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Eggs, Larvae and Young of The Striped Bass, Roccus saxatilis

g ABSTRACT

Detailed descriptions of the early development of the striped bass, Reccus saxatilis ;
: (Walbaum), with emphasis on variation in size and morphology, sequence of fin forma-
! tion, changes in body form, and attainment of the full complement of meristic numbers. |
are presented and illustrated for the first time. The egy is spherical, transparent, non-
adhesive and relatively large. It is pelagic and buoyant, although it sinks in guiet fresh
water. When unfertilized, it averages 1.3 mm, in diameter, but is 3.4 mm. when fertilized
and water-hardened. The granular yolk sac, green when alive and whitish-yellow when '
preserved, averages 1.2 mm., and the single amber-colored oil globule is about 0.6 mm.
in diameter.

Newly hatched striped bass prolarvae, which range from 2.8.3.7 mm. in total length,
are relatively undeveloped and nearly transparent, with no mouth opening, unpigmented
eyes, and a greatly enlarged yolk sac with the large oil globule projecting beyond the
head. When 5-6 mm, lohg the yolk sac and oil globule are assimilated and the postlarvae
show advanced development of the internal anatomy. Although the fish is stilf trans-
parent, scattered metanophores are found on the head and body and chromatophores in
the eyes and the ventro-posterior edge of the body.

Postlarvae transform to young between 7 and 10 mm. in length when the finfolds are
lost except in the dorsal, anal and caudal regions. The largest fish in this group possess
a well-formed skeleton with a fult complement of 26 vertebrae. Between 10 and 20 mm,
in length all fish are fully transformed, musctlar tissue renders most of the internal
structure obscure, and the myotomes, which generally correspond in number with the
veriebrae, are no longer visible. At fish lengths of 20-30 mm. scales are found on all
specimens, and with the exception of the pectoral fin-rays, a full complement of meristic
structures is present in all other fins, At this stage the body is pigmented uniformly
with small spots. Linear regressions between several dependent variables and the
independent variable of standard fength indicate that the rate of development of head,
eye, and snout to anus lengths is proportional to the length of the larvae and young.
Body depth and standard length are non-linear among newly-hatched larvae.

Hatchery-reared striped bass demonstrated a slow rate of growth, and were regardesd
as “stunted,” when compared to growth rates cbserved in another study and field collec- |
tions, Observations were alse made on abnormal eggs and teratological larvae and {
young. Blue-sac disease is tentatively identified and described for the first time in !
larvae and pugnosed larvae and young are also described for the first time in striped bass.

INTRODUCTION

The striped bass or “rock,” Roccus sax-
attlis (Walbaum), is one ol the most im-
portant migratory fish on both the Atlantic
and Pacific cousts. 1t spawny in the head-
waters of tidal fresh and slightly brackish
waters in coastal estuaries, and has been
investigated intensely in recent years, espe-
clally with regard to various aspects of its
reproduction.  Artempts have been made

and Woodhull, 1918: 171-188; Calhoun,
Woodhull und Jolmson, 1950: 135-115; and
Erkkila, Moflett, Cope, Smith and Nielson,
1050: 2, 22:30); and (¢) detcrmine the
distribution o! postlarval and young stages
(Mansueti, 1954 1, 3-4; Rathjen and
Miller, 1957: 43-60; .

Such studies have been hampered by the
lack of reltable und extensive diagnostic and
detailed mensuration data on various stages

to: (a) delineate carefully the spawning
areas  (Hollis, 19550 1-8; Tresselr, 1952:
08-110; Hatton, 1912; 65; Tiller, 1955: 1,1
Tiller, 1956: 1, 2): (b} determine the egg
density and survival of larvae and very
voung (Cathooan, 1953: 279-300: Calhoun

% This study was supported 1 part by a grant
from the National Science IFoundation.

in the early development. The headwaters
of estuaries are spawning areas for serranid,
percid, centrarchid, and other fishes with
which it might be confused. especially in
the mid and south-Atlantic coastal waters.
‘This condition makes the problem of separ-
ating early stages of swriped  bass {rom
these other species difheult and sometimes
impossible.
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Prate I. Eggs and prolarvae of the striped bass, Roccus saxatilis.
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At the inception of this study, it was
decided that a quantitative approach 10
this essentially qualitative problem could
provide reliable discriminatory tools for
wdentilyiny the different species that resem-
ble one another.

Pearson (1038: 829.839) has made the
most significant contribution to the prob-
lem ol identification of eggs, larvae and
voung in swiped bass. He described the
egg immediatelv after fertilization, the dil-
ferent stages ol larvae after hatching, and
presented some briel data on the wanstor-
nution of larvae to the young having adult-
like features. He illustrated six egg stages,
seven  pro-arval stages, lour post-larval
stages and two young stages. Ryder (1887:
502-505) published good descriptions of
larvae and criticized Agassiz  (1881: 274-
275) for his inaccurate diagnosis and de-
scription of certain larvae and young la-
beled as striped bass from salt water.
Scofield and Coleman (1900: 109-117) also
described some of the early developmental
stages and published some very poor draw-
ings of larvae. Merriman (1941: 19) pro-
vided photographs, not particularly useful
lor diagnostic purposes, of both egg and
young. Mansueri and Mansueti (1955: 3)
provided some provisional differences be-
tween the eggs and larvae of striped bass
and white perch, Roccus americanus
(Gmelin) .

The author is greatly indebted to his
wife, Alice Jane Mansueti, medical illustra-
tor, for the drawings, lor making many of
the measurements, and for extensive help
in rearing the larvae. All of her work was
supported by a grant trom the National
Science  Foundation.  Mr. Arthur W,
Dickson, fisheries investigator, North Caro-
lina Wildlife Resources Commission, kindly
provided facilities, help and striped Dbass
cggs and larvae on two occasions at the
Weldon hatchery in North Carolina. Dr.
Richard ‘Tiller and Mr. Earl ‘Walker,
formerly biologists at the Chesapeake Bio-
logical Laboratory, and Mr. Robert Behnke,
summer biological aide in 1956 [rom the
University of Connecticut, also aided in
the study. Dr. T.. Eugene Gronin followed
the study with great interest and provided
{acilitics and encouragement, and reviewed
the paper in some detail. Appreciation is
also extended to Messers G. Francis Beaven,
David Cargo, John Longwell and Dr. Vagn
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Flyger, stail members of the editorial board
at the Chesapeake Biological Laboratory,
for their work on the paper.

METHODS AND MATERIALS

Eggs were stripped from lemale striped
bass into spawniug pans, and fertilized by
milt from male fish in the usual hatchery
nuinner as described by Worth, (1910: 155-
159) 1 Peavson, (1958: 831); and Dickson
(1957: 2.3). The female from which the
egas were procured weighed about five
pounds, while the male fish that fertilized
the egys weighed about two pounds. The
cggs were placed in large McDonald hatch-
ery jars, where a constant stream of fresh
water flowed among the eggs. After fertili-
ration several series of about 30 eggs were
preserved at the time intervals given in
Table 1. The larvae hatched {rom 36 to
48 hours later. "This stage of the study
dealing with eggs was conducted at the
Weldon, North Carolina.  hatchery for
striped bass, where ripe fish were procured
from fishermen working in the Roanoke
River nearby. A separate group of eggs
were also stripped and fertilized from ripe
striped bass taken {rom the upper tidal
reaches of the Patuxent River, Maryland,
and developed at a small, temporary hatch-
ery at the Chesapeake Biological Labora-
torv, Solomons, Maryland (Table 6).

Larvae were preserved at hatching, and
then at different intervals of time, usually
every four hours immediately after hatch-
ing, while later stages were taken at time
intervals as given in Table 7. After the
larvae at Weldon were hatched, all from
a single female, they were placed in a poly-
ethylene plastic bag, hlled almost to ca-
pautv with hatchery water, placed in an
insulated cardboard box, and transported
to the hatchery at Solomons, Maryland.
There were virtually no mortalities during
transit.  Here they were placed in several
H0-gallon aquaria and various other smaller
containers to be reared. They were sub-
jected to varying densities and concentra-
tions of live food, the general results of
which will be presented elsewhere. In all
cases they were placed in water transported
in wlass carboys rom tidal fresh water
parts of the Patuxent River.

All descriptions of eggs, larvae and young
are based on preserved material unless
otherwise stated. Some measurements were
made ol hve eggs and larvae before preser-
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Postiarvae and young of the striped bass, Roceus saxatilis.
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vation and these then were remeasured a
week later to determine the effects of forma-
lin. In all cases there was very small shrink-
age in diameter of eggs and Iengths of lar-
vae, but the effects on the overall results
were negligible.  Measurements ol eggs,
farvae and young up to 29 mm. in total
tength were made with a stereoscopic micro-
scope aidd an oculay micrometer.  Some of
the largest speciniens were also measured

o

ment in short can be regarded as the suc-
cessive deployment of o chain of reactions
linked in sequence,” a generalization that
is very apt in vhis study. The early stages
in the development of the striped bass are
divided into four categories: (1) egg stage,
which begins at fertilization aud ends at
hatching; (2) prolarva, which is the yolk-
sac larva, with the obvious nourishing yolk
to leed it during developmental changes—

with the aid of calipers. Measarements this is the prolarva of Hubbs (1943: 260} ;
and counts ol meristic numbers {ollow  (3) postlerva, which is the Jarva between
Hubbs and Lagler (1947: 8-15) and yolk-sac absorption and completion of fin-
Pectoral
Esophagvs im
Blastuderm Perivitelline M‘db::ti:cysl Clavicie Flrsii:mﬂsal Second dorsal

space

\

Forebrain

Orbit
Nasal apeitue

Operculzr

fin

Notochord

Melanophore Striation Urustyle

Caudal

Premaxillary, < fin
X\ ¢ ¢ . - ~‘.
Tootn L8 ey ¢ Hypural
Mandible g plate
ol v/
Globule Maxillar, vertebra Caudal
Eye \aal peduncle
('lile Gill “: Chromatophore
Chorion Vitelline saker s
br . vesicle
(Eggshelly membrane Pre:;cnlgular Heart Ndomtnt
A Bmc:;mm o 8 A J. VMawsverl
Ficure 1. Fertilized egg (A) and an idealized larva (B) of the striped bass with the nomen-

clature employed for various parts of these struectures.

Ahlstrom and Ball (1854: 244-245) . Myo-
tome counts are based on suggestions given
by Blaxter (1957: 4).

Both standard length (in small specimens
from the tp of the snout to the urostyle)
and total lengths (in small specimens from
tip of tie snout to tip of the finfold or
caudal fin) were determined. Conversion
lactors for various size groups can be easily
calculated from the data for total and
standard lengths in Table 7. For comput-
ing body proportions, anly standard lengths
were used, although total Jengths are used
i the text and discussion, and are desig-
nated as such.  Original measurements were
used to construct the curves showing
growth rates of various body parts and
changes in body proportion for reasons
given by Marr, (1955: 23-31).

The general approach used by Ahlstrom
and Ball (1954: 209-245) has also Dbeen
{ollowed in presenting larval development
in the sequences of fin lormation, body
proporuon and pigmentaiion.  As Smith
(1957: 336) has pointed out, “Devclop-

formation—this is the postlarva of Hubbs;
and (1) young, which begins at completion
of fin-formation, showing general ossifica-
tion, and wgeneral outlines of all but
mature fish—this is defined by Lagler
(1952: 89y. When the term “larvae” is
used, it refers to both pro and postlarvac
combinced.  The trapsition to the young
stage occurs at about 20 nun. total length,
although there is no sharp line of demarca-
tion between the larval and young stages.

RESULTS AND DISCUSSION

Development of the Striped Bass Egg

Description: The egg of the striped bass
is spherical in shape, non-adhesive, and
relatively large when compared to many
other fish eggs. It is pelagic and buoyant,
and is characterized by a single, large oil
globule, & hghty wranvlated yolk mass, a
very wide perivitelline space and a clear,
tough chorion or eggshell. Before swelling
or water-hardening, the chorion is heavily
corrugated (Figure 1B). The spermatozoa
ol striped bass have not been described,
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2.0 mm.

Figure 4

2.0 mm. .
Figure § Figure 6 Figure 7

3.3 mm.

Figure 9 Figure 10

Figure 8

STRIPED BASS EGGH

Fioure 2. Unfertilized egg, 1.3 mm. in diameter. A. Non-water-hardened egg, showing lack

of perivitelline space: B. Magnified view of chorien, showing shallow corrugations before it is
stretched.

Picure 3. Fertilized egg, showing single blastomere, 1.6 mm. in diameter.

Ficure 4. Fertilized egg, showing {wo-cell stage (laleral view), 2.0 mm. in diameter,
Fioure 5. Fertilized egg, showing two-cell stage (dorsal view), 2.0 mm. in diameter.
Figure 6. Fertilized egg, showing four-cell stage (lateral view), 2.3 mm. in diameter.
Ficure 7. Fertilized egg, showing four-cell stage (dorsal view), 2.3 mm in diameter.
FiGurE 8. Fertilized egg, showing five-cell stage, 2.3 mim. in diameter.

Fioure 9. Fertilized egy, showing seven-cell stage, 3.4 mm. in diameter.

Frcure 10, Fertilized egg, showing eight-cell stage, 3.4 mm. in diameter.
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althongh Scoficld and Coleman (1910: 113-
114} described in some detail spermatozoa
activity in relation to temperature.

Yhe diameter of the {ertile striped bass
egg, based on measurements of almost 400
egos in various stages of development and
selected at random from live developing
eggs under optimum hatchery conditions,
averaged 3.4 mm. (range 2.4-3.9 mm.) after
water-hardening (sec Table 1). Table 2
summarizes chorion diumeters for this study
and from published accounts. Pearson
(19538: 832) did not give a mean value, hut
stated that the egg diameter may range
from 3.2-3.8 mm. after complete water
absorption or water-hardening. Mecrriman

TagLe 1.
1956,
River, North Carolina,

Age in Number
hours measured
Chorion
Mean Range
Unferti-
lized 30 1.32 1.25-1.35
01 30 1.568 1.25-1.80
0.3 3 1.77 1.30-2.30
0.7 30 2.23 1.90-2.50
1 30 3.35 2.40-3.65
2 60 3.51 2.95-3.80
4 3 3.39 3.00-3.55
3 30 3.36 2.85-3.60
12 30 3.43 2.90-3.70
16 45 3.34 2.50-3.75
20 30 3.87 3.00-8.60
24 65 3.22 2.95-3.75
36 30 3.42 2.90-3.85
48 30 3.57 3.05-3.90
Total & 9 A% 9 400

Mean 500 3.40 2.40-3.90

THLE STRIPED BASS,

~3

ROCCUS SAXATILS

compares  {avorably with that given by
Pearson (1Y38: 832y of 0.06 mm. The
diameter ol the yolk was 1.18 mm. (range
0.90-1.50 mun.) which 1s similar to Pearson’s
mean value of 1.16 mun. Thus, the volk
mass comprised about 35 per cent of the
diameter, with about 65 per cent ('onsisting
ol perivitelline space.  Merriman  (1911:
18) has made the point that this ldrg_,e
space protecrs the embryo against injury
from jarring, thus contributing to higher
survival in waters thut are ra )1(1 and rough,
Ryder (1887: 502), on thc other hand,
stresses its function as a larger than usual
“breathing chamber.”  Meuasurements of
the volk and oil globule during various

Measurements of normal eggs of striped bass, Roceus saxatilis, fertilized May 13,
and maintained at a temperature of 62-83° F., at the Weldon Fish Hatchery, Rouanoke

Diameter in Millimeters of

Yolk 0il Globule
Mean Range Mean Range

1.08 0.90-1.25 0.52 0.40-0.65
1.12 0.90-1.25 0.53 0.45-0.65
1.11 0.90-1.30 0.54 0.45-0.70
1.10 1.00-1.25 0.63 0.45-0.75
1.15 1.00-1.40 0.59 0.45-0.70
1.23 1.00-1. 50 0.64 0.45-0.75
1.17 1.00-1 0.55 0.50-0.70
1.21 1.00-1 40 0.59 0.55-0.80
1.19 0.95-1.45 0.61 0.45-0.75
1.26 1.00-1.35 0.62 0.50-0.75
1.24 1.05-1.45 0.67 0.50-0.70
1.26 1.10-1.35 0.72 0.55-0.85
Embryo present Embryo present
Hatching Hatching

1.18 0.90-1.50 0.61 0.40-0.85

*This mean is hased on thoae eggs one or more hour\ o]d since eggs carhe1 than thls age

are in the preliminary stages of water-hardening.

(1941: 19y measured 50 eggs from the
North Carolina hatchery preserved onc
hour after fertilization and the mean was
5.6% mm.,, with a range 5.24-3.95. Table }
shows that water-hardening of eggs used in
this study was not completed until one or
one and one-half hours later. Scofield and
Bryant (1926: 60) gave the size of 1.27 mm.
for the fully developed egg diameter, but
apparently were relerring to the egg stze
before {ertilization.

The diameter of the oil globule averaged
0.61 mm. (range 0.40-0.85), and this figure

stages in the development of the striped
bass egg are given in Table 1.

When alive, the volk sphere was char-
acteristically greenish or golden green, but
amber-colored or whitish yellow, and dense
and granulay in appearance, in a preserved
state. The vitelline membrane around the
volk 1mass must be quite thin for it was
easily ruptured. Dead eggs were frequently
observed and identificd in the held with
volk naterial flooding the perivitelline
fluid (Figure 40). In preserved material,
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many earhy-embryonic eges (belore closure
of the bhlsmp(ne) also shmxed a consider-
able amount of yolk diffusion into the
perivitelline space  (Figure 357 and 38).
This lethal change was due to the mechani-
cal rupture of the yolk menmbrane during
collection and preservation of ecggs, inas-
much as eggs in which the germi ring had
encircled the yolk sphere did not show this
damage (Figuve 13). The size of the yolk
mass remained the same in all egg stages
during the early developmental stages.

The oil globule was amber-colored and
approximately spherical in shape. In many
of the preserved samples, however, the oil
globule was irregularly distorted and frac-
wred into several to many droplets. In
some live, developing eggs, several miuch
sinaller oil globules were also observed,
feature that Pearson (1938: 832) noted
also. The size of the oil globule also re-
mained the same during the early develop-
mental stages.

TABLE 2.
various studies.

Chorion Diameter

Average Range

3.4 2.4-3.9 Nozth Calohna

2.7% 2.0-3.2 North Carolina

2.2% 1.8-2.8 Marvland

3.6 3.2-4.0 North Carolina

3.2-3.8 North Carolina

1.3% California
Unknown

* Ree text (page 7).

During the early stages of development,
the oil globule was centered at the vegeta-
tive pole, usually opposite the developing
blastoderm.  As spherical, pelagic eggs char-
acteristically float withh the vegetative pole
upperinost  (Abhlstrom and Counts (1935:
297) the oil globule was at the top of the
volk mass. Great difficulty was encountered
in studying and (hawmq devolopmental
changes when the yolk and oil globule
were so suspended in the perivitelline
[iuid since most examination was limited
to vertical obscrvation. In all cases, the
chorion was burst in ordetr to examine these
features in detail.  Tromediately [ollowing
the closure of the blastopore, a number of

T.ocality from which
eggs originated

North Carolina

MANSUETI

melanophores appeared on the underside
01 the oil globule. During the later stage
of embwomc de\clopment the oil globuje
became situated close to the head of the
tarva (Figure 15), a sequence that Pearson
(1938: 852) also noted.

Development: The egg of the striped
bass 1s slightly heavier than fresh water and
sinks to the bottom in a container of un-
disturbed water. Slight agitation serves
to float the eggs and keep them suspended
near the surface in fresh water. The pro-
duction of eggs in brackish waters, of
greater density than the egg (see Tiller.
1955: 4, and Raney, 1952: 3839, for further
comments) , would probably insure floata-
tion, and hence survival, especially in quiet
waters.

The embryonic development ol striped
bass eggs, as in many pelagic fish, is char-
scterized by meroblastic cleavage.  Of most
concern are diagnostic characters that aid

Comparison of egg measurements of the striped bass, Roccus sawatilis, based on

Reference

Present study
Present study
Present study
Merriman (1941: 9)
Pearson (193%: 831)
Scofield and Bryant
(1926: 69)
Brice (1898: 185)
Worth (1885 2‘)6)

in the identification of striped bass eggs
developed at 62° to 63° F., and the descrip-
tions given below are for eggs that de-
veloped at these temperatures.  All times
reter to intervals after fertilization. "[able
3 summarizes the hatching time in relation
Lo water temperatures of eggs of striped
bass cited by various authorities. Table 4
summarizes the cleavage and development
stages in relation to time and temperature.

uet descriptions of different stages in the
(‘aelopment of striped bass eggs are as
Iollows (rvefer to Tables 1 and 4): ‘

(1) Untertilized egg—average size was
132 mm. with little, or no, perivitelline
space. Yolk was green when alive and
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Figure 11 3.6 mm.

|

k\(' /

\\\-/
Figure 13 3.5 mm. Figure 14 3.5 mm.

Figure 15 3.5 mm. Figure 16

STRIPED BASHS KGGR

FicUre 11. Fertilized egg, showing 32-cell stage, 8.6 mm. in diametor.

o

Ficure 12. Fertilized egg, many-celled stage or early blastoderm, 3.5 mm. in diameter.

F1GURE 13. Fertilized egg, germ ring and embryonic shicld stage, 3.5 mm. in diameter.
FIGURE 14, Fertilized egg, early embryoniec stage (lateral view), 3.5 mm. in diameter.
Ficure 15. Fertilized egg, early embryonic stage (dorsal view), 3.5 mm. in diameter.

Figure 16. Fertilized egg, fully developed embryo, chorion—3.5 mm., embryo-—2.5 mm.
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amber or opague yellow when preserved.
Oil globule was amber-colored, located at
top of yolk mass, and about onc-half the
diameter of eggshell.  Chorion was clear,
transparent in life buat translucent alter
preservation, and was covered with shallow
corruzatiouns.  When touched by hand they
felt like [viction vidges. See Figures 2A and
2B.

TanLE 3. Hatching time of eggs of striped
hass, Roeccus saxatilis, in relation to water
temperature, based on present and published
studies.

Incuba- Averiye

tion H.O
period  temp.in
in hours degrees I,

Locality from
which adult
fish originated

Reference

North Carolinn

36-1% 62-63 Present study

30 T2 North Crroling Merviman (1941 0

72 a9 North Carolinn Merriman (1841: &)

33 64 North Carolina Penrson (1988: 831)

72 i California Sceofield & Bryvant
(1926: 62)

71 58 Unknown Bigelow & Welch
(19231 256)

18 67 Unknown Bigelow & Welch
(1925: 256)

S0 47 Californin Seofield & Coleman
(1910 11%)

T4 h& Unknowa Briee {(1x0N: 153}

48 G6-67 North Caroling Ryder (18x R}

36 Tl North Carolinn Worth (1385 226)

64 65 North Carolina Ferguson & Huchloct

{1880 xyiil-xxvid

(2) Tfmmediately after fertilization to
about five minutes alter fertilization, the
eges began to develop a perivitelline space.
Well-defined blastomeres, two—, four—, and
cight-cell stages, as well as transition stages,
were recognized about 20 to 40 minutes
later. The blastodisc was differentiated at
one pole of the volk sphere, The cleavages
observed in this study were somewhat
earlier than the two-hour delay before
cleavage that wus recorded by Scofield and
Coleman (1910: 113), although gencrally
lower water temperatures prevailed in their
work, which may have caused a slower rate
ol cell division. See Fizures 3-10,

(8) At one hour, the 4— and 8-cell stages
predominated, and the perivitelline space
was even greatcr, hence the chorion was
larger in diameter, but had not reached
full capacity. ‘L'he stretched chorion was
now less corrugated.

{4) At one to two hours, blastomeres
were evident, the perivitelline space had
reached its greatest capacity, and the egg-
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shell was thin, wansparent and  fragile,
Thus, the increase in average diameter of
the egg 1s a rvesult of the absorption ot
water with an accompanying expansion of
the eggshell and development ot the peri-
vitelline space. Trom this stage of develop-
went until hatching, the eggs and oil
globules maintained about the same aver-
age diameter and range ol sizes. The yolk
mass varied in shape, of course, as the
embryo develops and as some of the yolk
material was metabolized.

(3) At two hours, some eggs had reached
the 32-blastomere stage, although the 16-
cell stage predominated. Sce Figure 11

(6y .\t four hours, the blastoderm was
well-formed and berry-like in its late cleav-
age stages.  See Figure 12,

(7) At eight howrs, the blastoderm was
granular in appearance. See Figuare 13,

(8) At 12 hours, the blastoderm had
grown halfway down over the volk. Pear-
sont (1938: 832), who did not record
changes berweent 15 minutes after fertiliza-
tion and 12 hours later, stated that the
blastoderm was in late cleavage and the
periblast was clearly differentiated about
the volk mass and becomes a paler green
with age at this stage, "This condition also
was true In this study.

(%) At 16 hours, the blastocoel or cavity
i1 the volk below the blastoderm was form-
ing. The germiring thickened around the
periphery of the blastoderm. Sce Figure 13.

(10) At 20 hours, the embrvo was de-
veloped and neural ridges and eves were
visible. Pigmentation was present around
the cmbrvo and the oil droplet.  See
Figures 11 and 15.

(11 At 24 hours, the embryo was well
differentiated and extended about half way
arommd the circumference of the yolk, as
indicated first by Pearson (1938: 832).
The embrvo became cven more intensely
pigmented on the dorsolateral parts of the
bodv and the adjacent blastoderm.

(12) At 36 hours, the larvae within the
ege were approximately 1.6-2.0 mm. in
total length (Pearson 1938: 832 gives the
size at 1.5 1mn.) and were well developed.
Some were almost ready to hatch. Eyes
were well-dillerentiated but lack pigment.
The posterior part of the embryo body was
free from the volk-sac. See Figure 16.

{13) At 48 hours, the prolarvae were

q o

hatching and were 2.9-3.7 mm. long at this
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time. TPearson states that the prolarvae is
about 2.5 mm. upon leaving the egg, but
measurements in the present study indicate
that this figure is fow. The newly hatched
fish wended to settle to the bottom of an
aquarium  filled  with  unagitated  water
despite swimming efforts (o remain at the
surface.

TABLE 4. Cleavage and developmental stages
of the eggs of striped bass, Koccus sawxatilis,
in relation to time and temperature at 62-63° F.

Dlastomere Numbers and Developmental Stawges
B do o B &
28 o « A w = o 3z BE Z:F:" Z =
4% o= 3 SEGE R ORE
o B TF 5 =
1 X - - - - . - _ o __
0.3 b X X —- - - — -
(LA X X X - - .
1 - x x X e - — o
2 - X x x X - - ~ o
4 — - X X X X x - [ —
3 - — — x x x x - e
2 — - — — - X x x X -= ==
16 - - - - - X X x - -
20 - - - = - - - X 0x -
24 - - - e = = - - x -
3 - -- - - = - - - X x
o o _ v

* All eggs hatched al about this age in houvs,

Variation in eggshell diameters: Some
variation has been observed in diameters
of striped bass eggs in this study. Tables
5 and 6 show that a group ol small eggs
from another female striped bass at the
Weldon, North Carolina, hatchery and
[rom another group taken and fertilized
from striped bass in the Pamxent River,
Maryland, were abnormally small when
compared with published accounts. Other
field workers in Maryland have [ound
striped bass eggs wili advanced stages of
cleavage and embryos that were also char-
acterized by abnormally low diameters of
the chorion, but with normal-sized yolk
masses and oil ylobules. Tables 5 and 6
show that average sizes ol the yolk masses
and oil globules from cggs with small
chorion  diameters do not differ greatly
from the average diameters of volk masses
and oil globules given for normal-sized
eggshell diameters in Table 1. As yet there
is no evidence to shed light on why abnor-
mally small eggshell diameters occurred in
the eggs measured in Tables 5 and 6, or

taken by other field workers in Maryland
waters.  Fhree possibilities should be in-
vestizated: (a) siriped bass eggs deposited
in fresh water but carried too rapidly into
very bruckish or salt water, in the case ol
the Patuxent River eggs, mav have the
expansion of the chorion diwmneter arrested
by osmotic pressure of the external environ-

TABLE 5. Measurements of abnormally small
eggs from striped bass, Roccus saxatilis, fer-
tilized May 5, 1955, and maintained at a tem-
perature of 62-63% F. at the Weldon Hatchery,
Roanoke River, North Carolina.

[~
S o2
~ L= Diameter in Millimeters of
83 7
%= [ 2
P Z T . : ;
£ Chorion Yolk il Globule
Mean Range Mean Ruange Mean Range
i} 39 1.28 1.20-1.35 L3 0.90-1.15 0.54 9.45-0.69
1 200 2.54 2.25-2.70 115 0.85-1.25 0.61 1.40-0.75
4 30 2.42 2,00-2.65 1.07 0.05-1.25 0.57 0.50-0.65
i2 30 2,87 2.70-3.05  1.12 9.90-1.25 0.56 0.50-0.T0
24 30 2.53 2 1.08 0.90-1,20 ¢
Total
&

Mean 150 2,677 2.00-8.15 1.08 0.90-1.25 ¢.68 0.40-0.75

* This menn is based on those epgs one or more hours old,
since egrs earlier than this ange are in the preliminary
stages of water-hardening.

ment; (b) f{ertilized eggs produced from
very small sexually mature female and male
striped bass miay be considerably smaller
than those produced by larger fish (Brown,

TABLE 6. Measurements of abnormally small
eggs from striped bass, Koccus saxatilis, fer-
tilized April 21, 1955 from the Patuxent River,
and maintained at a temperature range of
69-79° F. at a small hatchery in the Chesa-
peake Biological Laboratory, Maryland.

i
.
|
'
|

P .
- ® o . R 11t N

) £ =5 Diameter in Millimeters of

w2 " ®

w2 |1 e e -
< 228 " Chorion Yolk Ot Globule

Menn Ranze Mean Ranae Mean Range

8 30 2.18 2.00-2.30 1.11 1.00-1.55 0,59 0.45-0.60
12 30 19 1.95-2.40 (.97 0.90-1.30 0.63 0.45-0.6,
16 31 2,28 2.05-2.45 .08 0.95-1.30 0.58 0.49-0.77)

28* 22 2.23 1,85-2,7h L.62 N.R3-1,35 0.68 0.55-0.

0.856-1.35 0,62 0.40-40.75

after the 2%-hour period.

1957: 376, on the basis of growth studies in
trout, states that the {inal size of the eggs
depends both on the size of the female
parent and on her level ol nutrition during
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the period preceding spawning: larger fish
and fish with @ more abundant food supply
generally produce larger eggs): (o) there
may be ‘comsiderible (hﬂmen((w I average
egg diameters between striped buss from
North Carolina, Galitforuia and Marviand
waters, [romr which measurement (lm 15
available.  The datt summarized in Table
2 and measurements of eges from praniion
collections from the Patuxent River. Mory-
land, however. do not support this latter
thests.
Larvae and Young

State of development at hatching: The
striped bass hatches and begins its post-
embryonic existence belore  rthe mouth
forms and before the eyes becoine pig
mented. The young of many other nigra-
tory and estuarine {ish with pelagic eggs,
including the American shad, hickory shad.
alewife herring and glut herring are in a
similarly undeveloped state at hatching.

The dertails presented herein arve based
on a study ol 5 larvae and young ranging
{rom 2.9 to 29.0 mu, in rotad Jengtlh, reared
under hatchery and laboratory conditions.
The larvac were chosen periodically at
random {rom the lahoratorv-reared fish in
aquaria. Alter preservation, measuremeiits
were taken and details of prgmentation and
changes in body form were recorded.  All
these sequences can be observed on the
driswings accompanving the text (Figures
17-28) .

The period ol larval development is con-
sidered to extend {rom hatching to the
completion ol fin formation. but the end
of the larval and heginning of the youny
stage ave not sharply defined in the striped

bass.  All lins ave apparently tullv formed
after about 22 mm. rowd length, but there

appesrs to be considerable varintion in the
development and  terminal lormation ol
anv one fin i relation to other features.

Stages of development at various sizes:

{1 Avr hawching—the prolarvae  were
about 36-18 hours old alter [lertilizaton.
and ranged trom 2.0-3.7 mm. towl length.
Thev possessed a very large volk sac with a
large oil globule, which projected bevond
the head. The eyes were not pigmented.
See Fizure 17.

{2) At about 5 mm. they were about
2-5 days old, were more slender. with part
of their volk suc absorbed. They also pos-
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sessed o smaller oil globule, Ryder (1¥87:
S0y illustrates a farva this size that is
16 davs old after hatching.,  He described
the tail of this specimen, as ave speciiuens
m the present study, as distinatly spatulate
wnd rounded: and he also nouced the pre-
sence of an air bladder and pronounced
hooked teeth in both § jaws, which were not
observed m Osh of this size in the present
study (see Table 9).  In this study, mel-
anophores were observed along the ventral
surlace, and the eves were pigmented with
vellow, orange and black. The jaws were
dilferenti: tted and the digestive tract, with
soine pigmentation along the edges, had
begun to form.  Mvotomes were easily
counted. The pectoral buds had formed a
fan-like fin. - See Figure 18 and 19.

~

(%) Ar about 7.5 mm. they were 10
to 15 davs old, quite slender, with the
volk »sac fully absorbed and with no

oil ¢lobule visible. No fins were visible
except the pectorals. The in-folds became
Jost except in the dorsal, anal and caudal
regions. with the hrst dorsal and pelvics
not indicated.  Pigmentation extended
along the venurul part ot the body, over
the upper surtace of the well-formed air
bladder, and the visceral mass.  Brauching
melanophores were also evident on the
side ol the head, the lower jaw and along

the lateral porrions ol the rtail regions
hehind the position of the anus. Teeth

Some lishh were 1n various
translormations.  See Figures 22

were Vvisible.
stages of
and 23,
(-1) At about 10 mm. they were 20 to
3¢ duvs old. The dorsal and anal finrays
were somewhat diflerentiated, although the
irst dorsal clements and pelvic {ins were
absent. Fhese finrays weve made up of
well-defined longitudinal fibers. The noto-
chord curved dorsally in the arca of the
urostvie, although the caudal portion was
not vet homocercal as shown in Pearson
(1938: 836) . The caudal fin-ravs, however,
were welldeveloped.  Pigmentation was
heavier in the same regions as in the smaller
lavvae, although it was not as profuse on the
top of the head as in Pearson’s figure for a
9mm. fish. Although the skeletal structure
(see Figure 29) , teeth and other featares of
the head were advanced, they were not as
well-developed as Peurson suggests.  Mvyo-
tomes were correlated with the number of
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6.3 mm. T.L,

FieuRe
FIGURE
FI1GURE
Figurr
Ficure

117,
18,
19,
20,
21,

STRIPED BASS PROLARVAE

Prolarva, soon after hatehing, 3.3 mm. long.

Prolarva, 5.3 mm. long. A. Lateral view. B. Dorsal view.

Prolarva, 5.5 mm, long.

Prolarva, 6.0 mm. long. A Dorsal view. B. Ventral view.

Prolarva, 6.3 mm, T. L., almest indistinguishable from early pestlarva.
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vertebrac.  Some {ish were well dong to-
ward  transforming  {from  postlarvie  to
young, See Figures 21 and 25

(5) At about 15 nom. they were 50 to
ty daysold. Although the specimens reared
i this study were ;\ppzn‘(*nt]\ stunted in
growth, at this stage t} 1ev were almose fully
transformed, xnth sofi dorsal. anal and
caudal fins well-differentiated. the last fin
being homocercal in shape. The spinous
and pelvie hins however, were not well-
developed at this size. The finayvs were
segmented, and soime fish had two while
others had three anal spines. The skull
structure was highly developed. with most
ol the bones characteristic of the fingm‘ling
fish, and was Largely ossified. Al the verte
birae were v mhlc rml\ i translucent spect-
mens (Iigure 2M . None ol the speciens
exhibited the fin-feld connection herween
the spinous and solt dorsal fins described
and tltustrated by l‘cursl)n (1958 8306y . as
can be seen in ex mplc ilfustrated  in
Vigares 25-28 ‘The specimens in this study
were much more slender than the d(‘sullr
tion and tustration of a relatively robust
fish 1 this general size range given by
Pearson (1038 8373, Inanany fish, muscu-
Tar hands ol tissues obscured the skeletal
and abdominal elements, and thev were
generully opaque. compared to 1 mun.
fish which were trunslucent or wansparent.
Myotomes could no longer be counted,
Pigmentation was still not fuily developed,
although melanophores were concentrated
on the head, sides of the abdomen and
along both sides ol the body posterior to
the anus. Pearson’s fish seems to be more
heavily pizmented ar this stage.  Worth

(1904 226)  stated thar ° “Ihe fourwecks
n]d specimens, about one-hall inch long.
were reared in 2 crudely constructed pool
near the hatchery door. I'hew fins are
cusily discernible, and  when they were
being introduced into the vial, the stripes
down their sides could be seen”™  Swipes
were not evident in any fish in the present
study, nor did Pearson (1938: 837) observe
stripes in any fish fess than 2 inches long
that were rearcd during his study.

(6) At about 20 mm. thev were 50 o
70 days old. These fish were manrkediy
stunted in erowth, when compared 10 hishh
ol the same general age taken from the
Patuxent River ({see Figures 27 and 28).
The spinous dovsal. although not complete,
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was evident. while the other fis, except
the fval pelvie in were in various stases
ol maruriiy as lar as atadning the lull
complement ol meristic structures. Al
though most fish had three anal spines, a
few sull possessed two, and in ithese the
hirst sole dorsal rav was i various stages
U oossthcation and desegmentation.  Scales
were obsevved [or the fivst time i the
largest bsh in this general sive group. Pig-
mentation was heavier laterally from  the
head to il regions than in smaller speci-

mens. The hins were abo  pigmented.
See Figure 27,
(73 At about 23 mm. they were 6O to

30 davs oldo AT these fish were covered
with scales over the entive body  (Figure
S0y, three anal spines. and generally pos-
sessedd the Tull complement ol meristic
characters  (see Table 7 lor exceptions).
\lthough well-pigmented. theve stll was
no indication ol the longitudial siriping
lound on older Iinger]mg\. The body was
covered with smuall melanophores that pro-
vided a ditfuse spotting eflect.

(31 At about 30 mm. they were 70 to

1 davs old. These fish were also con-
siderablv stunted from sizes attained by
witd lish ac the same general age (sce

Figure 56). Pugheaded features in ab-
normal speciniens were quite siriking an
this size (Figure 50) . "The meristic numbers
were almost complete except for pectoral
fm-ravs,  Plgmentation was present over
most of the bodv and fims, and less so on
the abdomen, in the form ol mmute black
dots scattered over the entire body such
as deseribed and itlustrated for a 36 mm.
fish about 20 to 50 days old wmken in the
fiectd by Pearson (1938: 837y . The series
ol about nine obligue V-shaped lines ob-

sevved by Pewrson alonz the lateral line
ol the hsh were not observed in the (ish
of this general sive range in this study.
See Tigure 28,

General comments: The vesults of the
present study were similar o the other
studdies cited above of the striped bass eggs.
fuvae and voung hased on material from
Wnown parents. The only exception is the
study ol Larvae taken from plankton collec-
tions and ot h'ucd on known parents and
hatcherv-rearing. 'The postlarvae and young
described heve were compared with those
described and illuswated by Agassiz (1881
871-275) . and it s certain that he ap-
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Figure 23

Figure 25

STRIPED BASS POSTLARVAE

Figure 22. Postlarva, 6.7 mm. long (early stage).

Figure 2. Postlarva, 8.1 mm. long (early metamorphosis). Brine shrimp eggs can be ob-
served in the intestine.

Fioure 24, Postlarva, 9.3 mm. long (metamorphosing).
Fraurr 25. Young, 12 mm. long (largely metamorphosed).
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parently did not have striped bass. His
specimiens, beginning at about 3.5 mm. in
length, were collected with tow nets in salt
water, and are not based on rearing studies.
He has given eight illustrations purporting
o be postlarval and voung striped bass, all
ol which have many striking differences
from those reared in this study, and {rom de-
scriptions of specimens from known parents
given by Ryder (1887: 502-505) and Pear-
son (1938: 829-839) . 1In fact, Ryder (1885:
508), corroborated by Ehrenbaum (1905:
17y, both after careful consideration of
available  material, {irmly rejected the
identification of Agassiz’s flsh as striped
bass (see also Tracy, 1910: 44-45, 1271-122} .

Larval activity: lmmediately atter hatch-
ing, the movements and position of pro-
larvae were directed largely by the large
oil globule in the anterior part of the
volk sac. Typically, it caused the individ-
ual to assume a perpendicular position,
with head toward the surtace of the water.
‘T'he newly hatched prolarva also tended
to settle to the bottom ol a sull aquarium
despite swimming efforts to remain near
the surface. As Pearson (1938: 832) and
Dickson (1957: 8) pointed out, a strong cur-
rent of water enables the fishes to remain
suspended and in more or less continaous
motion.  After one or two davs their ac-
tivity and movements were random near
the surface, without any apparent orienta-
tion except when a light was placed at one
end ol the aquarium. They were positively
phototropic, moving toward lights placed
in front of the aguaria. This response was
uselul in concentrating phototropic plank-
ters and fish in a singlec area. There was
a tendency in the aquaria {or the prolarva
to attach to floating detritus or dead lar-
vae. Feeding activities of larval and young
fish will be described in another paper
dealing with rearing problems. About two
weeks alter hatching, the postlarvae began
dying out catastrophically, and for a period
of 3 to 5 days, dead and dving fish continued
to be found. Dying fish floated perpendicu-
larly in a vulnerable manner, and some
were caught and devoured by hydra and
other preduators that could not be com-
pletely controlled in the aquaria, Sur-
viving postlarvae and transformed young
loraged ahout on the bottom for {ood,
coming to the swiace only when food was

muroduced.  When not leeding, young
striped bass remained near the bottom
of their containers.

Changes in pigmentation: Although
pigmentation is meager, there is consider-
able variation in the amount and quality
of pigment that is found on striped bass
larvae of comparable size. The newly
hatched larva (Figure 17) has a4 pigment
pattern similar to that of an embryo in a
late stage egg. Melanophores were gen-
erally concentrated on the following loca-
tions: (a) on dorsolateral aspects of the
head: (b) over the unterior and lateral
aspects of the oil droplet: (¢} along the
dorsal surlace of the volk sac; and (d)
irregularly along the lateral portion of the
trunk and tail.

Belore yolk-sac absorption was completed
(Figures 17-20). however, the melano-
phores had nigrated or coalesced to form
the three couspicuous pigment areas char-
acteristic of striped bass larvae: (a) con-
spictous ventrolateral pigmentation by
stellate melanophores along the posterior
two-thirds of the trunk and tail: (b) a
heavy concentration of pigment along the
dorsal peritoneal wall, on the dorsolateral
and ventrolateral wall of the volk and along
the gut: and (¢) heavy concentration around
the oil droplet.  The eves were heavily
pigmented with melanophores and yellow
or orange ciromatophores shortly after
hatching, and frequently there were scat-
teved block spots on the lower jaw and
belly  The pigmentation cited above was
characteristic of larvae 4 to 10 mm. total
length.

Pigment was added gradually and indi-
viduals between 7 to 10 mm. showed a
more prominent displayv of melanophores.
Figures 22-24 show typical individuals
with a heavy coalesced spot under the
otocvst, and on the developing air bladder.
Occasional melanophores appeared on the
sides of the head and along the lateral
portions of the trunk of the tail, even on
the caudal fin.  Some orange chromato-
phores were observed along the trunk of
the tail. There was no conspicuous pig-
mentation of the head except those men-
tioned above.

Among larvae between 10 and 22 mm.
long, pigment was distributed as lollows:
(a) on head, snout and above and behind
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Figure 26

IR

Figure 27

STRIPED BANS YOUNG
Frgure 26, Young, 14 mm. long.
FIcUureE 27. Young, 16 mm. long.
I"1Gure 28, Young, 29 mm. long.
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eyes and on the upper parts of the oper-
cular Haps; (b) on dorsolateral portion of
body: (c) along posterior midline ol body
dividing the upper and lower halves of
myotomes; (d) along posterioventral keel

Figure 29

DMANSUELS

at hatching, with the greatcst body depth
at or behind the pectoral fin. The body
narrows generally behind the anus. The
digestive tract underlies only the anterior
one-hall ol the body, the distance {rom

FIGure 29.
details of the skeletal structure.

of runk, at base of anal fin, and on the
abdomen; and {e) scattered pigment on
the caudal fin, The fins never became
heavily pigmented in striped bass less than
29 mm. long. (See Figure 28).
Chromatophores on larvac in general
were sparse. None were ohserved on pro-
larvae, but vellow and orange chromato-

Drawing of an almost metamorphosed striped bass larva, 10 mum. long, showing
Dotted parts within the outline are unossified structures.

snout to anus being approximately 62 per
cent ot the standard length. The intestine
is continuous and unlooped, readily seen
in small larvae before it is obscured by
overlving musculature,  The changes in
boty form from prolarva to young are best
secn in the various attached drawings
(Figures 17-28).

FIGuRrE 30.

Drawing of secales from young striped bass, recently metamorphosed.

A. Fisgh,

20 mm. long; scale, 0.24 x 0.31 mm.; B. Fish, 20 mm. long; scale, 0.26 x 0.31; and C. Fish,

24 mm. long: seale N.33 x 0.39 mm.

phores were abserved in the eves, on the
head and slightly posterior to the base of
the anal fin 1n developing live specimens
ranging ifrom 6 to 10 mm. These colors
became more intense in postlarvae and
voung.

Changes in body form: TThe striped
bass larva s woderately elongate, except

Measurements are summarized in Table
7, and are based on average values. Those
in Table 8 represent proportions of various
body [eaturcs to standard length. Very
small larvae were well represented in the
tables but as they increased in size mortali-
ties increased and the sample size for each
size mterval decreased greatly, The stand-
ard length ol striped bass larvae and young
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7 238 278 0.0 0.20 1.23 2.06 1,82 0.66  —
27 3.41 3.36 0.54 .24 1.12 217 1.85 0.61 —
35 3.57 3.50 0.57 0.24 1.1¢ 2.7 1.83 0.63 —
4 4.22 4.07 .63 0,30 1.38 2.40 2.04 0.57
2 £.78 4.56 0.70 0.26 0.94 2,72 1.74 0,68 -
24 53,24 5.05 .76 0.28 1.09 2.90 1.52 0.538 -
5 5.68 .47 1.02 0.34 (.94 2.49 1.44 .51 -
2 6.10 5.85 1.06 0.40 0.86 3.31 .54 — —-
3 6.61 $.35 1.27 0.46 1.19 3.63 0.45 0.43 -
1 7.33 7.09 1.65 .52 148 4,05 0.50 e - -
2 776 7.36 1.60 (.59 1.53 4.26 0.52 -— 4.0
1 8.23 .73 1.78 0.62 1.72 4.51 0,48 0.19 [{
1 8.70 8.10 1.90 0.67 1.84 4.8y —_— —- T
1 9.33 8.42 2.19 0,69 1.96 5.03 ——— —
1 4.80 72 2.41 0.73 2.07 5.24 - — — N
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11.0-12.0 3 11.63 10.50 3.00 0.83 2.45 6.27 - — 7.0
3 12.62 11.13 3.48 1.00 2,52 6.92 —_— —_— 7.0
2 13.25 11.85 3.42 0.9% 2.65 7,05 — —— 7.0
3 14.50 12.45 4.03 1.14 3.26 7.94 - — - T
15.0-16.0 3 15.19 12.80 3.68 1.21 3.35 7.3 —— - -
16.0-17.0 2 18.50 14.20 4.30 1.40 3.50 9.20 — e
17.0-18.40 1 17,71 15.57 4.30 1.60 3.76 10.03 —— —
13.0-19.0 1 18.69 16.38 4.63 1.73 3.99 10.51 —— -
19.0-20.0 — — — - . —_ . -
20.0-21.0 1 17.70 5.00 1.89 4.35 11.30 — - —_— T
-22.0) 1 19.00 5.60 2.10 4.90 12,10 - e 7
1 20.12 5.92 2.33 5.27 12.86 —— —_ 7
1 21.30 6.20 2.50 5.65 13.65 - — n
3 22.50 7.07 2.38 5.52 14.30 - -— 7.0
2 24.00 7.30 2.52 857 15.28 — ——
1 29.00 25.00 7.75 2.90 5.70 15.70 — — 7

:LW = larval peetoral and larval pel

vic in respective columns]

LP -
LP ——
Ly —_—
P -
L,
LP S
Lp -
8
10 -
11 [
11 -
10.7 ——
11.0 R—
120 -
1.7 1.P
1.7 LP
12.0 LP
12 LP
12 LP
12 Ly
12 P
12 LP
12 I-4
13.0 1-5.0
8.5 -
14.0

|
|
|
|
|

Meristic Counts

25 33: 2 538 ik
s nA n &)
T I. 1.0 —— 7 14
- - H- 6 -—— _—— ——
- I- 8 1 & 15
11 I- 9 ¥ 10 16
— 1-10 1I 11 16
11 I-11 I 11 16
- I. 9.7 11 13.0 15.7
ITI-IV 1-10.7 IT 12.7 15.3
- I1-10.5 II 13.0 15.5
II1-IV 1-11.3 11 13.0 16.0
v I-10.7 11-111 12,7 15.7
VI-V 1-10.5 I 11.0 15.5
A’ I- 9 IIr 11.0 16
VII I- 9 II 12.0 16
YIII I-10 IT 12,0 16
VIIT I-11 111 10.0 16
Vit I-11 I 12.0 16
X I1-10 111 12.0 16
VII-TX I-107 1t 11.3 16.3
X 1-11.9 In 11.5 17.0
11.0 7

I-11 1711

. Measurements and meristic counts of larval and young striped bass, Roccus saxatilis, reared under laboratory hatchery conditions.

K
Myotomes &8
-
i
s/a tot, <]
4.7 183 —
10.8 22.4 —
10.6 22, —_
114 234 —
12,5 23.5 —
12.0 22.8 —
12.4 241 —
12.0 23.3 -—
12.7 24.9 —
12 25 —
12.5 25.5
12 23 —
13 26 —
12 25 —
12 26 —
13 27 —
12,5 25.3 —
12 25 —_
—~ — = X
— = - X
-— - X
——— - X
[ — X
_— —_ X
— — X
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was the independent variable in all com-
parisons of virious morphometric features
that were employed as dependent variables.
In all cases the relationships were lound to
be essentially linear, except [or body depth,
Lund (1957: 3) in his similar study ol
much larger striped bass ranging [rom 31
to 120 mm. also described linear relation-
ships lor similar and other variables.

Head: The head grows at a constant
rate in relation to the standard length dur-
ing the early development, increasing (.34
mm. in length for every millimeter increase
in standard length (see Figure 31). This
was shown for larvac and voung between 2
and 25 millimeters standard length, where
actual measurements were plotted. \When
head length, expressed as a percentage ol
standard Jength, was plotted against the
standard length (Figure 32), a difterent
wype of plot resulted. The advantage of
the former over the latter method of plot-
ting data has heen pointed out by Marr
(1955: 2820) .
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HEAD LENGTH IN MILLIMETERS
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STANDARD LENGTH IN MILLIMETERS

Fi¢UrRE 31. Regression of head length on
standard length of the striped bass. Each dot
is the average of a group of measurements.
The regression line is fitted by the method of
least squares. The outline drawings of the
larval and juvenile stages are not drawn to
scale.

The head length was approximately 15
per cent of the standard length in newly
hatched larvae, increasing to about 30 per
cent at 10 nmm. and remaining at this ap-
proximate value to the largest voung in this
sample.  Thus, at hatching, the head was
a smaller part of the standard length, but
as the larva increased in size a uniform
rate ol increase of the ratio of head length
to standard length took place. Lund (1957:

6) JTound that the relation ol head lenuth
to standard length is linear in larger
striped bass ranging {rom 31 to 420 mm.
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Ficure 32. Regression on head length, ex-
pressed as a percentage of standard length, on
standard length of striped bass. The curve is
fitted by eye from statistics given in Table 8.

Snout to anus length: The anus is lo-
cated rougzhly two-thirds of the distance
back along the body. and it retains this
relative position  throughout larval and
young stages (see Tahle 8). "The distance
increased 0.6 mm.

from snout to anus

Y= 0224 0.85 X

SNOUT TO ANUS LENGTI IX MILLIMETERS

AN N T T S T S T IO O T U O T
2 2 4 6 8 10 1z s 16 IR 9o 24 2%
STANDARD LENGTH [N MIL LIMETERS

Fiaure 33. Regression of the snout to anus
length on standard length of striped bass.
Each dot is the average of a group of measure-
ments. The regression line is fitted by the
method of least squares. The outline drawing
of the larval and juvenile stages are not drawn
to scale.

for each millimeter increase in the standard
length.  Since the relation is constant, this
s an  importunt  taxonomic  character.
Iigure 33 1llustrates this 1‘t31ati0nshi}').
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Body depth: 'Lhe greatest body depth,
usually at or behind the pectoral fin, in-
creases more rapidly during the carly part
of its development than during the later
purt (see Table 8). Tigure 34 shows that
as the fish grows from 2.8 and 5.8 mnm. in
length therc was an absolute dccrease, in
body depth, but between 6.4 and 25.0 mm.
there was a proportional increase. Thus,
the very early larval stages decreased 0.26
mm. in body depth for each millimeter in-
crease in standard length, but the later
larval and young stages, increased 0.26 mm.
for cach millimeter increase in standard
length. It is evident also that the striped
bass larvae amnd voung become progres-
sively more slender with increase in size.
Land (1957: 3) {found that the retation of
body depth length to standard length is
finear in larger striped bass ranging [rom
31 1o 420 mm. long.

o
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CREATEST BODY DEPTH IN MILLIMETERS
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Ficurr 34. Regression of greatest body
depth on standard length of striped bass. Each
dol is the average of measurements. The re-
gression lines are fitted by the method of least
squares. The outline drawings of the larval
and juvenile stages are not drawn to scale.

Eye: The eye of the striped bass larva is
round, with a ventral cleft developed w0 a
varying degree. It grows at a relatively
uniform rate throughout the larval and
the young stages (Figure 35) . The distance
from the snout to the anterior margin of
the eye was about 1/3 to 2/3 the diameter
of the eye, the proportional distance being
greater among the later stages. The eye
diameter weasured horizontally increased
0.12 mm. for each millimeter increase in
standard length.

Myotomes: In general, myotome devel
opment was lrom anterior to posterior.

AND YOUNG OF TIIE STRIPED BASS, ROCCUS SAXATILIS 21

These segments were assumed to correspond
gencrally to the number of vertebrae (Nor-
man, 1948: 167; and Blaxter, 1957: 3, 12).
The various drawings indicate that each
myotome was shaped like an “S”.  On
either side each ol these segments was
lurther divided into an upper and lower
hall by a groove running along the Jength
ol the fish. Although myotomes were evi-
dent on larvac within the eggs they could
not be reliably counted.
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Ficure 35. Regression of eye diameter on
standard length of the striped bass. HEach dot
is the average of a group of measurements.
The regression line is fitted by the method of
least squares. The outline drawings on the
larval and juvenile stages are not drawn to
scale.

The Tormation ol visible myotomes pro-
ceeded slowly among very small larvae.
The full complement of 25 mvotomes was
vot evident until the larvae were over 7
mm. standard length (see Table 7). Be-
tween 6 and 12 mm. the total number of
myotomes varied around the mean of 25,
with a range of 25-27, althouszh Blaxter
(1957: 12-13) found that the number of
myotomes on the average was about 5 per
cent more than the number of vertebrae in
counts made on the same herring larvae.
The average number ol myotomes counted
between the snout and anus generally in-
creased in numbers as the larvae increased
in size at the very early stages in develop-
ment, but the number soon stabilized at
about 12 alter a length of 5 mm. was
reached. There was also an apparent in-
crease in myotome counts between hatch-
ing and absorption of volk sac. This in-
arease is undoubtedly due to the myocom-
mata developing in the tail after hatching:
the myvotome tissue is present but is not



22 ROMEO

differentiated. These conditions have been
observed also in the sea herring, Clupea
harengus, by Blaxter (1957: 6). At pre-
sent it is difficult to say at what stage In
the developmcnt the number o mvotomes
is determined in the striped Dbass, but the
observation above suggests that it is soon
alter hatching. After about 13 mm., the
myotomes could no longer be counted (see
Table 7).

TABLE 8. Body proportions of striped bass
larvae and young.
o Br)(j_\' VPrr«'r)pm'{ioﬁs Expressed as
Percentage of Standavd Length

Size

Intervals in ‘\vm.nd‘f“};d "gi w% éf
Total Length Lemyzt JE HE ==
=3 3=
: N
2.50- 3.00 2N 11.3 T4
3.00- 3,50 346 16,0 v 64.6
3.50- 1.00 3.50 16.3 6.8 62.0
4.00- 4,50 4.07 5.5 T4 53.9
4.50- 5,60 1.58 15,4 57 29,6
5.00- 5.50 5,03 15,0 5.5 a7 .4
3.50= 600 5.47 N6 6.2 ST
6.0 6.50 585 1N 6.8 536.6
6.50- T.00 6.35 204 7.2 e
TAU- T50 T.00 28.% TR s
T.50- K00 7.36 217 hR(} 7.0
N.U0- 8,50 T KR 58.3
S.a0- 8.00 .10 8.3 59.2
9.00- 9,50 %.42 S.4 59.7
9.50-10.40 872 ¥ £0.1
10.00H-11.00 9.70 RN 62.4
11.00-12.060 10,045 8.5 62.4
12,00-13.00 1113 31.3 N4 62.2
13.00-14.0u 11856 2 S8.3 9L
14.60-15.00 12.45 32.4 G 63.8
15.00-16.06 12,50 251 9.4 6L.9
16.00-17.00 14.20 30.3 0.8 64.8
17.00-15.00 15.57 27.6 10.3 6.4
IK.B0-19.00 16.3% 28.3 10.6 64.2
19.00-20,00 - - - - - - - —-
20,00-21,00 17.50 252 10.7 21.6 63.5
21.60-22.00 19.00 29.5 11.0 25,8 63.7
22,00-23.00 20,12 29.4 116 26.2 63.9
23.00-24.00 21.30 201 1.7 26.5 541
24.080-25.00 — - - - -
25.00-26.00 22,50 31.4 L6 24.5 63.6
26.00-27.00 - - . .
24.04 30.4 10.5 24.0 83.7
20.00- ‘3() [ 25,00 31.0 11.6 22,8 2.8

"The paucity ol larger specimens veared
in the laboratory did not allow a detailed
study ol vertebral development and the
sequence ol osstheation. Some observations
are available on the vertebrae. Figure 29
shows a specimen 10 wn. long that pos
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sessed o full complement of 25 vertebrae.
With the aid of wansmitted light under
stereoscopic  observation, vertebrae were
visible in specimens beginning at about
7 mm. in length. In general, vertebral
development scemed to be from anterior to
posterior.  Figure 29 also shows that some
ol the head bones were well-developed and
ossified at a size over 10 mmnm. in total
length. The caudal and abdominal verte-
brae were distinct from one another. The
caudal wertebrae, including the hypural
plate, consisted of 13 vertchrae, while the
abdominal vertebrae numbered 12, as re-
ported by Jordan (1905, 1. 18) and Merri-
man {1940 59).  The vertebrac were
found in some fish to correspond in
number with the mvotomes, thus serving
to emplmsl/c the wencul uselulness ol the
latter in meristic couuts. In a few speci-
mens. differences of -+ 2 mvotomes to the
vertebrae were observed, indicating that
calttion is necessary in making these counts.

Branchiostegal rays: "I'able 7 iudicates
that these rays were visible when the fish
were over 7 mm. The full complement ol
7 ravs was formed at the very small size of
8 mm. The scquence of ossification scemed
to be from upper to lower rays.

Teeth: leeth were evident on the man-
dible at about 6 mm. in a late prolarva
which displayed a single fang-like tooth
on the mandible. On postlarvae metamor-
phosing to the voung stage at 8 mnw. the
premaxillare teeth were evident. Table 9
shows that the mandibular teeth appeared
first and maintained slightly greater num-
ber throughout the larval growth and
transformation.  Teeth on both jaws were
unevenly spaced and tended to vary in
size.  All were slender. conical and re-
curved, the amterior showing the most
curvature. Just before a length of 12 mm.
is attained the teeth on both juws became
biserial, and in fish ol about 20 mm. this
feature was most pronounced, although
counting is complicated by the irregular
grouping of these teeth. The teeth of the
mner row on cither jauw were slightly
fonger and pushed backward. Ryder (1837:
503y found teeth on both jaws in larvae
oniv 3 mm. long.

Gill rakers: Although gill rakers could
he obscrved clearly in a lew specimens, in
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most cases counts were so unreliable as to
render the cilfore wasted.  Dissection was
considered  a drastic measure since  the
number ol specimens was Jow.  Lewis
(1937: 5 stated in his exhaustive study ol
this character in O and 1 age groups (one
and two summers old,  respectively) ol
striped bass fron throughout its vange thar:
“Call raker counts were not made on fish
below 26 mm. due to the ditheulty of re-
moving the entire arch.”  He found that
there was no change in the number of gill
rakers in the first two years ol growth in
these advineed  fingerlings.  The mean
value for the toral number of gill rakers
in voung hish for Chesapeake Bay was 24.48;
for Albemarle Seund. North Carolina, was
2051, These means were not significantly
difterent when analvred by standard statis-
tical procedures,

TABLE 9. Teeth in larval and young striped
bass, according to size.

Count of all teeth on one

Size o ,Sme of jaW” .
Mandible Premaxilliary
6.2 B 0
6.5 1 0
6.7 5 0
8.2 6 5
9.3 £ 6
12,0 36 35
15.0 40 42
18.5 i 48
22,0 72+ 66 -
Opercular and preopercular spines:

Opercular spines were poorly indicated on
vecently  transformed  juveniles at about
Y2 mm. Figure 29 shows the development
ina fish 8.2 mnu. long. Three well-developed
spines were observed on the preopercle on
a 12 mum. juvenile where the headbones
were well-developed  (Figure 24) . In the
lavger individualy the preopercle possessed
more. but smaller, spines (Figuves 26-28) .
I'he small operculin spines were either
single or double in the large juventles.

I addinon o the opercular spines, cer-
win other feawures of the head may be use-
ful in identification of young striped bass.
Woolcott (1957: 6) has discovered the fact
that in the swriped bass the dimeter of the

sensovy canal v the swong compact bones
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forming the lower jaw is smaller than in
the white perch, Roceus americanus, with
which it is most often confused during the
postlarval and early young stages. In the
latter species, the lower jaw appears Irail
because ol the farge sensory canal and
pores.  For this rcason, Woolcott thinks
that this character may serve in separating
voung white perch from striped bass.

Scales: Scales were first observed on
striped bass juveniles when they attained a
size of 21 mm. (lable 7). Imbrications
were observed at a slightly smaller size.
The scales on the smaller fish were decidu-
ous and on the larger hsh they were
more lirmly attached.  Figure 30 indicates
the appearance  of  these scales  [rom
various sizes of juvenies. No observations
were available o show the sequence ol
scale formation. The larger fish in Table
7 were heavily scaled and. except lor the
fack ol markings, have the important fea-
tures ol larger striped bass.

Pectoral fins: The lawrval pectoral fins,
which consist of a leshy base and non-raved
fan-shaped membrane, was first observed on
prolarvae about 5 mm. long.  Superficial
rays made their appearance at about 6 mm.
in length, and these were not counted with
certainty unril about 8 mm. (sce Table 7).
Alter this size, the ravs could be counted,
and the number gradually increased to, but
never attained, the [ull complement ol 16
rays. It appeared rhat the full complement
was achieved ar a size bevond 30 mm.

Caudal fin:  The caudal fin of the
striped bass young was typically homocer-
cal, but in larvae the ail was spatulate and
rounded.  The first evidence of caudal fin
formation occurred when a ventral thicken-
ing was observed near the posterior end of
the notochord where the urostvle hecomes
ossilied ata sive as small as 5 mm. in length
(see Fizurc 17). Rays were also distin-
guished in some hsh slightly larger than
this. A\t 6 mm. most prolarva possessed
these superficial rays. "The rays {ormed at
in oblique angle, and were equally dis-
tributed on either side of what will be the
center of the caudal fin when formed.
Figure 21 shows that all principal rays
are ventral inonigin, and as they were being
laid down the urostyle goes through the
flexion that brings the principal rays into
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the terminal position they occupy in the
tully formed caudal.  They seem 1o be
laicd down at about 8 mm.  The hypurals
appeared to be developed at about 10 mm.
The candal fin was articulated with the
lTast three vertebrae (Figure 29). Tuble 7
indicates that the increase in number ol
rays [rom lLish over 8 mm. is slow. The
largest fish represented in the table had
attained the foll complement of 17 caudal
rays, ol which 13 were branched. Figures
24-23 show the critical size when the fins
attain their homocercal characteristic,

Pelvic fins: 'The pelvic tins were the
last important meristic element to form in
vouny striped bass.  An abuormal juvenile,
one ol the largest specimens reared, did
not develop any pelvic fins (sec Figure 50).
Pelvie buds could be seen at about 10 mm.
but the Jarval pelvic fins were evident first
in fish about T+ mm. in length and were
retuined by tansformed voung juveniles
until about 23 m. The {full complement
ol onc spine and 5 rays was attained
shortly after the rays were first discerned.

Spinous dorsal fin: The {irst dorsal fin
did not appear or become lully developed
until a considerable period alter the ap-
pearance ol the solt or sccond dorsal fin.
The anterior vays ol this in appeawred 1o
develop first.  Table 7 shows that the
spines were discernible first at about 8 1.
in length, and that additional spines were
added slowly. In smaller sizes, individual
spines were diflicult to find. The full
complement of nine spines wuas attained
at about the same time the ull complement
ol pelvic rays was formed, ie., at about
24 mm. in length.  Figures 25-28 show the
relative sizes of the various spines during
this development: these were verv much
like those preseut in large fingerling and
adult lish.

Soft dorsal fin: "'he second dorsal fin
showed greater development and sharper
differentiation than the first dorsal {in
(Figures 25-28). Atabout 7 mnw in length
in some specimens (see ‘Table 7) the num-
ber of ravs wuas about one third the full
complement.  The spine was also present
at this early stage. The increase in the
number ol soft-ravs was rapid until the
lish was about 15 to 20 mm. in Jength
when the [ull complement ol 11 rays
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were evident,  Figures 25-28 show the rela-
tive sizes of the various spines during the
development.  \» pointed out earlier, a
Iold connecting the first and second dorsal
fins wis not observed.

Anal fin: | he differentiation of this fin
occurred when the larva was about 7 mon,
i length, but dearcut evidence ol a spine
and a countable number of soft-rays was
not evident untit 9 mmn in length.  Be-
tween this length and 15 mm. most of the
fish possessed two anal spines, although =
few sull possessed a single spine.  After
15 mm. three anal spines were clearly
evident. the third being lormed from the
ossiftcation ol the hrst solt-ray  inunedi-
ately behind the second spine as shown by
Mansueti (1958 MS) . The present study
corroborated this anal spine study in all
details, except that three spines were {found
in a few fish smaller than 20 mn. in this
study. The number of softrayvs varied as
shown by "Table 7, but the [ull complement
of about 11 solt-rayvs was evident when the
three anal spines were present beginning
at about 20 nun.

Rate of growth: Duta on the growth
rate ol swiped basy from larvae through
transformation are presented in Table 10
and Figure 36, The estimates of growth
front  hatchervreared  siriped bass  were
compared with sizes attained by fish reared
in a pond beginuing May 7, 1981, by Pear-
son  (T938: 832-837) and with the average
sizes of matarally-spawned fish taken by
seine during the month ol June, July and
August, 1956, lrom the Patuxent River.
The peak of spawning was observed to be
between May 1-19, 1956, in this area so
that the hatching dates were roughly com-
parable with that of Pearson’s and the
hatchery-reaved matevial.  Swiking  differ-
ences in growth rates werc observed be-
tween them and the hatchervreared swiped
bass in the present study, and it ‘was
obvious that the latter fish were greatly
Ustunted.” The average sizes attained by
natarally-produced  lish in the Patuxent
River during summer months in 1956 have
also been observed during other vears in
the Patuxent River and clsewhere, and
along with  similar  data  obtained by
Viadvkov and Walluce  (1052: 150y, the
growth rate ol young during this period
can be yegarded as normal.  Interestingly
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enouszh, the small amoant of data {rom
Pearson when fitted by cve with o curve
can be provisionallv combined with the
absolute growth curve of Pataxent River
young, forming the classical sigmoid growth
curve. In spite of the diflerences in years,
spawning periods, and growing seasons, it
appears likely that growrh ol striped bass
Larvae and young, under natural conditions
during spring and summer, will be similay
to Pearson's data and the Patuxent River
fish curves combined.

TarilE 10. Growth data, based on average
sizes for wvarious ages, of larval and young
striped bass, Roccus sawatilis,

Hil[(!]’;?l:y~l’9;l‘;'0(i

s

el R
atuxent River .o
Pas l\l,‘il:l‘ Pearson’s Fish

(Present siudy) {Seine collections) (1858 832-837)
E bs Be .52y 5= P2, §. Bsfe.
3% £E SHEELY & BHE & EE2us
2% 5w gSFCHY Eg JBE Z¥ Zw p5E
) A i 2 ZC s
0 ¢
hatcehing 12 2,9 - —- —- hatching 1
1 day I 3.6 - -—
1% days -- - - — - - 115 days 1 4.4
2 days 30 5.1 - - 2 days - -
3 days 15 6 - - - 3 days 1 5.2
4 days - - - — 4 days 1 5.8
6 days - - - —- 6 days 1 6.0
8 days - - - - - 8 days 1 9.0
2 weeks 10 R.1 - - - 16 days 1 13.0
3-4 3-4
weeks —-- - - weeks 1 36.0
4 4
weelks 5 1L.b weeks 10 420 - - -
i weeks 5138 - - - — - —
8 8
weeks 5 2001 weeks 31 68.0 - - -
HY weeks 5283 —- - - - -
12 weeks 2 254 - - - - —
14 14
weeks 1 2900 weeks 91 750 -
The depressed growth curve of the

hatchery-reared hish was probably a product
of many complex lactors.  Overcrowding
(Brown, 1957: 372-375, 377, 385, 395-396,
Davis, 1953: 48-50), lack of sufficient and
proper lood during different phases of
growth (Brown, 1957: 380-391), variable
cflects of metabolites in the agquaria (Brown,
1957: 396) , endocrine disturbances brought
on by artificial environment, (Browu, 1957:
393), and wmany other factors that were
present. where lew ol these variables were
fully understood or could be rigidly con-
trolledd, have heen known to affect hsh
growth. Among hatchery-reared fish, Smith
(1957: 341y  has developed the thesis

o
2:)

that high growth rates and high respira-
tion rates occur together. It is conceivable

that low growth vates can be produced in

fish whose oxygen consumption was dic-
tatedd by the low levels and high water
temperatures present In rearing aquaria.
Without trving to account precisely for
the stunted nature of the fish, it was pos-
sible that the ontogenetic features ot these
fish were unaltered by this phenomenon.
except to delay the sequence ot morpholog-
1cal events in time. [n other words, size,
ot age. determines the appearance and
development ol body parts and numbers.
This 1s consistent with the findings of
Marun (1949: 27-28, 61-65), who showed
that the body form is inlluenced by five
relative-growth stanzas, punctuated by four
inllections  lound at approximately the
eyed-cgg stage, hatching, ossilication, and
sexual maturity, Body size at these points
is an influencing tactor on the determina-
tion of the relative size of the body parts.
Perhaps the appearance and development
ol meristic features is also more affected
by body size than age. Martin also indi-
cated that the immediate environment can
alter body size and hence proportions dur-

g Hatchery-reared fish
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FICGURE 36.
hatchery-reared striped bass with average sizes
of this species recorded during various dates

Comparison of growth rates of

by Pearson (1938: 832-837) after hatching

May 7, 1931, and from seine collections made

during summer months 1956 in the Patuxent
River, Maryland.

ing a considerable period of time. "This
generalization can probably be carried to
conditions present in a laboratory hatchery,
Nevertheless, the unusually small sizes and
the teratological individuals described be-
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low require that all features in the early
development of the eggs, larvae and juve-
niles be [urther studied under more con-
trolled conditions.  Since the appearance

Abnormal eggs: Anyone culturing the
eggs ol striped bass is confronted with the
frequent occurrence of dead and abnormal
eges that display a wide variation in the

2.2 mm

2.2 mm.
Figure 37

2.3 mm.

Figure 39 B

. [ Figure 394
gure 38 -

Figure 40

ABNORMAL EGGS OF STRIPED BASS

FiGure 37.
FIGURE 38.
oil droplets and yolk.
FIGURE 39,
broken down.

FiGure 40.
terial within the chorion.

ol many or most morphological features
and meristic numbers are a lunction of
size rather than age certain other diagnostic
features, such as stripes and the full number
ol pectoral rays, that are at present un-
recognized, may Dbe observed among the
larger-sized, recently-transtormed young
especially between 30 and 40 mm. in length.

Abnormal fertilized egg, 2.2 mm,
Abnormal fertilized egg, 2.2 mm,

Abnormal fertilized egg, 2.3 mm.
A. Lateral view; B. Dorsal view,

Abnormal fertilized egg, 3.7 mm.

in diameter, showing broken oil droplets.
in diameter, showing complete disintegration of

in diameter, showing yolk sac and oil globule

in diameter, containing white coagulated ma-

internal breakdown of volk-sac and oil
globule.  Worth  (1910: 156-158) and
Scofield and Coleman (1910: 110-111, 113)
have provided derailed descriptions of dy-
ing, dead and abnormal eggs. and some
of the conditions accompanying them.
since dead and abnormal eggs are [re-
quently taken with live eggs in plankton
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samples, some of the most common fea-
tures witl be described briefly for diagnos-
tic purposes.  Unfortunatcly, conditions in
the hatchery were not under suflicient con-
trol to provide data that might elucidate
causative lactors.

Figure 37 shows a live egg that had not
fully water-hardened with o1l droplets that
were beginning to break apart [rom the oil
clobule to Hoat to the top of the vitelline
ftuid. 1t was 2.2 mm, in diameter and was
about 3% hours old. This condition was
occasionally observed in normal eggs where
it was apparently arrested and the eggs
developed as il unalfected. In abnormal
conditions, the endpoint of oil droplet
disintergration is illustrated in Vigure 38.
This egg was also 2.2 mm. in diameter and
was 10 hours old.  The yolk material was
almost completely separated (rom o1l drop-
lets that were in various stages of suspen-
sion in the perivitelline fluid. Such eggs
were [requently characterized by a heavy
opaque and coagulaled yolk around the
circumterence of the egg. Other aveas of
such eges were clear and transparent.

Another type of egg that died before the
complete swelling of the chorion takes
place is illustrated by Tigure 39A. It was
2.3 mm. in diameter and 8 hours old. The
oil globule was disengaged from the yolk,
and the latter had disintegrated and had
congentrated on the bottom as a coagulated
mass. A large cavity was occasionally seen
in the oil globule, and the contents from
this space are illustrated as a dark mass at
the bottom of the egg in this view of the
egr.  Figure 39B is a dorsal view of the
same egg.

Ameong lfully water-hardened dead eggs
as Hlustrated by Figure 40, the most fre-
quently encountered anomaly were those
that are f(ully or partially clouded with
coagulated fluid. The oil globule may be
free or still attached to a partially disin-
tegrated or irregular vyolk. These eggs
died tollowing the rupture of the vitelline
membrane surrounding the yolk. Striped
bass eggs were apparently quite susceptible
to rapid changes in oxygen supply, tem-
perature, water movement, and other un-
known factors up to the time of closure of
the blastopore, one-third of the way be-
tween fertilization and hatching.  After
this period, when the yolk sac becomes
covered with several lavers of cells, the

eggs are apparently less susceptible and
can stand rough handling, as has heen re-
ported by many workers for cggs of other
species of fish.

Abnormal larvae:; Abnormalities among
fish larvae were commonly observed in the
Iaboratory. Among striped bass, the most
prominent deviation [rom the normal ap-
pearance were the pugheaded individuals,
which are described in a separate section
below. The possibility of the occurrence
in plankton samples of such abnormalities
camnot be completely ruled out. Those
describeidd here may have been largely in-
duced by artilicial conditions, but similar
abnormalities may occur in nature. A
nwnber of variations other than those that
are illustrated have also becen observed so
that this aiscussion is merely an introduc-
tion to the subject. In the case of larvae,
as well as with eggs, enviromnental condi-
tions in the laboratory could not be suffici-
ently controlled to provide information
about how such deviations are brought
about.

Ficure 41, Dorsal views of abnormal pro-
larvae, recently hatched, showing blisters on
body.

Abnormal behavior of larval striped bass
could occusionally be traced to debilitation
from gas bubble disease. Among afllicted
fish very small bubbles either became at-
tached to the larvae or were swallowed so
that bubbles were clearly seen in the intes-
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tines. The fish developed white spots on
the yolk sac and died. The disease wus
apparently associated with waters super-
saturated with atmospheric gases. Gas
embolism also may be due to an excess of
nitrogen, which is frequently found in
well water ({see Marsh, 1910: 898.901;
Marsh and Gorham, 1905: 343-376; and
Dannevig and Dannevig, 1930: 211-215).
Early experiments with well water during
this study resulted in many mortalities ap-
parently from this nitrogen excess and/ox
oxygen deficiency, which is another char-
acteristic of well water. Figure 41 shows
newly hatched prolarvae with bulges and
blister-like features along the baody, the
causes of which are unknown.

One of the most commmon abnormal con-
ditions observed in newly-hatched striped
bass larvae from 48 to 72 hours old and
about 4.5 :mm. Jong is illustrated in Figure
42, The head was bent back and the eye
was perpendicular to the body. Very little
pigmentation was evident on the body
except for melanophores on the oil globule.
There was also a lack of pigment in the
eyes, a characteristic of newly hatched
larvae. One of the most pronounced
pathological features of this type of larva
was the settling of the yolk material in an
odd-shaped mass in the posterioventral part
of the volk sac. Among newly haiched
larvae under turbulent water conditions or
those roughly handled, catastrophic mor-
talities occurred that were marked by the
spectacular rupturing of the oil globule
into the water (see Worth, 1901: 215-226) .

Several other atypical larvae that were
poorly defned are illustrated by hump-
backed individuals in Figures 43 and -4
that were observed before preservation.
The first was characterized by a specimen
with much of the yolk material and a
large o0il globule retained. The other
showed a larva in the same group with
most of the yolk material absorbed and a
large oil globule retained, suggesting some
kind of metabolic disturbance. Usuallv
yolk sac and oil globule were more or less
absorbed simultaneousiy.

One of the most serious pathological fea-
tures of striped bass in the hatchery, en-
countered in both pro- and postlarvae, were
the symptoms tentatively identified as blue-
sac disease. The tollowing characteristics
of this essentially circulatory disease have

been observed in striped bass larvae: (1)
hemorrhages in the head and thoracic
region (Figure 45 and 46); (2) blisters
on the sides of the body above the pectoral
fin and above the yolk sac (Figure 16);
(3) fluid-filled coelom which is a light
blue, hence the name of the disease; (4)
kyphosis, in which only a slight curvature
of the spine was noted; (b) general cir-
culatory system damnage in which blood
vessels ceased to pass blood. deteriorated.
and in which clots of blood cells were
formed; (6) “lock-jaw” or the open-
mouthed condition indicating that respira-
tory movements were being curtailed; (7}
lighter anemic coloration than usual, re-
sulting from decreased blood flow and
increase in clots; and (8) white spot forma-
tion in the yolk sac. In all cases where
blue-sac disease developed, death followed
presumably due to immobility and
suffocation.

Blood in healthy striped bass larvae was
characterized by arterial flow on top and
venous flow beneath the notochord, easily
observed within the posterior part of the
body.  The heart in the cephalothoracic
region beat with a steady and vigorous
rhythm in healthy fish. Among diseased
fish, the early stages were characterized by
Jots of blood cells chiefly in the forward
portion of the head, and the irregular
heart beat and an abnormally elongated
heart. The fish became increasingly de-
bilitated, lving on their sides. Healtly
fish continued to swim about normally.
When afflicted fish began their gaping
movements the internal structure was al-
ready deteriorated. This was accompanied
by the coagulations in the volk sac, de-
veloping  into  prominent white  spots.
They eventually died from asphixiation
as indicated above.

All the symptoms described above agree
with classical descriptions given by Woll
(1954: 51-59) who reported the occurrence
of the disease in three families of fishes
(Salmonidae, Coregonidac and Catostom-
ide). The disease has an unknown etiology,
in spite of a large amount of work in this
field. Whether the disease is infectious or
not has not heen demonstrated. Healthy
striped bass, mixed among larvae with the
disease, were reared through transforma-
tion to the juvenile stage. Once again.
environmental factors such as oxygen ten-
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sion. temperature and other factors, either
singly or collectively, cannot be ruled out
from the many causative agents that have
already been suggested for the disease.
Figure 46 shows a completely transparent
and pigmentless larvae 5.6 mm. long. a
condition induced artificially by confine-
ment in total darkness for a two week
period alter hatching. A group ol larvae
were confined thus for survival purposes,
and the results described here are a sec-
ondary eflect. Orange pigmentation along
the ventrolateral aspect of the body and
the gold-flecked eyes present on normal
larvae of the same general age and size
were absent in these individuals.  Small
melanophores, however, were present.

Development of abnormal pugheaded
larvae and young: Shortly alter the trans-
formation of many of the postlarval striped
hass, it was noted that some ol the indi-
viduals exhibited the typical pugheaded
anomaly occasionally observed among adult
striped bass in commercial catches and
described and illustrated as “Mopskopt”
fish Dby Schacperclaus (195]: 618-620).
These fish were characterized by (a) lack
of a snout and most of the upper jaw, (b)
marked bulging ol the eyes, steep {orehead,
and top of head flat, (c) well-defined pro-
jection ol Jower jaw beyond the straight
bar-like structure of the upper jaw, 411(1
() partial exposure of the tongue and
minute pigrentation in cavity of lower
jaw.  About one-third of the hatchery-
reared voung that survived during the
summer of 1956 were pugheaded fish, and
these included some ot the largest individ-
uals.  Figures 48-50 show some of the es-
sential characteristics. Thus, some pug-
headed features, notably the unequal place-
ment of the upper and lower jaws are
evident in the postlarvae (Figure 48).
Figure 48 and 50 show the unequal closure
of upper and lower jaws that was obscrved
on most of the normal larvae. Figure 49
more nearly approximates the abnormal
“Rundkopf” tvpe described and iltustrated
by Schacperclaus (1954: 620) .

The present experiments have produced
the first well-defined examples ot pug-
headed characteristics in larval and young
striped bass, although Gudger (1930: 1-19)
had thoroughly summarized all the observa-
tions of this pathological condtion in adult

striped bass up to the date of his publica-
tion.  Since that iime additional specimens
have been tound bv flishermen in Chesa-
peake Bay and deposited in the Chesapeake
Bmlogual Laboratory, and accounts have
‘xppe(ncd in newspapers (Covell. 1957: C-1) |
indicaung that this Is not a um(luc condi-
uon mn stupe(l bass or other species. Ruder
(1887: 503, 548), in addition to pu)hsh-
ing the frst illustration of a postlarval
striped bass, described and illustrated what
he considered a hybrid between the
shud and rock-ish, the former being the
female and the latter the male parent.”
This ilustration was discussed with Dr.
F. C. Raney, who agreed with the author
that the drawing probably represented a
pugheaded striped bass, and that, on the
basis ol present state ol kuowledge that
negates interfamilial breeding of fishes, it
certainly was not 2 hybrid between the two
species.  ‘Therc are a number of similar
relerences dealing with hybridization of
striped hass with shad, white perch, and
yellow perch that have been overlooked by
workers in recent vears (Roosevelt, 1883:
510-515: Ryder, 1882: 187; aud Ryder 1887:
HH-305Y . Ryder, who remarked, “That
the eges of the shad . . . might be fernlized
with the milt from the male striped bass
seemis  almost meredible,” was confident
nevertheless, that the hvbrids were good.
although the evidence he presented was
very poor.  Carl Hubbs (19350 1-20) listed
no cases of successful hybridization above
mtergeneric level, and Clark Hubbs and
Strawn (1957 33-56) carried out some
inrerfamilial mutings that were essentially
unsuccesslul. Thus, considering the prinu-
tive conditions under which these so-called
hybrids were produced and reaved, it is
possible that any such larvae were actually
one species or another. Tt is conceivable
that Rvyder’s specimen could have been
introduced from the river into boxes or
jars containing his so-called  shad-striped
bhass hvbrids and that confinement may
have produced the pugheaded example that
he illustrated.

Gudger (1930 [8-19) ndicated that
there was no information available to show
how pugheaded striped bass feed. Inci-
dental observations i this study showed
that thev exhibited no dithculty in feeding,
in fact, as indicined earlier, some of the
largest speciniens that survived were pug-
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headed.  In all cases they were observed
to open their mouths widely when pursu-
ing brine shrimp or daphnia, engulling
the prey and rhen expelling water through

substantiate the claim that it is due to a
mechantcal  injury  (Covell, 1957 C4).
Gudger  (1950: 18y and  Schaeperclaus
(1954: 620y established the tact that with

Figure 48

PUGNOSED STRIPED BASS

FIGURE 48.

Abnormal postiarva, 6.7 mm. long, showing pugheaded condition.

Eggs and

larvae of brine shrimp are shown in the stomach.

FIGURE 49.
FIGURE 50.

the gill openings. Pugheaded fish did not
appear at a disadvantage in their ability
to feed when compured to normal-headed
individuals.

The cause of pugheadedness in fAsh is
still conjectural. "Fhere is no evidence 1o

Abnormal young, 15mm. long, showing pugheaded condition.
Abnormal young, 29 mm. long, showing pugheaded condition.

other species of fish it arises as a germinal
defect n the embryo and that its course
may be directed by endocrine disturbances
alfected by an adverse environment. The
effects of environment, unfortunately, arc
usually not clearly separated from genetic
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in many of the references cited. Schaeper-
claus  (1954: 618-620) and Tschoertner
(1936: 121y, for example, have reviewed
the extensive European literature and have
discussed the influence ol environmental
Lactors, especially oxygen deficiency, in
producing pugheadedness in cod, trout,
pike, carp and vellow perch. The origin
ol some normal and some pughcaded indi-
viduals from phenotypically normal striped
bass parcnts in the present study leaves the
roles of both environment and genetic
lactors undetermined.

SUMMARY AND CONCLUSIONS

1. Detailed descriptions of the early
development ol the striped bass, Roccus
saxatilis (Walbaum), with emnphasis on
variation in size and morphology, sequence
of fin formations, changes in body form,
and attainment of the full complement ol
meristic structures, are presented and illus-
trated [or the first time.

2. The eggs, which are pelagic, buoy-
ant, but slightly heavier than {reshwater,
are spheri(:ui, transparent, nonadhesive and
relatively large when compared to the eggs
of other estuarine and anadromous fish.
When unfertilized, they are about 1.3 mm.
in diameter, and about 3.5 mm. when
fertilized and fully water-hardenced. The
granular yolk sac is green in live eggs and
whitish  yellow when preserved. and 1s
about 1.2 muwL in diameter. The single,
anber-colored oil globule is about 0.6 mm,
in diameter.

3. Swiped bass prolarvae hatch in 36
to 48 hours at an average waler tempera-
ture of about 63-F., and range from 2.9-3.7
mm. in totat length. They are relatively
undeveloped, with no mounth opening, un-
pigmented eves, and a greatly enfarged volk
sac and oil globule projecting bevond the
head. When about 56 mm. long the yolk
sac and oil globule are partly or whaolly
assimilated and  they become postlarvae.
The jaws and teeith, digestive tract, air
bladder, gills, circulatory systemy and other
internal structures are clearly distinguish-
able.  They are transparent, except for
some scattered melanophores and a lew
orange chromatopheres on the body and
eves.

4. Postlarvae tansform  to  juveniles
between 7-10 mm. when the fin-folds are
lost except in the dorsal, anal and caudal

regions.  I'in rays begin to differentiate in
the Jarger fish in these regions. The tip
ot the urostvle flexes dorsally and the
rounded, spatulae tail of the larvae be-
comes homocercal when the principal rays
take o terminal position. The largest fish
in this group possess a well-formed, but
partly ossified skeleton with the [ull com-
plement ol 25 vertebrae, which arc generally
correlated in number with the myotomes.
Melanophores are miore concentrated on
the head, sides of the abdomen, and alony
hoth sides ol the hody posterior to the anus
at these sives, although the distribution of
chromatophores is about the same as in
prolarvae.

5. Between 10-20 mnn. all postlarvae
complete metamorphosis, with segmented
hn-rays in the various {ins.  Muscular bands
of tissues have obscured the skeletal struc-
twre and internal viscera, and myotomes
can no longer be counted.  Soue have the
[ull comiplement ol three anal spines char-
acteristic ol the tamily Serranidae, and
other meristic characters are well- developed.

6. Between 20-30 mn., scales are found
on all young, and with the exception of
pectoral finravs, a full complement ol mer-
stic structures is attained.  The body is
uniformly  vellow-brown  colored, and is
spotted with  many small melanophores,
but the striping found in older and larger
fish is not evident,

7. Lmear relutionships is found be-
tween  the dependent variables ot head
length. eve length, and snout to anus
length, and the independent variable of
standard lengih of Luvae and voung: the
relationship between standard length and
bodv depth in the smadlest larvae was non-
linear. These data indicate that, with the
latter exception, in all of these body parts
the rate of development is proportional to
the femrzth ol the fish. a condition that has
been observed in larger striped bass in
another sudv.

8. The sequence ol fin formation is as
follows: larval pectorals  (without rays),
caudal finn second dorsal, first dorsal, anal
[ins (more or less simultaneously) , pectoral
fm (with ravs)y and pelvic fin. The third
anal spine develops from the first termin-
ally segmented soft-ray between 15-20 mm.
total length, so that all young striped bass
below 15 mn possess two anal spines, and
all above 21 mum. possess three.
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9. Myotomes are evident on  larvae
within the eggs, but are countable only
in the Jarvae. Betwecn 6-12 mm. total
length, the total number varies around the
average of 25, with a range of 23-27, indi-
cating that the myotomes apparently do
not exactly equal the 25 vertebrae, a phe-
nomenon observed in the sea herring in
another study.

10. Striking differences exist between the
growth rate of hatchery-reared striped bass,
those based on another study, and those
obtained from field collections. "T'he young
in the present study were stunted, a condi-
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Prate I. Eggs and prolarvae of the striped bass, Roccus saxatilis.





