were nat influenced by treatments,
although hepatosomatic indices were lower in animals having
been exposed tn PCBs maternally refative to those having
been exposed both maternally and via the diet. Dietary PCB
exposure reduced metabolic raies of juveniles in two of three
assays conductad. Approximately eight months after hatching,
high rates of mortality began to emerge in individuals having been
axposed maternally to PCBs, and mortality rate correlated
with [POBlye in eggs. Prior to-death, individuals that died
experienced fower growih rates than those that survived,
suggesting chronic effects prior o death. By 14 months
posthatching, only 40% of juveniles derived from females in
the contaminated area had survived, compared te 9% from the
reference area. Such latent effects of maternally derived
contaminants suggest that assessments of environmental
impacts based upan shorter-term studies may provide very
conservative estimates of the severity of effects, as they canngt
capture responses that may emerge later in the life cycle.

introduction

Snapping turtles (Chelydra serpenting) have widely served
as biomonitors as they have the propensity to bicaccumulate
contaminants and transfer lipophilic contaminants to their
eggs (I—6), Thus, eggs provide useful indicators for estab-
lishintg the presence of contaminants in local systems that
contain species that are prone to maternal fransfer. As weil
as serving as biomonitars, snapping turtles have been
employed as models to examine effects on development that
may result from maternal transfer of contaminants in species
offong life span and high trophic position (7). Effects included
decreased hatching success and increased incidence of
deformities in hatchlings (8— 1.1}, While numerous contami-
nanis have been shown to induce effects on offspring
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following maternal transfer, those most often implicated have
been organochlorine pesticides, polychlorinated biphenyls
(PCBs), and in some cases polybrominated diphenyl ethers
(PBDEs 4, 7—9, 11}.

As many aquatic habitats harbor complex mixtures of
contaminants, it is often difficult to identify the particular
compound(s) that may pose the greatest risk to resident
species. For example, research suggests a correlation between
exposure to PCBs and developimental ancmalies in awtles,
yet often the habitats studied have been contaminated by
other compounds (4, & 9 11}, However, there exist some
systems in which contamination by PCBs is so severe that
exposure to PCBs likely outweighs exposure to other,
background contaminants. The upper Hudson River harbors
some of the highest PCB concentrations in the U.S. (i2).
Contamination of the upper Hudson River is the result of
historical discharge of PCBs from two efeciric capacitor plants
operated by the General Eleciric Corporation, as well as from
erosion of remnant deposits and seepage from bedrock
fractures below the plants (13). Due fo the extensive
contamination of the upper Hudson River by PCBs, this
system provides a rare opportunity to examine responses of
wildlife to PCB exposure.

PCBs act as endocrine disrupting compounds (EDCs) that
have several modes of action. PCBs and their metabolites
can be estrogenic, antiestrogenic, or may exhibit both
properties (14— 16). PCBs can also alter the thyroid system,
interfering with the transport, metabolism and receptor
interactions of thyroid hormones (17-19). Alteration of
thyroid hormone-modulated responses may result in ab-
normal metabolic function during the critical embryonic and
juvenile stages of development. As aresuls, thyroid-distupting
compounds such as PCBs may alter energy assimilation
efficiency, energy ailocation to somatic and reproductive
tissue growth, and immune response, potentially affecting
survival and reproductive fitness (20—23).

While the effects of maternal transfer of PCBs on reptifes
have been characterized, these assessinents typicaily focuszd
only on embryonic survival and development or traits of
newly hatched individuals {1, 3, 4, 6, 243. There remains little
information regarding the potential for effects to emergelong
after direct exposure of embryos via maternal transfer has
ceased, or as a result of exposure of juveniles via consumption
of contaminated food. Thus, the possible latent effects of
embiyonic exposure that may emerge during the juvenile
period, alone and in combination with ongoing dietary
exposure of juveniles, are unknown. If effects emerge beyond
the scope in duration of most studies, estimates of envi-
ronmental impacts based on those studies will likely be
conservative, Subsequently, regulatory and management
activities based upon results from relatively short-term
studies may not be sufficient to protect ecosystem health or
to develop successtul restoration/remediation strategies.

We assessed the long-term effects of maternally trans-
ferred PCBs as well as proximate effects of exposure to food-
borne PCBs in juvenile snapping turtles collected from the
upper Hudson River, NY. From early egg development
through the ensuing 14 months of the juvenile period, we
quantified development, metabolism/growth, and survival
in individuals exposed or unexposed to maternally derived
PCBs, food-borne PCBs, and their combination.

Experimental Section

Egg Collection and Incubation. Eggs were collected from
areas designated as either “reference” or “contaminaied” in
northern New York. The contaminated area was a section of
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the Hudson River just downstream of the Hudson Falls and
Fort BEdward General Flectric facilities (43° 18’ N, 73° 35 W
and 43° 16" N, 73° 35" W, respectively), including several areas
known to be “hot spots” of sediment contamination (average
PCEB concentration >40 mg/kg wet weight). The reference
area consisted of lakes and ponds that were north and west
of the contaminated area, distant from significant and direct
sources of PCBs. Eggs from both areas were collected from
nests or through induction of egg laying via intraperitoneal
injection of fernales with oxytocin (25); clutches from oxytocin
induced females were represented in both areas. Eggs were
measured for diameter and wet weight. Three eggs per clutch
were frozen at —20 °C for analysis of PCB concentrations,
Detailed information on selection of study areas and col-
lection methods is provided in Kelly et al. (6).

Eggs were incubated at 25 °C, a temperature known to
produce only males (26). Moisture and humidity were
maintained by misting the eggs and nest subsirate {ver-
micudite) with water at 2—3 day intervals. Fggs were periodi-
cally candled to determine viahility and development.
Haichlings were measured for carapace length (“CL™) and
wet weight (“ww”), examined for gross abnormalities, and
assigned to groups for subsequent 14-month studies of
fuveniles.

Posthatching Protocol. For 14 months posthatching
("mph™), we assessed potential effects of maternal contribu-
tion of PCBs, food-borne exposure to PCBs, and the
combination. We used a total of 144 hatchlings derived from
16 total egg clutches collected from females from the
contaminated (n=G) and reference areas (n= 10}. Individuals
from all clutches were used in assessing all end points with
the exception of mortality, for which only those cluiches
having produced five or more hatchlings were used (con-
taminated n = 5; reference n = 8). Smaller clurches were
excluded from mortality comparisons as they would have
hindered analysis of these proportional data, Small clutch
sizes resulted from Hmited numbers of viable eggs from
natural nests due to predation as well as from induction of
females via oxytocin, which often produces partial clutches,
Mean (£1 ST} total PCB concentrations were 3§53 + 1454
and 61 + 8 ng/g ww (varying from 75 to 8220 and 21 to 86
ng/g ww) in the contaminated and reference area eggs,
respectively. The eggs used for assessing mortality had
concentrations of 3546 + 1710 and 35 + 10 ng/g ww in the
contaminated and reference aveas (varying from 75 to 9220
and 21 to 78 ng/g ww respectively). Hatchlings from each
area were divided into two additional treatments, to be fed
a diet of natural prey items collected from either area (see
below). Thus there were four treatments for the remainder
of the study, designated hereafter as the maternal {collection)
area followed by food type: contaminated area, contaminated
food = “CC”; contaminated area, reference food = “CR”;
reference area, contaminated food = "RC”; reference area,
reference food == “RR".

Hatchlings were held in a 20 °C laboratory prior o a
simulated overwintering period. To mimicthe winter-time
period of dormancy that oceurs in temperate climates, we
overwiniered hatchlings beginning in mid October by
incrementally lowering temperature to a final temperature
of 5 °C, and incrementally increasing temperatures begin-
ning in late February. Turtles were maintained at 22—25 °C
for the remainder of the study. Each individual received a
passive integrated transponder (PIT) tag following methods
described by Bowe and Kelly (27), providing for identification
of individuals, which were held in groups (below) per a
common-garden design. Dietary exposures began following
overwintering when yolk stores were depleted and hatchlings
began: to display interest in food. Thus dietary exposures
were approximately eight months in duration.

Food consisted of aquacultural gelatin (Aguatic Eco-
systems, Inc., Apopka, FI) mixed with ground fish and
invertebrates collécted in the study areas and frozen for
subsequent use, Food collected froim the contaminated area
and reference area contained mean total PCB concentrations
of 5955 + 427 ng/g and 83 £ 6 ng/g ww respectively. Food

‘was provided ad libitum and was analyzed by bomb

calorimetry to verify caloric content {reference: 4291 cal/g;
contaminated: 3525 cal/g). '
For each food treatment, we used eight replicate tanks

(57 L) containing 5 I. of water and nine to ten tuitles (four

to five from each area), As tanks were designated only by
food treatment (not by collection area}, each received animals
from both areas (e.g., tanks in which animals were fed
contaminated food contained only individuals of treatments
CC and RC, and tanks designated to receive reference foad
contained only CR and RR).

Growth Rate, Size, and Metabolic Rates, Instantaneous
growth rate was calculated on ww and CL as {(Infww or CL
final)-In{ww or CL after overwinter})/199 days]. Sizes were
measured monthly. Metabolic rates were measured bi-
monthly, beginning in May (9 mph), on a subset of 16
individuals from each treatment (representing afl tanks; the
same individuals were used during all assays). Resting
metabolic rate {25 °C) was measured as oxygen consumption
by resting, fasted animals at 2 h intervals over a period of
12 h by microrespirometry (Micro-Oxymax; Columbus
Instruments, Columbus, OH} following a 24 h acclimation
period {28).

Sex Ratios, Histopathology, and Grganosomatic Indices.
At the conclusion of the experiment, ww and CI. measure-
ments were made and individuals were euthanized by
inhalation of isoftorane followed by decapitation. Animals
were dissected for inspection of the gonads for determination
of sex (26) and abnormalities in gonadal organization. Those
not defined as male were morphologically female (e.g., not
intersex). We calculated hepatosomatic and thyrosomatic
indices (HSF apd TSI as [{liver or thyroid gland weight/body
weight} x 160, Individuals that died during the experiment
were excluded since they may Liave remained in the tanks
forup to approximately 12 h after death, possibly influencing
organ and carcass wet weights,

Analysis of PCB Concentrations. Detailed PCB extraction
and guantification methods were presented by Kelly et al.
(6). Briefly, three eggs from each clutch were rinsed and the
contents were comnposited and homogenized. Fggs were
randomly selected from nests as research has shown little
within-clutch variation in contamninant concentrations ().
A 5 gram sample of the homogenate from each clurch was
dried with sodium sulfate, spiked with swrogate standards,
and Soxhlet extracted for 24 h using dichioromethane. Five
gram samples of each food type were similarly processed.
Extracts were subsampled to gravimelrically measure lipid
content. Gel permeation chromatography was used to remove
lipids followed by Florisil cleanup. Lahoratory hlanks were
processed with and in the same manner as all tissue samples
by extracting 50 g of sodium sulfate spiked with surtogate
standards.

Total PCB concentrations represent the sum of 110
individual congeners and/or groups of coehuting congeners
(6). Samples were quantified using a Hewlett-Packard 5890
gas chromatograph equipped with a ®Ni electron capture
detector, with hydrogen as the carrier gas and nitrogen as
the makeup gas. AG0 m x 0.25 mm 5% phenyl-methyl siticon
DB-5MS capillary column was used with inlet pressure of
100 kPa. The oven temperature program was 100 °C hold for
two min, ramp te 170 at 4 °C/min, 170—280 at 3 °C/min, and
a final 5 min hold at 280 °C. The injector temperature was
held at 225 °C and the detecior at 285 °C. Information on
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TABLE 1. Wet Weight, Diameter, And Lipid Dontent of Eggs and Wet Weight and Carapace length (Ci) of Hatchlings and
Post-Bverwintered Juveniles from Coutaminated and Refevence freas. Values fre Means 1 SE

size at hatching size postoverwintering {7 mph)

eag size
wet weight (g}  dismeter {(mm} lipid (%}
contaminated 8.67 £ .10 265+ 0.1 493 +£0.82
reference 9.59 4+ 0.19 258+ 02 7.04 £ 0.23
P <0.001 £ =0.008 P =0.009

wet weight {g) CL (mim) wet weight (g} CL (mm}
7.24 4 Q.38 270 +08 7.50 +0.12 28.7 £ 0.2
8.37 £ 0.42 20.3L£05 8.414+0.18 284103
P < 0.001 £ =0.006 P<0.001 P < 0.001

surrogates, internal standards, and recoveries can be found
in Kelly et al. (6).

Statistical Analyses. Mortality, growth rate, size by month,
and PCB concentrations were analyzed on tank means by
analysis of variance {ANOVA) followed by Tukey’s pairwise
comparisons. When assessing size by month, initial size was
defined as size following overwintering, Mortality data were
transformed by arcsine square root. Bimonthly metabolic
rates were analyzed on tank means by analysis of covariance
{ANCOVA) using ww as the covariate. Size and metabolic
data collected over the duration of the study were aiso
anatyzed using repeated measures ANOVA. Relationships
hetween PCB concentrations in eggs and juvenile mortality
were assessed by linear regression. Statistical significance
was judged based upon a type I error rate of o = 0.05. Prioy
to statistical analyses, data were tested to verify that
assumptions of the models were met.

Results
Eggs and Hatchlings. Fggs from the reference area were
heavier and had higher lipid content than those from
contaminated area, but were smalier in diameter (Table 1).
Hatchlings from reference eggs were larger than those from
the contaminated area, both in terms of ww and CL
{approximately £3 and 8% larges, respectively; Table 1). For
contaminated and reference areas respectively, neither time
to hatching (84,7 4+ 0.330 and 84.5 & 0.240 days; P = 0.625)
nor hatching success (73.2 and 66.8%; P = 0.472) differed,
Juveniies. There was alarge divergence in survival among
freatments beginning 8 — 9 mph (2 months foliowing the
overwintering period; Figure 1). Survival was affected only
by area of egg coliection (e.g., maternal transfer only; P <
0.001); feeding regime had no main effect nor was there an
interaction between feeding regime and area of coliection.
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FIGURE 1. Temporal trends in survival “mph” = months
posthatch. Symbols represest means 1 SE ¢ = Con-
taminated area apd contaminated food; CR = Contaminated
area and reference food; BC = Reference area and con-

taminated food; RR = Reference area and reference food.
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For juveniles from eggs from the contaminated area, those
that died had received significantly higher maternal exposure
than those that survived (3605 £ 481 versus 1404 + 280 ng/g
ww egg PCB, respectively; P < 0.001), but there was no such
relationship for those from the reference area (58.1 + 7.4
versis 3.1 & 2.7 ng/g ww egg PCB, respectively; P = 0.455}.
There was a positive relationship between PCB concentration
in eggs and juvenile mortality in the contaminated area (#°
== (.864; Figure 2). However, PCB concentration explained
only 18% of the variation in mortality in the reference area
(propottion died = 0.254 — 0.00191 clutch x PCB, R =0.18,
P = 0.0402; not ilfustrated). There were no differences in
instantaneous growth rate, measured as CI, among treat-
ments (P = 0.636). Nor were there statistical differences in
monthly CLmeasuremenis among treatments when analyzed
over the duration of the study by repeated measures (P =
0.059). However, CL comparisons within months revealed
that individuals from CC, CR, and RC were significanty
snaller than those from RR in May (9 mph; 2= 0.001, 0.026,
and 0.026 respectively), whereas in June (10 mph) and July
{11 mph; onlyindividuals from CC and RC were smaller from
those in RR (June P< 5.00] and P=0.023; July P= 0.007 and
0.032 respectively; Figure 3). Within a trearment, individuals
that died were smaller than those that survived although
smnall sample sizes limited statistical power which may have
preciuded assigning statistical significance to the results. For
those individuals that survived to the end of the study, there
were no differences in size among any treatments (P=(0.195},

TSI did not significantly differ among treatments at P <
(.08, although TSI for individuals in CC appeared lower than
TSIs in other treatments (P = 0.086; Table 2). HSI was
significantly lower in CR than CC (P = 0.045; Table 2).
Metabolic rates analyzed across the study by repeated
measures ANOVA differed among treatments (P < 0.001).
Metabolic rates in May (9 mph) and July (11 mph)} were
reduced in treatments CC and RC relative to CR and RR (P
<(.001). Bythe final measurement {13 mph) differences were
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B = 0864, P = 0.004
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FIGURE 2. Relationship between PUB cencentrations (ng/g ww)
in eggs celiected in the contaminated area and mortality of
juveniles having hatched from them. Dotied lines indicate 35%
confidence interval.
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FIGURE 3. Mesr monthly carapace length of juveniles that
survived or died. "mph” = months posthatch. Error bavs represent
1 SE. €€ = Comtaminated ares and contaminated feod; CR =
Contaminated area and reference food; BC = Reference area and
contaminated food; RR — Reference area and reference food.

no longer detected (Table 2}, Dissections revealed that
feminfzation (presence of ovarian rather than testicular
tissue) was exceptionally rare. Ninety-nine and 100% of
juveniles from the contaminated and reference area were
morphologically male.

Biscussion

The most striking and unexpected result of this study was
thelatent onset of mortality of juveniles having been exposed
to PCBs via maternal transfer. Beginning 8—9 months after
hatching, juveniles from clutehes in the contaminated area
(CC and CR) began experfencing high rates of mortality in
contrast to those from the reference avea, Ultimately, only
approximately 40% of individuals derived from the con-
taminated area survived the entire 14 month study versus
90% frorn the reference area. Animals that died were smaller
compared 0 survivors in the same treatment at the time of
death (Figure 3). Reduced sizes in these individuals may
reflect reduced feeding as a result of physiological stress; we
observed ito evidence of size-specific competitive hierarchies
forfood (e.g., heightened aggression oflarger animals divected,
toward smaller animals), nor was food unavailable at any
time. Animals that died had only slightly increased in size
from their initial size following overwintering, and in several
cases the size at death was less than the initial size. Thus, the
lack of a difference among treatments in size of turtles
surviving to the end of the study most likely reflected the
high mortality rate of small individuals from the contaminated

area, such that only the largest survived the duration of ilie
experiment.

Whereas studies with other species have reported cor-
refations between embryonic mortality and egg PCB con-
centration (29), we observed little mortality of hatchlings
prior to, during, and immediately following the overwintering
period. Rather, mortality rates increased only after the
juveniles reached eight to nine months of age. Mortality rates
reflected maternal PCB contribution to eggs such that the
highest rates were observed in individuals from the mast
contaminated clutches. There was only a weak relationship
between mortality and PCB concentration for reference
animals, reflecting the small numbers of individuals that died
and the narrow range in PCB concentrations (2178 ng/ig
ww) in eggs from that area. While we cannot rule out the
possibility that other factors may have played a role in
Inducing mortality, due to the sirong relationship between
mortality and egg PCB concentration in the contaminated
ares, it seems unlikely that other compounds may have playad
a substantial role in mortality.

Eggs collected from the contaminated area produced
significantly smaller hatchlings than those from the reference
area. During the juvenile growth pericd, animais from the
contaminated area {CC and CR) remained significantly
smaller than reference area animals fed reference food (RR).
Even after taking into account the differences in sizes
following overwintering (Table 1), animals from the reference
area fed contaminated food (RC) remained consistently
smaller relative to those fed reference food (RR} until late in
the study when mortality led to variahility in average sizes
and mumbers of survivors among treaiments, Hmiting
statistical power in making comparisons.

We observed reductions in metabolic rates in (reatments
in which animals were fed contaminated food {CC and RC)
relative to reference food only in the first two assays (9 and
11 mphy), prior (o the onset of high mortality rates. The third
assay, in which we observed no differences in MR among
ireatments, was conducted after the highest mortality rates
occurred in treatments CC and RC (13 mph). Thus only the
healthiest animals survived to the third assay, suggesting
that these individuals may not have heen metahalically
compromised relative to those that had previously died.

Reductions in metabolic rates in treatmentis CC and RC
were consistent with reductions in growth rates of juveniles
in these treatments during the same period, suggesting a
coirelation between metabolic function and growth, Simi-
tarities in metabolic rate among trearments at the end of the
study correspond with the similarities in final sizes at this
time. This result further suggests a relationship between MR
and growth in the least healthy individuals, such that loss of
these individuals from the population reduced their influence
on nean responses of suvivors measured at the end of the
study.,

TABLE 2. Stamdard Metabelic Bate Measwred am Yhree Dates and ﬁepams&mauc (H8l) and Thyresomatic (TS0 Indices of

duwventdes Measured af the End of the Study’

standard metabolic rate (L (yfs « min)

trgatment May (9 mph) July {11 mph) September {13 mph} TS {%) HEI (%)
cc 0.92 + 0,058 1.25 & 0.0574 1.48 £ 0.020 0.019 £ 0.0009 5.128 + 01614
CR 1.00 4 0.0558 1.32 + 0.0678 1.46 + 0.030 0.012 £ 0.0010 4.577 -+ 0,140°
RC 0.81 + 0.0874 1.20 + 0.054* 1.51 4 0.020 0.013 + 0.0008 4.840 + 0.138%8
RR 0.87 £ 0.058° 1.37 £ 0.0528 1.60 & £.020 0.014 + 0.0011 4.802 + 0.090°7
P<8.001 P <0.001 P=0.559 P=0,086 P = 0.045

? Different letters within columns indicate trestments that differed following post-hoe pairwise comparisons, Values are
mean +1 SE. “mph” = months post-hatch. CC = Contaminated area and contaminated food. CR = Contaminatad area and
reference food. RC = Reference area and contaminated food. RR = Reference area and reference food.
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Hepatosomatic and thyrosomatic indices were inconsis-
tent among treatments. Differences in TSI were expected as
PCBs and their metabolites have been shown to cause thyroid
hormone alterations that can lead to hypothyroidism and
reduced glandular weights (30, 31). In addition, in other
species exposure to PCBs causes a loss of body weight and
mortality due to the degeneration of the liver (e.g., reduced
HSI (32). Thus we expected to observe differences in HSI
particularly in Fght of the limited weight gain or weight loss
in some treatments, As with our measures of growth and
MR, our inability to detect differences among treatments in
organosomatic indices may reflect the time at which the
measurements were made. Caleulating these indices required

dissection of the animals, therefore they represent measure- '

ments made at the end of the experiment, after mortality of
juveniles (having been excluded from the calculations)
exposed to the highest concentradons of PCBs had occurred.
Given the high concentrations of PCBs to which embiyos
were exposed, we expected that monitoring multiple end
points over a relatively long period of time would reveal
sublethal effects that would not be cbserved in shorter tenn
studies (such as those that span only the embryonic period).
Aside from growth rate, metabolic rate was the only sublethal
end point measured that we found te respond o PCB
exposure, and it appeared to only be altered by proximate,
dietary exposure rather than maternal exposure. Thus, under
the conditions of this study, metabolic rate appears not to
be an adequate indicator of maternal effects, thus would not
be a sufficient metric for assessing organismal health in
systerns in which the primary route of exposure {s via maternal
transfer. Despite the numerous end points that we quantified,
we are unable to suggest a putative mode of toxicity
responsible for the latent onset of mortality of individuals
exposed maternally to high concentrations of PCBs. Eluci-
dating the underlying causes of the observed effects would
require biochemical assessment of changes at the cell, tissue
and organ levels that were beyond the scope of the study.
Maternally derived PCBs alone have not previcusly been
shown to induce mortality in juvenile snapping furtles,
although in combination with co-occurring contaminants
embryonic mortality has been observed (9, 11). The design
of our study provided the opportunity to identify effects of
PCBs thatmay emerge long after hatching, beyond the scope
of most studies of maternal transfer, allowing us to quantity
latent effects that otherwise would remain uncharacterized.
Moreover, our results suggest that some indicators of
sublethal effects may either be wholly insensitive to mater-
nally derived contaminants or reflect only effects of proximate
(dietary) exposure, limiting their use as early warning signats
oflatent expression of maternal effects. Despite the logistical
and financial challenges inherent to studies such as ours,
the information they provide can be critical to developing
cogent regulatory strategies in the light of dramatic responses
to contaminants that may emerge long after maternal
exposure has ceased. '
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