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Effect of habitat use on PCB body byrden in
Hudson River striped bass (Morone

£

Erik R. ZJokoviU and David H. Secor

Abstract: The Hudson River commercial striped bass (Momie wuaa'to) fishery has been dosed since 1976 due to
high polychlorinawd biphsnyl (PCB) contamination. Accurate forecasting cf PCB levels in striped bass has been
confounded by high variance in co-.taminatior. among individuals, We investigated the relationship between habitat we
and PCB ccntanucatior. in Hudson River and Long blind Sound striped b»M using electron microanalysis of ctolitb
strontium ic generals time s«i«s of individual salinity habitation Mftlw with highly contaminated levels (mean PCB =
3.3 ppro) showed freshwater resident behavior, rarely experiencing salinities >5 ppt. Several individuals showed large
habitat shifts. Shifts from brackish or marine habitats t> freshwater habitats were often associated with high PCB
levels. A tlurd pattern was apparent in large females, where polyKaline/euhaltne salinity habitation was associated with
lower PCB levels. Total PCB body burdM was inversely correlated with mean salinity encountered daring the nosi
recent growth season prior to ctptvre. Fish with recent exposure to pclyhabnc salinities showed high varicbiluj in PCB
body burdens ('J.4-9.0 pprn). suggesting o local source ct PCB conttuninntion in the New Yorl< Harbor region.
U£suru« : La neche commercials, da bar nyi (Morattt xixc.iilis') (fens!'Hudson est intwdite iepyis 1975 en ndson d'une
forte coiitsrainatiori par Ics pslychlorobiphtnyles CPCB). La forte variance de la contamination entre individus a rendu
difficile i'itabli«e.rnent de provisions prici>«i> d«s r.iveaux cie PCB chsz les ban ray^s. Ncus a>-ons etudil la relaton ;ntrc
!'utilisation de 1'habitat et la contamination par les PCB chsz its bars rayfe de 1'Hadson ct de L~>r£ Islwd Sounc' au
moyen de k. raicroanalyse 41ecC;iaique du itror.ti'jTa des oto'.ithes pcur ge'nerer des series ten-iporelle,s de rfsiden&s des
individus dans des milieu* de salanitit diverses. Lea moles fonemtnt ^ntamines (concentration jr*oyenne oe PCB =
8.3 ppmj residtient en eau douce et eteien; rarernsn'. exposes 4 des sslinitts sopfirieures a 5 paniei par rcillier. Plusieurs
inili\-:ub; cm uuiili^ U'ii;.pca<iii^ chsiigeinents c"liabitai Les piisagjj dcs habitat'. sairnStrci o. mar.ai iux hatitau
dulclcclJB itaient souvent ^ssocils J des hiveaux £!ev& dt PCB. Un« troisi>.i!* situation a ttt observe dans Is csi des
gioiies femclles. cfcz leiLjuelles !t ^jour dans 1» condi^ons polyh^Lne: on tuhalinri l&t associf avec dti r.iveaux pins
bos de PCB. Lt. sharg: corporelle totale de PCB itait c'.-nCi6e n6ja'.:»ement avec la saJirjli moyennc a laqjelle Ics
poissons etaient exposis durant la plus rfctnte ssiscr de croUsanct avant la capture Les poissons rfoenunent exposes a
des conditions polyhalinw ont motitii u« forte vari'.btlite d« leurs charges corporeUss de PCB O,4-9,0 ppm), ce qui
laissc peiise: qu'il exiiie uae towcc Iccaie dc containinativn pa:' Irs PCS dans la rigiori du pan de New York
[Traduit par la R£dactiori]

Introduction
The. Hudson River commercial striped bass (Moryne soxo-

tills'i fishery has been closed since 1976 due to high levels of
polychloi'iiiated biphenyl (PCB) contamination (Brown et al,
1985; Lirr.burg 1986). The mean PCB bod} burden in Hue-
son River striped bass continues to exceed the current U.S.
Food and Drug Administration action limit of 2.0 ppm
(Bush et al. 1989: Fabrizio « al. 1991). PCB contamination
has resulted in an estimated annual loss of US$0.75-3.7 mil-
lion to New York recreational and commercial striped bass
fisheries (Kahn and Buerger 1994). In addition, recreational
sniped bass Ssheri Lave been issued annual fish consump-
tion health advisories since 19*6 (SIcan et al. 1936).
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A total cf 2.7 x 10s kg cf PCBs was discharged into the
Hudson River estuary from about 1947 to 1987 (Thomann et
al, 1991). The majority of PCB contamination to ihs Hudson
River estuary resulted from a solvent washing process at the
General Electric Corporation capacitor facility above the
Troy Dare (tiver kilometre (Rtai) 246) (Bush et ai. 19&6).
High levels of PCBs Onean 18.1 ppm total PCBs) weie
found in the edible flesh of the striped bass in 1978 (Horn
and Sloan 1985; Bush et al. 1989). As a coadiricn of the
1975 Settlement Agreement signed by General Electric Cor-
poration and the Nev York State Department cf Environ-
mental Conservation; discharge of PCBs from tire General
Electri; Corporation capacitor manufacairirg plant was ter-
minated in June 1977 (Helling et al. 1978; Armstrong and
Sloan 1988). PCB corcectrations in striped bass initially de-
clined wi:h the BigniScant reduction in upstream loadings.
However, concentrations through the 1980s showed littb de-
dine and have persisted above levels considered unsafe for
human consumption (Sloan et si 1995}.

Higli-d?scharge events and dredging projects in the uy-
estuary region have exacerhated cnrrtainination ihrnughojt
the Hudson River by reintroducing buried contaminants.
This has resulted in a PCB gradient within the biota tdat is
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I. Sample of spring- and fall-collected Hndjon River striped bass.

H
H

to
•J
10

n

Females
"Hot" (il .8 ppm PCBs)
2Rkm90 <Rkm90

"Cold" «1.8 ppm PCBs)
> Rkm 90 <Kkm90

Fall (AogMt-IVecrober, n
Total PCB (ppm)
R

Total length (cm)
Weight (£)
Age (years)
Lipid (%)

Total PCB (ppm)
n
Tola! length (cm)
Weiglrt (g)
Age (years)
Lipid (%)

7.6*0.68
3

872.67+53.48
74/6.671969.64

1133*1.67
4.981:1.01

4.88*1.00
3

664.33±58.67
3206.67*719.48

6.3310.88
6.34*0.66

3.54*0.59
9

7ll.89i42.78
41 38.89*686.77

8.00U.U3
5.12x0.64

0

0

Spring
l.07±0.0<>

10
7*7.8*26. 1/

5926.9*701.76
7.8*0.55

4.5()±0.37

0.49*0.08
13

641.08±47.27
3080.77t7Z1.92

6.15*1.10
3.77*0.54

(April-Juue, m =
1.0340.17

5
682175.37

4262.8*1806.09
6.6*1.36

5.8421109

Males
"Hot" fel.8 ppm
> Ktm 90

-47)
it 34+1 10

8
588.25+22.25

2093.75±299.3I
7.63*0.82
341+0.76

41)
6.7JU.I.1I

10
6 i 7.7*1 7 54
2740*219.63

8.5*1.14
6.33±1.08

PCBs)
<«km 90

4.64*0.80
8

700*35.27
4031.25±726.82

9.13*0.93
5.41*1.45

2.51^0.01
2

58} 0+62.0
2650.0±4500

6.5+1.5
7.08+1.42

"Cofd"<cl.8ppmPCBs)
>Rkm90

0

0.86±0.09
6

639.17+35.0
3000.0*480.64

5.67*0.76
5.5610.65

<Rkm90

0.51+0.04
6

561.67*41.23
2295*616.76
4.33*0.33
5.82*0.52

0.731 2*0.03
5

6IO.Ot2i.48
2528.0*32432

5.00*0.32
5.49+0.93

5-o

o
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O
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Fig. I. Tots! wet PCEs in an examined sample of Hudson River
striped bass. The modeled iognoma! distribution is presented b>
the curve.
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Sagittal otoLihs were removed froir. sniped bass carcasses that
had been sampled previously for PCB analysis. Oiolhh* were
cleaned with' IWfc bleach solution and embedded in Spurr low-
viscosity resin. QtoHihs were sectioned transversely (sections were
ab'jut 1 nun thick) through the otolith cores using a low-speed dia-
mond meta?!urjic*' wafering saw. Sections were mounted on glass
slides, polished initially with wet 600-giit sandpaper 10 remove
major marks and scrat:hes, and ther. polished in & slurry of 0.3-jim
alumina until their surfaces were free ot pits and abrasions. 'Ms
polishing method was used to minimize artifacts in microprobe
analysis (Kalish 1990X Finally, sections were rinsed with de-
ionized water *ud placed in an ultrasonic cleaner to remove any
residue resulting from rhe polishing procedure.

Annul! in striped bass otolithi have been verified to form &t ar.
annual rate, and precision in age determination was estimated to
exceed 95% (Secor et al. 1995(3). Each annalus comprised a nar-
row opaque zone and a wide translucent sent when viewed undei
transmitted light irjcroseopy. Ajinuli v»erc counted once fcr each
fish under light microscopy (magnification 60 or i50x) along the
sulcal ridge in transverse sections by a single reader.

Electron prose otolith microanalyns of Sr end Ca was per-
formed by X-ray wavelength dispersive spsctrometry using a JEOL
JXA-840A microprobe (Center for Microanalysis, Un-.versiiv of
Maryland, College Park, Md.). Measurement of atomic weights cf
Sr and Ca was standardised using strontijuiite (SrC03) and calcite
(CaCOj) standards (Secor 1992). We routinely used iwu transects
per otolith, spacing each point of measurement 25 M in apart for the
initial transect, which ran from the first to fifth annulus. Tbe sec-
ond transect traversed narrower anndi corresponding to older ages;
spacing between points; was set at 13 is.ni. Each point was about
5 fj m in diameter. To redace error bstweeo maefcine runs, Sr was
expressed as a ratio, SnCa, Backsetitter electron micrographs for
each analyzed otolith showed series of low relative atonic mass
(dart;) zones that corresponded to the optically opaque zcnes of
annulL Each .S-jim measured "poini" was visible in el&stron micro-
graphs. These points were related to the distance from succeeding
opaque zones. Points directly within an opaque zone were consid-
ered (o represent tarty spring, prior to spawning (Secor el al.
19950), and were thus the last points associated with a given year
of life. Points immediately 'uixesdinj the opaque zcne were con-
sidered to form just after the spawning season and represent the
first part of a givc;i year uf life (i.e, spring). Feints between

opaque zor.es were assumed to sample age in linear proportion. For
example, if four points were measured from armulus 7 to 8. then
points were assigned ages 7.0, 7.25, 7.50. &cd 7.7S.

Time series data of SrrCa were compiled tor each striped bass.
Based on laboratory end field experiments, Stcor et al. (1995£) de-
veloped a logistic relationship between salinity and otolith S:;Ca:

Salinity habitation (ppt) - <J0.302
(1 + 56.337 e-»«.3iO{Sr/Ci)).i; # a 0.94, n = 54.

This mode! was used to convert SrCa values to salinity chronolo-
gies. Salinity habitation estimated die salinity inhabited for the pe-
riod of time represented by each Sr:Ca datum. Residuals from the
logistic model indicated dial Sr;Ca typically predicted salinity hab-
itation with, a precision error of less than ±6 ppt.

Meac salinities of the most recent growth season, the last tv,o
growth seasons, and the last ttree growth seasons were used as
measures of recent hcbitat use. These variables were regressed
against PCB level and contrasted using sequential sums of squares
The most recent growth season's habita: history explaiiud most
variance in FCB level, and this response was used to test season,
sex, and site effects To conduct a nested analysis of variance
(ANOVA), fish were sampled across M&MMM (fall-winter verses
spring), sexes (males versus females), PCB levels (<1.8 versus
21.8 ppm), and zone (<Rkm 90 versus SRkm 90). Fish analyzed
from New York City Harbor, Long Island Sound, and the south
shore of Long Island were only eoliec-red in fall ani thus were ex-
cluded from the nested ANOVA. This reduced sample size from 88
to 63. The nested design directed the ANOVA to occur h
hicrarclul cider a! fo.u level*:

where fy^ is the salinity experienced by an individual during its
iast growth season, u. is the overall mean, >, is the effect of the ith
season, p^0 is the effect of toe jth MX, VK# is ths effect of the *th
zone, OM/f> ii fee effect cf the Xtli PCB level, one ^jioja is the rtr-
dem error component.

Statistical significance for factors was accepted at a = 0.05
(type I sum of squares for type I error). An<»lysis of covarience was
also performed to e\i,rajne the effects of season, sex, and she on
the relationship between total PCB bo<Jy burden and recent salinity
history. Ste categories were Troy/Caskill/Poughkeepsie (>Rfcm 90),
Haverstraw/Tapparzee (SKkra 20, <Rkm 90), Manbattan'NYC
K'trbar (<Ricir, 20}, and Long Wand (coastal;. The response vari-
able was lojto ti^ansformed tc normalize r«sirfu.',h.

ResuKs
Salinity chronologies from individual striped bass showed

three distinct migratory behaviors. All fish captured during
fall and winter in the upper estuary ia the vicinity of the
Troy Dam had high PCB levels. Fish we:* predominately
resident, inhabiting salinities of 5 ppt or less throughout
most of their lives (Fig. 3). A single female (PCB =
7.3 ppm) sampled from this region during fall also exhibited
resident behavior. Resident behaviors associated with high
PCB coatamication also occurred for spring-collected males
ar.d females but were less dependent on site of collection. In
some individuals, salinity chronologies indicated a habitat
shift from either low to high or high 10 low salintry (Fig. 4).
One individual captured in the Troy region (Rkm 246) with
a PCB level of 10.5 pprr. used mesohaline habitats ejrly ir
life and then suddenly shifted to freshwater/cligobaiine habi-
tats. Alternatively, an individual with low PCB body burden
(0.4 ppm) inhabited freshwater for its lirst two growth sea-
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Fig. 2. Collection sites (triangle*) in thf Hudson River estuary.

250 T

210'-

170 ••

130 *

90 •-•

50 t-

10 --

River km

Troy Dam

Catskil!

Poughkeepsie

Tappan Zee

Manhattan

NYC Harbor

sons and then emigrated to marine or polyhelina habitats for
the rest of its life. Shifts from low to high saLnity were not
always associated with low PCB body burdens. A Long Is-
land captured fish with a relatively high PCB body burdea
(2.7 ppm) inhabited fresbwater/oligohaline habitats early in
Life and then shifted to polyhaline/euhaline regions for most
of the remainder of its lifetime (Fig, 4). A third pattern in mi-
gration was annual cycles from brackisft to marine hab'itats.
indicating possible spawning migrations (Secar and Piccol:
1996). Two such migrating females showed strong cyclic be-
havior (Fi£. 5); the female with higher PCB body burden
(7.2 ppm) inhabited lower salinity waters over i& lifetime.

Salinity records for each individual were used to compute
lifetime means, an overall index of an individual's past habi-
tat use. Frequency distributions of lifetime salinities showed
that fish classified as cold (<1.8 ppm) tendeci 1C grow in

Atlantic Ocean
mesoheline/polyhaline environments (Fig. 6). Individuals
classified as hoi (21.8 ppm) ana highly contaminated
(24 ppm; tended to use predominately freshwater and
oKgohaline environments thicaghout their lives.

Salinity history over the most recent growth season ex-
plained slightly mote variance in PCB level than other mea-
sures of recent habitat use and was used as an index of
recent habitat history (Fig. 7). The PCB classification effect
on recent habitat history was highly significant, explaining
22% of model variance. There was a significant, albeit
highly variable, effect of total length (p m 0.03) on recent sa-
linity hittory. Therefore, tola* length was included in ths
ANOVA as a covariats ANOVA showed significant effects
due to all factors except season {Table 2). Therefore, the
nested analysis showed that PCB level was significantly in-
fluenced by recent habit bistcry regardless of effects due to

e 1999 NRC Cuiuiife
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FSg- 3. Repressntative iinae series of salinity habitation for residint stripec bass. Salinity habitation was determined based ori
mictoaralysis of SrrCa. Tot3> POB hr/ly burdens (wet weight based) are indicated. Total PCB body burden was determined through the
Aroclor method on a single fillet with skin on and sesles removed (muscle tissue).

— Male, PCB = 13.6 ppm
...... Male, PCB = 9.4 ppm
— Male, PCB = 8.S ppm

12 15
Age (years)

Fig, 4. Reptesentative tine series of salinity habitation of striped bass showing habitat shift-!. Salinity habitation was determined bassc
on microanalysis of Sr:Ca. Total PCB body burdens (wet weight based; are indicated.

-— Long Islanc, Female, PCS * 2,7 ppm
•-• NYC Harbor, Male, PCB » 0.4 ppm

40 I-

2 4 6
Age (yea^s)

8 10

Troy Dam.Mala, PCB=10 5 ppm

3 6
Aga (years)

size, sex, or rite of collection. Site of collection explained
most variance (36%); where fish are collected was largely
influenced by where they had recently occurred.

PCB body burden was strongly and inversely related to re-
cent salinity history (r « -0.71, p < 0.001). Taera was no
significant effect of season on the relationship between re-
cent salinity history &nd total PCBs (Kg. 7). In an ANOVA
using salinity history as a awariate, sex did not significantly
affect total PCBs (p < 0.42). Similarly, no season effect was
observed on the relationship between recent habitat history
and total PCBs (p > 0.32} (Mgs 7 and 8.1. Site did signifi-
cantly influence the relationship between total PCBs and re-
cer.t habitat history (p = 0.05). The site effect was due :o 5sh
collected in the upper Hudson River estuary (>Ukm 90),

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

Discussion
A previous model of PCB contamination in Hudson River

striped bass (Thomarm et al. 1991) assumed that the entire
population of striped bass began emigrating into coastal en-
vironments following sexual maturity. However, salirjty chron-
ologies determined for stripes bass collected during 1994-
1995 corroborate recent findings (Secor and Piccoli 1996),
which indicaisd that Hudson River striped bass migratory
behavior is highly variable. We observed a resident contin-
gent of fish, predominately males, in the upper Hudson

* 1999 NKC Canada
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Fig. S. Representative time series rrf salinity babitaiicc of female striped bass shoeing anadromousinitiatory behavior. Salmi!)
habitation ivas determined based on microanalysis of Sr:Ca. TOM) PCB body burdens (wet weigh) based) are indicated.
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Fig. 6, Frequency his;ograni of lifetitr.s salinity habitation fo:
"cold" (<].8 ppm PCtfs). "hot" (£1.8 ppn PCBs), and highly
contaminated (&4 ppiu PCBs) Hudson River striped bass.
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0 S 10 15 20 25 30
Mean lifetime salinity habitation (ppt)

River estuary tha: vere apparently susceptible to l;ig)i PCB
contamination. This trend is suppor.ed by the close proxim-
ity of th:s contingent to fhs most highly contaminated sedi-

4 6 8 10 12 14 16
Age (years)

Fig. 7. Mean salinity history of the most recent growth season
versus iota! PCB bw>> burden in striped bass by seescn and sex.
The coefficient of deterrainstion tor a power function is
indicated.

•££2 2"
TFCB-21.04 {rwerrttallnit/histoiy) ;r e0.51;n=88

10 20 30
Recent salinity history (ppt)

40

merits in the Hudson River estuary. Important, forage fish for

striped bi-ss, blueback herring (Aioia oesuvalis,} ana ale wife
(Aln.vi psfudohai-engus) congregate belcw Troy Dam and
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Table 2. Nested ANOVA of season, sex site cf collection, and !«vel
o:' PCB sootamination effrcts on recent salinity history (« = 63).

Fig. 8. Mean salinity history of the raos: retail I growth season
versus total PCB boc> burden to striped bas> hy collection site.

Variable
Covariate

Total length
Class variable.

Seasoi
Sex (season)
Site (season-sex)
PCB (season-scx-sitc)

df

1

1
2
4
6

Sum of
squares

336.1

394,6
155.9
790.S
487.7

Significance
level (p)

0.002

0.001
0.11
0.001
0.04

Note: Sniped buss total length was cssd ai £ covariate In the analysis.
Season levels were fall uid spring, titt levels were jRlcm 90 end <Rlrm
90. and PCB levels were <!.? and 21.8 ppm. ftcm ia parenihssts
indicate the nesting procsfiure. foe example, PCB (season-sex-site! refers
It variance exDlainei by PCB level n««eri within combinations of teatos.
sex, and site.

may play a rcle in the resident behavior of striped buss ana
their hi^h contaminant levels (K. Hattala. New York State
Department of Environmental Conservation, New Paltz, N.Y.,
personal corrniurtication). Slcan and Armstrong (1988) re-
ported total PCB levels ot 2-5 ppm for these species from
1980 collections.

In our application of otolith mieroarmlysis, we assumed
rhat Sr ir striped bass otoliths was reflective of -.vhere the
fish lives. This assumption is based on laboratory' and field
srjdies (Secor et ai. 19956; that showed a strong positive
relationship between salinity and SnCa in striped bass oto-
liths. Ws have a!so assumed iliai otulUb microanaiysis pro-
portionately sampled all seasons. For instance, otclith growth
probably slows or ceases during the midwinter months. There-
fore, we are nx sampling each season equally. Nevertheless
because PCB uptake is expected to occur primarily in grow-
ing fish, we believe that otolith microanaiysis serves as t
useful measure of habitat liislury in contaminant studies

Recent habitat use was a strong deterarinant 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 effects due
to season, sex, site of collection, or fish size. Results sup-
petted the expectation diet £sh inhabiting highly contami-
nated freshwater regions during the growth season before
capture will not be able to significantly reduce tody burden
due to growth dilution. In some cases, otolith micrcaaalysis
revealed that fish that shifted from coastal 01 brackish hebi-
tats to up-esruary freshwater habitats were litely to show
iugh PCB levels. However, the converse was not always true:
fish thac shifted front freshwater to brackish marine habitats
did not always reduce their PCB level?, again indicating the
possibility of a down-estuary source of PCBs. This result
corresponds to recent observations of relatively high mean
PCB levels in fisb collected in the New York Harbor region
(Sidnner et al. 1995). Fot instance, in 1993, mean PCB level
for this region was 3.4 ppm (Sloar. et al. 1995), a level much
hifiher than adjacent up-estuary regions. This level is in con-
trait with the overall pattern of down-estuary dilution of
PCBs ar.d indicates other sources of PC3& in the Hudson
River estuary.

Unlrk: commercial f:sh:ng in the Hudson River, recre-

| -5- Troy/CWklll/Pouflhteepsto

o Harverstratf/Tappsnzee
<> Maniattan/New York City Hsrto-

I x Icr.j Island (Ccastai)

1C 20 30

Recent sa!!ri!ty history (ppt)

4C

ationfJ angling for striped bass has become ar increasingly
important industry over the pastdesade. At present, the New
York State Department of Envirorxmeata! Conservadon al-
lows anglers possession of two fish of at leas1. 71 cm total
length. High fishing effort by charts;, party, and private ves-
sels as well as shore angling exists in the Hudson River estu-
ary and along both coasts of Long Island (B. Young, New
York Stats Department of Environmental Conservation, East
Sitauket, personal communication) Striped bass collected in
the upper estuary (2 Rkm 90) during the fall are likely to be
resident fish that are highly contaminated. F:siikig in the
upper estuary should continue to be restricted In addition,
health warnings could be revised to reflect the increased
likelihood of contaminated striped bass collected in up-
estuary regions during fall. Fishing effort in the lower estu-
ary (Rkm 0-60) and Long Island Sound predominantly tar-
gets fish '.hat are part of a more highly migratory contingent.
Therefore, fish captured ir these regions are less likely tc be
highly contaminated.

Previous models of the long-term behavior of PCBs in
striped bass were biased towards coastal habitat use in adult
striped bass and underrepresented PCB burdens in the over-
all Hudson River population. The fraction of ide population
that ;* resident (or spends pans of its life in the New York
Harbor region; is unknown and would be expected to vary
on an annual and generational time frame based on changes
in recruitrnem and exploitation of the more migrttory con-
tingents of the population. The high degree of variability and
unpredictability in the spatia! dynamics of toe Hudson &ver
striped bass prescribes more intensive monitoring of migra-
tion patterns ana individual-based modeling approaches (Van
Winkle et al. 19S3) to predict future rates of PCB loss.
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