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Abstract

Wild striped bass, Morone saxatilis, were collected from coastal waters and spawning areas to describe the
endocrine correlates of oocyte development in non-captive, migratory fish . The fish were classified according
to their most advanced oocytes . Serum levels of estradiol (E2), testosterone (T) and 17a-200-dihydroxy-
progesterone (DHP) were measured by radioimmunoassay (RIA) . Females in the primary growth phase and
early secondary growth phase (pre-vitellogenic) had low levels of plasma steroids, ovarian lipid content and
gonadosomatic indices (GSIs). Significant increases in E 2 , T, ovarian lipid content and GSIs occurred during
the vitellogenic phase. Maximum levels of all reproductive parameters were found in prespawning fish sam-
pled in the Hudson River . Mean levels of E2 , T, ovarian lipids and GSIs for these fish were 2 .0 ± 0.5 ng/ml,
3.0 ± 0.3 ng/ml, 24 ± 1 mg/g, and 5 .6 ± 0.3% (mean ± SEM), respectively . In fish induced to spawn
with human chorionic gonadotropin (HCG), DHP levels (1 .9 ± 0.4 ng/ml) were significantly elevated .
Similar levels were found in two fish captured during the-spawning season, suggesting that DHP may serve
as the maturation-inducing steroid in this species .

Introduction

The striped bass, M. saxatilis, romous
teleost indigenous to the Atlantic coast f North
America. Like many teleosts from temperate waters,
striped bass have an annual reproductive cycle with
group synchronous ovarian development (Specker
et al . 1987). The major part of oocyte growth occurs
between November and May, although the exact
timing varies (Merriman 1941 ; Jackson and Tiller
1952; Lewis 1962). The timing of spawning is re-
lated to latitude (Raney 1952 ; Nichols and Miller
1967). For instance, in the St . John's River of
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Florida, spawning may be initiated as early as
February, whereas in the St . Lawrence River of
Canada spawning does not begin until July (Setzler
et a!. 1980). The major spawning grounds on the
Atlantic coast are tributaries of the Chesapeake
Bay, the Hudson River and the Roanoke River in
North Carolina (Raney 1952) . Following spawning,
striped bass undertake a feeding migration to coast-
al waters (McLaren et a!. 1981) .

The endocrine control of reproductive events in
striped bass has received little attention . The objec-
tive of the present study was to describe the endo-
crine correlates of oocyte development in wild
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striped bass. This study is part of our overall effort
to assess the proportion of coastal migrants show-
ing evidence of sexual maturity . Although most
male striped bass spawn beginning in their third
year, females mature anywhere from 3- to 8-yrs of
age (see Specker et a! . 1987). In addition to this
inherent variation in the maturity status of the
females we sampled, the stock composition of
the coastal migrants changes with time (Fabrizio
1987a,b) .

Materials and methods

Sampling

The sample date, location, and method of capture
for the wild striped bass collected are shown on
Table 1 . Fish were stunned by a blow to the head
and blood was collected by caudal puncture into
nonheparinized syringes . Serum was separated by
centrifugation and stored at -20°C for later hor-
mone analysis . Body and gonad weights and fish
fork-length were recorded for each fish . Gonadoso-
matic indices (GSIs) were calculated as (gonad
weight/body weight) x 100 .
Striped bass sampled at the Verplanck Hatchery

(Designated H; Verplanck, New York) were in-
jected with human chorionic gonadotropin (HCG)
at a dose of 150 I.U ./kg body weight upon capture .
Blood samples were collected after mechanical
expulsion of the ova .

Histology

Ovarian tissue for histological analysis was re-
moved from the midlength of the ovary, fixed in
Bouin's solution, dehydrated in an ethanol series
and cleared in methyl salicylate prior to paraffin
infiltration and embedding . The tissue was sec-
tioned at 10 µm and stained with hematoxylin and
eosin. Tissues were stained with alcian blue and
metanil yellow to detect the presence of carbohy-
drates, specifically acid mucopolysaccharides, and
with mercuric bromphenol blue to detect proteins
(Humason 1979) .

Sections of ovarian tissue were photographed
using a Nikon S-U microscope equipped with a
M-35 camera. Micrograph slides were projected
onto a Scriptel glass digitizing tablet (Sigma Scan,
Jandel) and the diameters of at least 50 oocytes
which had been sectioned through the nucleus were
measured in order to record the maximum oocyte
diameter for each fish .

Oocytes were classified using criteria established
previously for striped bass (Groman 1982 ; Specker
et al. 1987). These criteria along with our new
observations are described under Results . Females
were categorized as immature if their ovaries con-
tained nothing more advanced than primary growth
(PG) oocytes. Females were classified as mature if
their ovaries contained oocytes in the secondary
growth phase as evidenced first by the appearance
of droplets in the ooplasm (early SG) and later by
the appearance of vesicles containing protein gran-
ules - secondary growth yolk granule stage or
vitellogenic (VTG) . Females were also considered
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Table I . Season, locatio and method of capture of striped bass sampled from 1986-1988 .

Sample designation Season Year Location Capture method

A
B

May-Jun .
Sep-Nov .

1986-88
1986-87

Rhode Island
Rhode Island

Floating pound net
Hook and line

C Nov . 1987 Hudson River Haul Seine
D Dec . 1986 Chesapeake Bay Gill net
E Feb. 1988 Long Island Sound Gill net
F Mar . 1988 Chesapeake Bay Gill net
G May 1986-87 Hudson River Haul Seine
H May 1986 Verplanck hatchery Gill net



mature if their oocytes were in the final maturation
(FM) or atretic (AT) stages .

Ovarian lipid content

Ovarian lipid levels were determined for fish in the
primary growth, early secondary growth and vitel-
logenic stages of development. Fragments of ovari-
an tissue (1 g) were removed from the midlength of
the ovary, minced with scissors and homogenized in
5 ml tap water with a Polytron tissue homogenizes
(force 6) . Lipids were then extracted in 10 ml ethyl
ether (Fisher, reagent grade) by vortexing at high
speed for 20 sec . The ether was decanted into previ-
ously weighed tubes (16 x 125 mm). The ether was
evaporated with air and the procedure following
homogenization was repeated twice . Lipid levels
were calculated as the final weight of the glass tubes
minus the pared weight . Values were expressed as
mg/g of ovary .

Radioimmunoassay

E2 , T and DHP were measured using the methods
of Kagawa et a! . (1981). Briefly, E 2 , T and DHP
were measured in sera by RIA following ether
extraction . Steroids were extracted from serum
(200 d) twice with ethyl ether (Fisher, reagent
grade), dried under a stream of nitrogen and resus-
pended in 200 µl phosphate buffer containing 10%
bovine serum albumin (Sigma Chemical Co ., St .
Louis) and 0 .1% sodium azide (assay buffer) . Ex-
traction efficiency as determined by recovery of

ted steroids extracted from plasma was at least
90% for all steroids .
Antisera to E2 and T were purchased from

Endocrine Sciences (Tarzana, California) and the
antisera to DHP was a gift from Dr . Y. Nagahama
(National Institute of Basic Biology, Japan). Ra-
diolabelled [2,4,6,7 H 3 (N)] E2 and [1,2,6,7, H 3
(N)] T were purchased from New England Nuclear
(Boston, Mass.) and radiolabelled 17a-hydroxy-
progesterone was purchased from Amersham Inter-
national (Arlington Heights, Ill .). DHP was pre-
pared from 17a-hydroxyprogesterone by enzymatic

conversion as described by Scott et a!. (1982) and
separated from the parent compound by thin layer
chromatography (Vanderkraak et a! . 1984). The
cross-reactivities of the E2 and T antibodies were
specified by the manufacturer. The antibody for E2
cross-reacted 1 .3% with estrone and 0 .6% with
estriol. Cross-reactivity of this antibody was less
than 0.1% with all other steroids tested . T antibody
cross-reacted 20% with dihydrotestosterone, 3 .6%
with delta-l-dihydrotestosterone and 52% with
delta-l-testosterone . These cross-reactivity esti-
mates were calculated at a level of 50% bound T .
The antibody to DHP cross-reacted 2 .5% with
17a-20/3-dihydroxy-5/i-pregnane-3-one ; cross-reac-
tivity was less than 1'o for all other steroids tested
(Young et a! . 1983) .

Parallelism was determined by measurements of
aliquots of different volumes of the same plasma
pools. A linear response which was parallel to the
standard curves was obtained over a range of 50-
200 d. Authentic steroids in three different concen-
trations were added to serum pools of known steroid
concentrations and recoveries >90% of the cold
spike were obtained for all three steroids . The sensi-
tivities of the standard curves, taken as the smallest
dose of standard which could be distinguished relia-
bly from the buffer blank with 95% confidence
limits, were 15, 30 and 30 pg/ml for E 2 , T, and
DHP, respectively . The precision of the assays
was determined by calculating the interassay and
intrassay coefficients of variation . The inter-assay
coefficient of variations for E 2 (n = 6), T (n = 8)
and DHP (n = 6) were 7, 12 and 13%, respectively .
The intra-assay coefficients of variations (n = 10
for all) were 3, 9 and 11%, respectively .

Statistics

The results are expressed as mean ± SEM, with the
number of samples (n) in parentheses . Differences
between means were tested by analysis of variance
followed by Tukey's HSD multiple comparison test
(Sokal and Rolf 1981). Significance was accepted
for all tests at p < 0 .05 .
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Results

Reproductive characteristics of the fish are summa-
rized by reproductive stage . Figure 1 shows photo-
micrographs of ovaries in each developmental stage .
Figures 2 and 3 show comparisons of serum levels
of E2 , T, and DHP, and ovarian lipids and
gonadosomatic indices of immature fish (PG) and
of mature fish in early secondary growth (SG),
vitellogenic (VTG), final maturation (FM) and
atretic (AT) stages. Figure 4 is a composite illustrat-
ing differences in reproductive parameters between
immature and mature fish at various times during
the reproductive cycle . It should be noted that these
data are from different years and from fish in
different locations . Table 2 indicates sample sizes,
body weight and length, gonad weight and the
maximum oocyte diameter of the females shown in
Figures 2-4 .

Oocyte histology : Classification of females

Figure 1 illustrates various stages of oocyte devel-
opment . Primary growth oocytes had a maxi-
mum diameter of 150 µm with uniformly staining
ooplasm (Fig. 1A). The ooplasm of the largest
primary growth oocytes stains less basophilically .
These primary growth oocytes are present in all
striped bass ovaries . Oocytes entering the secon-
dary growth phase were characterized by the pres-
ence of translucent spheres in the periphery of the
ooplasm. The smallest secondary growth oocytes
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were 120 µm, but most entered this phase at diam-
eters of about 150 µm (Fig . 1 B) . Oocytes in this pre-
vitellogenic secondary growth phase have been
referred to as early yolk vesicle or cortical alveoli
stage oocytes (Groman 1982 ; Speeker et al. 1987) .
However, in the striped bass, the contents of the
first spheres do not stain with alcian blue, thus they
are probably not true cortic

	

Ii . The contents
of these vesicles did not stain
appear to have been dissolved during fixation
embedding; thus, we suspect that the very first
spheres or vesicles contain lipid as in the related
bass, Dicentrarchus labrax (Mayer et al . 1988) .
These spheres increased in number and were scat-
tered throughout the ooplasm until the oocytes
attained diameters of approximately 300 µm
(Fig. l B, C).

Oocytes that stained positively with alcian blue,
suggesting the presence of vitellogenin, had diame-
ters that were greater than approximately 300 µm
(Fig. 1C). Oocytes which had entered the vitello-
genic stage of development, were also characterized
by the presence of yolk globules . These appeared as
spheres located initially around the periphery of the
ooplasm which stained with metanil yellow . As the
vitellogenic phase progressed (oocyte diameters

500 µm) these yolk globules were found through-
out the ooplasm, increased in size and finally fused
into large polygonal masses (Fig . ID) .

The highly developed oocytes sampled from fish
during the spawning season (oocyte diameters 0 .8-
1 .0 mm) were difficult to section in some cases, as
the ooplasm became brittle and porous during fixa-

Fig . 1 . Histological characteristics of striped bass ovaries in the reproductive phases identified in this report . The fish in panels A, B
and E were collected off Rhode Island in May and June; the fish in panel C was collected off Rhode Island in October ; and the fish
in panel D was collected on the spawning grounds of the Hudson River in May . Bar in lower left represents 100 µm in all panels .
(A) Ovarian section from an immature striped bass showing primary growth oocytes ranging in diameter from about 10 µm to 130 µm .
Several nucleoli (n) may be seen near the nuclear membrane in the most advanced primary growth oocytes . Note uniform staining of
ooplasm in all oocytes . Hematoxylin and eosin . (B) Ovarian section from a striped bass entering secondary growth . The ooplasm of
the single early secondary growth (SG) oocyte (160 µm) no longer stains uniformly due to the inclusion of putative lipid droplets (arrow) .
Note the ooplasm of the larger primary growth oocytes stains less basophilically than that of the smaller primary growth oocytes .
Hematoxylin and eosin . (C) Ovarian section from a striped bass entering viteliogenesis (cell is 300 jcm in diameter) . oocytes in this stage
contain larger translucent spheres than those in early secondary growth (arrow) . Also present in these oocytes are a second type of vesicle
(v) containing putative vitellogenin which stains positively with alcian blue . Alcian blue and metanil yellow . (D) Ovarian section from
a striped bass in a later vitellogenic phase (cells almost 500 µm in diameter) . oocytes in this stage contain yolk globules (g) which do
not incorporate alcian blue . Alcian blue and metanil yellow . (E) Ovarian section from a striped bass demonstrating atretic oocytes (AT) .
Note atretic oocytes do not contain yolk globules seen in vitellogenic oocytes . Hematoxylin and eosin .
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Fig . 2. Comparison of serum levels of estradiol (panel A),
testosterone (panel B) and dihydroxyprogesterone (panel C) in
female striped bass in various reproductive phases . Phases are :
Primary Growth (PG), early Secondary Growth (SG), Vitello-
genic (VT), Final Maturation (FM), and Atretic (AT). Means
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Fig . 3 . Comparison of gonadosomatic indices (panel A) and
ovarian lipid content (panel B) in female striped bass in various
reproductive phases . Phases are: Primary Growth (PG), early
Secondary Growth (SG), Vitellogenic (VTG), Final Maturation
(FM), and Atretic (AT) . Sampling locations are given in Table 1 .

with different symbols are significantly different from each
other (p < 0 .05) within reproductive stage . Sampling locations
are shown in Table 1 .
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Fig. 4 . Composite of seasonal changes in serum steroid levels in immature and mature striped bass sampled from various locations
(RI = Rhode Island ; HR = Hudson River ; CB = Chesapeake Bay; Ll = Long Island ; VH = Verplanck Hatchery). nd = not
detectable.

Table 2 . Characteristics of striped bass by reproductive stage and sample .
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Sample
and month

Stage Sample
number

Fork
length (mm)

Fish
wt . (kg)

Gonad
wt . (g)

Maximum oocyte
diameter (µm)

A : PG 51 469± 6 1 .4±0.1 6.6± 0.8 105± 2
May/Jun . SG 30 612 ± 22 3.7 ± 0 .5 32.6 ± 6 .2 201 ± 6

VTG 8 633 ± 26 3 .8 ± 0 .7 86.5 ± 16 405 ± 24
AT 17 684 ± 36 4.6 ± 0 .8 46.7 ± 11 .7

B : PG 5 533 ± 9 2.0 ± 0 .1 10 .1 ± 0 .61 114 ± 3
Sep/Nov . SG 19 624 ± 29 3 .4 ± 0 .7 29.0 ± 11 .8 188 ± 8

VTG 18 947 ± 44 12.8 ± 1 .4 391 ± 64 334 ± 30

C : PG 6 538 ± 26 2.1 ± 0 .3 7.9 ± 2 .7 140 ± 5
Nov . SG 5 634 ± 71 3 .9 ± 1 .4 47.7 ± 23 .3 255 ± 45

VTG 3 690 ± 31 4.6 ± 0 .6 54.8 ± 8 .5 360 ± 10

D : PG 12 373 ± 10 0.8 ± 0 .1 2.2 ± 0 .3 95 ± 3
Dec . SG 3 571 ± 16 2.3 ± 0 .6 36.2 ± 18 220 ± 8

VTG 8 551 ± 19 2.5 ± 0.3 41.7 ± 6 .5 360 ± 32

E : PG 11 519±29 1 .7±0.3 10.5± 3 .2 105± 5
Feb . SG 2 547, 554 1 .8, 2.0 10.4, 20.4 205, 215

VTG 1 619 2 .7 153 600

F :
Mar .

VTG 596 ± 30 3.3 ± 0 .7 162 ± 39 403 ± 16
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Table 1. Continued .

Data are shown as mean ± SEM .

tion. The resulting loss of histological details did
not permit distinction between oocytes in the termi-
nal stages of vitellogenesis and those in the final
maturation stage . Fish which had recently spawned
could be identified by the presence of atretic oocytes
(Fig. lE) . These oocytes were of ovulatory size
(1 .0 mm), but no nuclei were present in serial sec-
tions, indicating degradation had begun . These fol-
licles could be distinguished from those in the final
maturation stage of development which had under-
gone germinal vesicle breakdown, as the latter still
retained yolk globules and remnants of nuclear
material .

Immature females: Primary growth oocytes

Fish classified as immature were observed through-
out the year except on the spawning grounds during
the spawning season. Plasma levels of E2 and T
were low (< 100 pg) throughout the year . Immature
fish sampled in Maryland during December had
elevated levels of E2 (46 ± 5 pg/mi, n = 11) rela-
tive to fish sampled in Rhode Island waters during
the spring (26 ± 3 pg/ml, n = 51) or fall (20 ±
2 pg/ml, n = 5). No differences were found in T or
ovarian lipid levels between sampling dates or loca-
tions. Mean T and ovarian lipid levels were 68
11 pg/ml (n = 29) and 1 .0 ± 0.6 mg/g (n = 17),
respectively .

Maturing females: Secondary rowth oocytes

Early secondary growth (SG)
Fish with oocytes entering secondary growth phase

of development were also found during all sampling
periods . The reproductive parameters measured for
these fish were low throughout the year in all sam-
pling locations . Plasma E2 and T concentrations
and ovarian lipid content averaged 33 ± 6 pg/ml
(n = 19), 81 ± 14 pg/ml (n = 30) and 1 .5 ±
0.3 mg/g (n = 68), respectively . No differences
were found between these levels and those mea-
sured in immature fish at any sampling period .
However, the lipid content of ovaries from striped
bass caught off Rhode Island was on average three
times higher in those entering early secondary
growth compared to those still in primary growth
phase . Mean GSI was less than 1 .0% for all sam-
pling locations, except Maryland-December had a
mean GSI of 1 .2 ± 0.4% (n = 3) .

Vitellogenesis (VTG)
Striped bass sampled on the spawning grounds
during the spring months demonstrated the highest
degree of reproductive development . Plasma E 2
levels of striped bass sampled in the Hudson River
(May) and Maryland (March) averaged 2220 ± 318
pg/ml (p = 41) and 2037 ± 465 pg/ml (n = 6),
respectively. Statistical differences were observed
for E2 between these periods and all other same g
periods (364 t 83 pg/ml, n = 31) . Plasma E2 lev-
els measured in fish sampled at all locations except
Maryland-December were different from those
measured in fish with oocytes in primary growth
and early secondary growth phase . T production
paralleled that of E2 throughout the year . A mean
level of 2981 ± 272 pg/ml (n = 26) was recorded
for fish sampled on the Hudson River spawning
grounds during May. This level differed from levels

Sample
and month

Stage Sample
number

Fork
length (mm)

Fish
wt . (kg)

Gonad
wt. (g)

Maximum oocyte
diameter (µm)

G : VTG 41 690± 9 5.1 t 0 .2 317 t 20 810 t 54
May FM 2 680, 688 5 .0, 5 .1 509, 709

AT 3 706±64 4.9 t 1 .0 36 .8 (1)

H :
May

FM 11 827±28 6.9 t 0 .6 not measured 920 t 46



measured at all other locations (102 ± 14 pg/ml,
n = 17) . GSIs for vitellogenic fish were always
greater than 1 .0% and a maximum of 10 .2% was
recorded for one fish . Striped bass sampled on the
Hudson River spawning grounds had GSIs which
averaged 5 .6 ± 0.3% (n = 41) . Ovarian lipid levels
for fish in the vitellogenic phase were different in all
sampling periods from those in the primary growth
and early secondary growth phases . Ovarian lipid
levels from fish sampled during the spring months
in Rhode Island (22 ± 4 mg/g, n = 10) and from
the Hudson River spawning grounds (24 ± 1 mg/g,
n = 6) were different from those in Maryland in
December (11 ± 1 mg/g, n = 5) .

Final maturation (FM)
Striped bass sampled at the Verplanck Hatchery
following HCG injection had plasma E 2 , T and
DHP levels of 86 ± 11 pg/ml (n = 10), 61 ±
9 pg/ml (n = 10) and 1872 ± 352 pg/ml (n = 11),
respectively. DHP levels were low or nondetectable
in fish sampled in other developmental stages . Two
fish sampled in the Hudson River during the spawn-
ing season 1986 had DHP levels which were not
different from those sampled at the Verplanck
Hatchery. These fish were judged, a posteriors, to
be in the final maturation stage .

Summary of results

Immature s ri defined as those whose
oocytes had not progressed beyond the primary
growth phase . These fish had low plasma E2 and T
levels (<_ 100 pg/ml), GSIs (_< 1 .0%) and ovarian
lipid levels (~ 2 mg/g) (see Figs . 2 and 3) . No differ-
ences were found in plasma steroid hormone levels
or ovarian lipid content between immature fish and
those which had entered early secondary growth
phase. However, striped bass that had entered the
vitellogenic phase had elevated plasma E2, T, ovar-

lipid levels and GSIs . Maximum levels of all
reproductive characteristics were found in pre-
spawning fish sampled in the Hudson River . Mean
plasma levels of E2 and T, ovarian lipid levels and
GSIs for these fish were 2037 ± 465 pg/ml, 2981 t
272 pg/ml, 24 ± 1 mg/g, and 5.6 ± 0.3% respec-
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tively . Striped bass injected with HCG at the hatch-
ery, and thus judged to be in the final maturation
stage, had elevated plasma levels of DHP (1872 ±
352 pg/ml), whereas both plasma E 2 and T levels
were lower than in mature females caught in the
Hudson River in the same month .

Discussion

This study describes the endocrine changes which
occur during oocyte development in the female
striped bass . Mature striped bass sampled in coastal
waters soon after returning from their spawning
migration were undergoing gonadal recrudescence
by May. The ovaries contained oocytes which had
entered early secondary growth as indicated by
translucent inclusions in the ooplasm. Vitellogene-
sis was underway by November in the largest fe-
males. The transition into final maturation occurred
very close to the time of spawning . These aspects of
reproductive development in wild striped bass are
described and compared to reported changes occur-
ring in other teleost species . Histological aspects of
striped bass oocyte development closely resemble
those described for the bass, D. labrax (Mayer et al .
1988) .

Pre-vitellogenic females had low steroid levels,
GSIs and ovarian lipid levels . This is in agreement
with findings in other teleost species (Wingfield and
Crim 1977; Pankhurst and Conroy 1987) . Vitello-
genic females had elevated plasma E 2 levels . The
most advanced stages of vitellogenesis were ob-
served in fish sampled in the Hudson River during
the spawning season . However, striped bass with
well-developed vitellogenic oocytes were caught in
coastal Rhode Island waters during the fall and
spring months, including June. Since spawning
occurred during May, these fish either failed to
spawn that season or were preparing to spawn in a
location other than the major spawning areas . It
has been suggested that striped bass spawn in rivers
along the Atlantic coast other than those associated
with the major spawning areas (Raney 1952), in-
cluding n Canada (Leim and Scott
1968) .
Vitellogenesis was accompanied by increased
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plasma E2 levels as in other teleosts (Ng and Idler
1983 ; Sellman and Wallace 1986) . Striped bass sam-
pled in Rhode Island during November were of two
distinct sizes . Large fish (>12 kg) were sampled
from waters near Block Island, Rhode Island . Of
these 19 fish, 18 were in the vitellogenic stage of
development and one was only as far as early secon-
dary growth. The small fish (<5 kg) sampled at this
time of year closer to the shore were in primary
growth or early secondary growth phase . Greeley et
a!. (1987) have also observed an influence of fish
size on the timing of ovarian development in striped
mullet. Fish > 32 cm were found to enter vitellogen-
esis two months earlier than smaller fish in their
study .

The highest E2 levels observed in this study were
approximately 3 ng/ml and were observed in pre-
spawning fish . This is at the lower end of the spec-
trum of values reported for other species, but is
similar to plasma levels reported in the striped
mullet (Dindo and Macgregor 1981) and thee king
mackerel (Macgregor et a! . 1981) . E 2 levels reported
for various species show a wide range with maxi-
mum values of less than 1 ng/ml found in the
orange roughy, blue cod and bluefish (Macgregor
et a! . 1981 ; Pankhurst and Conroy 1987, 1988) to
over 50 ng/ml in some salmonid species such as
brook trout and rainbow trout (Scott et a! . 1983 ;
Tam et a!. 1986). This variation between species in
steroid concentrations may be due in part to differ-
ences in sampling procedure . The stress of capture
has been shown to decrease plasma levels of repro-
ductive steroids in the brown trout, Salmo trutta,
(Pickering et a! . 1987) and dogfish, Scyliorhinus
canicula (Jenkins and Dodd 1982) . Furthermore,
Safford and Thomas (1987) demonstrated that dif-
ferent methods of capture could influence gonadal
steroid levels to different degrees . One of us found
no statistical differences between plasma T levels of
male fish captured by haul seine or gill net during
a period of active steroidogenesis (Berlinsky 1989) .

T serves as a precursor for E 2 synthesis and may
also have additional unrelated functions in teleosts
(Scott et a! . 1984). T and E 2 levels typically fall
during the final maturation stage as the shift in
steroidogenesis favors the production of DHP
(Scott et a! . 1984; Pankhurst and Conroy 1987) .

The shift is believed to result from a gonadotropin
surge (Scott et a! . 1983). Striped bass also demon-
strate this sequential pattern of steroid hormone
synthesis. HCG-injected fish which had completed
final maturation and spawned had higher DHP and
lower E2 and T levels than fish in the advanced
stages of vitellogenesis . A similar hormone profile
was observed in two fish sampled on the Hudson
River spawning grounds during the spawning sea-
son . These fish were believed to be in the final
maturation stage based on steroid hormone pro-
files . The drop in T production does not appear to
be a prerequisite for final maturation however, since
Fitzpatrick et a! . (1986) found that T and 11-keto-
testosterone levels remained elevated throughout
the final maturation period in coho salmon .

DHP levels have been measured in captive striped
bass during the final maturation period (Thomas
1988), however, it remains unclear specifically how
far in advance of spawning DHP levels rise . Since
only 2 of 41 wild striped bass sampled during the
spawning season showed elevated DHP levels, it
appears the shift in steroidogenesis towards DHP
production occurred very close to the time of actual
spawning. Gonadotropin levels peak shortly before
spawning in many teleost species (Peter 1981 ;
Stacey et a! . 1984). Evidence suggests that the gona-
dotropin surge is required for the shift in steroido-
genesis necessary for DHP production (Scott et a!.
1983). More work is necessary to establish DHP as
important for final maturation in striped bass as it
is in some other teleosts (Nagahama and Adachi
1985 ; Nagahama 1987) .

In conclusion, the endocrine correlates of oocyte
development in this temperate species exhibiting
group synchronous ovarian development resemble
those of other temperate fishes . The striped bass
containing oocytes in primary growth and early
secondary growth phases had low levels of steroid
hormones and low GSIs . Plasma E2 levels were
elevated in vitellogenic fish and reached peak levels
during the prespawning period . During the peri-
ovulatory period plasma E2 levels declined as
steroid pathways shifted toward DHP production .
Thus, the most sensitive indicator for sexual matu-
rity in the female striped bass is the appearance of
the first inclusions, probably lipid droplets, in the



ooplasm of oocytes being recruited into secondary
growth. Fish in the vitellogenic phase and beyond
are equally distinguishable by oocyte histology,
plasma E2 levels, and GSI . Further work is needed
to determine the duration of each phase of oocyte
development and whether other gonadal steroids
play important roles .
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