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Factors Which Influence the Rate
of Growth of Larval Striped Bass

Durlng these proceedlngs, the 1ength of time for which striped bass may
T "he susceptlble to withdrawal by the Indian Point Plant has not been precisely
evaluated. It is the Staff's position that this period of time is in the
'range of six to eight or more weeks, and, as a consequence, the entrainment
prqﬁlem is significant, This coﬁcept is based‘upon data which is available
coﬁcerning'the foctors which influence develcpment of larvae, and the rafe |
of growth of striped bass in the Hudson River. This particular aspect of
the entrainment analysis is of special coﬁcern because it involves the
.determination of the duration of the passive or semi-passive>stages of
striped bass. In effect, ‘the longer the duration of the\passive stage; the -
more important is the entrainment aQDect of the 1mnact which may occur as
a result of operation of Indian Point Units 1 and 2. Fortunately, there aré»'
a gre@f deal of data which have been cbtained concerning the development of
striped bass larvae in conjunction wiéh the successful attempts to o
artificially prcpagate striped bass and to introduce this fish into

. reservoirs to upgrade the sport fishing in those resefrvoirs.

Becauée'of the many problems which have been encountered in relation
to artificial propagation of striped b;ss, the recent interest in developing
fresh water fisheries through stocking programs has resulted in a simul-
faneous expansion of research to determine the factors that control the
sﬁ;ﬁivél and growth of larval stripers.. Thése efforts have.not been
restricted to U.S. investigations, and it is notgd that Soviet researchers

| in collsboration with U.S. fisheries experts have contributed considerable



t information by establishing the nature of feeding and the preferred food
organlsms in the early stages of larval development (Bogdanov, Doroshev
and Karpev1cn, 1967  Stevens, ]966 ). |

The following discussion is taken from a recent comprehensive de-
scription of the morpholegical and behavioral development of larvae
whiﬁh was done as part df'an examination of.the potential for develop-
ment of a striped bass fishery in RussiaX/ This data is summarlzed 1n'
Table'"l. and desCribed in more detail as follows:

Two days after hatching;the larvae are elongated (lepgth 4,5 -
5.2 mm); such that the head projects over the oil droplet, the formation
of the mouth, and the divisions of the brain, auditory capsule, intestinal"
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stage; The pigmentation of the eyes develops rapidly, but in this stage
they appear grey. Melanophores are located along the intestinal tube, and
on the oil droplet and the yolk sac. Blood’circulation in the cireﬁiatory
system can be clearly traced' the erythrocytcs are elther colorless or
stained a light orange. In the two days after hatchlnajthe length of

tﬁe larve increases on average by 12%, the diameter of the yolk sac decreasee

- by 20%, and that of the oil droplet by 11%. The larvae become active byl

this time and spend the greater part of the time swimming pelagically even

infthe absence of a current.

. Doroshev, S. I., "Biological Features of the Eggs, Larvae and Young
of the Striped Bass [Roccus saxatilis (Na]baum)] in Connection

with the Problem of its Acclimatization in the USSR," J of
Ichthology, 235-278, (1971).




Five days after hatchlng the larvae are S S - 5.8 mm long. There

~

: is'fqrmatlon of the mouth (teeth are absent‘from the jaws), the glll ap-

ﬁaratus (the gill cover does not cover the gills), the pectoral fin and

i

the gas bladder (single-chambered, not filled with air). The diameter

. of the yolk Sac is practically halved by this time and equals the diameter

of the oil droplet’ the 1ntest1nal tube widens and increases sharply in
volume, squeezing the yolk sac to one 51de of the body The intestinal

folds and perlstals1s of the intestine at intervals of a few minutes are

~ clearly apparent. The liver and a large gall bladder light yellow in

color can also be seen. The erythrocytes are light orange in colorj

- blood circulation is clearly appafent_in the peripheral vessels$ the

heart beats at a rate of 90 - 110 beats a minute.

At this perlod the larvae are very moblle, have sharply expressed

_ positive phototaxis and'remain continually suspended in the water, not

- sinking to the bottom at all. They do not react to food. ' -u

Eight days after Hatching;the larvae are between 5.8 and 6.5 mm

long. iApproximately a guarter of the initial volume of the yolk sac

_remains and the oil droplet varies in size from practlcally total re-

sorption to a volume sharply exceeding the remains of the yolk. . The“
gill cover almost completely covers the gills, and the e&es become
mobile and rotate in the socket. -

rAt this period, on the 8th - 9th day after hatching, the larvae

begin to transfer to active feeding. The larvee feed only pelagically
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and oniy on mobile plankton food. Feeaing larvae may be diétinguished
véry easily both by their behavior (characteristic passés, aiming and
then rushes at comparatively large prej), and by their aeppearance (the
fqu is clearly apparent in the intestine to ﬁhe naked eye)f

In a small proportion of the larvae (5-10%) the gas bladder fills
with air simultaneously with the commencement of active feeding,.but in
the bglk of the larvde the gas bladder fills 1-3 aays after transition
to active feeding. | |

At an age of 15 days after hatching,the larvae are 9-12.5 mm long,
:the gas bladder isAfilled with air and is single-chamﬂered. The fin
- fold is clearly divided into three divisions end the lépidotrichia of
the.éaﬁdal fin are ciearly apparent. The gill cover completely covers
the gills, ﬁhere are éS myotomes, ' . j At this developmeﬁt stazge,.
known as the posflarva (Mansuetti; 1958), the larva becomes considerably
less transparent. _ | | |

At an age of 30 da&s after hatching and a length of between 12 and
16 mm,the second do£sal;ianal and caudal fins are differentiated; the
caudal fin ;s hoﬁocercal in shapej the first dorsal and pectoral fins
are vanting. . The larvae become translucent and.continue to’
feed on élanktén.

A#'aslage of L40-50 days the ;ingerlings are between 22 and 33 mm .
lopg.;‘All the fihs, including the first dorsal and thé pectofal fins,
are formed. Pigment is uniformiy.distributed over the £ody with small
concentrations along the backbone, on the head and at thé base of ;he
fins. The color ié light gray. The fingerlirgs feed readily not only

on plankton, but.also on nectobenthos - on mysids, chironomid 1arvée,

etc. ‘ » ~ )



Length

 Age C mm - . Most imﬁortant'diagnostic characters
>o-h0 mln after fertlllzatlon 2.3 Commencement of cleavage
’ hours . 3.4 End of swelling
! hours _ . | 3.4 Commencement of overgrowth
2 hour§{  | | 3.k Half overgrown
6 hours : 3.4 Formation of embryo
0 hours ' ' - 3.h Formation of eyes
6 hours | : _ . RTL Separation of caudal division from
o - _ ‘ , yolk sac :
8 hours 5 2.9-3.7 Hatching | ’
n@ day after hatching h,5.5,2 Pigmentation of eyes; differentiation

of jaws and intestine; 21- 23
myotomes, Partly lying on
bottom, partly floating

th day after hatching 5.5-5.8 Resorption of yolk by one-third;
- o : ' B commencenent of intestinal
peristalsis; 23-24 myotomes.
Swimming pelagically

eem =

caudal div1s1on differentiation
of stomach; resorptlon of
three-~ quarters of yolk; 25
myotomes. Transition to actlve
- pelagic feeding

th day after hatching : 10-12.5 Division of fin fold into 3 d1v1°10ns
' . © complete resorption of oil dronlet
single-chamber gas bladder filled

- with air, Feeding on plankton

th-30th day after hatching 12-16 leferentlatlon of rays in caudal, anal
' : : and dorsal fins. Feeding on Dlankton
and nectobenthos, cannibalism

th-50th day after hatching 22-35 » _leferentlatlon of rays in first dorsal
' - and pectoral fins. Feeding on :

nectobenthos. Possibility of

habituation in nonliving food

’h=70th day after hatching 35-45 : Scales
:h=-90th day afterhatching - 50-80 _ _ Appearance of longltualnal strlpes

Feeding on nectobenthos, fish fry
and nonliving food

‘h day after hatching 5.8-6.5 Teeth on Jjaws, orange pigment in
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Af an age of 50-60 days the ffnger]ings ére covered with scales
and bécome light silvery in color. At this period they become very
timid and are easi1§ injured in collisions with the wall of the race-
| way} They take any food, including dry floating food from the surface

\

of the water.

‘At an age of 80-90 days the young reach a size of 50-80 mm, in
addition to the eroded vertical stripes on the sides of the body there
now appear 5-6 well-discernible longitudinal stripes above and below
the lateral line, from which the striped bass takes its name. At this
period the appearance of the yoﬁng corresponds to the appearance of
the adult fish. The-finger1ings are very mobile, readily leap out
of the water and keep together in a school. These studies represent
near optimum growth rate for striped bass since food was supplied at a
rate which was the maximum.rate that could be physio]qgica]]y incor-
porated by the fish and at a temperature.that was very near optimum.
The importance of this factor can be exémined>by comparison to the

results obtained by Mansueti, summarized as follows:

(1) At hatching - the prolarvae were about 36-48 hours old
after fertilization, and ranged from 2.0-3.7 mm total length. See
Figure 17. - - .

(2) At about 5 nm. they were about 2-5 days old, were more
slender, with the yolk sac fully ébsorbed and with no oil globule
visible. No fins were visible except the'pectora1s. See Figures

22 and 23.
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(4) At about 10 mm. they were 20 to 30 days old. The dorsal and
anal fin—rays were somewhat-differentiated,_a]though the first dorsal
~elements and pelvic fins were absent. See‘Figures,24 and 25.
(5) At about 15 mm. they were 30 to 40 'days old.
(6) At about 20 mm. they were 50 to 70 days old. See Figure 27.
(7) At about 25 mm. they were 60 to 80 days old. '
(8) At'ébout 30 mm. they were 70 to 100 days old. See Figure 28.

It is important to note at this point that Mansueti believed his fish
to be stunted. The rearing techniques and food habits had not been worked
out at the time Mansueti undertook the study. This hypothesis is fairly
consistent with the information he derived. As a consequence, the rate
of growth which his fish exhibited should be considered to be a 1owér'

-bound of the growth rate exhibited by larval striped bass.

However, an interesting comparison can be made between the apparent
growth rate of ManSueti's fish and that of the fish taken from the Hudson
River during the Carlson and McCann study as reported in Fig. V-5 of the
FES. When maximum size was utilized to interpret the rate of growth of
striped bass from the Hudson River, ‘the 1ength of time between the initiation
of spawning and the timé that the first fish which were collected reached
a length of one inch was some teﬁ weeks. In'contrast, Mansueti's fish
did not reach the same length until their twelfth week of existence. Thus
the growth rate of fish in the Hﬁdson lies between the minimum growth rate
‘exhibited by Mansueti's data and the max{mum fate of growth which has been
determined in laboratory studies. As a consequence, it is believed by the

Staff that a period of six to eight weeks is not an unreasonable estimate



6.7 mm. T, L.

STRIPED BASS POSTLARVAE
FIGURE 22. Postlarva, 6.7 mm. long (early stage).

FIGURE 23. Postlarva, 8.1 mm. long (enrly metamerphosis). Brine shrimp eggs can be ob- .

served in the intestine.
Ficure 24, Postlarva, 9.3 mm. long (metamorphosing).
- FIGURE 25. Young, 12 mm. long (largely metamorphosed).

From Mansweti 1958
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) — Figure 20

Ficure 117.
FIGURE i8.
Ficure 19.
FIGURE 20.
- FIGURE 21,

STRITEL BASS PROLARVAE
Prolarva, soon after hatchirez, 3.3 mm. long, _
Prolarva, 5.3 mm. long. A. Lateral view. B. Dorsal view.

Prolarva, 5.5 mm. long.
Prolarva, 6.0 mm. longz. "A Dorsal view. B. Ventral view.
Prolarva, 6.3 mm, T. L., almost indistinguishable from early postlarva. -- -

—

From Mansueti 1958
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. . : ' STRIPED BASS YOUNG ———
FICURE 26. Young', 14 mm. long. -‘ . .-: :.. i
FIGURe 27. Young, 16 mm, long. ) - ) ' -
"7 ---FIGURE 28, Young, 29 mm. long. o

. From Mansueti

1958
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for the 1ength of time thaf.]arval striped bass will be susceptible to

withdrawal at the Indian Point facility (see Figure 1).

© This growth rate is partly a function of the food habits of the organism

rwnieh-inliurn is a function of their size. Thus very small fishes must feed
UP?; very small organisms, such as microcrustaceans. These organisms havev:
eomparatively low food value when contrasted to the more piscivorous diet cf_
the_older striped bass. Thus it is not surprising that the general trend for.
1ar?ai striped bass is a relatively'slow grthh rate for the first severai
weeks of its life which subsequently is followedAby a period of very rapid

'growth that continues throughout the first several years of its existence.

"'fhe larval food 1abits are briefly described in the following section.

| _3. Iarval Food Habits
Until recently the food of striped bassﬁiarvae has remained.little

8tudied, It has been assumed'thap the larvae fed on zooplankton under natural

tonditions (Mansuetti, 1958). Meny inveétigatofs have attempted to rear

larvae on various types of foods including young Daohnie and Aifenie but in

411 experiments high larval mortality was observed.(Pearson, 1938; Mansuet,l,
1958; Anderson, 1966; Stevens, 1967). However, Sandoz and Johnston (1966)

found that larvae, which begin to actively feed on the 8th day after hatching,

first consume the early stages of copepods.

Mansueti, R., "Eggs, Larvae and Young of the Year Striped Bass," Maryland
Department of Resources and Education, Contribution No. 112, 1958

Pearson, J.S., "The Life History of the Striped Bass, or Rockfish, Roccus
Saxatilis (Walbaum), U.S. Bur. of Fish. Bull. No. 28, 49: 825-851 (1938)

Anderson J.Cc., "Production of Striped Bass Fingerlings'", Progressive Fish
Culturlst 28:3, 1966

Sandoz, 0.R., and Johnston, K.H., "Culture of Striped Bass', Proceedings of the
19th Annual Conference of the Southeastern Association of Game and Fish
Commissioners, 1966
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In éxperiments in 1965 Russian investigators used various types of foond

(young Daphnia, Paramecium, Chlorella, egg yolk, emulsified fish flesh, ete.),
beginning from the 5th day after hatching, but they found that the larvae

did not consume any of the foods. On the 8th day, after natural zooplankton
from-ponds in the Moscow a}ea had been added to the aguaria, the larvae

began to feed actively, selecting the nauplii and early stages of Cyclops

and to a lesser extent Brachionus and rejecting Davhnia, Bosmina, Keratells

and other rotifers. Af a concentration'of gxclostnauplii epproximately
equal to 15,002per liter of wéter in the aquarium_eacﬁ larva consumed 6-8
crustaceans in 15 min and digested them in no more than 1 hour (Bogdanov

.et al,, 1967). Cyclops naﬁpliiVN£e needed only for the first 3-4 days

" of larval feeding.

At an age of 11-1iZ2 éays the larvae transfer fully %o feeding on youhg:

Cyclops of stages II; III and IV. At this period the concentration of

food may be lowered to 2-5000 crustaceans in 1 liter,isipce the_gaeh\ladaerz.
of most larvae is filled with aif and energy expendi£ure on feedi;é is
sﬁerplyvreduced; the effectiveness of the search for food is increased.
‘The}efore, the size of the food organisms utilized by the‘larvae varies
during the first week after transition fo active feeding between 150 and
300 ﬁ. During this period each larvae censumes between 120 and 360
nauplii and copepodid stages of Cyclops and rotifers in the course of a
day. ‘

From an age of 16-18 days after hatching (second week of feeding)

the larvae begin to feed on larger Cyclops (stages IV, V) and on young
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cladocerans having a soft carapace (Moina sp., Alona S§., Ceriodaphnia

sp.), but reject Daphnia magna. When the food concentration in the

aquarium.was 1000-1500 crustaceans per liter, up to 35 crustaceans were
. found in the intestines of larvae, 60-80% of whlch were Cyclops.
In the absence of other foods  the 1arvae begin to feed on young-

‘Dephnia magna measuring 1000-1200 u. A considerable quantity of the

larvae perish since the crustacean, which hés a hard carapace and is'
1 round, obstructs the pharynxnénd the'esophagus. During this périod the
optimum size of the food organisms ranged from 400 to 1000 .

In the 3rd-Uth week of feeding the preferred food (from the standpoint

of ;larval growth) becomes nectobenthic.organisms such as small insect

i .
lafvae and small Mysids, The most important aspect of this period is that
cannibalism begins to ocoun, WhenAfhe larvas reach a size of about one
iﬁgﬁ, they will consﬁme other larvae of 1/2.inchAOr less. On most in~
stances both the bredator and the brey perished.

Beginning with the second month after trénsition to active feeding,
striped'bass fingerlings can be adapted comparatively eésily to non-
living foods (Anderson, 1965; Stevens, 1967). At an age of 2 months,

a length of 2-2, 5" and a welght of 2 g, the young will readily feed on
Gammarus other fishes with a long thin body, but do not consume forms
with a deep bo&y. | |

The data d@tained by the Russigh investigators are in agreement with

the results of American research in ponds which contain zooplankton

consisting of Ceriodaphnia SP., Daphnia magna and Cyclops. For instance,



)

"_Taslé 2. FEEDING OF YOUNG STRIPED BASS IN THE EARLY DEVELOPMENT STAGES

P . . o RPN

Length of Weight of  Diameter or
Age, days - fishes fishes Preferred Food Items " length
- mm mg | (mm) =
9 6-7 1-5 Cyclops, nauplia 0.15-0.3
I, II, Brachionus
(Transition to Artemia, nauplia
active feeding) ‘
15 9-15 '8-1% - Cyclops, III-V, Molna sp. 0.3-0.6
22 18-22 15-80 Cyclops, Moina, Chaoborus 0.8-1.5
32 20-30 L0-220 Mysis, Chironomidae : L7
45 30-50 220-1000  Mysis, Chironomidae,
' Gammaridae 10-15
65 . 50-70 1000-3500 Mysis, Gammaridae, fish
; fingerlings ) 15-20
100 - 80-120 -5000-20000 Mainly fish fingerlings  Up to 30

Source: Doroshev, S. I., '""Biological Features of the Eggs, Larvae and Young
of the Striped Bass (Roccus saxatilis (Walbaum)) in connection with the Problem
of its Acclimitization in the USSR," J. of Ichthology, 235-278 (1971)
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‘ Regan found that young striped bass between 3-8 weeks aftér hatching

reveal a clearly-expressed selective capacity in relation to Cyclops

and subsequently to Ceriodaphnia. The fish cqnsumed small qﬁantities
.6f gy'ggggyg, but failed to consume Bosmina. |

. These conclusions are further supported by data gathered in connection
ﬁith ;;ising striped bass.in hatcheries. For instance;'at the Richmond
Hili Hatchery, 1968 stomach analysis data showed the copepods were'téken
predominantly by ail fingerlings up to 2.25 iuaches and thet the smaller

fish depended more heavily upon them.



. k. Temperature Relationships

ﬁéubach, et al. (1962) studied the food habits of young of the stripers and

fincludeé,as one group, fish which were below 1" in length. These |

'investigators concluded:

! - In general, the percentage frequency of copepod occurrence was
greater in small bass than lage ones, while the frequency of occur-
rence of larger plankton, Neomysis and Corophium, was greater in
"larger bass. The occurrence of cladocera did not appear to be re-
~lated to fish size. Larger bass generally had more organisms in
their stomachs. ' )

The influence of salinity on the relative abundance of copepod
genera in the diet of bass was readily recognizable. At stations
with & high mean salinity, Eurytemora was the dominant genus,

As the salinity decreased upstream, the observed percentages
of fresh-water genera, Diaptomus and Cyclovs, increased.

The percentage of the totzl bass population utilizing each
food organism was estimated by multiplying the percentage of the
bass population in each area3 by the average percentage occurrence
of the food item in all bass and totaling the percentages. These
percentages of frequency of occurrence were: Neomysis, 59 per-
cent; copepods, 50 percent; cladocerans, 23 percent; and Corophium,
12 percent. Since these estimates are based on two net surveys
which sampled only the major areas inhabited by young~of-the-year
bass, the true picture would be slightly different.

Striped bass éggs and larvae have a éomparatively narrow temperature
.range for optimum development. Under experimental conditions an 85% yield
of larvae is observed when eggs are incubated at a temperature of between
58° and T3°F (L1brecht, 1964). In the Russian experiments, in which larvae
MEQS“V -aays qld were kept until transition to active feeding, the
optimum temperature for their survival lay in the range 61—66°;‘a tem~
peratur¢ below 50°¢ and above T3°C was undbubtedly lethal (Table 3 ).

However, within the optimum temperature range a significant cor-

relation is noteé between temperature, and the rate of resorption of the

Yolk and sac and the time at which death ensues from starvation. It may

Héubach, W., Toth, R.J., McCready, A.M., "Food of'Young_of the Year'Striped
Bass , Roccus Saxatilis, in the Sacramento -~ San Joaquin River System",
California Fish and Game, 49:4, 1963, p. 229

Albrecht, A.B., "Some Observations on Factors Associated with Survival of Striped

Bass Eggs and Larvae", Calégornia Fish and Game Journal, 50(2):109-113 (1964)




be seep_that'even slight differences in temperatures (in the range 3—5°F)
tate a significant effect on the rate ofiresorption of the yolk and the
oil droplet' and that at lower temperatures the process of resorptlon is
protractea, and the reriod for which the 1arvae survive when fastlng is
signlflcantly 1ncreased It has been hypothes1zed that under natural
conditions in some years, lower temperatures within the favorable range may -
prSiote increased survival of the larvae by providing them with a longer
period in which to seek fcod on transition tc active feeding.

Srmllarly a faster than normal rise in temperatures could have the
opp051te effect Ev1dencelas to the pos51b1e importance of this factor
was presented by Shannon’add Smith (1967), and Shannon (1969), The more
important conclusions which were derived from their tests revealed tﬁe
fqllowing;,(l) Hatchiag percentage for freshly fertilized eggs decreased as
water temperature exceeded 70°F; (2) the greatest'percentage of normal fry
deirelop'ed in the 60°F test presumably dgc to decreas ed wetabolism at this
'1ow<temperature; (3) mortality in 65°F test increased 72 hours after hatcﬁ
(Shannon,<l968); {(4) mortality in 70°F test was heavy 60 hours after hatch,
(5) mortality in 75°F test was heavy 45 to 60 hours after hatch; and (6)‘
mortality of frv appears to be associated with the developmental stage

rather than age,

Shannon, E.H., and Smith, W.B., "Preliminary Observations of the Effect of
Temperature on Striped -Bass Eggs and Sac Fry", Proceedings of the 2lst
Annual Conference of the Southeastern Association of Game. and Fish
Commissioners, 1967 : :

Shannon, E.H., Proceedings of the 23rd Annual Conference of the
Southeastern.Association of Game and Fish Commissioners, 1967



- Table 3. Cumulative mortality of 25 striped bass larvae at different
. water temperatures in the period before- transition to
active feeding (Doroshev, 1971) SRS

DAY . o _ Temperature (°F) |
L7-50 64 .5 59-66 71.5-75 79-80.5
1 0 0 o 0 0
2 o) 0 0 ‘ o 0
3 1 1 o 0 o
4 9 0 1 0 7
5 15 1 2 % 18
6. - 0 o 8. . ... -
G 100t e e 12 N8 - 100

Source: Doroshev, S. I., '"Biological Features of the Eggs, Larvae and Young
of the Striped Bass (Roccus saxatilis (Walbaum)) in Connection with the
Problem of its Acclimitization in the USSR", J. of Ichthology, 235-278 (1971) -
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