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Abstract: The Hudson River commercial striped bass (Morone saxaiilis) fishery has been closed since 1976 due 1c
high poiychlorinated biphenyl (PCB) contamination. Accurate forezasting of PUB levels in swiped bass has been
confounded by high variance in cottaminatior. among individeals, We investigated the relationship between habitat use
and PCB centaminatior in Hudson River and Long Island Sound striped bass using clectron microanalysis of ciolith
strontum ¢ generats time series of individuel salinity habizaticr. Males with highly contaminated tevels {mean PCB =
8.2 ppm) showed freshwater resident behuvior. rarely experiencing salinities >5 ppt. Several individuals showed large
hebitat shifts. Shifts from brackish or marine habitats t3 freshwater habltats were often associsted with high PCB
levels. A third pattern was apparen: in large females, where polykaline/echaline salinity habitation was assoiated with
lower PCB levels. Total PCE budy burdza was inversely correlsted with mean salinity sncountered during the most
recent growth season prior to captvre. Fish with recent exposare to pelyhaline salinities showed high varicbility in PCB
body burdens (0.4-8.¢ ppm). suggesting o Jocal source ¢f PC3 copramination in the New York Harhor region.

Késumé : La péche commeraiale du bar rayé (Morone saxciilis) dzns V'Hudson est interdite Cepuis 1976 en raison d'une
forie contamination par les palyctlerobiphényles ‘PCB). La forte variance dt la contaminatiop entre individus a rendu
difficile I"établisseraent de préviiions précises des niveaux de PCB chez les bars rayés. Nous avons étudi€ la relation entre
Putilisation de I'kabitat et la contamination par les PCB chez es bars rayés de 'Hudson et de Lorg island Sound au
mayen de l. microanalyse électunique du strontun des otolithes pour générer des séries temporelles de résidence des
individus dans des milievy de salanités diverses. Les miles fortemant contaminés (concentration movenne d¢ FCB =

8.3 ppm} resideient en cas douce et étplen: rarement exposés A des salinités supérieures & S parties par millier. Plusicurs
individu ont onked dicpoitans changements d'habitas. Les passages des habitat szumfires o: marins 2ux hatitas
dulziccles dwient souvent ussocids 2 des Rivesux élevés de PCR. Une woisidme situation a été observée dans Iz cas des
grosses feinelles. chez lesquelles (e séjour dans les conditions polyhzbnes ou euhalines €tait associé aver des niveaux plus
bas de PCE. L chargs corporelle totale de PCB &tait corréiée negativement aves la salinité moyenne 2 lagaelle les
poissons éuaient exposés durant Ja plus récente saisen de crotssance avant la capture. Les poissons récemment exposés 4
des corditions polyhalines ont moiaé ue forte van:bilné de leurs charges corporeiiss de PCH (2,4-3.0 ppm), ce qui
laisse pense: gu'il existe une sdurce locale de contamination pai les FCB dans la région dn pont de New York,

{Traduit par Ia Rédaction]

introduction

The Hudson River commercia; striped bass (Morone saxe-
titis) fishary has been clesed since 1976 due to Ligh levels of
polychlosinated bighenyl (PCB; contamination (Brown et al.
1985 Limburg :986), The mean PCB body burden in Hud-
son River striped bass continues to exceed the current 5.8,
Food and Dreg Administration action limit of 2.0 ppm
1Bush et a]. 1989; Fabrizio & al. 1991). PCB contamination
has, resulted in an estimated annual loss of US$0.75-3.7 mil-
lion ic New York recrestional and commercial striped bass
fisheries (Kahn and Buerger 1994). In additior, recreational
siriped bass Sshers have been issued anaval fish consump-
tion health advisories since 1976 (Sloan et al. 1986).
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A total of 2.7 x 10° kg of PCBs was dischaiged into the
Hudson River estuary from about 1947 to 1987 (Thomann et
al. 1991). The majority of PCB contamination to the Hudson
River estuary resulted from a solvent washing process &t the
Geners!l Elestric Corporation capacitor fecility above the
Troy Dam (tiver idiometre (Rkm) 246} (Bush et al. 1958%).
High levels of PCBs (inean 18.1 ppm total PCBs) were
found in the edible flesh of the smiped bass in 1978 (Hom
and Sloan 1985: Bush et ai. 1989). As a coadisicn of the
1975 Seitlement Agreement signed by Genera) Eiectric Cor-
poration and the New York State Department ¢f Enviroa-
mental Conservation, discharge of PCBs from the General
Blecaic Corporation capacitor manufacwuring plant was ter-
minated in Jupe 1977 (Hetling et al. 1978; Armstrong and
Slcan 1988) CB corcentrations in smped bass initially da-
clined wich the sigriSicant reduction in upstream loadings.
However, concentrations through, the 1980s showed Ettle de-
cline and have persisted above levels cons:dered unsafe for
human consumption {Sloan et al. 1995).

High-discharge evenis and dredging projects in the up-
estoary region hawe execerhated contamination throughout
the Hudson River by reintroducing buried conreaminants.
This has resulted in 8 PCB gradient within the biota ihat is
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positively related to river kilometre (Limburg 1966; Bush et & x &

al. 1989) For instarce, in 1994, total PCB concentrations in 2 m gE8 8 -x&%

striped bass were highes: (mean = 6.4 ppm wet weight) in &l T3 Nm & m dw m £z M

the Albany/Troy region (Rkm 246) and concentrations de- 7 m sk 872 g =33

creased with distarce downstream to abou: 1.9 ppm in the m i & s Y¥

Tappan Zeo region (Rkm 40) (Sloan et al. 1995). In 1994, g

meuan PCB jevels in striped bass were <2.0 ppm in Long Is- &

land Sound and New York’s marine district. Py g © W ©

Lavels of PCB contamination are expected e be affected Ils g ﬁ & m m
by patterns of habitar use by striped bass, which ofter. under- i < oL m 2
take coastal migrations away from the Hudson River system. b m S g W "
The current mode! of the jong-term behavior of PCBs in Tin P
Hudson River suiped bass ussumes that striped bass
>2 years old occur in coastal habitets during the summer ~ ®
months and vse cosstal habitars for the majority of the year 8 2589 3 Zgews
by age 6 (Thomann et al. 1989), Using otolith microanalysis C gl T e m 29 Fa M Wm el

. to irvestigate migrations, Secor and Piccoli (1996) observed [ |3l @ EB&=% 7§ X = cg
a ceniingent of resident fish i the upper estuary near the z|& ¥ Fgpea o = g =
Troy Dam (Rkm 24G) that did aol purticipate in coastal me- m v g e
grations. They hypothesized that these fish were most vul-
neruble to PCB contamination because they fed and grew in mu - & <3
cinse proximity to the most highly contaminaied sediments Py € HgRE & <28
in the Hudson River estuary. Conversely, we expecled that IR FT-2AFF Jezx M I3
fish thet participated in regular coastal migrations, or fish ololel & 8BS & CERE
that established long-terin Iesidence in polyhaline/eubeline m TEle” EETT Y oen ¥
habitats, wouid have lower PCB body burdens duc o growth Fla - o8 =
dilution in relatively “clean” habitats. _n ‘.._

The objective of this study was to use otolith micro- _ - g . .2

- analysis to (i} verify the proposed link between habitat use : .m g Sgeysz D m p-°d
and PCB body burden in Hudson River striped bass (i.e., g H $03153855-5333
resicent fish should have high PCB body burden) and (i) ex- SSl88 " gs 2 g gdEd
sminc the effects of season, sex, and place of collecion on ] m o w g g= g 2
habitt use and PCB body burden. 2% 3 - 3 ¢

i 8
: m s m. ©
' o0 - [7) [ o
Mathods | TlelE & ¢st¢g
oG - 12331t

The New Yook State Dapartment of Environmenta: Conservation - : M m = S~ 7
hes rouunaly sampled swiped bass in the ludson River, south §-4 S+l - Kg -
store of Long island. and Long fsland Soand far PCR contamina- £ , o
tion sinze 1976. Most fish are collected by beach haul seine (150 m 5
tong x 3.7 m deep), although some coustal samples were provided m o BE
by fishers. Fisk selected for PCB analysis were filleied (skin no: A SE8BE
reaioved) and then frozen. Muscle tissue from fillets was shipped .m F3 o M i & .
to Hazleton Laboratories America, Inc., Madison, Wis., for gas £ pr m : m S
chromatogiaphy PCB analysis (Aroclor method). We used total = = - m oo Ew
PCB values, based on wet weight (mecsured in puris per million), .m m ~F
which is a sum of major Aroclors. S .

We subsampled 1994 and 1995 sempies 10 represent scason. sex. ] m”., b3 3
collecticn site, and PCB level a3 homogeseously as possible (Ta- = ; 2 g2 53 & ..m SER
ble 1). Individuals with PCB burden 21.8 ppr were considered % ®2 =< .88 e
“hot” and those with <1.8 ppmn were ccnsidared “cold.” This etirc. .m ] &._ & M mh oy dd HrHpd &
rion was close 1o the U.S. Food and Drug Administration’s action L 1El5si m = fE3%T % Zec2
limit and represented the SOth percentile in FCB levels in the £ | 5 Hm e~ Wm_
suiped bass analyzed for otolith Sr (Fig. 1). Adult females {a = 43) m. wiTiA =
and males (n = 45) were sampled from the Troy Dam region (Rkm s
246), Caskill (Rkm 1791, Poughkeepsie (Rkm 122), Haverstraw M = = -~ -

Buy (Rkm 64), Tappen Zes bridge (Rkm 43), Manhatan (Rkm 19), B £ § E §

New York City Harbor, eastern Long isiand Scund, and Long Is- m y E % - €27
iand’s gouth shure (Fig. 2; Tuble 1). Femalcs ranged in size from o m M. K 28 m R y
463 10 1007 mm 1013l length and in age from 3 to 15 years. Males S 2y T E2x5%-
ranged in size ffom 457 10 858 mm and in age from 3 t0 16 years € § I39i B 3 d LR
(Table 1). & Eel2dY E-E325
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Fig. 1. Tots! wet PCEs in an exemined sample of Hudser River
striped bass. The modeled fognormaa! disuibution is preseated by
the curve.
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Sagital otolil:s were temoved from stiped bass carcasses that
had been sampled previously for PCB anclysis. Orwliths were
cleaned with 10% bleach sviution and embeddsd in Spurr low-
viscosity resin. O:oliths were sectioned transversely {sections were
abuyt 1 mm thick) through the atolith cores using a iow-speed dia-
mond metallurgics! wafering saw. Sections were mounted on glass
stides. polished iniually with wet 600-git sandpaper (0 remove
major marks and scratches, and then polisked in & sicrry of 0.2-um
aluming unti] their surfaces were free of pits and abrasions. 'This
polisking method was used to minimize artifacts in microprobe
analysis (Kalish 1990). Finally, sections were rinsed with de-
ionized water and placed in an aluascnic ¢leaner to remcve any
residue resulting from the polishing procedure.

Arnnuli in striped bass otoliths have been verified to form &t an
annual rate, and precision in age determination was estimated 10
evceed 95% (Secor et al. 19934). Each annulus comprised a nar-
row cpaque zore and a wide transiucent zcne when viewed unde:
transmitted light ricroscopy. Anncli were ceunted once for sach
fish under light microscopy (magnificaticn 60 of {50x) along the
sulcal ridge in transverse sections by a sirgle rezder.

Electron prose otolith microanalysis of Sr end Ca was per-
formed by X-ruy wavelength dispersive spsctrometry using a JEOL
IXA-8404 microprobe (Center for Microzanslyss, University of
Maryland, College Park, Md.). Measurement of atomic weights cf
Sr and Cu wes standardized using strontianite (SrCO;) and calcite
(CaC0,) standards (Secor 1952). We routinely used (wu tansects
per otolith, spacing each point of measurement 25 j1a agpart for the
initia] transect, which ran from the first to fifth ennuius. The sec-
ond transect traversed namower annuli corresponding to older ages;
spacing between points was set at 13 g, Each point was atout
S um in diameter. To redace error between machine runs, St was
expressed as @ ratio, $rCa, Backscutter electron micrographs for
each annlyzed otolith showed series of low relative atomic mass
(dark) zones that correspondsd o the optically ppaque zones of
annuli Each S41m messured “point™ was visibie in elsstron micro-
graphs. These points were related to the distance frum suceeeding
opaque zones. Foinus girestly withit an opaque zone were consid-
cred to represent early spring. privr o spawning (Secor et al.
19954), and were thus the last points associcted with a given year
of life. Points immedictely succesding the opague zcne were con-
sidered to form just after the spawning season and represent the
tirst part of a givea year o life {i.e, spring). Fcints between
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opague zores were assumed (o sample age in linear proporton. For
example, if four poinw vers measured from annulus 7 to 8. then
points were assigned ages 7.0, 7.25, 7.50. and 7.75.

Time series dawa of SnCa were compiled for each striped bass.
Based on Juboratory and field experiments, Sccor et al. (19958 de-
veloped a logistic relationship between salinity and otolith 8::Ca:

Sglinity hebitation (ppt) = 40.302
(1 + 56.337 e-15233105:/C)y1; 42 = 0.94, n = §4,

This model was used to convert Sr:Ca values to salinity chronolc-
gies. Salinity habitation estimared the salinity inhabited for the pe-
riod of dme represenzed by each SriCa datum. Residuals from the
iogistic model indicated that Sr:Ca typically predicted salinity hab-
itation with a precision errar of less than 6 ppt.

Mear salinities of the most recent grewth season, the last two
growth seasons, and the last taree growth scasons were used as
measures of recent hebitat usc. Thesc varisbles were regressed
against PCB level and contrasted using sequentizl sums of squares.
The most recent growth seasos’s habita: history explainsd most
vanance in PCB level, and this response was used to test seasor,
sex, and site cffccts To conduct a nested analysis of variance
(ANOVA), fish were sampled across sezsons (fall-winter versus
spring), sexes (males versus females), PCB levels (<1.8 versce
21.% ppm), end zone (<Rkm 90 versus 2Rkm 90). Fish snaiyzed
from New York City Harbor, Long Island Sound, and the south
shore of Long Island were only coliected in fall and thus were g3-
ciuded from the nested ANCVA. This reduced sample size from 88
tv 63. The nested design direcied the ANOVA to occur in
hierarchal crder at fows levels:

Yorm ® B+ 0+ By + Yey + Ongiey + S
where ¥, is the salinity experienced by an individual during its
last growth season, [ is the overall mean, v, is the effect of the ith
season, B, Is the effect of the jih sex, Yy, is the effect of the «th
zone, Oy is the effect of the Ath PCB level, and 55,5, I8 the rer-
dom ecTor compor.ent.

Statistical significance for factors was accepred ar o = 0.05
(type I sum of squares for type I error). Analysis of covariance was
also performed to exwumine the effects of season, sex, and site on
the relationship betwesn total PCB body burden and recent salinity
history. Size catzgories were Troy/Catskili/Poughkeepsie (2 Rkm 90},
Haverstraw/Tapparzee (Rkm 20, <Rkm 60), Manhattan’™NYC
Hubor (<Riom 20}, and Long lsland {coastal). The respouse vaui-
able was log,, transformed 1o normalize residuals.

Results

Salinity chronologies from individual striped bass showed
three distinct migrarory behaviors. All fish captured guring
fall and winter in the upper estuary in the vicinity of the
Troy Dam had high PCB levels. Fisk were predominately
resident, inhabiting salinities of S ppt or less throughou!
most of their Lives (Fig. 3). A single femaie (PCB =
7.3 ppm) sampled from this region Suring fall also exhibited
resident behavior. Resident behaviors associated with high
PCB coatamiration alsoc occurred for spring-collected males
ard femazles but were less dependent on site of collection. I
some individuals, salinity chronologies indicated a habita:
shift from either Jow to high or high w low salinlzy (Fig. 4).
One individual captured in the Troy region (Rkm 246) with
a PCR level of 10.5 ppm used mesohalire habitat: early ir
life and then suddenly shifted to freshwates/cligobaiine habi-
tass. Alternatively, an individual with low PCB body burder:
(0.4 ppm) inhabited freshwater for its first two growth sea-
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Fig. 2. Coilection sites ‘miangles) in the Hudson River estuary.
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sons and then emigrated to marine or polyheling habiats for
the rest of its bife. Shifts from low to high salinity were not
always associated with low PCB body burdens. A Leng ls-
land captured fish with a relatively high PCB bedy buirden
(2.7 ppm) ichabited {reshwater/oligobaline habitats early in
life and then shified to polyhaline/enhaline regions for most
of the remainder of its lifetime (Fig. 4). A third patiern jn mi-
gretion was annual cycles from brackish to marine habitats,
indicating possible spawrng mugraticns (Secor and Piccoli
1996). Two such migrating females showed strong cyclic be-
havior (Fig. &). the female with kigher PCB hody hurden
(7.2 ppm) inhabited lower salinity waters over its lifetime.
Salinity records for each irdividual were used to compute
liferime means, an overall index of an individual’s past habi-
tar use. Frequency diswributions of lifetime salirities showed
that fish classified as cold (<1.8 ppm) tended 1o grow in

Allantic Ccean

mescheline/polyhaline environments (Fig. 6). Individuais
classified as hot (2.8 ppm) and Lighly contaminaed
(24 ppm; tended to use predomunately freshwater and
oligohaline environments thicughout their lives.

Salinity history over the most recent growth season ex-
plained slightly more variance in PCB level than other mea-
sures of recent habitar use and was used as an index of
recest habitat history (Fig. 7). The PCB classification effect
ou recent habitat history was lighly significant, explaining
22% of model variance. There was a significent, albeit
highly variable, effect of total length (p = 0.03) on recen: sa-
lirity history. Therzfore, total length was incluced in the
ANOVA as 2 covariate. ANOVA showed significant effects
due to all factors except seascn (Table 2). Therefore, the
n2sted analysis showed that PCB level was significantly in-
fluenced by recent Qably hisiory regardiess of effscts due to
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Fig. 3. Represantative time series of salinity habiwtion for resident stripec bass. Salinity hubitadon was dewrmined based on
microaralysis of Sr:Ca. Totzi PCIR hedy burdens (wet weight based) are indicated. Totel PCB body burden was dewwrmined through the
Aroclor method on a single fiillet with skin on and sceles removed (muscle tissue).

30 - — Male, PCB = 13.6 ppm

- Male, PCB = 9.4 ppm

E
24 E — Male, PCB = 8.5 ppm
B s
% 12{
5:
0 3 6 9 12 15
Age (years)

Fig, 4. Representative time series of salinity habitation of striped bass showing habitat shifts. Salinity hebitztion was determined basad
on microanalysis of §r:Ce. Tota! PCB body burdens (wet weigit based) are indicated.
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size, sex, or site of collection. Site of collection axplained
most variance (35%); where fish are collecied was largely
influericed by where they had recently occumed.

PCB body burden was sirongly angd inversely relsted to re-
cent salinity history (r = ~0.71, p < 0.001). Taerz wes no
significant effect of sezson on the relaticnship between re-
cent salinity h:story snd total PCBs (Fig. 7). In an ANOVA
using salinity history as a covariate, sex did not significantly
affect total PCBs (p < 0.42). Similarly, no season effect was
observed on the relationship between recent habitat history
and wtal PCBs (p > 0.32) (¥igs 7 and 8). Site did signifi-
cantly influence the relatiouship between total PCBs and re-
cent habitat history (p = 0.05). The site =ffect was due o fish
collected in the upper Hudson River eswary {2Rkm 90,

Troy Dam,Male, PCB=10 5 ppm

S

0 3 6 9
Age (yoars)

which showed resideni behaviors and high PCB contamina-
tion (Fig. 8).

Discussion

A previcus mode] of PCB contamination in Hudson River
striped bass (Thomann et al. 1991) assumed that the ertire
population of striped bass began eriigratng into coastal e
vironments following sexual marurity. However, salinity chron-
ologies determined for striped tass coliected during 1994-
1995 cerroborate recent findings (Secor and Piccoli 1996),
wtich indicaied that Hudson River swiped bass migratory
behavior is highly variable. We observed a resident contin-
gent of fish, predominately males, in the upper Hudsor
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Fig. & Represertative time series of ealinity babimicr of female stripcd bass showing anadromous: i gratoty
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habiration was determined based on microanalysis af §7:Ca. Toial PCB body burdens (wet weight bused) are indicated.
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Fig. 6. Frequency his:iogram of lifetims salinity habitation for

“cold” (<1.8 ppm PCHs), “kot” (21.8 ppra PCRy), and highly

contaminated (24 ppm PCBs) Hudson River stiped bass.
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River cstuary thar were epparently susceptibie 1o Ligh PCB
contamination. This trend i suppor:ed by the close proxim-
ity of this comingent to the most highly conlaminated sedi-

Fig. 7. Méan selinity history of the most recent growth scasen
versus wral PCB Sody Sardéa in striped bass by seascn and sex
The coefficient of determination for & powsr function is
indicated.
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mernts in the Hudson River estuary. Important forage fish for
striped buss, blusback herring (Alosa aestivalis) and zlewife
{Alosa pseudoharengus) congregatz belew Troy Dam and
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‘iable 2. Nested ANOVA of season, sex. site cf collection, and level
o PCB sontamination effscts on recent salinity history (n = 63).

Sum of Significancs

Variahte df squares level (p)
Covariate

Totai length 1 336.1 0.002
Qlass variable .

Seaso1 i 394.6 0.001

Sex (seasor) P 1559 a.11

Site (season-sex) 4 790.8 0.001

PCE (season—scx~site} 6 4877 0.04

Note: Sitlpet busy 1wl length was ©s2d a5 z covariae In the apalysis.
Season levels were fal! and spring. site lavels were 2Rkm 90 snd <Rikm
90, and PCB ievels were <!1.8 and 21.8 ppm. Factors in parentheses
indicate the nesdng procsdure. For example, PCB (season-sex—site) refers
10 vanance expigine? by PCB Jeve) nasted within combinations of season,
sex, and site.

may play a rcle in the resident behavier of striped buss and
their high coniaminant levels (K. Hattala, New York State
Depertment of Environmental Conservation, New Paltz, N.Y,,
personal communication). Slean and Armstong (1988) re-
ported total PCB levels cf 2-5 ppm for these species from
1980 collections.

In our application of otolith microanslysis, we assumed
rhet Sr ir striped bass otoliths was reflective of where the
fish lives. This assumption is based on labcratory and field
stadies (Secor et al 1935} that showed a strong positive
relationship between salinity and Sr:Ca in striped bass oto-
liths, We have also assvined that otoli mivroanaiysis pro-
portionately sarmpled all seasons. For instance, otchith growth
probably slows or ceases during the midwinter months, There-
fore, we are not sampling sach season equally. Nevertheless.
because PCB uptake is expected to occur primarils in grow-
ing fish, we believe that otclith microanalysis serves as &
useful measurs of habitat histury in coniaminant studies.

Recent habitat use was 2 strong determinent of PCB con-
tamination. ANOVA and regression tests showed that recent
salinities at which striped bass grew were strongly and nega-
tively related to PCB levels independent of any efiects due
te seascn, sex, site of collection, cr fish size. Results sup-
perted the expectation thet fsh inhabiting higbly contami-
nated freshwater regions during the growth seascn before
captire will not be able to significently reduce body burden
due to growth dilution. In some cases, otolith micrcanalysis
revealed that fish that shifted from coastal or brackish hebi-
tats to up-estuary freshwater habitats were likely to show
mgh PCB levels. However, the converse was nul always tue:
fish that shifted from freshwater to brackish marine hobitats
did not always reduce their PCB levels, again indicating the
possibility of a down-estuary source of PCBs. This rasuit
corresponids tc recent observaticas of relatively high mean
PCB levels in fish coliected in the New York Harbor region
(Skinner et al. 1995). For instance, in 1993, mean PCB leve!
for this region was 3.4 ppm (Slosr et al. 1998}, a level much
higher thar adjacent up-estuary regions, This level is in con-
trast with the overall pottert of down-estuary dilution of
. PCBs ard indicates other sources of PC3s in the Hudion
River estuary.

Untike commereial fishing in the Pudson River, recre-
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Fig. 8. Mean salinity history of the mosi recent growth season
versus total PCB bocy burden in striped bass by collection site.
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ationa! angling for striped bass has become an increasingly
important industry over the past decade. At present, the New
York State Department of Enviroumental Conservaion ai-
lows anglers possessicn of two fish of at leas: 71 cm total
length. High fishing effort by charter; party, and private ves-
sels as well as shore angling exists ip the Hudson River estu-
a-y and along both coasts of Long Island (B. Younz, New
York State Department of Environmental Conservation, East
Setauket, personal communication). Striped bass collected in
the upper estuary (2 Rkm 90) during the fall are likely to b2
csident fish that are highly contaminated. Fishing in the
upper estuary should continue 1o be restricied. In addition,
health wamings could be revised to refiect the increased
likelikcod of conizminated striped bass collecied in up-
estuary regions during fall. Fishing effont in the lower estu-
ary (Rkm 0-60; and Long Islard Sound predominantly tar-
gets fish that ere pan of a more highly migratory condngent.
Therefore, fish czptured ir these regions are less iikely 1o be
highly contaminatec.

Previous models of the long-term behavior of PCBs in
siriped bass were biased towards coastal hakbitat use in agult
striped bass and underrepresenied PCB burdens in the over-
all Hudson River pepulation. The fraction of ibe popalaion
that 15 resident (or spends parts of its life in the New York
Harbor region) is unknown and would be expected 10 vary
on an annual and generational time frame based on changes
in recruitrosnt and exploitation of the more migretory con-
tingents of the population. The bigh degree of variability and
unpredictability ia the spatial dynamics of the Hudson Rever
striped bas; prescribes more intensive monitoring of migra-
tion patterns and individual-based modeling approaches (Van
Winkle et al. 19¢3) to predict future rates of PCB loss.
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