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PREFACE

This species profile is one of a series on coastal aquatic organisms,
principally fish, of sport, commercial, or ecological importance. The profiles
are designed to provide coastal managers, engineers, and biologists with a brief
comprehensive sketch of the biological characteristics and environmental require-
ments of the species and to describe how populations of the species may be
expected to react to environmental changes caused by coastal development, Fach
profile has sections on taxonomy, life history, ecological role, environmental
requirements, and economic importance, if applicable. A three-ring hinder is
used for this serjes so that new profiles can be added as they are prepared.
This project is jointly planned and financed by the U.S. Army Corps of Engineers
and the U.S. Fish and Wildlife Service.

A Habitat Suitability Index (HSI) model has been completed by the U.S. Fish
and Wildlife Service for the striped bass. HSI models are designed to provide a
numerical index of the relative value of a given site as fish or wildlife
nabitat.

Suggestions or questions regarding this report should be directed to:

Information Transfer Specialist
National Coastal Ecosystems Team
U.S. Fish and WildTife Service
NASA-STidel1l Computer Complex
1010 Gause Boulevard

Slidell, LA 70458

or

U.S. Army Engineer Waterways Experiment Station
Attention: WESER

Post Office Box 631

Vicksburg, 1S 39180

This series should be referenced as follows:

U.S. Fish and Wildlife Service. 1983, Species profiles: 1life histories and
environmental requirements of coastal fishes and invertebrates. U.S. Fish
and Wildlife Service, Division of Biological Services, FWS/0BS-82/11.
U.S. Army Corps of Engineers, TR EL-82-4.

This profile should be cited as follows:

Fay, C.W., R.J. Neves, and G.B. Pardue. 1983. Species profiles: 1life histories
and environmental requirements of coastal fishes and invertebrates (Mid-
Atlantic) -- striped bass. U.S. Fish and Wildlife Service, Division of
Biological Services, FWS/0BS-82/11.8. J.S. Army Corps of Engineers,
TR EL-82-4. 36 pp.
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Figure 1.

STRIPED BASS

NOMENCLATURE/TAXONOMY/RANGE

Scientific name........ Morone saxatilis

Preferred common name. .. Striped
bass (Figure 1)

Other common names . Striper,
rock, rockfish, greenhead, squid-
hound, linesider, roller (Westin and
Rogers 1978)

Class. ..., Osteichthyes

Order........ciiiiiiin... Perciformes

Family.................. Percichthyidae

Geographic range: Atlantic coast from
the St. Lawrence River, Canada
(Magnin and Beaulieu 1967), west
to Montreal (Vladykov and McAIl-
lister 1961), and south to the St.

Striped bass.

Johns River, Florida (McLane
1955). Gulf of Mexico from west
Florida coast to Louisiana (Mcll-

wain 1968). Introduced to North
American Pacific coast in 1879,
now extending from British
Columbia south to Ensenada,
Mexico (Forrester et al. 1972).
Introduced into waters of the
Soviet Union (Doroshev 1970),
France and Portugal (Setzler et
al. 1980). Landlocked form has

been introduced successfully into
many freshwater impoundments in
North America (see Figure 2 for
map of mid-Atlantic distribution
of striped bass).
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Figure 2. Mid-Atlantic distribution of striped bass.
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MORPHOLOGY/IDENTIFICATION AIDS

The majority of this information
is taken from Hardy (1578), as sum-
marized in Setzler et al. (1980). For
further information, the reader is re-
ferred to summaries by Westin and
Rogers (1978) and Smith and Wells
(1977).

Body elongate, moderately com-
pressed. Color: dorsally, light green
to olive, steel blue, brown to almost
black; laterally, silver with 7-8 dark,
longitudinal, continuous stripes, one
of which always follows the Ilateral
line, and three of which are below the
lateral line; ventrally, white to silver
with brassy iridescence. Two dorsal
fins present, one spiny and one soft,
separated at the base and approxi-
mately equal in length. Two spines
present on posterior edge of opercu-
lum. Teeth at base of tongue in two
distinct parallel patches. Maxillary
extending nearly to middle of orbit,
lower jaw projecting.

Meristic characters: First dorsal
fin spines 8-10, wusually 9; second
dorsal fin rays 9-14 (10-14 in Chesa-
peake Bay), usually 12; anal fin rays
7-13 (9-12 in Chesapeake Bay), usu-
ally 11; anal spines 3, increasing
stepwise in length. Scales ctenoid,
50-72 along lateral Iline (53-65 in
Chesapeake Bay). Vertebrae 24-25,
usually 25. Gillrakers on first arch
19-29 (21-27 in Chesapeake Bay).

Proportions as times in standard
length; greatest depth, 3.45-4.20;
average depth at caudal peduncle,
9.6; head length, 2.9-3.25. Propor-
tions as times in head length; eye,
3.0-4.9; longest dorsal spine, 2.3;
second anal spine, 5.0-6.0; maxillary,
2.5 (Hardy 1978).

REASON FOR INCLUSION IN SERIES

The striped bass is a major fish-
ery resource of both recreational and
commercial importance. It has a wide
natural range and thrives in many
freshwater, estuarine, and marine
habitats. The striped bass can be
considered a ‘generalist” in many
respects and tolerant of a variety of
environmental conditions. However,
certain critical life stages and physio-
logical activities of the striped bass
are strongly influenced by environ-
mental factors, which act to limit sur-
vival and abundance of the species
(Bain and Bain 1982a).

The mid-Atlantic coast is particu-
larly important for striped bass,
because most of the major Atlantic
coast spawning grounds and an exten-
sive recreational fishery occur within
the region.

LIFE HISTORY

Reproductive Physiology/Strategy

Striped bass are heterosexual,
though hermaphroditism has been
reported (Schultz 1931; Morgan and
Gerlach 1950; Westin 1978). Females
grow larger than males, and most
striped bass over 13.6 kg (30.0 Ib)
are females (Bigelow and Schroeder
1953).

Most male bass mature during
their second year, and all are mature
by age three. Most females mature
during their fourth (Delaware and
Potomac Rivers, Upper Chesapeake
Bay) or fifth (Connecticut and Hudson
Rivers) year, and all are mature by
their sixth year (Pearson 1938; Bason
1971; Texas Instruments, Inc. 1975a;
Wilson et al. 1976).

Striped bass are polygamous and
egg fertilization is external (Setzler et
al. 1980). Fecundity of striped bass is



highly correlated with weight, length,
and age (Westin and Rogers 1978).
Documented total fecundity estimates
range from 15,000 eggs in a 46-cm
(18.1-inch} fish (Mansueti and Hollis
1963) to 40,507,500 in a 13-year-oid,
14.5-kg (32.0-1b) fish (Jackson and
Tiller 1952). Mean fecundity estimates
(or ranges) for representative ages of

Table 1. Mean fecundities
representative spawning ages,
areas.

(or range if mean unavailable)

striped bass from several mid-Atlantic
areas are given in Table 1. Not all
ova present in a female will mature in
1 year. Generally, 10% to 30% of the
ova of a female striped bass mature in
a season, particularly in larger, older
bass (Jackson and Tiller 1952; Lewis
and Bonner 1963).

of striped bass of

lengths,

and weights,

from various mid-Atlantic

Age Thousands of

Weight

Length

Location (yrs) mature ova (kg) (cmFL) 2 Source
Hudson 6 451 - 55.1 Texas Instruments,
River Inc. (1973)
Hudson 8 1,548 - 80.9 Texas Instruments,
River Inc. (1973)
Hudson 10 1,841 - 88.9 Texas Instruments,
River Inc. (1973)
Chesapeake 4 68 2.0 51.2 Jackson and Tiller
Bay (1952)
Chesapeake 6 856 5.9 71.3 Jackson and Tiller
Bay (1952)
Chesapeake 8 1,682 7.2 83.0 Jackson and Tiller
Bay (1952)
Chesapeake 10 2,510 9.7 92.1 Jackson and Tiller
Bay (1952)
Potomac 12-14 3,257-4,864 20.1-25.6 108.7-115.6 Hollis (1967)
River
Roanoke 4 320 1.8-2.2 50.8-53.1 Lewis and Bonner
River (1966)
Roanoke 6 454 2.7-3.1 55.9-58.2 Lewis and Bonner
River (1966)
Roanoke 10 1,090 6.4-6.8 71.1-73.4 Lewis and Bonner
River (1966)
Offshore, 8 1,073 7.3-8.8 80-84 Holland and
N. Carolina Yelverton (1973)
Offshore, 9 2,100 7.7-13.6 82-98 Holland and
N. Carolina Yelverton (1973)
Offshore, 10 2,922 9.0-19.0 89.2-109.0 Holland and
N. Carolina Yelverton (1973)
Offshore, 1N 2,928 12.2-12.7 95.0-98.7 Holland and

N. Carolina

Yelverton {1973)

3L = fork length.

(



Linear relationships are available
for the Roanoke River, North Carolina
(Lewis and Bonner 1966), and Hudson
River, New York (Texas instruments,
Inc. 1973), that predict the number of
mature ova in a striped bass from its
weight. Similar  relationships are
available for fecundity based on body
weight, length, and age of striped
bass off the North Carolina coast
(Holland and Yelverton 1973).

Spawning

Striped bass are anadromous,
spawning once a year in fresh or
nearly fresh water. Along the Atlantic
coast, the spawning. period ranges
from mid-February in Florida to June
and July in the Gulf of St. Lawrence
(Bigelow and Schroeder 1953; Barku-
loo 1970). Table 2 gives spawning
seasons and peaks for some of the
major striped bass spawning areas of
the mid-Atlantic region. The months
of April, May, and June span the time
of nearly all spawning activities in the
mid-Atlantic region. -

The principal spawning areas for
striped bass along the Atlantic coast
are found in Chesapeake Bay and its
tributaries (Merriman 1941; Raney
1957; Kernehan et al. 1981). Spawning
locations for selected areas of the
mid-Atlantic region are given in Table
3. Kernehan et al. (1981) suggested
that previous, inadequate sampling
had underestimated the importance of
the Upper Chesapeake Bay as striped
bass spawning grounds. Other
researchers stated that the Chesa-
peake-Delaware Canal (C-D Canal) is
the most important mid-Atlantic region
spawning area (Hollis 1967; Dovel
1971; Dovel and Edmunds 1971; Warsh
1977). Based on total eggs spawned
in an area, data from Kernehan et al.
(1981) showed that, for the vyears
1973-1977, Upper Chesapeake Bay
from Turkey Point southeast to Worton
Point is far more important than the
relatively small C-D Canal.

Males arrive first on the spawn-
ing grounds in the spring, while most
females remain offshore until shortly
before spawning (Vladykov and Wwal-
lace 1952; Trent and Hassler 1968;
Holland and Yelverton 1973). After
arrival of the females on the spawning
grounds, characteristic mating behav-
ior consists of a single female sur-
rounded by up to 50 males, at or near
the surface (Setzler et al. 1980).
Eggs are broadcast loosely in the
water, and normal spawning duration
for a single female is less than 4 hr
(Lewis and Bonner 1966).

Spawning peaks are apparently
triggered by a noticeable increase in
water temperature, generally begin-
ning at temperatures of at least 14°C
(57 °F), though spawning at lower
temperatures has been observed
{(Johnson and Koo 1975; Mihursky et
al. 1976; Westin and Rogers 1978).

Eggs

Live striped bass eggs are char-
acteristically transparent, green to
golden green, spherical, nonadhesive,
and semibuoyant, with a single large
oil globule and- a wide perivitelline
space (Raney 1952; Mansueti and Man-
sueti 1955; Westin and Rogers 1978).
Fully water-hardened eggs (1-2 hr
after fertilization) range from 1.3 mm
(Murawski 1969) to 4.6 mm! (Albrecht
1964) in diameter. Mean diameter in
the C-D Canal was reported at 3.4 mm
{(Johnson and Koo 1975). Striped
bass eggs average 280 mg total wet
weight (Eldridge et al. 1977), and 0.3
mg dry weight (Westin and Rogers
1978).

Striped bass eggs hatch from 29
to 80 hr after fertilization, depending
on water temperature (Setzler et al.
1980) . Two equations have been
reported for calculating hatching time
of striped' bass eggs (Polgar et al.
1976; Rogers et al. 1977). The equa-
tion from Polgar et al. (1976) is:

125.4 mm = 1 inch.



Table 2.  Spawning seasons and peaks (where available) for striped bass from
major spawning areas along the mid-Atlantic region.

Location Season Peak Source(s)

North Carolina Late April, - Chapoton and Sykes
May (1961)

Chesapeake Bay April, May, - Chapoton and Sykes
early June (1961); Dovel (1971)

Ches.-Del. Canal Mid-April to April 20 to Kernehan et al.
mid=-June May 10 (1981)

Potomac River Mid-April to April 23 to Setzler-Hamilton
mid-June May 8 et al. (1981)

Delaware River Late May to June Raney (1952)
mid-July

Hudson River Mid-May to Last 2 wks. Raney (1952); Rathjen
mid June of May and Miller (1957)

Table 3. Spawning grounds and peak locations (where available) for major mid-

Atlantic striped bass populations.

Distance upstream Peak Tocation

Location from mouth (km) distance (km) Source(s)
Roanoke River 161.2-253.9 200-241 Fish and McCoy (1959);
Dovel and Edmunds
(1971)
York River 64.9-111.2 74.1 Rinaldo (1971)
Potomac River 94,5-157.5 97.5-139 Boynton et al. (1977)
Potomac River 80-156 107-1392 Setzler-Hamilton
et al. (1981)
Ches.=-Del. Throughout - Kernehan et al.
Canal Canal (1981)
Upper Chesapeake Turkey Pt. to - Kernehan et al.
Bay Worton Pt. - (1981)
Delaware River 107.5-231.6 - Murawski (1969)
Hudson River First 46 km - Rathjen and Miller
of freshwater (1957)

a Specific peak locations: 1974, Douglas Point (km 116); 1975, between Maryland
Point (km 107) and Indian Head (km 139); 1976, Possum Point (km 128); 1977, Mary-
land Point (km 107) and Douglas Point (km 116) (Seltzer-Hamilton et al. 1981).




= -4.6 T + 131.6

where | is incubation time in hours
and T is incubation temperature in
degrees C.

Larvae

Survival of the striped bass lar-
val stagé is considered to be most
~crucial for future population abun-
dance of mid-Atlantic striped bass
stocks. In combination with environ-
mental conditions during early life
stages, survival rate of larvae probably
determines the occurrence of occa-
sional dominant year classes, so evi-
dent in striped bass populations (Bain
and Bain 1982a).

At hatching, striped bass larvae
range in length from 2.0 to 3.7 mm,
with a mean of 3.1 mm. Yolk sac
absorption time varies from 3 to 9
days, depending upon water tempera-
ture (Albrecht 1964; Eldridge et al.
1977; Rogers et al. 1977). VYolk sac
larvae attempt to remain near the sur-
face, but sink between swimming
efforts. They require enough turbu-
lence to keep them from settling to
the bottom where they are often
smothered (Pearson 1938; Raney 1952;
Mansueti 1958a; Barkuloo 1970). In
laboratory aquaria, yolk sac larvae
were able to swim horizontally and
exhibited positive phototaxis at 4-5
days (McGill 1967).

Figure 3 illustrates the morphol-
ogy of 6.2-mm finfold larvae (Hardy
1978), 12.0-mm postfinfold larvae, and
2.0 -mm. juvenile striped bass (Man-
sueti 1958a). More detailed descrip-
tions and drawings of early develop-
mental stages of striped bass are
given in Pearson (1938), Bigelow and
Schroeder (1953), Mansueti (1958a),
Doroshev (1970), Hardy (1978) and
Westin and Rogers (1978).

The finfold stage lasts an aver-
age of 11 days (Polgar et al. 1975),

and the postfinfold stage 11-65 days,
depending upon water temperature and
nutritional state of the larvae (Rogers
et al. 1977). Rogers et al. (1977)
found the following durations for the
larval stage (finfold and postfinfold
stages combined) at different tempera-
tures: at 15°C (59 °F) - 68 days, at
18°C (64°F) - 33 days, at 21°C (70" F)
- 24 days, and at 24°C (75 °F) - 23
days.

Setzler-Hamilton et al. (1981) and
Kernehan et al. (1981) provided
extensive information concerning the
horizontal and vertical distribution of
striped bass eggs, yolk sac larvae,
finfold larvae, and postfinfold larvae,
in the Potomac River Estuary and the
C-D Canal, respectively. Generally,
larval stages remained in or near the
area spawned, and apparent change in
location was upstream in the Potomac
Estuary, despite a net downstream
flow of water (Setzler-Hamilton et al.
1981). Two mechanisms were pro-
posed to explain this observation

(originally proposed in Polgar et al.
1976) :

1) Active spawning stock con-
tinually migrates upstream
over -time; therefore sam-
ples indicate an "upstream
“movement” of larvae.

2) Differential (higher) mor-
tality of early-spawned
versus late-spawned larvae.

Additionally, post yolk-sac stages
tended to be midchannel-oriented and
in highest concentrations near the
river or estuary bottom (Kernehan et
al. 1981).

Juveniles

The duration of the juvenile
phase (from metamorphosis to sexual
maturity) varies with sex. Iin the
mid-Atlantic region, male bass from 25
mm (1 inch) to approximately 300 mm
(12 inches) and female bass from 25



Figure 3. Morphology of striped bass
postlarvae and juveniles; a. finfold
larva (Hardy 1978); b. postfinfold
larva (Mansueti 1958a); c. juvenile
(Mansueti 1958a).

mm (1 inch) to approximately 500 mm
(20 inches) are generally considered
juveniles. The upper length Ilimits
correspond to ages 2 or 3 for males
and 4 or 5 for females (Westin and
Rogers 1978).

The initiation and extent of juve-
nile striped bass migrations vary with
location (Westin and Rogers 1978),
and most juveniles remain in the river
and estuarine areas where they were
spawned. Little evidence exists for
coastal migrations of bass less than 2
years old (Vladykov and Wallace 1938;
Merriman 1941; Mansueti 1961; Mass-
mann and Pacheco 1861). During the
first summer, young-of-the-year
striped bass generally move down-
stream (Markle and Grant 1970;
Mihursky et al. 1976) and shoreward
(Raney 1952; Carison and McCann
1969; Texas Instruments, Inc. 1974;
Kernehan et al. 1981). Ritchie and
Koo (1968) observed that tagged
young-of-the-year remained stationary

or moved upstream from release points
in the Patuxent River, Maryland,
subsequently moving downstream to
Chesapeake Bay proper during their
second vyear. Setzler-Hamilton et al.
(1981) also found some upstream
movement of 1976 juvenile striped bass
during their first summer in the Poto-
mac Estuary. During winter months,
juveniles may move toward deeper
water and downstream (Westin and
Rogers 1978).

Schooling behavior has been
observed for juvenile striped bass,
and generally they are found in
groups of a few fish to thousands in
riverine and estuarine areas (Westin
and Rogers 1978).

Adults

Numerous tagging studies have
determined migratory and distribu-
tional patterns of adult striped bass.
Westin and Rogers (1978) provided an
extensive review of tagging studies
and migratory patterns of striped
bass. Generally, striped bass in the
Gulf of Mexico, from Florida to south-
ern North Carolina, and in the St.
Lawrence River, show little coastal
migration (Raney 1957). Most popula-
tions from those areas are riverine
(Vladykov 1947; Scruggs and Fuller
1955; Scruggs 1957; Murawski 1958;
Barkuloo 1970; Dudley et al. 1977).
From Cape Hatteras, North Carolina,
to New England, substantial numbers
of striped bass leave the bays and
estuaries at age 2 or 3 and join
coastal migrations, moving north in
summer and south in fall and winter
(Vladykov and Wallace 1938, 1952;
Merriman 1941; Chapoton and Sykes
1961; Clark 1968). The longest
migrations are those of large, female
bass. Bigelow and Schroeder (1953)
found that 90% of all striped bass
caught in northern waters were
females. Similarly, striped  bass
catches from the Rhode Island (Qviatt
1977) and North Carolina (Holland and
Yelverton 1973) coasts, and Long


































































































