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Clearly the objectives could not be accomplished satisfactorily by studies
in one limited area. The American Wildlife Institute generously contributed a sub-
stantial sum in March 1937 when a break in the continuity of the work would have
been a severe blow to its progress, and thus made it possible for the investigation to
extend its scope to include a large portion of the Atlantic coast. On July 1, 1937,
n . . . . . . . .
the United States Bureau of Fisheries insured the financial backing of the investiga-
tion for a full year from that date, and the State Board of Fisheries and Game appro-
priated a sufficient amount for the continuation of the work within Connecticut.
—1The Fishery Bulletin of the Fish and Wildlife Service is a continuation of the Bulletin of the Bureau of Fisherles, which ended
with vol. 49. The Fish and Wildlife Service was established on June 30, 1940, by consolidation of the Bureau of Fisheries and the
Bureau of Biological Survey.
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1928; Bigelow and Welsh, 1925; and Walford, 1937), and the following account is
based on these works and on the material afforded by fin-ray, scale, and vertebral
counts, and measurements on over 350 individuals 15 cm. in length or greater studied
during the investigation. The majority of these fish were taken in Connecticut waters.
The numbers indicate the extremes of variation, while those in parentheses are the
approximate averages.

Morphometric description.—Body elongate, moderately compressed; back little
arched ; greatest depth (at or slightly posterior to origin of spinous dorsal fin) 3.45 to
4.2 (3.7) (young individuals tend to be more slender than old ones), average least
depth (at caudal peduncle) 9.6, average depth at anus 3.9—in standard length. Head
long and pointed, 2.9 to 3.25 (3.1) in standard length. Dorsal fin rays: IX (VIII in
one individual)—I, 10 to 13 (12); fourth and longest dorsal spine 2.2, first and longest
dorsal soft ray 2.0 in head. Anal fin rays III, 10 to 12 (11); first and longest soft ray
2.0 in head. Ventral (pelvic) fin rays: I, 5; length of ventrals 1.9 in head. Pectoral
fin rays: 15 to 17; length of pectorals 2.0 in head. The two dorsal fins approximately
equal in basal length, the first (spinous) being roughly triangular in outline and origi-
nating over the posterior half of the pectoral, the second (soft) usually distinctly sep-
arate from the first, its soft rays becoming regularly shorter posteriorly. Anal fin of
essentially the same shape as second dorsal and slightly smaller; situated below pos-
terior two-thirds of second dorsal. Pectorals and ventrals of moderate size; insertion
of ventrals slightly behind that of pectorals. Caudal somewhat forked. Scales:
7 to 9—57 to 67—11 to 15; typically ctenoid (the character ‘“‘scales on head cycloid”
as given by Jordan, 1884, for the genus Roccus, does not hold true in the striped bass);
extending onto the bases of all the fins except the spinous dorsal. Vertebrae (includ-
ing hypural): 24 or 25 (almost invariably 12-4-13=25). Gill-rakers on first arch:
8to 11+1+412 to 15 (10+1+414). Eye 3 to 4.9 in head (less in smaller individuals).
Mouth large, oblique, maxillary extending nearly to middle of eye (except in small
individuals) and broad posteriorly (width at tip nearly two-thirds diameter of eye);
lower jaw projecting. Teeth small, two parallel patches on base of tongue; also present
on jaws, vomer, and palatines. Preopercle margin clearly serrate.

Color in life—Dark olive-green to steel-blue or almost black above as a rule, but
occasionally light green. Paling on the sides to silver, and white on the belly. Some-
times with a bronze luster on the sides. Sides with seven or eight prominent dark
stripes, much the same color as the back. Usually the stripes follow scale rows, three
or four above the lateral line, one invariably on the lateral line, and three below it.
Normally the two above the lateral line, that on the lateral line, and sometimes the
first below it, are the longest, reaching or coming close to the base of the caudal. None
extend onto the head. All except the lowest are above the level of the pectoral fins.
The highest stripes and those below the lateral line tend to decrease in length. The
stripes are often variously interrupted and broken. Young of less than 6-7 cm. usually
without dark longitudinal stripes, and those of 5-8 cm. often with dusky vertical cross-
bars ranging from 6~10 in number. Vertical fins dusky green to black, ventrals white
or dusky, pectorals greenish.

Distenguishing characters—There is little danger of confusing striped bass above
10 cm. with any other species either on the Atlantic or Pacific coast. Its prominent
dark longitudinal stripes, general outline, and fin structure are sufficient to separate
it at a glance from other species. The dorsal fins are usually clearly separate, but
sometimes touch. In specimens less than 7 cm. it is often difficult to distinguish
striped bass from the white perch (Morone americana), whose dorsal fins are contin-
uous—not contiguous, as in the striped bass. The normally separate dorsals of the
larger striped bass become an almost useless character here, and the stripes frequently
are not present. The general body outlines of the young of these two species are
much alike, although the back tends to be somewhat more arched in the white perch.
The most valuable differentiating characters are: (1) The second spine of the anal fin,
which is almost equal in length to the third spine and more robust in the white perch,
and intermediate in length between the first and the third spines and less robust in
the striped bass; (2) the relatively thicker and heavier spines in the fins of the white
perch; (3) the sharp spines on the margin of the opercle, of which the striped bass
has two and the white perch but one; and (4) the soft rays of the anal fin, usually 9
in the white perch and 10-12, normally 11, in the striped bass.
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This fish is strictly coastwise in its distribution, and records of its being taken
more than several miles offshore are extremely rare. It is most commonly taken in
salt water, but, since it is anadromous, its capture in brackish and even fresh water
is a regular occurrence—particularly during the winter and spring months. It has
been taken in the Hudson River as far north as Albany, and is caught in large quan-
tities in the Roanoke River at Weldon, N. C., each spring. Temperature appears
to play no little part in its distribution (see p. 42), yet the striped bass can be taken
at the extreme limits of its range throughout the year.

REVIEW OF THE LITERATURE ON THE LIFE HISTORY OF
THE STRIPED BASS

Mention of the striped bass appears early in American literature. This is un-
doubtedly because of its great abundance in times past and its coastal distribution—
two factors that made it easily available to the early colonists.

Capt. John Smith wrote:

The Basse is an excellent fish, both fresh & salte . . . They are so large, the head of one will
give a good eater a dinner, & for daintinesse of diet they excell the Marybones of Beefe. There are

such multitudes that I have seen stopped in the river close adjoining to my house with a sande at
one tide as many as will loade a ship of 100 tonnes (Jordan and Evermann, 1905).

And one of Captain Smith’s contemporary divines wrote:

There is a Fish called a Basse, 2 most sweet & wholesome Fish as ever I did eat . . . . . the
season of their coming was begun when we came first to New England in June and so continued
about three months space. Of this Fish our Fishers take many hundreds together, which I have
seene lying on the shore to my admiration . . . (Jordan and Evermann, 1905).

William Wood in his New England’s Prospect (1635) wrote:

The Basse is one of the best fishes in the country . . . the way to catch them is with hooke
and line: the Fisherman taking a great cod-line, to which he fasteneth a peece of Lobster, and
throwes it into the sea, the fish biting at it he pulls her to him, and knockes her on the head with
a sticke. . . . the English at the top of an high water doe crosse the creekes with long seanes or
Basse netts, which stop in the fish; and the water ebbing from them they are left on dry ground,
sometimes two or three thousand at a set . . .

Such references to the striped bass became increasingly common in the eighteenth
and nineteenth centuries, all of them dealing with record catches or the abundance of
this species, and extolling the virtues of the bass as a game and food fish. Probably
the earliest observations of any consequence on any phase of the life history are those
by S. G. Worth, who published a series of papers from 1881 to 1912 on the spawning
habits and artificial propagation of the striped bass in the Roanoke River, N. C.
(See under section on spawning habits and early life history.) Turning to more
modern times, mention is made of the striped bass frequently, but in all the literature
dealing with the fishes of the Atlantic coast there is scant information on the life
history of this species. Such standard and well-recognized references as Bigelow
and Welsh (1925) and Hildebrand and Schroeder (1928), sum up the available knowl-
edge on the striped bass in a few brief pages. In the past few years, however, the
need for further information on this species on the Atlantic coast has resulted in
several investigations in different localities, apart from the present work. These
have given rise to much interesting material and more general knowledge (e. g., see
Vladykov and Wallace, 1937), a great deal of which, however, is yet to be published.
Reference to some of this work is made in the following pages.

In the last quarter of the nineteenth century striped bass were introduced on the
Pacific coast, where they prospered beyond all expectations and soon became the
object of an intensive and prosperous fishery conducted by both commercial and sport
fishermen. This fishery has been of great importance ever since. The story of this
introduction of the striped bass to the Pacific coast is particularly interesting (Throck-
morton, 1882; Scofield, 1931, etc.). In 1879 and 1881 a number of yearling bass were
seined in New Jersey, taken across the continent in tanks by train, and planted in
San Francisco Bay. A total of only 435 striped bass survived the rigors of these 2
trips.  Yet by 1889, 10 years after the first plant, they were caught in gill nets and
offered for sale, and in 1899 the commercial net catch alone was 1,234,000 pounds.
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el AR gl s i 1 fishing for striped bass 18

1 t the present time commercial 1shing >
regulating the mesh size. A ! s bt it e
ibi i On the Atlantic coast, however, pound-nets, .

mhibied  CRL ALy d, and striped bass are taken indiscriminately with &
other nothode i sa0 H1C °FE usguét?gn whiI()*,h would make it highly impractical and

her species—a si v '
ill‘g:t? 1]13131%;3" t(())ttﬁe C(I))mmercial fishermen involved if any attempt were made to control

the size categories of striped bass taken in these nets by regulating the mesh size.

FIGURE 2.
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Length-weight relationship of the striped bass

[Length is stated in centimeters, measured to fork in tail; weight is in pounds]

Weight Length

Weight

Length

Weight
21. 00
21. 25
22. 00
22. 50
23. 00
23. 50
24. 25
25. 00
25. 50
26. 00

FLUCTUATIONS IN ABUNDANCE OF THE STRIPED BASS

Quotations from early settlers point to the enormous abundance of striped bass

in those times.

century. Thus Caulkins (1852) says in a footnote:
Four men in one night, (Jan. 5th, 1811), caught near the bridge at the head of the Niantic River

with a small seine, 9,900 pounds of bass.
(New London Gazette.)

upwards of $300.

Nor is it difficult to find records of unusual catches in the past

They were sent to New York in a smack, and sold for

A quotation from a letter written by a well-known sportsman to the author, dated
August 16, 1937, in which he tells of surf-casting for striped bass in the early 1900’s
at Montauk, Long Island, N. Y., reads as follows:

‘As for quantities, almost any time through late summer and into late October, provided one
knew the ropes, one could, almost literally, fill a wagon, although I, myself, seldom continued beyond
local give-away—that is, until necessity more or less compelled me to become a rod-and-reel market
fisherman, and I fished like one: on one occasion to the tune of just under a ton of fish in a single

period of seven days.

And even in the last 2 years, when the dominant 1934 year-class of striped bass
appeared along the better part of the Atlantic coast, catches reaching extraordinary

proportions have been commonplace.

As but one example, it is of interest to mention

that 90,000 pounds of striped bass were taken by a single trap in 2 weeks in October
1936, at Point Judith, R. I.
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Close examination of the available records reveals that the abundalnce ofeﬁgl&)%c}
bass on the Atlantic coast has shown tre)megjdo.usbﬂuctuati}%résS(glﬁ_fi%re (EiL b(;]:sl,g 11; subjoct
i below (see p. 13), this 18 because ) 1 L] €
R s hich h ived increasing attention 1n
_olass dominance, a phenomenon which has reccl 1g 2 e
zgey;;l;tcéisarter century,’ since it has been found to apply to so inany (zlllfltgégrrll’o igf)esclll%sh
Briefly explained, yequdas? dominance may _be1 Saldart(t)hgt? ttil eenll);(])a e thio o
unusually large quantities of any species in & single year R satly: mavs
i ulation for a considerable period, and are .
BrouD e e in tk ding and following years. Suc
t than the individuals produced in the preceding : r ;
iﬁunﬁgzﬂt yegr—classes usually make their appearance only at fairly lirﬁgtlllgfailrrllt?:;‘lgilcse

Year-class dominance in any species does not, of course, msulreb d?) L oy
of the population at & consistently high level. It is also clear 'Fl&k ) A
classes are often produced by a compaér&_mvely Em%geﬁa;%%:;rztﬁo& i notpéorre’l o |

fore—at least down to a certam pomt—d
%1%11}1 glnerg]fli:ual abundance of mature and spawning fish. Théaret;gzyine;g; sté:sﬁi
inverse correlation between these two factors—that is, a large pro u}i 1 o g e
by a comparatively small population of mature individuals. Sucs a cgr; lakion
bzen suggested by Bigelow and Welshf(h%f)) fﬁr tlfliehmackgx(')egh(s (f;);zeeand averagé
i i sh are )
the “years of great production always ia fg when ’ B A B it
i ably most common In parui
very large . . 77 This phenomenon 18 pro Ao oA Lo, o

i duce a large number of eggs. Such 2 Sp
:ﬁgﬁs gll"lcgju%lt;?on of a dor%inant year-classd toolf{ %)l;llacq in (1)?3&1 éssgogklg\)rér P

In the case of the striped bass a study of the s1zeﬁ B B

i be most deceptive. Thus the rst manii .
S et i fi i bundance, or, if the study starte
he impression of increasmng abu. , or, if t
ey el 11 ductive year, a sharp decline in the population
shortly after an exceptionally produc year, & e e e
der the conditions of the existent intens >
z%%liigfugg %%raxll;o t‘;'ltland in abundance, it is therefore essential to study the fluctua
1 - iods. - : ]
monSAO(:;frslx%ggc;gg}rlnrggg%s which form the mos(f reliable I?eajons of T;Drucxll}cr)lglga ‘t;gﬁ ;glle
i y ion i i t periods, are uniortunate
ative size of the population n different p e I
f the nineteenth century. Dige
farther back than the latter half o ntury, B o st hlf
te: ¢...that a decrease was reportec as © ly :
(1f91?h5)’ ?%X:Zr?]t:}’l S(;O:ngury.” Nor is it surprising that such a decline Was_not,lce(cli :SO
i)ong ef)Lgogwhen it is considered that the stripﬁd bass 1sIsfx ﬁtﬁﬁggkc?fﬂﬁffngﬁq L%,
i i i hout the year. a
and one that is easily available throughout | 2 e e Pl
rineton, 1935), halibut (Hippoglossus hppog nd
{I{fgll'?iix?g%?n (I_llgg)l)ngand other offshor?i fishes hav}tla beconll_(i( Sl(;r&i(ﬁa;t ta}jrgxlllrge]lly t&i sltrzlml
14 ) . . . . .

i i d this is admitted, it is much more lxe Y
tens1_tysr glflc%shal;l %ilgnétriped bass, which is far more accessible and thereﬁoaedlérégggsse
§pe1016‘0}16 object, of fishermen’s attention, should soon have shown 31 ;:umé heea,v e
Egn%mbers. Also, the availability of tahel stx(‘llpedS bass ﬁﬂg fti}slﬁ Ii‘:San :élromou Sy i

< 1 t the only factor involved. SInce / 3
gﬁst]ﬁge;t%%l;;; (Izl}(l)ance for ggvﬂizatign to do 1rﬁepar3}1lolg (Siﬁlella%ee :&uw;at%gibkaaspgxgn
i ' i dant evidence to show tna
ing arels, A it . not an unreasonable expecta-

"16). In view of these facts 1t was .. ¢ 3

(zpcur;'ﬁgt (tsi.?g é)uplplgr should soon have diminished, and that in spite of the p;lo%;lcil
t;gﬁ of dominant year-classes the stock could not be maintained at its origin g

lovel, to prove the point, there can be

i bsence of catch records or figures to p oint, :

no q]Ee‘rs,iIiloiln b?ll: ts]mms%e the numbers of striped b’f‘is aloﬁlgvghgngglsatéglgrogz’ré glz)‘;iiggs

i least the past 2 centuries. ere ha
(vf;‘}?glsle%h%u;?;ﬁf;tisgsshoweg sudden and pron]osunc%}cll mcreas];ss,h%r:suﬁlgﬁ);%l;}ubeegg

of unusually good year-classes. But these peaxs
t%?)rlt)-li?\sreeléceand the general trend over long periods has been doﬁnllszrg}ié D
® Two series of accurate catch records going back to the latter ab o i e
century hove been mado availablo to tho author,, FAdt %o (bof the mumbors
i bstantiate such a hypothesis. ] :
ggggi?;éﬁnbitgsl ::k:n annually from 1865 to 1907, on rod and line, by the members of
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the Cuttyhunk Club at Cuttyhunk, Mass.? A graph of this material is shown in
ficure 3. (For the annual average poundage of the fish caught and the weight of the
largest bass in each year, see table 3.) The most striking fact about this curve is
its rapid decline from fairly large numbers to extremely low numbers in the 43-year
period that it covers. Unfortunately a rod-and-line fishery such as this one cannot
be considered a strictly reliable index of abundance—especially since the members
of the club confined themselves to fishing for large bass. Moreover, there is no
indication of the intensity of fishing, so that the low numbers in the twentieth century
might represent the catch of only a few individuals, while the high numbers before
1880 may be the catch of a much larger group. Therefore, the annual fluctuations
in this graph are perhaps not real indications of varying abundance, and the rate of
decline may be too steep. Nevertheless, it is difficult to imagine from this evidence
that a serious depletion did not take place. Even though such a record, lacking as
it does information on the effort expended, cannot represent changes in abundance

in detail, there can be little doubt that its downward trend indicates the general
decline in abundance over the period it covers.

RECORD OF STRIPED BASS TAKEN BY MEMBERS OF
CUTTYHUNK CLUB, CUTTYHUNK 1IS., MASS.
1865 —1907

NUMBERS OF STRIPED BASS
TAKEN FROM 1865 = 1907

OF STRIPED 8ASS

NUMBER
H H

1865 1870 1875 1880 1805 1830 1895 1900 1908,

FIGURE 3.—Record of the numbers of striped bass taken by the members of the Cuttyhunk Club from 1865 to 1907 (see Table 3).

Another record of considerable interest and significance is that of the numbers
of striped bass taken in pound-net catches from 1884 to 1937 at Fort Pond Bay,
Long Island, N. Y. (see fig. 4 and table 4). From 1884 to 1928 these pound-nets
were owned by members of the Vail family, who kept accurate records of the numbers
of striped bass caught at each haul.?> They also indicate the number of traps in opera-
tion each year. These varied from 6 to 10, and the catches shown in this graph up to
1928 have been weighted to make them equivalent to a fishing intensity of 10 pound-
nets throughout. In 1928 the ownership of these nets changed hands, but the author
has been able to complete the records up to the present.! Unfortunately no record
of the number of pound-nets in operation from 1928 to 1937 had been kept, and al-
though this number is known to have varied only from 8 to 12, a small error is thus
introduced. The magnitude of the catches is such, however, that this part of the
graph—indicated by the dotted line—may be properly considered a reasonably
accurate continuation of that before 1929. It is of further interest that these pound-
nets have occupied essentially the same position each year over the entire period
covered by this record.

It is impossible to test the validity of this record as a method of sampling the

total population, and thus accurately record fluctuations in abundance that occurred.
However, it is probable that it gives a fair indication of the decrease in abundance
from 1884 to 1935, and that the 1936 and 1937 peaks give a correct picture of the

2 This record was placed at the author’s disposal through the courtesy of Mr. Bruce Crane, Dalton, Mass.
3 These records were made available by the U. §. Fish and Wildlife Service and the Bingham Oceanographic Foundation.

¢ These records were made available through the cooperation of Capt. Daniel D. Parsons, Montauk, Long Island, N. Y.,
the present owner.
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nitude of the increased abundance resulting from the 1934 dominant year-class.
I’i‘lﬁg peaks at 1894 and 1895, 1906, and 1922 perhaps also represent good yeay—clashs_es
that bolstered the stock temporarily, but there is no adequate means of chleckuég this,
since practically no other records covering the same period are availab ile. ; trl%]el
bass tend to school heavily, and the presence of several schools might easily form . e
main part of such a peak as the ones shown at 1906 or 1922 in figure 4. Conse%uenhyé
it may have been that in these years striped bass were not more numell'oug, ut tha
one or more large schools hit the traps while on migration and gave a false 11mpress}110n
of abundance. In another year the reverse situation might have taken p %lce—t a(ti
is, that the population was unusually high, but that comparatively few bass appetne
to strike the pound-nets, thus producing a low point on the curve that is not a true
indication of abundance. It is, therefore, best not to assume that these fluctuations

represent actual changes 1n the size of the population—at least not until there is further
evidence on this score.

mouoT

= o]

iaosnd STRIPED BASS IN POUND NET i
CATCHES AT FORT POND BAY, :
LONG ISLAND, N Y

12000 | 1884 —1937

10000

8000

7000 -

6000

NUMBERS OF FISH

5000

4000 -

3000

2009

|ooo£
°

1eas 1o  less 1900 1803  (8i0

1920 lez5 1930 (935

i 4 to 1937. The fish-
— i bass taken each year in the pound nets at Fort Pond Bay, L. L, N. Y., from 188
L B N ing intensitgr has been I(:qualized throughout (see Table 4).

1915

The peak years mentioned by Bigelow and Welsh (1925) for the catches from Boston
to Monorgoy, ls\r/lass., from 1896 to 1921, show some discrepancy with those in figure ﬁl
In this area 1897 and 1921 were years in which exceptional catches were made. 1tw
be noticed, however, that these years are close to the peaks at 1895 and 1922 shown
in figure 4. It may therefore be true that dominant year-classes were present from

1895 to 1897; and in 1921 and 1922, but that they made their presence felt in successive
in somewhat different areas. T
years’l‘lllllesgeaks at 1936 and 1937, however, are no doubt reasonably accurate indica-
tions of the increased abundance in those years. In 1936 the enormous numbersh of
striped bass that appeared along the Atlantic coast were mainly made up of fish 21
years old, the age at which this species first makes its appearance in the commeircm
and sport fishermen’s catch in Long Island and New England waters. In 1937 & alrdge
proportion of the population along the Atlantic coast was composed of 3-year-olds.

STUDIES ON THE STRIPED BASS OF THE ATLANTIC COAST 11

The increased abundance in these 2 years was due, therefore, entirely to the 1934 -
class. This group of fish is treated in some detail in the section grn age and ra};gacl;f
growth (p. 26), but a glance at figure 5 will sufficiently emphasize the relative abun-
dance of the 3-year-olds in 1937. This figure is composed of three length-frequency
curves made up from a random sampling of the commercial catch at different localities.
Since striped bass 3 years old ranged in size roughly from 35 to 55 cm. (peak at 40 to
45 cm.) during the period these samplings were made, it is evident that the great
majority of the catch was made up of 3-year-olds.

LENGTH FREGQUENGIES OF STRIPED BASS MAKING
UP COMMERGIAL CATGHES IN GAPE COD BAY (A),
AT NEWPORT,R.I.(B), AND AT MONTAUK, L.1.(C), 1937

RANDOM SAMPLING OF STRIPED BASS
SEINED IN CAPE COD BAY,
AUGUST 2+ 4, 1937

30 40 50 60 70 CM.

o RANDOM SAMPLING OF STRIPED BASS

» CAUGHT IN POUND NET

s AT NEWPORT, R. 1.,
£ OCTOBER 20 + 21, 1937
24

(=]

w 20

o 16

I 12

[l

@

OF
o

30 40 50 60 70 Cm.

NUMB ER
&
©

RANDOM SAMPLING OF STRIPED BASS
CAUGHT IN POUND NET

AT MONTAUK, L.I, N. Y.
OCTOBER 25, 26, + 27, 1937

o
)
5.3 U R [t I U I |

....................

30 40 50 60 70 CM.

FIGURE 5.—Length-frequency curves made up from random sampli i in di ities i
I plings of the commercial catch in different local
i smoothed by threes in all cases (see Table 5 for original measurements). Ll

Additional information on the 1934 year-class is seen in the catch records of a
haule-seine fisherman at Point Judith, R. I., from 1928 to 1937.° (See figs. 6, 7, and 8.)
Not only were the numbers and approximate poundage of the fish taken at each haul
recorded, but also the date of each haul and the number of hauls annually, thus
Enakmg it possible to equalize the fishing intensity throughout the entire period.
The same areas were fished over this 10-year period. The annual catch in numbers
of fish and total poundage are shown in figure 6, and the average weight of the striped
bass taken each year is plotted in figure 7. The small proportions of the catch from

1928 to 1935 correspond well with that shown in figure 4, and the tremendous increase

& These records were provided through the courtesy of Mr. Chester Whaley, Wakefield, R. I.
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i i i i 1934 year-class. It will be
1936 and 1937 is added evidence on the size of the

iﬁ)ticed, however, that the declinefin thﬁ %atﬁh in _1937ﬁ§1 ggt :ts ;’}(l)glt) 3?1 giit Egglzn;

i 4. probably due to the fact that this semne I ¢

é%cﬁﬁ;rguxh%)er of 2-yyear-olds (members of the %.935 yfezzli;glsézst)c 11111 ;)31%‘ 25;’1111)% I(l)(f1 1}%)2; g
id not make up as large a proportion o C ;

E})lgsgelsﬁlzkrll(f 1N .n Y., during %)he 1937gseason. The records are not Sufﬁcignt_ly aﬁculrga?i’;;a

to permib an exact analysis of the relative numbers of 2- and 3-year-olds in the

32000
N\
LRY
28538 TOTAL ANNUAL CATCHES OF i
STRIPED BASS BY SEINE S
24000 AT POINT JUDITH,R.L ’ -
1928 — 1937 ¢
220000——— — NUMBERS OF FISH )
z —— POUNDS OF FISH I
¢ |
s
* 16000 b——
e !
2 |
ot PE—
«© 12000 va
B # N
®
H 7 \\ f
z gooo| —F — c -
e
Sob A \\ 7
4
4000

° T T T T T T T
1928 1929 1930 1931 1932 1933 1934 1935 1936 1937

. :. s s o s 3 : ity eq s g
F y —_ al catch of st riped bass by seine at Point Judith Rhode Island. 1928-37. Fishing intensity e ualized throu; h-
IGURE 6. Annual tot: i G gise 1 data) <}

i that the
i th. The average annual poundage shows, however, t!

catc}l; oy lggén\t;faélsugémposed mainly %f 2-year-olds, and there is & noticeable increase
9a‘t(il pe erage poundage in 1937, due to the dominance of this same 1934 agg-gl;i)lg)——
g}ottﬁaivtim% 3-year-olds. The decline in the average weight of the striped bass

making up the annual catches by seine at Point Judith from 1930 to 1936 is quite

AVERAGE WEIGHT OF THE
STRIPED BASS MAKING UP THE
ANNUAL CATCHES BY SEINE AT
POINT JUDITH, R.L, 1928-1937

1929 1930 183! 1932 1933 1934 1935 1936 1937

* S Sel! u , ®. L, 928-37 (sce Table 6
FIGURE 7.—Average wel ht of the stripe mal he annual ca ches by ne at Poin dith.
g g. t srpdbass king up ual ) t {5 th, R 1928-37

i i i i - 2-pound average
iki this period being from an 8 pound average t0 & 2-
Ezgeléﬂflilg’ ;1)16 d]%?gggean igvestigatorsfhﬁve.shown 2 §1né1ﬂar %gfg];n(;anlg xi;}ilreg : r?‘;%%%gif

wei king up the catch following man's Interven ck.
aTﬂléalafvg:Il'gEﬁemV%’oﬂ(gi V%f)ar, when the North Sga.ﬁsher];es begaﬁ uffg) 3?53&&?3&5;3};

.o catecories were removed first, and 1n eac succee ) !
té\]?;sl;’;fggg ?}Z)eo(f}aﬁgﬁoof a smaller average §1z,e. In the case of the s’onpéa% b2;s,1£gwév
ever, the general decline in the average weight from 1930 to 1936 cannot be exp
)
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in the same manner. This is so because although this particular seine fishery at
Point Judith was a new one, it was not operating on a virgin stock, for the striped
bass is a highly migratory species and is the object of intensive fisheries of different
types along the entire Atlantic coast. A more logical explanation is that this down-
ward trend in annual average weight over this period was brought about by the de-
creasing numbers of large fish that formed the remnant of a dominant year-class
produced some years before. That there was a definite decrease in the proportion
of large fish making up the catch from 1930 to 1936 is evident from figure 31, in
which the percentages of small, medium, and large fish taken in each year are shown.
The peak in the annual average weights at 1930 (fig. 7) was caused by the compara-
tively great numbers of large fish that made up the catch. Thereafter the composition
of the yearly catch showed a decreasing percentage of fish from the larger size-cate-
gories (except in 1935). It seems logical, therefore, that a fairly good remnant of
a dominant year-class, whose members had attained a large size, existed in 1930,
and that in each successive year this remnant became increasingly smaller, thus
producing the downward trend in the annual average weight of bass making up
the catch in these years. The sharp drop in average weight in 1936 was primarily
due to the appearance of the 1934 dominant year-class in the commercial catch.

11000

NUMBERS AND SIZES OF STRIPED BASS
MAKING UP THE ANNUAL CATCHES BY SEINE
AT POINT JUDITH,R.L, 1928 — 1937

10000 |

8000

LEFT COLUMN IN EACH YEAR 1S FOR

8000 APRIL + MAY

RIGHT COLUMN IN EACH YEAR IS FOR
JUNE = KOV.

z
1000
.
000
«
5000
w
2 4000
z

3000 [

‘‘‘ ueoium
2000 uPTO 3008, 3-10 Los.

< sl <% s
1920 1920 1930 1931 1932 1319 1038 1938 138 1037

FIGURE 8.—Numbers and sizes of striped bass making up the annual catches by seine at Point Judith, R. I., 1928-37. The left
column in each year is for April and May, and the right column for June to November. The fishing intensity has been equalized

throughout.

The tremendous numbers of 2-year-olds in this year is well shown in fig. 8. It will
also be noticed that there was an exceedingly small percentage of large fish in this
year. The increase in annual average weight in 1937 was due to the increase in
size of the members of the 1934 dominant year-class—at this time 3-year-olds. If
no other dominant year-class comes along for a considerable period of years, it is to
be expected that the annual average weight of the striped bass making up the yearly
catch will climb steadily to a certain limit, i. e., until the numbers and larger size of
the striped bass born in 1934 become insufficient to increase the average weight of
the individuals making up the entire catch. If the production of young then con-
tinues at a low level, the annual average weight should show a steady decline until
the members of another dominant year-class attain sufficient size to start it on an
upward trend again. It seems likely that it is the latter part of this cycle that is
shown in figures 6 and 7.

The question of precisely what caused the appearance of the dominant year-class
of 1934 is of especial interest. Judging from the catch records shown in figures 4, 6,
7 and 8, there can be little doubt that this year-class represents the largest production of
striped bass on the Atlantic coast in the past half century or more. Yet it is apparent,
as has been pointed out, that the parental stock in 1934 was probably as small as it
ever as been (see figs. 4, 6, and 8) (the catch in northern waters can be used as an
indication of the size of the stock from Massachusetts to Virginia since this species is
highly migratory within these limits). It would seem, therefore, that the production
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: of a

t o dominant year-class of striped bass is in no way depend)(;ni‘»1 (())(I)lkﬂzg Eltqgseimf}gctors

s t number of mature individuals. Tt is thus necessary 10 OOl b0 et spcially

%(fg %he explanation of this phe.nomenoei. Rc‘lu'sseltlll(elgl\?gl)'tk};ass gglﬁl 61904 ol e

i ar-classes were proauced 1n &
gx;gsh(ig;n 1(1139{%1(132‘6%% species—herring (Clupea harengus), cod (Gadus morhua °),

; iy
haddock (Melanogrammus aeglefinus). It would seem from this 221(}0?(1)1531‘5};2;13{7;;&&
mental factors apparently play some part in pI‘OdllCl‘I‘lg thesgG heé(re };)S i
Russell (loc. cit.) has also mentioned the fact that ™. . . e it 6 o
tion between the number of eggs produced in a particular sp e at L
n]?r?o;nt of fry which survives,” and it is apparent that enynjonme{)lfﬂi1 A
aJﬂective in determining the percentage of survival. This 13 %ro ess{a e balongs
in o species with pelagic oges,  category to WL U8 S Rk hat might affect the
i the striped bass is ana ; g : -
('ngrsp -inlggflich&‘?l%z species pspawns, and the areas in which ltlhe Ie;lggsr el;%)’;%}; 12314][1115(30 s
{1 ae develop, is worthy of consideration. Unfortunately, the o 1yte it
aa\f;rilable are meteorological. ﬁ&ttgmpts lé?vefbeei?o;r;ﬁ;lgm }'ﬁl ggérﬁgathe e tats
ipitati i ither is capable oi s 3 ) s

ture and precipitation, since el e fant s o
whin lopment take place, wit ep h e

ot g ond e e h relation necessarily assumes that the pea
catch records in figure 4. Such a cor 4 e e b
t dominant year-classes, , 8

1894 and 1895, 1906, f_md 1922, represen 11 - e . Tt wih

i it i to test the validity of such a :
been mentioned, it 18 impossible | ; D tore, s

i red that these dominant year-classes were pl : . -
t%kes §0£§:: Iilig‘es% make their appearance in the commercial catch as % yg:;_g%;l:s waI;,
ihlgpcease O e e it}is d(ifinflimﬂ%hkltlaowﬁdggg %h(ilso glelsill?%reg; born 2 years
it i wn that the fis at pr
Ez%zigt,ifi%éils f]%gﬁg 1gns(l)lows the deviations from the mean temperature from 1880
X .

to 1935 at Washington, D. C., for February, March, April, and May. Washington

DEVIATIONS FROM THE MEAN TEMPERATUREin;f{?—ONDC
FEB., MARCH, APRIL, AND MAY, 1880 —1935, AT WASHING .0.C.

&

»
°

DEGREES  FAHRENMEIT
53 8 o © v 8

°

1880 85 90 95 1200

i t Washington, D. C.
iati temperature for February, March, April, and May, 1850—1935, a e arrows
e
connec ; | 1 -
it is i i ty of the importan
o it is in the general latitude of the majori
s e (Ib'}elz(;:efr(lnl‘) g‘ﬁfilll)zd bass. The 4 months from February to May W%olfrgsgfg;
%%?J;Vl?sl?%\/&y is the main spawning season (see be-low),1 atnd bﬁl;l;eafénger; ures over
i Y the river temperatures as late as / > . 4
e g4 in the catch record in figure 4 nvariably
i re 9 that the peak years 1n the 4 /
ol ?)(;1651 vali:%)]glaﬁgglow-the-mean temperature 2 years before. dIt Isliaen;fl lggse&%hgigl
?gll:ge?})lat dominant year-classes in t%le striped baéss aréa ug{gg%ﬁz ; a?t ! ‘3;1 e g
: he other hand, a low temperature !
tem%(ﬂaagﬁzg'nogﬁeiessarﬂy cause the production of a (_iommang, year-%lsziih g;?éfeazg
moél }S>ted1 other factors which must concatenate with a su Iﬁ)réntah - f% S
g boui}: such a production. It is impossible to state wha eslation s
gflli? gx:mination of the precipitation recordlsk shovvisg té}iat t(}ileirsesls Ii% (()}gn;; O s
i fore the peaks at an , 1906, :
rainfall and the dates 2 years befo: A Ay T
i i e correlation between temperauure L
o Sl'guigeg%od’rh’ei‘]lnlzvgiﬂicient of correlation for thge5znt11‘}(la_ c}?tphs{gercl(i)égal(lltsfg tl}?j'i)_
orid : i iod is —. which is
r this whole period 18 , W] _ ) ’
s tht? 1237131)61?1? 1'11;‘%h?l?ahighly probable that the production of dominant year classes
Efr:}?g stripe[i bass is quite closely associated with low temperatures.

¢ e s 7 T w nd Welander (1935) .
The pelhng morhue instead of “mo hua’ as used by most recent authors, is in keeping ith Schultz a
)

STUDIES ON THE STRIPED BASS OF THE ATLANTIC COAST 15

In conclusion, it may be said that there is every evidence that over a long-term
period the abundance of the striped bass of the Atlantic coast has shown a sharp
decline. Dominant year-classes have at times temporarily raised the level of abun-
dance, but the intensity of the fishery is such that their effects have been short-lived.
This is well shown in figure 4, where it will be noticed that the return to a state ap-
proaching the normal low abundance usually follows immediately after the appear-
ance of a dominant year-class in the commercial catch. In the 1934 year-class, how-
ever, the numbers of striped bass reached such enormous proportions that not only
did the 2-year-olds of 1936 dominate the fishery, but the 3-year-olds of 1937 also
formed the main part of the catch. None the less, the sharp decline in numbers of
bass taken in 1937, as compared with those caught in 1936, is clearly evident, and
there can be little doubt that the members of this dominant year-class will be reduced
within a few years—under the conditions of the present intensive fishery—to a point
where they are negligible. The rate of removal of the different age-groups of the
striped bass by the fishery is shown in some measure by the percentage of returns
of talgl'ged fish. These percentages are shown in tables 17-20, and 22. It is of inter-
est t i

at the extreme in percentage of recapture is seen in the case of 303 fish (pre-
dominantly 3-year-olds) tag%ed and released at Montauk, Long Island, N. Y., in late
October 1937. Six months Ia

ter over 30 percent of these tagged fish had been recap-
tured. Furthermore, it is not reasonable to expect that the percentage of tag returns

gives a sufficiently great valuation of the rate of removal of the fish of different ages,
for, among other reasons, no reward was offered for the return of tags, and it is un-
doubtedly true that many of the marked fish that were captured were never reported.
It is roughly estimated that about 40 percent of the 2-year-olds of 1936 were taken
during their first year in the fishery, and that at least 25-30 percent of the remaining
3-year-olds were caught in 1937. This means that a minimum of 50 percent of the
2-year-olds entering the fishery in the spring of 1936 had been removed by the spring
of 1938, neglecting the effect of natural mortality. It thus becomes clear why domi-
nant year-classes only raise the level of abundance over short periods, and why, in
spite of the occasional increases in number, the general trend of the annual catch of
striped bass has been downward. Looking to the future, there is no reason to suppose
that the increased abundance caused by the 1934 dominant year-class—huge as it
was—will produce any lasting effect on the stock. It is more probable that the return
to the normally low level of abundance, so characteristic of the years before 1936, will
soon take place, and that only the production of another dominant year-class will raise
the population of striped bass to such unusually high numbers.

SPAWNING HABITS AND EARLY LIFE HISTORY OF THE
STRIPED BASS

It is commonly stated in the standard ichthyological references for the Atlantic
coast that striped bass are anadromous, spawning in the spring of the year from April
through June, the exact time depending on the latitude and temperature (Smith, 1907,
and Hildebrand and Schroeder, 1928). Most of the statements on the spawning of
this species have been based on a series of papers in which S. G. Worth (1903 to 1912)
discussed the problem of artificial propagation and presented many interesting side-
lights on the various phases of spawning and early life history from his studies at
Weldon, on the Roanoke River, N. C. Although most of the information in Worth’s
work is fragmentary, his observations are of value because there has been so little
work on any part of the Atlantic coast to corroborate and amplify his statements.
The work of Coleman and Scofield (1910) and Scofield (1931) on the Pacific coast
indicates that striped bass spawn from April through June in the low-lying delta
cot&nftryhadjacent to Suisun Bay, Calif., where the water borders between brackish
and fresh.

The presence of young fry and small striped bass in the brackish waters of large
rivers of the Atlantic coast offers proof that this is an anadromous species, and the
absence of juvenile and yearling bass along the outer coast indicates that this species

does not undertake coastal migrations until they are close to 2 years old. Thus
277589—41—2
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Mason (1882), Throckmorton (1882), Norny (1882), and Bigelow and Welsh (1925) shown in figure 107 Curran and Ri ) 17
present interesting accounts of baby bass being taken in various rivers along the striped bass in the Hudson Ri:gr Salgs (1937) in describing the capture of juvenile
Ninit: the past (Navesing B eder T o D e hwmapeeko ;o During the survey fow adults but v e
Bay during the summer months, and Dr. Vadim D. Vladykov, while working on the on July 20 in tﬁivﬁﬁré’ﬁ %EdsonAttotﬁew.York- Collections 3?5;2326;?(‘,‘52{@“2;%110“t the stretch
survey of anadromous fishes for the State of Maryland, also took many juvenile striped il.clales proved that they were 1036 fish, tl}g;(emtlh%y ere 2 inches' in length andy1atre}”§§i§§k§§‘t§f§t
bass 5-10 cm. in length on the eastern shore of Chesapeake Bay during the summer asef}.;ww?f:ref%gﬁd in considerable numbers. Gmfﬁ]y“%gelécfﬁez onkers, about 35 miles downstream,
of 1936. More recently juvenile bass have been taken in the Hudson River by the be associnted W‘i’?hogg;r?ﬁge;ﬁgp;i i%f bottom. In night seiningS %%%f%h?g?:vglihpreferred habitat
New York State Conservation Department, and in the Parker River, Mass., by the shad. Nearly every seine haul in vfhi%%rch while daytime hauls showed the herr?g Wel‘elfound to
author (p. 17). There 18 also some evidence, from the reported capture of baby bass, as well. young striped bass were caught brought o {vgﬁi?: o]
that isolated spawning areas still exist as far north as Nova Scotia. The chlorine as chlorides ranged f perch
_ There can be little doubt that striped bass in early times entered and spawned salinity) over this stretch ofgth I‘HOm 10.0-8,560.0 parts per million (water of 1
in every river of any size, where the proper conditions existed, along the greater part Larger individuals—up to 2 ed udson River (Biological Survey (1936) 193C7>W
of the Atlantic coast, and that as cities were built and dams-and pollution spoiled one Albany. . There can be littl I()ioun s— have been taken in the Hudson as fa )
area after another, the number of rivers that were s_u1tgxb1e for spawning became fewer area for striped bass. Th le doubt, therefore, that the Hudson River is a ieled
and fewer. At the present time there is every indication that by far the greater part this region, and the ol un(:zl; Igapture by commercial fishermen in April angpf\%/lwml_lg
of the production of striped bass along the Atlantic coast takes place from New Jersey &ilded svidence thist aoatn, mon reports of ripe individuals at this time of ay 1n
to North Carolina, and that, the addition to the stock from areas to the north is so brackish and perhaps egt' nlln% takes place in the spring in water that i et
small as to be almo‘st_ms1gmﬁcant and of little consequence. Thus in Connecticut, On August 4, 1 9}3’7 thér: gthreSh' is at least
where there is much ovidence—from the statements of old-time fishermen—that striped near Newburyport, Mass or took three small striped bass in the Parker Ri

) . ver,

e These fish were 7.1, 7.6, and 8.5 cm. long, and subsequent,

(W T 2 3

bass used to spawn, there is now every reason to believe that spawning seldom if ever
ocours. During the entire course of this investigation the quthor has tried innumer-
able times in different localities to find juvenile striped bass in Connecticut waters, .| LENGTH FREQUENCIES OF JUVENILE STR

for since the juveniles are found close to or in areas where the adults are known to FROM HUDSON RIVER, N.v. JULY 3 T0 SEPTI, 1936

spawn, their presence in Connecticut waters would have indicated the probability of ’
M ]
’ A

spawning occurring nearby. These efforts never met with any success. Most atten- I

4
T

~
o

tion was centered on the Niantic and Thames Rivers, especially the latter, because
accounts of baby bass having been caught there within the last 50 years are more
numerous than for other regions. Areas imilar to those where small bass were taken
in the Hudson River in the summers of 1936 and 1937, as well as many other likely
localities, have been worked with minnow seines and small-meshed trawls that were
officient enough to catch large numbers of young fish of many other species and occa-
sionally even adult striped bass. However, the smallest striped bass taken in Con-

@

NUMBERS OF FiSH
B

o

necticut waters was & small 2—yea,rﬁ)lfgll }vlvhich measured 23 cm. (9 inches). If spavs}rlning /
occurred to any great extent, small fish 3-8 cm. long, comparable to those cau t in © s 4 oo e 7o g s
other areas inytl%e summer, 'would most certainly l%s’we bgen found. Planktogn and F1GURE 10.—Length-frequenc SOl iy ”
) . i " A . rmaking op this etieve is g’ 28cu.rve of juvenile striped bass from the Hudson Ri
bottom hauls taken ab weekly mterx_rals in the Niantic River in an area where bass August (see Table 7 for origiila;r 0 SRS Ry Heom AoSalt by Soien. Thlgé?ei? 1 B0 Bapt 1 0. The iurmner o fsh
vsﬁare known tof be pgﬂe_sent 1from 'Aﬁ)r]%) through I:Iiovem‘t_)er 1936, have failed to reveal ettt Sl e st urements). at majority of these fish were taken in late
the existence of anything t at might be construed as evidence that striped bass spawn ied it Tho hsca es showed them to be juveniles. They w I
thelﬁa. Fur%ler than thlfs, ﬁft a single ripe fish %f this species has beeli ‘ﬁa,ken by the WhHiN & dakn e ‘(:;11’10‘G of t}(lie river and about 2 miles below the %yﬁ?ﬁ tV%T{erll about 6
e ' couge of i g, Comehl 100 et montl ShiEe s bl g, B
Inquiries among commercial fishermen in New England and Long Island waters show ;;:esrczgfg;ﬁa?&s' The salinity at this 3II’OiDt V?ans 1%&33(} ’pv;i‘?sl lltt}161 givel jand 5
that ripe striped bass have been caught so rarely and at such irregular times 10 recent one-third out) ul;f‘ }ixt the surface was 25.5° C. and at g B gzrso,OOO, and the
yﬁarslthat %hehlrtﬁr%serﬁce cimln be c;onmdt;red nothing mohr_e than abnormal. The fai:t width 40-50 feet (e)’;lhep'ﬁlili of the river in this area at this time was 8 g' t(ebb dtlde,
Ealign aill‘lg %hes Niariicsfi()i?:r dril(;‘ixsltggl‘ieosperﬁ]gl 23(11) rg:r(iy s%ﬁgge;fogﬁse, s;)}igzl %I;SS; . gifsﬁllﬁvf ng}; V;hi‘te perc(if (J‘S}z"f’%lzngmleai?;;zgiaiilil(:invgjlo(})lu:h&ss quﬁnﬂe S-Sl‘i’piﬁ bt;};:
. - . . . o ato . - ) - el .
s awping in ofher arens, SueSoTe LT G el e 0T R 1 Bear et tafons b Dellation s stronsly Cin] hauls in this region, The
4 er. mpI¢ ; © 1 . o Woolon Mills. wpeee It ion and is strongly tidal all the way to the I :
oes not occur In the region investigated, although it is possible that other Con- e » Where a large amount of fresh water empties into 1 y to the Byfield
necticut waters provide proper breeding grounds. eventﬁiauyrgrlrrll P g:;ss illi‘génlgl dow%a,l the river winds thrg)ug%s ]g]lneo gévl?v?g;mxgl aﬂg - thg
um Island Sound. arshes an

Despite the fact that there is no evidence that striped bass spawn in Connecticut Tt has steep sides, and the ri
) e rise and fall

of the tide along the better part of its length is 5-6 feet.

waters ab the present time, studies in recent years have disclosed two probable spawn- small strived bass in this i The fail

ing areas In other northern waters. In 1936 the New York State Conservation De- the or tp(fifﬁ ass in this river, despite several attempts, is k? bal ure to catch more

partment took large numbers of juvenile striped bass In various localities on the fastgti?iz] cm?ﬁ?{, of hsemmg in such an area. Thepstéep Is)fé)esao%y(-,}?esg explained by

Hudson River from Beacon downstream. A length-frequency curve of these fish is SR oth make it next to impossible to handle a sein efﬁapks land the
e efficiently along

7 The entire collectit i
Bebrises o b ]gn of striped bass made by the members of the Biologi
. 4 { ol i
.I:;Igoore, hief Aquatic Bi?){ggigtsotto ﬁfg 'I\?g?vt ?j{zo](z)logmt of the New York gggglﬁuurs\;«;ggﬁfigvas P Y Pirther thas they Dr.
i nformation regarding the capture of small bassoil;l thcg nﬂsgfi‘;ggolgi Depgrii:ment, Sasuits o memberasngyz"tgé SYt;ﬁ I;gﬂhfﬁ i i
ver, before the results of the Biologi L B a e suthar much
gical Survey of 1936 were i
published.
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i i - Sed bass, however, is significant,
g f only three juvenile striped , b idEe
thlg 11;114\(7)%;})1’;‘ ﬁfdfcasﬁaggrfhgt stri%ed b&sﬁ sFavgréhmtﬂ}oe _Iggéksgsfsig‘zl‘kn (;&vgldgg V(zrinter -
. : i in the fact that str1 :
2 is seen in 1 oIt is
that i D 2t Captune through he o by bow et e
s river, as is is an example of an 1301ate 25 Sk 16 by
considered Likely that this 5 b ident population, and possibly adde
least in part by & T68 his is the northernmost
waters, supported ab : 4 1 vears. Although this is
i th in exceptiona..y. i t vears, there can be
migrants from the sout have been definitely reported 1n recent y ) b
1 h juveniles have bo : 1ri of the Gulf of Maine 1n
point from whic mmonly taken in the coastal rivers 1 h
no doubt tggfgte{l:v% Zgﬁe%}elsh, 19%5), and there is good reason to believe that other
?ld tm(lles awning areas still exist north of Cape Cod. 11 the Delaware River,
1SOlmKno§tI})1er area in which juvenile striped é);’?s Z{lere 11‘;21&3;1 g:s B it when the game
i On November 8, 1937, the & i gt i 4
near Pennsville, N J Board of Fish and Game Commissi
the State of New Jersey lant on the Delaware
proRb T fot from the intake wells of a large power p b Siron
104 small striped bass i1 larly trapped against the screens by the s g
: f all sorts are regularly trapp A A length-frequency
River, where fish o T e ibevated in other Tegions. eng ney
flow of water, b e reﬁlo in fi 11. The examination of scales from these fis
. own in figure 11. : Chw
cﬁrve (fift‘lol};f trillg %ﬁ%{l cﬁ ‘ihjs sampling was composetd O{t}t:aégl];ls%i’e ?gf;&%a%ﬁyt% eie—
BB s _long were present. 1 )
s frﬁm])a}a)lc;%;}agéolili%ei (;Ié?gion,gincluding some of the smaller streams that enter
%Zfévtv};ig %sy forms another area in which striped bass spawn.
b

6 7 g 9 10 IN.

LENGTH FREQUENCIES OF
STRIPED BASS TAKEN IN
DELAWARE RIVER NEAR

STRIPED BASS
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i i LJ.,on
striped bass taken in the Delaware River, near Pennsville, N. J

] ! . ble 9 for original
FicURE 11.—Length-frequency curve of juvenile and yearling e T

by thre
Nov. 8,1937. The number of fish included in this graph is 104. The data have been smoothed by
measurements). . » Weldon
It has long been known from the observations of WO’IF}}; (19()_3;?});233&10115 oy £Rs
N. C., that striped bass spawn in the Roanoke R(ivgr_l.n theeliIilzle?ature Mgy hed
o5 8 1 corde :
the striped bass that are re : Jhe AUAnLE
eggstagilelsz;xl;s;g (%from ngch’s papers, and were mad$l dlllgl;f)g) tskll&n mllﬁ)e jbat e 0B
(é?lzst,ed a hatchery at this point. Bigelow and Wels (
. . ApoRe: i i i t are swept up
i sy aJsb t 8.6 mm. in diameter) are semi-buoyant—that is, th%lisélcﬂ; t{;‘slh ‘?ﬁat Pk AP
f 'I;lﬁe g%%:og- 1;)31'1 the slight.est disturbance of the water—and this 18 80 P
rom the )

y P! gll(} has bee) known to yl' 1 1 il 35—pound ﬁsh pIobably

[0) (Hl] 12 ()lln(!.S wel o e d ,280,000 eggs, while a

WOllld !odl.lce as many as 10 000,000. The eggs hatch n a.bout i4 hours at a bempelatllle Of 58 H
P H

. ¥ i i ffordin
111;4;22;?;:;2 the hatchery at Weldoxﬁ has agauil1 {esgﬁegfogé'ﬁlrcigiat%::: (%l;her%
tudy of the eggs and larv 1 s
%xn exc%leealyl&aycgggsfni?lztz}ae Eeltla' ed information 0n7th1s dsul%]éaé:)t i(fc(i?ll(‘fg(il’h}%gzé?i : Iimis
ave alr 1 i,
i i ta collected in 1937 an i 1
e f?ul(') vgg%hﬁgtgéi %%gxlln aqbariZf account of some of the more interesting highlights
g}fleglfeossawning and early 1if(f{ hj%t_ory ofot}n(i i%‘flp:& Elflsssi'n el wed M, althgul%lh
ing 1 Roanoke River n )
S.Pawllllm%hget};fe a few stragglers that appear as late %{Sr ,1](111;11?&03&113 I()Weldon
zkclﬁsslggx?m?ng takes place over a goodstliet(éhof tglgnﬁr%c_);ﬁi " ne dan cow R
i i i from Albemarle Sound. . Dok
o s hoe and i approxmaiay 100 Yo vl WAk il vl
he chlorinity to be less 1 5 : s
%ﬁar;}}l{%? ’7198?’;&%?(? :l(]}(;ligicty 53.1 Zstimated as milligrams of bicarbonate per 11
e 7,
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In 1938 the first spawning striped bass were taken at Weldon on April 11, and by
May 10 spawning was apparently completed and the fish had left this locality. This
was an unusually early and short spawning season, probably due to the abnormally
high temperatures during this time. From April 29 to May 11 the water temperature
averaged well over 70° F. (21.11° C.) and at one time reached 77° F. (25.0° C.).
During the spawning season it is a quite common occurrence to see the so-called
“‘rock-fights”” described by Worth (1903), and well known to local fishermen on the
Roanoke River. These consist of a great number of small males, 1-3 pounds in
weight, and apparently only a single female, appearing on the surface and causing a
tremendous commotion by splashing about and creating general confusion. The
activity is said to be so great that the fish often injure one another quite seriously,
and fishermen who catch striped bass when they are ‘“in fight”’ attest to this fact and
to the number of small males, 10-50 as a rule, that take part in such a display with a
single female of from 4-50 pounds. Whether or not this is actually part of the spawn-
ing act or a form of courtship does not seem to be definitely established, but general
opinion favors the former view. There can be little doubt that the spawning fish at
Weldon are composed mainly of males, the females probably never making up as much
as 10 percent of the population. In May 1938 the examination of 127 individuals
taken at Weldon showed but 6 of them to be females, and much the same sex ratio

was found to obtain farther down the Roanoke River at Jamesville, N. C., at the
same time.

There is no reason to doubt the accuracy of Worth’s estimates of the number of
eggs produced by a single female striped bass. Records kept at the hatchery at
Weldon during 1928, 1929, 1931, 1932, 1937, and 1938, show that the number of
eggs per female varied from 11,000 to 1,215,000 in a total of 111 individuals examined
in this time. The majority of these fish yielded from 100,000 to 700,000 eggs each.
Unfortunately the weights of the individual fish on which these counts were made
were not taken, but a single female weighing 4% pounds, taken at Weldon on May 4,
1938, produced 265,000 eggs.

The eggs of the striped bass average about 1.10-1.35 mm. in diameter when they
become fully ripe, and at the time that they are extruded into the water. During
the first hour after fertilization the vitelline membrane expands tremendously, thus
creating a large perivitelline space. Measurements on a series of 50 eggs that were
preserved 1 hour after fertilization in a solution of 7 percent formaldehyde gave an
average measurement of 3.63 mm. in diameter, the extremes being 3.24 and 3.95
mm. Eggs similarly preserved at longer time-intervals after fertilization showed the
same general measurements. So far as one can judge from preserved specimens, the
description given by Bigelow and Welsh (loc. cit.) of the eggs as being semibuoyant

fits perfectly. These eggs are undoubtedly swept far downstream by the strong
current, and the protection against injury by jarring afforded by the large perivitelline
space is probably of no small consequence in the survival of the developing embryos.
The speed of development and the time to hatching is of course dependent on tem-
perature. At 71°-72° F. (21.7°-22.2° C.) hatching occurs in about 30 hours, while
at 58°-60° F. (14.4°-15.6° C.) hatching normally takes place in about 70-74 hours.
In view of the fast current in the Roanoke River, and the rate at which the developing
eggs are carried downstream, it is reasonable to assume that hatching probably does
not take place until they are close to the mouth of the river or even in Albemarle
Sound. Figure 12 shows the different stages of development of striped bass eggs and
larvae that were reared in the hatchery at Weldon, N. C. These eggs were fertilized
artificially and held at a temperature of 70°-72° F. (21.1°-22.2° C.). The photo-
graphs of the eggs were taken from above looking down. A side.view would in reality
show that the yolk, with the developing embryo and oil globule, lies at the lower
pole of the whole egg as it floats normally in the water. The single large oil globule
which is imbedded in the surface of the yolk always lies uppermost, and the blastodisc
appears on the side of the yolk in an area that is approximately at a 90° angle with

the oil globule—not just opposite the oil globule on the lower pole as Wilson (1891)

has shown for the sea bass (‘“‘Serranus atrarius’’—Wilson, loc. cit., now called Cen-

tropistes striatus). Hatching occurred in 30 hours in the lot under observation, and

it will be seen in figure 12 (F) that 6% days later the yolk sac was almost completely
absorbed.
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To the author’s knowledge, the smallest striped bass that have ever been taken
in their natural habitat were seined along the shore of Albemarle Sound from Mackeys
to Rea’s Beach, N. C., on May 11, 1938. Since the first spawning fish were taken
on April 11 in this year ab Weldon, it is likely that these individuals were not more
than 1 month old. ~A length-frequency curve of the 85 juveniles taken ab this time 18
shown in figure 14, and it will be seen that they ranged in size from 1.9-3.1 cm,, the
peak falling at 2.7 cm. The growth of the striped bass from this age on is further
discussed in a later section.

In general, then, it may be said that all the evidence points to the fact that the
striped bass is anadromous, spawning in the spring of the year, the exact time prob-
ably depending on temperature and latitude. Itisnot definitely established, however,
how high a salinity the eggs and larvae of bass will tolerate. Considering the wide
variation in the type of river in which bass are known to reproduce, it does not seem
unlikely that spawning may at times take place successtully in areas where the water
is at least strongly brackish and perhaps even strongly saline. Worth (loc. cit.) first
noticed that in raising artificially fertilized eggs of striped bass, an apparatus similar to
MacDonald jars—in which the eggs are kept in a strong circulation of water—was
necessary in order to get a high percentage of normal development. It would seem,
therefore, that a fairly strong current is probably essential for the development of the
eggs, but that this may be either tidal, such as that in the Parker River, Mass., or
mainly fresh water, as *1 the Roanoke River. Some possible evidence that spawning
does not necessarily always take place in waters of extremely low salinity is provided
by the irregular and inconstant manifestation of what appear to be distinct spawning
marks on the scales of mature striped bass (see D. 24), for it is generally assumed that
such marks are only found on fish that enter fresh water. Tt would be logical to expect
that if all striped bass entered fresh water for spawning purposes, spawning marks on
the scales would be more common than they actually are. Such spawning marks are,
of course, particularly well-known on scales from salmon (Salmo salar), which do not
feed to any great extent during their sojourn in fresh water for spawning purposes,
and whose scales are probably partially resorbed during this period, thus forming the
characteristic spawning mark. It should be pointed out, however, that striped bass
undoubtedly do not stop feeding to the same extent or for a similar length of time
during spawning.

SEX AND AGE AT MATURITY

It is impracticable to get large quantities of striped bass for sex determinations
and stomach-content analyses anywhere along the Atlantic coast. This is so because
this fish is almost universally shipped to market, and frequently even sold to the
individual customers, without being cleaned; hence it was not possible to examine the
body cavities in large numbers in the wholesale markets. Since there is no valid
method of determining sex without inspecting the gonads, the collection of quanti-
tative data on this phase of the work was necessarily limited to the study of fish
caught on rod and line by sportsmen and cleaned by the author, to & number of small
random samplings of bass that were seined during tagging operations, and to a few
fish that were examined on different markets as they were being sold.

A total of 676 striped bass caught in northern waters (Long Island and New

‘England) from April to November 1936 and 1937 were examined for sex. These

fish ranged in size from 95 to over 110 cm., and in age from 2 years old to over 12
years old. Of these 676 fish, only 9.7 percent were males. One hundred and eighty-
three of them were 3 years old or more, and only 4.4 percent of these were males. No
males above 4 years old have been found in northern waters. The remaining 493
fish examined were 2-year-olds, 11.8 percent of which were males. Although the
number of fish examined for sex is too small to permit any final conclusions, there is
little doubt that the number of males in northern waters seldom reaches much over
10 percent of the entire population. And the evidence so far is that the percentage
of males is greatest among the 2-year-olds—that age at which this species first under-
takes the migration from further south (see p. 44), and appears in large quantities
in northern waters; the percentage of males apparently decreases in the age cate-
gories above the 2-year-olds.
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Such a disproportionate number of females to males is of course most unusual,
and it seems unlikely that this condition prevails among the total population of the
Atlantic coast. The examination of 29 small bass from Delaware Bay in November
1937 showed approximately 45 percent were males. A sample of 126 bass ranging
in size from 21 to 42% cm., from Albemarle Sound, N. C., in March and April 1938
was composed of 31.7 percent male fish. There is also evidence that the composition
of the spawning populations of striped bass is predominantly male (p. 19). A
theoretical explanation of the strikingly low percentage of males in northern waters
is included in the section under migrations (p. 44).

In studies of the age at maturity, miscroscopic examination of the gonads pre-
sented the most plausible method of procedure in northern waters. The fact that
ripe 8 individuals were not available in Connecticut precluded the possibility of
studying the age groups making up a spawning population. Gonads from 109 female
striped bass ranging in size from 32 to 110 cm. were collected at various intervals
from April through November 1936 and 1937. Of these, 46 were fixed in Bouin’s
fluid and slices from the anterior, middle, and posterior region of each one were cleared
in toluene.® These were sectioned, stained with Delafield’s hematoxylin and eosin,
and mounted. Samples of up to 50 ova from each of the three regions of the gonads
from which slices were taken were then measured by means of an ocular micrometer.
It was soon found that samples from the anterior, middle, and posterior parts of each
ovary contained eggs of the same general sizes, and that there was no significant
difference between the ova of these regions, no matter at what stage of development the
gonads were. Thereafter only sections from the middle of each ovary were studied.
The remaining 63 ovaries from striped bass collected from April through November
1936 and 1937 were preserved in a solution of 10 percent commercial formalin and
water. Slices from the middle of each one of these gonads were then macerated
mechanically, until the eggs either floated free or could be easily teased from the
surrounding epithelium. Samples of up to 50 ova from each ovary were then meas-
ured under a dissecting microscope by means of an ocular micrometer. The measure-
ments on the eggs from 109 ovaries by these 2 methods gave comparable results
throughout.

A study of the measurements of the eggs from striped bass of different sizes almost
immediately revealed that there were two easily distinguishable types of ovaries.
(See fig. 13.) The first type had eggs whose diameters consistently averaged 0.07
mm. There were occasionally eggs as large as 0.18 mm. in diameter, but more com-
monly the largest eggs measured 0.11 mm. The second type contained eggs of two
definite size categories; there were small eggs of the same size as all those that were
seen in the first type of ovary, averaging 0.07 mm. in diameter, and there were large
eggs averaging 0.216 mm. in diameter or greater, the extreme size that has -been
encountered being 0.576 mm. It is a reasonable assumption, especially in view of
Scofield’s (1931) work, that those ovaries containing only small eggs represent im-
mature fish, and that those ovaries having eggs of both small and large size come
from fish that are mature, in the sense that the large eggs are those that will be pro-
duced the following spawning season. A possible criticism of this assumption is that
part of the material examined might have been composed of ovaries from fish that
had just completed spawning, and that such ovaries might, therefore, contain only
eggs of the small size. On the basis of the distinction between mature and immature
individuals proposed above, these fish would then be considered immature, a conclu-
sion that would be entirely erroneous. There is no evidence, however, that ovaries
from fish that had completed spawning immediately before were included in the
material. It has already been pointed out that spawning individuals were not found
in the waters from which this material was collected, and it is most unlikely that
any freshly spawned bass were studied for the purpose of determining the age of ma-
turity. Moreover, by far the greater part of the collection of gonads of striped bass
. Immaturs oyery, B. Mature ovary—5to 6 months of different sizes took place in the summer and fall, by which time spawning is known
immature and mature striped bafgaoeg?rnlgesfhlf‘ . aturity. Magnification throughout X36. to be long since past. Another possible criticism of this method of determining the
C. Mature ovaty —app age at maturity of striped bass is that some of the material may have come from fish

that were not spawning the following year, for this species is not necessarily an annual
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i

3




22 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

spawner (see D- 16), and might therefore not have cpntained eggs of the larger size
although the fish were mature. 1t1s <_30ns1dered unlikely, however, that any serious
error in the results is introduced by this means.

The results from this method of stpdying the age at maturity indicate that
approximately 25 percent of the female striped bass first spawn just as they are becom-
ing 4 years old, that about 75 percent are mature as they reach 5 years of age, and that
95 percent have attained maturity by the time they are 6 years old. The average
lengths of individuals of these sizes aIe discussed in the following section (p. 30),
and table 10 gives the results of determining the age at maturity of 109 female striped
bass of known length by measurements of the diameters of the ova.

The examination of spawning individuals in North Carolina in the spring of 1938
gives added ovidence on the age at which female striped bass first spawn. Scale
samples from 25 fully ripe females of measured length (43 to 78Y cm.) were collected
in late April and early May. The smallest of these fish was 43 cm.—=2 bass that was
just becoming 4 years old, but was somewhat smaller than the average individual of
this age. There were also 5 other individuals from this lot of 25 mature females that
Nlest fish. Of the remaining 19 fish, 16 were just reaching

were the same age 28 this sma '
5, 6, or 7 years of age, while the other 3 were 8 or 9 years old. During the period when
these mature females were encountered, a great many hundreds of smaller females

3/4% INCHES | (e

JUVENILE STRIPED BASS FROM ALBERMARLE
SOUND, N C., MAY Il 1938

NUMBERS OF FISH

LENGTHS

taken in Albemarle Sound on May 11, 1938. Data smoothed
Tees (see Table 9 for original measurements).

FIGURE 14.—A length-frequency curve %t Sifh juvenile striped bass
sE

from 1 to 3 years old were handled, but none were ever found to be ripe, thus offering

further proof that female striped bass do not arrive at maturity until they reach at

least 4 years of age.
Male striped bass, on the other hand, become mature and first spawn at & much

earlier age. A total of 303 ripe males were encountered in late April and early May
in the Albemarle Sound region in 1938. The smallest of these was 21.5 cm. long and
was just becoming 2 years old, although it was unusually small for a fish of this age.
The largest was 51.5 cm. long, and was just becoming 5 years old. Of the 303 ripe
males examined, 150 were just becoming 2 years old, and all the remainder, except
the largest individual mentioned above, were becoming either 3 or 4 years old. It thus
becomes apparent that a large percentage of male striped bass are mature at the time
they become 2 years old, and it is probably true that close to 100 percent are mature
by the time they become 3 years old. (See Vladykov and Wallace, 1937.)

AGE AND RATE OF GROWTH

Tt has been well established in an ever increasing number of species of fish that
may be used for age

determinations. It is generally assumed that the formation of a true annulus 1s
caused by the slowing down or almost complete cessation of growth in the winter,
resulting in the arrangement of the circuli so that an annulus appears. Actually,
in the striped bass, the annulus does not appear 1 the winter and only becomes
evident by April or May. Further than the determination of age, scale analyins has
t can

be used for growth calculations, is often & method for determining the geographical

scales, since they present more or less concentric rings or annuli,

other vitally important applications in studies on the life histories of fishes.
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character of the circuli that border it. This type occurs most commonly on scales that
overlap a regenerated scale. It appears that the process of regeneration in a scale
modifies the growth of adjacent scales sufficiently to form false annuli on the latter.
This tyge was observed frequently, particularly on scale samples from tagged fish
that had been recaptured and had regenerated scales in the area from which a sample
was taken at the time of their original release. Regenerated scales were common
in all samples, often forming at least 10 percent of those examined. Sometimes
entire samples had to be discarded because there were no scales that were not regen-
erated. Up to 15 percent of the samples have been rejected on rare ocecasions
because of false annuli, regenerated scales, and other factors which made the age
determinations and scale measurements subject to serious errors. Scales from larger
striped bass were found to be much more difficult to read for age than those from
smaller individuals. Not only did the first annuli become indistinet, but there were
likely to be more false annuli so that age determinations were confusing. For this
reason growth calculations by the scale-measurement method have been confined to
fish less than 5 years old. Particularly on scales from fish over 8 years old it was almost
impossible to be sure that the age reading was correct, and on fish of this size or larger
it was only feasible to make approximations as to the age of each individual. As a
check on age determinations of striped bass of all sizes the growth rings on otoliths
have frequently been counted, and it was found that on individuals up to 3 years old
this method was satisfactory. The opercular and subopercular bones have also been
examined for annular markings, which were best seen after these bones had been
cleared in a half-and-half mixture of 5 percent glycerine and potassium hydroxide.
On the whole such markings were found to be indistinct and irregular, and did not
constitute an adequate means of making age determinations.

Since the youngest striped bass taken in Connecticut waters during the course
of the investigation were 2 years old, age determinations and rate of growth studies
on juvenile and yearling fish were necessarily confined to material from elsewhere.
The growth of the larvae has already been discussed under spawning habits and early
life history (p. 19). The smallest juveniles that have been taken in their natural
habitat have also been described, and, as is shown in figuré 14, these fish, which
were not more than 1 month old at the time they were seined in Albemarle Sound,
averaged about 2.7 cm. in length. Figures 10 and 11 show the range in size of
juvenile bass from the Hudson River, and of juvenile and yearling bass from Dela-
ware Bay. It is apparent that juvenile striped bass in the Hudson averaged 5-7 cm.
in length by the middle of the summer (see fig. 10). The juvenile bass taken in
Delaware Bay in November 1937 formed only a small part of the curve shown in
ficure 11, the bulk of this sample being made up of yearling fish. The juveniles at
this time, however, were from 9.5-12.5 cm. long. Growth practically ceases in the
winter, and when striped bass become 1 year old in the spring they average 11-12
em. long. Six yearling individuals taken in the Hudson River in July and Avgust,
1936 and 1937, averaged 14.3 cm. (extremes 12.0-15.9 cm.). The yearlings in the
Delaware Bay region (see fig. 11) averaged approximately 19 cm. in November 1937.
By the time they become 2 years old striped bass are about 20-23 cm. in length, and
it is at this age that this species probably first takes any large part in the coastal
migrations. It should be mentioned at this time, however, that even in juvenile
and yearling striped bass there is a tremendous variation about the mean in the meas-
urements of any age group at any one time, as can be seen from figure 11. The subject
is further complicated since the populations under consideration were from different
areas where in all probability slightly different growth rates occur. - Thus the lengths
given for striped bass of different ages throughout can only be rough approximations.

Fish 2 years old and older were sufficiently abundant to give ample material for
growth-rate studies in Long Island and New England waters, particularly on the
members of the dominant 1934 year-class. Figure 17 shows length-frequency curves
of all striped bass measured in Connecticut waters from April through October 1936
and 1937. The prominent peaks that characterize these two curves are mainly made
up of the 2-year-olds in 1936 and the 2- and 3-year-olds in 1937, and they give some
idea of the relative abundance of the members of the 1934 year-class. The measure-
ments that make up these graphs come mainly from seined individuals, but they also
come from fish that were caught on rod and line and in pound-nets. ~Although this
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method of sampling the total population cannot be entirely free from error, it is prob- 1937 exhibited approxi
able that these curves represent the relative proportions of the different size- OT age- October as fish gfp th?ﬁ?ﬁzl’;g‘iﬁ”’{’ggg ni)mtn_n of growth (8-9 cm.) from June through
groups to one another fairly accurately for the general region of the Niantic and averaged at least 2 cm. larger over thi ¢ t}l it will be noticed that they consistently
Thames Rivers, Conn. The tendency of this species to school heavily, particularly frequency curves of the 2-year-olds fsfgg 71re period. Thus the modes of the length-
among the smaller size-categories, thus making them more available and easier to October. However, the 3-year-old: 0 f 19 7m0{red el QAR Bon Yo Ev g in
catch, may have resulted in an over-emphasis on the relative numbers of the members fish of the same age’in 1936 over a. hud ?i , although growing the same amount as
of the 1934 year-class. And the fact that the larger fish tend to lie among the rocks throughout, the modes movin, fmgeqm” ent period of time, averaged 2 cm. smaller
in or near the surf, in places where they cannot be reached by seining, perhaps pro- ber. The comparison of any %f the gggiglxmllatelgl ?%8 cm. in June to 46 cm. in Octo-
vides reason to suppose that these larger fish are not proportlonately represented in counterpart in 1937 clearly shows that th yz ength-frequency curves in 1936 with its
these graphs. On the other hand, evidence from samplings of the striped bass popula- than those of 1936, while the 3-year-olds felg-year-olds in 1937 were distinctly larger
tion from commercial fishermen’s nets in northern waters indicates that the 2-year- same age in 1936. The members of theodom?’i;;fg eygeﬁmltely S?llaégf Ehan fish of the
ar-class o 2 years old in

1936 and 3 years old in 1937) therefore appear to have been below average size
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olds in 1936 comprised over 85 percent of the stock available at this time (see fig. 8) Wiy seil *  f e e : e
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ern waters in the summer of 1937 shows that the 2-year-olds of 1937 are apparently L T O Otlah TR L O e T B e o I tarsis aar-<dkas o Prpose of comparin
represented too strongly in the length-frequency curve for this year (see fig. 17). It Th : o year-class) (see Table 12 for original
is difficult to account for the large proportion of 2-year-olds in the lower aph in £ ey were consistently smaller than the fish which were born i
figure 17, but it is clear that they were not relatively as abundant in 1937 in all north- at equivalent ages; both the 1933 and 1935 year-classes wer ofrn i e+ gy il A
ern waters (see fig. 5). It seems probable that the Niantic and Thames Rivers, where eagli(}')lﬂ ft(ghthe dominant 1934 year-class. It is quite cleag t(ilv;,tuzllll'ulilbers M
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most of the fish that make up the length-frequencies in figure 17 were taken, are espe- b
cially favorable for the smaller sized (2-year-old) bass. ecame 2 years old. The smaller sizes of the individuals making up this domi
s dominant

The growth by months of the 2- and 3-year-olds seined in Connecticut waters age-group agree well with Jensen’s i :
from June through October for 1936 and 1937 is shown in figure 18. It will be seen fihe North Sea, where it was shown galh%aizi :2;'1(;111168 Onrplsiuce (Pleuronectes platessa) in
that the 2-year-olds in June 1936 averaged about 29 cm., and that there was a steady sh in this age-group. Jensen (loc. cit.) also goyifl% " &zst(}’;hecks the growth of the
progression in the monthly modes through to October 1936 where the 2-year-olds smaller-than-average size of the individuals makilix uS 01(11 1at the principle of the
were roughly 37-38 cm. long. The 3-year-olds in 1936 showed much the same type in plaice, also appears true from Thursby-Pelham’gs v‘? ak onilmanp year-class, at least
of growth, the modes of the monthly length-frequency curves for this age-group pro- Il')lch year-class of 1922 was distinguished by a small a.v0; ‘ VY ere it is shown that the
gressing from 4041 cm. in June to 48-49 cm. by October 1936. The 2-year-olds of y Jensen on the basis of increased competition for fﬁo?igmggghéhfg ; 1% expla%mtﬁd

embers of the
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same size category. Other European investigators, however, have not found that the
same phenomenon applies in other species of fish in the North Sea. It is possible that
environmental factors, such as low temperatures in the spring and early summer of
1934, played some part in the smaller-than-average size of the members of the 1934
dominant year-class of striped bass.

Tt will be noted in figure 18 that the growth rate of the 2- and 3-year-olds in
1936 and 1937 was fairly steady over the period from June through October. In
general, the modes of the length-frequency curves for the 2-year-olds progressed about
3 cm. each month. In October 1936, however, the 2-year-olds appear to have shown
an increased growth rate, the mode for this curve having progressed 3—4 cm. beyon
that for September. In October 1937 the fish of this age did not exhibit & similarly
increased growth rate, but the mode for this length-frequency curve progressed about
2 cm.—an amount about comparable to the growth during the summer months.
Since the temperature fell sharply in late September and October in both 1936 and
1937 (see fig. 30), the normal expectation would be that the increase in length at this
time would have been less than in the summer months, assuming that the food sup-
ply remained constant over this entire period. ‘There are a number of possible ex-
planations of this apparently higher growth rate in October. There is some chance
that errors in sampling were responsible. Thus it is known that the population was
starting to change late in October (see Migrations, p. 37), and there 1s a slight pos-
sibility that fish that had summered farther north, where they apparently grow faster
despite somewhat lower average temperatures (see fig. 19) were included in the
samples at the end of this month. This does not seem likely, however, for the con-
sistent recapture of individuals tagged in this area from June through October gives
good evidence to the contrary. Another explanation of the apparently greater growth
“ate in the fall is suggested by the skewness of the length-fréquency curve for October
1936. It will be noted in figure 18 that in all curves for the 2-year-olds, except that
for October 1936 the peaks come about midway between the two extremes of the
range in size, OT below that point. In October 1936, however, the peak falls well
above the midpoint between the extremes of size, and there is also a tendency toward
the same situation in the curve for October 1937. It may be, therefore, that this
apparently greater growth rate is possibly the result of ‘“‘compensatory growth,” the
name given by Watkin (1927) to the phenomenon of the smaller fish of a single age
group making up & deficiency in size between themselves and the larger fish of the
same age group 1n a relatively short period after having lagged behind for some time.
The most probable explanation of the increased growth rate in the fall, however, is
that the food supply or its availability increased at this time. The analysis of the
stomach contents of striped bass is discussed in a later section of this paper; but for
the present it is interesting to consider the fact that this species is voracious in its
feeding habits and that it preys on small fish, particularly young menhaden (Brevoortia
tyrannus) and shiners (Menidia menidia notata) in Connecticut waters. Both of
these species spawn in the spring and early summer, and during July the young are
otill so small and stay so close to shore that they do not form 2 large part of the diet
of the bass. But by late summer, and particularly early fall, they have increased in
size to such an extent that they have added enormously to the available food sup-

ly. (For information on the growth rate of Menidia, see Food of the striped bass,
p. 53, and fig. 36.) The analysis of stomach contents during September showed
that striped bass continually gorged themselves on these small fish to the virtual ex-
clusion of other types of food. Furthermore, judging from the relative numbers
taken in seine hauls in 1936 and 1937, and from the statements of local fishermen,
young menhaden were unusually abundant in Connecticut waters in the latter part
of 1936. It is likely that these juvenile menhaden were responsible for the greater
growth rate of the striped bass in the fall of 1936, and that the increased availability
of the food supply in the late summer each year accounts for the maintenance of or
increase in the growth rate through October despite the sharp drop in temperature
at this time. ‘
As will be shown subsequently, there is ovidence that the growth rate of the

striped bass varies considerably in different localities along the coast. It has already
been pointed out, however, that there was a great variation about the mean in measure-
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This has been done on 2,500 fish, and the results are shown by
the solid line in figure 20. The average lengths of striped bass from 1 to 4 years old
have been calculated from the scales of 4-year-old bass of measured length (see below).
This is indicated in figure 20 by the dot-and-dash line. There is every reason to
believe from the available samplings of fish of the ages covered by this part of the

this method are accurate estimates. Further

graph that the lengths derived by .
it will be noticed that m the center part of the growth curve in figure 20,

than this, 1 r
where the lengths at different ages calculated by both the above-mentioned methods
Imost perfect correspondence in the estimated lengths as derived

overlap, there is an a . leng; 7
by the two different procedures. 1t should be emphasized again, m connection
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FIGURE 20.—The growth d
bass at the time they become 1 year old, 2 years old, etc.,

14 for average lengths of striped

with figure 20, that the lengths represented on this graph are averages, and that
there is a wide variation about the mean in the lengths at any age. This 18 of
course particularly true among the larger sizes, as is indicated by the broken line at
the upper end of the growth curve. In general, fish 100 cm. (nearly 40 inches)
long average about 25 pounds and are about 11 or 12 years old; those 125 cm. (nearly
50 inches) long weigh approximately 50 pounds and are roughly 20 to 25 years old.

i t in Rhode Island on rod and

The largest striped bass taken in recent years (caugh ; ¢
i ds and measured 137 cm. (54 inches) ; examina-

line in October 1936) weighed 65 poun 1 .
tion of several scales leads the author to believe that this fish was 29, 30, or 31 years
thod,

old.*®
In calculating the growth of striped bass up to 4 years old by the scale me
the following formula was used:

L1=0+YVI(L——O)

L, equals the length of the fish at the end of year tx,” V, the length of the scale in-

cluded in the annulus of year tx” V the total length of the scale, 1 the length of the

fish from which the scale 1s taken, and C the length of the fish when scales first appear.

(The use of the factor C has various limitations, see pp. 31-32). The measurements

on striped bass scales were made from the focus to the anterior edge of the scale and to

the annuli along a line that bisected the angle formed by the junction of the two
w and Welsh (1925) write, el

10 In connection with the age of striped bass, Bigelo . . they are certainly long-lived, for one kept
in the New York Aquarium lived to an age of about twenty-three years.”
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Only measurements which came from reliable sources were included in this graph,
and the great majority were on fish that were taken at or near the point of release by
the author; hence the growth rates refer mainly to fish in Connecticut waters. The
lines connecting any two points in this figure of course only represent the total growth
in the period intervening between release and recapture. The growths of these
individual tagged fish over different lengths of time and in different seasons of the
year check well with the growth rates calculated from other material, and in general
substantiate the previously discussed information on the growth of the striped bass.
It will be noted that the fastest growths occurred in the small fish (2 years old) in
the late summer and early fall of 1936, that the growth rates were slow during the
winter of 193637 (these measurements were in all probability mainly on individuals
that wintered in the north), that the growth rates picked up again in the summer of
1937, and that they slowed down once more during the winter of 1937-38. The
normally faster growth rate of the 2-year-olds is also indicated by the relative steep-
ness of the lines in the smaller size categories. :

MIGRATIONS

There have been no accounts in the literature of the migrations of the striped
bass on the Atlantic coast until the present investigation,! with the exception of
Pearson’s (1933) brief paper which was limited to the movements of bass within
Chesapeake Bay. There was, however, much evidence to show that this species
makes seasonal movements of considerable magnitude. Thus the examination of
catch records of commercial fishermen over a period of years at Montauk, Long
Island, N. Y., and Newport and Point Judith, R. 1., shows that striped bass are
caught in large quantities as a general rule only in the spring and fall of the year.
This is shown in figure 24, where the bulk of the pound-net catches at Fort Pond
Bay, Long Island, N. Y., from 1884 to 1928, were made either in May or October and
November. It is also generally known that the date of capture of striped bass along
the coast of the Middle and North Atlantic States by pound-nets and seines in great
numbers in the spring is progressively later the farther north these catches are made.
Moreover, the reverse is true in the fall; for example, the main catch at Point Judith,
R. I., regularly preceds the time that the fishermen on the south side of Long Island
make their biggest hauls. It therefore appeared logical to suppose that striped bass
undertake definite coastal migrations to the north and east in the spring, and to the
south and west in the fall. Various tagging experiments to demonstrate the time and
extent of these migrations have been carried out during the entire course of the
in\éestigation. The results of these taggings are summarized in tables 17, 18, 19, 20,
and 22.

Two methods of tagging have been carried on. External disc tags have been
used the greater part of the time, and internal belly tags have also been tried on
juvenile and yearling striped bass. Both of these tags were used at the suggestion
of Mr. Robert A. Nesbit, of the United States Bureau of Fisheries. The external disc
tag is actually a modification of the Scottish.Plaice Label, the main changes consisting
of reduced dimensions, the use of celluloid instead of hard rubber, the addition of
printing, and the substitution of nickel pins for silver wire as the method of attachment.
Sketches illustrating these methods of tagging are shown in figure 25. Scale samples
were taken in most cases, and lengths and the dates and localities of release were
always recorded on all striped bass that were tagged.

The external disc tag proved to be a fairly efficient and practical means of marking
striped bass. A single tag of this type consisted of two discs of bright red (DuPont
No. 6671) celluloid, each 0.025 inch in thickness and one-half inch in diameter, with
a center hole 4;-inch in diameter. KEach pair of discs bore the same number in black
print across the middle, and the necessary instructions to insure their return were
printed in black around the circumference. The discs were made by printing on
0.020-inch opaque celluloid and cementing onto the side bearing the printing a

. 'In California, however, tagging exi)eriments on the striped bass have shown that there were . . . no definite migrations,
simply a diffusion from the locality in which the bass were tagged”’ (Clark, 1936).
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0.005-inch transparent celluloid, so that the numbers and legends were covered
and protected. 'The first 1,500 tags bore the words, RETURN TO FISH & GAME,
HARTFORD, CONN. In the remaining tags this inscription was changed to,
RETURN TAG, ete., etc. since it was found that a certain number of returns were
being lost because the original wording was sufficiently misleading so that some
individuals thought the whole fish should be sent in and were unwilling to part with
their catch. Bach tag was attached to the fish by means of a pin. This pin was put
through the center hole in one disc and pushed through the flesh of the back between
the two dorsal fins—one-fourth to one-half inch below the dorsal contour of the body—
in a horizontal plane. The matching disc was then put on that part of the pin that
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FIGURE 24.—Numbers of striped bass caught in the pound nets at Fort Pond Bay, L. L., N. Y., from 1884 to 1928, for each 5 days
during the fishing season, by 5-year periods. The catches have been weighted to make them equivalent to a fishing intensity
of 10 pound-nets throughout (see figure 4, table 4). Note that the catches are made only in the spring and fall of the year
Tt is of interest to note that the size of the spring catches has shown a sharp decline over the period covered by this record, while

the size of the fall catches has remained about the same during this time.

had come through the flesh on the other side of the body, and the pin was crimped
over with & pair of finely pointed pliers in such a way that both discs fitted closely
against the back of the fish. The printing on the tags was faced out so that it was

immediately evident. It sometimes happened, however, that over periods of more
than several months Bryozoans and other forms attached themselves to the tags
and obscured the printing and even the color of the discs, so that it was necessary to

scrape the entire surface with a sharp knife before the inscription became legible.

Mussels (Mytilus edulis) over 1 cm. long have been found on the tags at times, and
barnacles (Balanus balanoides) covering the entire disc were by no means uncominon.
It became evident from the recapture of tagged individuals that it was best to crimp
the pin to such a degree that there was less than one-sixteenth of an inch of free space

the external tags.
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The external disc tag method of marking striped bass, however, has two definite extr .. 37
disadvantages. These are that the evidence from the recapture of fish tagged by taggzxéleai? I:.llile Ofdt.hls is that of a bass that bore tag No. 197, whi .
this means shows that the discs do not usually stay on for periods much over 1 year; in Niantic Hail? ased in June in the Niantic River. This bass Wi whier g snind;
probably because the pins ‘“migrate” toward the dorsal contour of the fish and are in September b Oihm July and released, caught on a rod and lin was ﬁa‘ught n a trap
eventua{ly sloughed off, and that it is impractical to tag bass less than 8 inches long for taggin, y the author and released, and caught and relea 6(1111 the Niantic River
with discs and pins of the sizes given above. The internal belly tag devised by Nesbit striped b asgs %gr%) (_)sgg in the Niantic River in early October seR again while seining
(1934Db) has therefore been used on small striped bass (see fig. 25). Since this type st indicated that a migration to the south was o t‘?tums from ez
of tag has been used successfully over long-term periods with small wealkfish (Cynoscion arting in late October,
regalis), herring (Clupea pallasia), and other species, it seemed logical to expect that
it was applicable to juvenile and yearling striped bass. This tag consisted of a piece
of bright red celluloid 0.030 inch thick, 1%s inches long, and % inch wide, with well- von ———  sosTox ¢
rounded ends. One side of the tag bore the number, 'nd the other side the words g S e E
RETURN TO STATE BOARD OF FISHERIES AND GAME, HARTFORD, \ELL (s el S %
CONN., in black print. The printing was made on 0.020-inch opaque red celluloid, THE SUMMER MONTHS \\\S\\
and & 0.005-inch transparent celluloid was cemented to each side so that the numbers "N 7 g
and legends were well protected. This type of tag was inserted and carried in the ] (1P Z& !

: .

front of the anus with 2 scalpel. The tag was then pushed through this incision mto ,
the body cavity by means of small forceps, so that it lay parallel to the antero-posterior wew voRx :
axis of the fish but well on the side of the body cavity where it did not interfere with V ~

or displace any of the viscera. Some 581 juvenile and yearling striped bass have been Past
tagged in this manner, and subsequent recaptures have indicated that this method
is both feasible and practical with this species, although the returns to date have been
fow. The advantages of this method over the oxternal disc tags are that it enables
the marking of striped bass down to at least 5 inches, and that 1t is probably & much
better long-time tag—although this latter remains to be definitely proven in this
species. The only disadvantage of the internal tag with the striped bass is that this
species is practically never dressed until it is sold to the individual customer, and
since this fish is commonly shipped great distances to market, the tag is likely not to
be found until it is difficult to discover the exact locality and date of capture of the
fish that bore it.

‘A total of 3,937 striped bass were marked by means of the external disc and
internal belly tags from April 1936 to June 1938. Of this number, 2,573 were tagged
in Coonnecticut and Long Island waters. These were all tagged by the external disc
method, and were all 2 years old or more, since there are comparatively few areas
in northern waters where juvenile and yearling striped bass are available. Returns
from fish tagged in this region reached 544 (21.1 percent of the total) by July 1938

and gave abundant proof of a coastwise northern migration in the spring, & relatively
stable population showing no movement of any consequence in the summer, and a
southern migration in the fall and early winter.

Tn the period from April through October 1936, 1,397 striped bass were tagged
in Connecticut waters, of which 337, or 24.1 percent of the total were returned by
July 1, 1938.  (See fig. 26 and table 17.) In the spring of 1936 these returns showed
that an eastward extension from Connecticut to Rhode Tsland of what undoubtedly STRIPED BASS
was & mass migration to the north, reaching its peak during May in southern New
England waters, definitely took place. During late April and May only a few striped

X
bass were tagged, yet returns from the Thames River, Conn., and Pomnt Judith and ; p\
//]

d ity. A 11 incisi de in the side of the bod 11, % to 1 inch %
body cavity small incision was made in the side o e body wall, % to 1 moch i ced
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Newport, R. I, proved that many of these fish were taking part in what the spring
catch records of the seines and pound-nets had suggested was & tremendous mass
movement to the north. Tish tagged in the Niantic River, Conn., I May were
returned from Point Judith and Newport, 2 distance of 40 to 50 miles in a straight line,
5 to 7 days after their release. 'The recapture of tagged fish in the summer and early
fall showed that the striped bass population in the Niantic and Thames Rivers remained FIGURE 26.—Chart of the Atlantic coast showi igrati
static. Only minor migrations and movements up to 10 miles from the original st showing tho migrations of striped bass as dsterminod by the returns from 1,397 ndiv
point of release were recorded from June to October, and it is sigmflcant tl}{laé, l()hlrmg gl Gctoper 1o (spptapie 1), il
the spring, summer and early fall, there was not a single recapture of a mare ass to these fish had 4
the south or west of the areas in which they were tagged. The stability of the popula- taken to thz sc())ﬁg I;;‘O::e?s 13Etb<f)utth 10 miles, they were the first that had e%g;h%ugh
tion through the summer and up to the latter part of October was shown by the con- thereafter bass that had b of the original point or release. Almost immedi i
sistent recapture of tagged fish at or near the localities where they were released. An to be caught in large qua fx%intitezgge% h111 Connecticut waters during the summeer ;)11;;13;
n g
e pound-nets at Montauk, Long Island, N. Y.,

CAPE HATTERAS

when tw i
wo fish tagged in the Thames River were recovered in the Niantic




38 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

and in seines and on hook and line on the south side of Long Island. The number of
d a peak during the first 10 days of November. There-

returns from Montauk reache ) |
after tags were sent in from bass caught progresslvely farther south as time went on.
No marked fish were caught north and east of the original point of release durmn;

the fall and winter, and it was plainly evident from the examination of commercia

fishermen’s cateh records, as well as from tag returns, that an intensive migration to
the south had taken place. Seattered returns of tags throughout the winter and early
spring months from New Jersey, Delaware, the entrance to Chesapeake Bay, and
North Carolina showed that striped bass may go great distances on their southern

migration.

- In 1937 added tagging experiments were undertaken in Connecticut and Long
Island waters to obtain dditional information on the northern migration in the spring
and the return to the south in the fall. A group of 103 striped bass were marked and
released at Montauk, Long Island, N. Y., from May 15 to 19, 1937, and 14 of these,
13.6 percent were subsequently recaptured. None of these returns came from points
to the south of Montauk, all recaptures being in Long Island Sound, on the New York

;/“_—_‘ T v

ALBANY

st
WORCESTER 203FOM

PROVIDENCE
'

MIGRATION ROUTE OF STRIPED
BASS TAGGED AND RELEASED
J AT MONTAUK, L 1, NY

i
POINT OF RELEASE MAY 15—19,1937

g

|

FicURE 27.—Migration routes of striped bass tagged and released at Montauk, L.I.,N. Y., May 15-19, 1937. The number of fish
tagged was 103, the number of returns 14 (13.6 percent of the total). Note that there were no returns from the south, and con-
trast with the results of tagging from the same area in the fall as shown in figure 28 (see table 18).

and Connecticut coasts, or from Rhode Island and Massachusetts (see fig. 27 and
table 18). Such results gave added evidence that these bass were being tagged near

the end of their northern migration, and that an eastward extension of this movement
was still taking place in May and June.

From October 25 to 27, 1937, 303 bass were marked and released at Montauk,
from the same nets and in exactly the same place as those that were tagged in the
spring. Six months later 95, 31.3 percent, of these fish had been reported. The
only recaptures to the north of the point of release, until the following spring, occurred
almost immediately after tagging took place and were sO few in number and so minor
in scope that they may be considered insignificant. The longest movement t0 the
north that was recorded in the fall was less than 10 miles. On the other hand, recap-
tures to the south and west of the area where the tagged fish were released were sO

ke it certain that these fish were taking part in an intensive southern

pumerous as to ma
migration at that time of year (see fig. 28 and table 19). Many returns in the fall,

winter, and early spring months from the south side of Long Island, New Jersey,
Delaware, Chesapeake Bay, and North Carolina as far south as Pamlico Sound,
indicated the approximate extent and speed of the migration, and further amplified
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the results of 1936. The rate i i
| i at which striped bass may travel so i fall i
iho po'mty 1z iefggggtggn og geveral fish tagged at Montauﬂ, 450-500 1;rtllillelsnaz%rl: f%ll m
e P M isaps ol ays after the date of tagging—an average of 12 mi}lr o
w0 e b melasurfzd in a straight line along the coast, which theeS iIi)e]l;
B s o esve. Moreover, there is no proof that the fish left ti
e gs'géemorl i‘lYelre caught at the other end of their migration as s ,
o g nghnssd 'St kely, ‘_nherefore, that they averaged far more tha o?g
winter and early spring m(:ﬁt]igexsxfer??l‘t:)li ;zﬁs;%e{able numbf,r i iﬁnthe
it ing mon arge coastal ri i
ph s Hi tl\/{:);),rg}ég % ig(il}(lza:u%% that some bass prob’ab%y wmtzar ilrizirrsl,e:rh fﬁg :p:wmng
gl 1g phwi e a ﬂe majority of the spawning individuals in an g ngg
o i eas (inll)t the late spring,'? particularly in southern riv b barh
Jetelie kI rll{%e asg were also tagged from April to October in elrQSé7 in th
the results obtained fror;e(r)i,herorrigr’k%g etzkcleellnfiagl mi? v e CorrOb‘;;lateg
20.) There were an insufficient number 0? fish iﬁg%éﬁ ?I?rg};e;i? ;‘rrlazlteﬁ'ay (tsoe?e;abli
A I / pec
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TFicURE 28.—Migration route of striped bass tagged and released at Montauk, L. I., N. Y., Oct. 25-27, 1937 e number of fish
tagged was 303, the number of returns 100 (33 percent of the total). Note that there were no returns of any significance to the
(see table 19) ’ contrast with the results of tagging from the same area in the spring asshownin F 121110‘27

release, and 5

any returns showing the northern migrati i i
oy | igration at that time of si
agai; a(:iﬁeg;él;;;;{l:dpgﬁnt of {‘)gl_ease during the summer and eals"rl??éll g%ﬁbtllizeﬁt i
O e ated | e StF ility of the population in Connecticut waterspf’ro?r‘;vgver’
et urns from the south in the fall and winter months offered (im 3
it Irtlggratmn south from northern waters in late October a (:Jirei\T i
s e II;eine sogt_h side of Long Island, in New Jersey Delgwaré) vem(i‘
e L e ber gtno infrequent. The total number of returns from the ?71';
s e e tagged was 93, 12.1 percent, by July 1, 1938. By com O i
e s per%e ];ttpemn?nits on striped bass carried on in these wateg'rs thig i
e e age of recapture. This may be accounted for by the f :V a}? ¢
eyl the.Niapte"y_rat;ures in the latter part of August 1937 apparehtl dra et b ﬁt
b e D
i 3 waters w i
areasa},)ﬁ:’t a;rl‘lghlzgc::se ?1 %glrge number of the fish taggeegeh;ﬂhfg?);v?\rlgrgofe]seo e&z{sﬂy
Thus the evidenfzvej3 accuomwlrllla?gegiocf&l ﬁShtermen' Lo
o from tagging experimen i 1
i mlfllgglctiﬁndtL}(I)ng Island waters in 1936 andg193r7), and Esor(r)lnt}itnped i b
catch records, leaves little room for doubt that there is : ;a;l(zgrslu;ﬁilon
ora-

12 In this connecti ook Ba

lat o ection, Mr. Robert A. Nesbit tagged 64 stri i v Hoo N.J., A 9-95, 1038, and re

> striped bassin Sandy H v, pri and recaptures in
ioith D: stand May .howed that many of these fish went up the Hudson River. Recaﬁturés'in tlfeﬂszumuie]r gho’ wed ra motvems n
ate A vement
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tion to the north in the s ring and to the south in the late fall, and that the summer
The impression created

populations in New England waters are .essentially stable. Tessic

by the information derived from tagging 1n these waters 1s that the migrations of the
striped bass have their maximum size and intensity along the southern New Eng-
land and Long Island shores, and that the farther south the fall movement goes the
smaller it becomes, as individuals and groups split off from the main lot to winter
in different localities. Conversely, starting from the south in the spring, the numbers
making up the mass migration _northwa,rd become greater and greater as the move-
ment proceeds up the coast, being augmented as 1t progresses by the fish that have
wintered farther north (see fig. 29). Having once reached northern waters an
increasing number of striped bass stop along the coast to summer, and the migration
dwindles in size and intensity as it progresses Up the New England shore line. In
the fall the migration south probably starts with many of the individuals that went
farthest north in the spring, and increases in size and intensity at least until it reaches
southern New England and Long Island. In years directly preceding 1936, when the
level of abundance was consistently low, it is probable that the northern limit of

RicHMOND Dag
GENERAL MIGRATION ROUTES
OF STRIPED BASS
DURING THE SPRING MOVEMENT
T0 THE NORTH, AND THE
RETURN TO THE SOUTH IN THE FALL

° 80 100

Lol o)
NAUTICAL MILES

FI1GURE 29.—The general migration routes of striped bass dl}ri?hg tfhe spring movement to the north, and the return to the south
in the fa

the striped bass migration from the south in the spring was Cape Cod, for north
of this point this species was comparatively rare save in a few isolated localities

that probably contained self-supporting permanently resident populations. ore-

over, there is no commercial fishery for striped bass on the outer coast of Cape Cod
comparable in size to those in Rhode Island and Long Island—a fact which indicates

that there is no annual migration around Cape Cod of sufficient intensity to support

such a fishery. In 1936 and 1937, howev
1934 year-class first reached northern waters, striped bass no
great numbers in Magsachusetts north of Cape Cod, but were al
71 New Hampshire and Maine. Three mackerel seiners caught 29,

striped bass on August 2 and 4,
at the Boston Fish Pier, where it was t
in over 30 years. The study of scale samples of fish
them to be predominantly 3-year-olds of apparently the same origin as

off southern New England shores at the same time—evidence is present

this paper to sh
the Middle Atlantic States (see p. 46).

from these areas In 1937 showe

er, when the members of the dominant

t only appeared in
so commonly taken
000 pounds of
1937, in Cape Cod Bay. These fish were landed
he first time that this species had been handled

those taken
ed later in

ow that the bulk of the dominant 1934 year-class was produced in
The dominant year-class of 1934 was of such
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tremend i i i

farthzlrl n%ﬁhmtzﬁa;hiaﬁt rJ.n 1956_ and 1937 its members either spread or were crowd

e e O G eccen 1’91mes. It is also the case that the widening and en(iW o

means for fish to reach il%itﬁglgh%%avftﬁfewl ye(aladrs o R e a;;%s‘;;

i ! ngland water: i i

o the fact that striped bass passed through the c:ﬁﬁmiinnlila}raélgeq‘géﬁﬁis(?: i?lttfﬁt
e

summer of 1937.1
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catch records and the examinati

gt ination of scale samples that the migrati i

i n3]’l7nagfi é?ia\?vti tr}elzach%d Maine, and that north of Cape Cod the %i;;‘g?ltgﬁct)?nlﬁu}t%%
P m;lem efnt populations that probably had been isolated for some eair
| el erto 1937 striped bass were taken in large quantities in 1%0 :
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R T R
possibilic > re of the origin of these fish. i
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. season in such a place as the Niantic River, where striped bass are caught
= ¢ _ S0 con-
populations farther south, and second, that they are made up of 1nd1v1duallls, of IIélXed sistently at approximately the same temperéture in thepspring and fall gare maigly
populations farther B eatodinare s dded to by t}g m1gra51ts {fl;)]ﬁi ti, : nsgmllsla'n zﬁégroi'esﬁdentsl,_ but it is also known that migratory individuals are pr’esent at the
n—that s, that tho ROCT T S rinad bass tagged in Connecticu ind Long Telanc e earliest and latest catches. It is of interest to note that during October

and November 1936, a time which was characterized by sudden drops in temperature,

as from the northern tip of Pamlico Sound, N. C. It is pr : mber 19 .
waters was it was plainly indicated that with each cold snap, and resultant decline in temperature

striped bass of the Southern Atlantic Bight—that part of the coast of United States

. ion, that may possibly be of the water, some of the striped bass$ i P, and re .
{ e Hatteras—are a completely separate population, gt Pl . C striped basg in the Niantic River moved out and th

Sa%ltlitglotoofgder rare circumstances by the otock from the Middle Atlantic Baglll)f; . was almost immediately taken by fish that presumably came from ifzélrtherelll; 51%}(1}2
Cape Hatteras to Cape Cod—and it seems reasonable to expect that the strIIJPS_ pas coast. Such changes in the population were definitely observed on at least two
population of the Gulf of Mexico, which presumably extends as far west as Louisiana occasions, both immediately following sharp drops in temperature. Strong winds

and storms in the fall also play a part in causing the fish to undertake their migrations.

is entirely isolated. : '
is e Y The maximum temperatures for this species appear to be in the neignborhood of

The Middle Atlantic Bight is undoubtedly the center of abundance for the striped

: ; i . . 2 = 1 ] ;
T its entire range, and tagging experiments indicate that there 1s compara 95°-27° C. (77.0°-80.6° F.), for in New England waters in the latter pa
Eiiz’sesl;)iiﬂe encroachme%lt by this stock on the populations % t‘hﬁ noxﬁ;h an%hsa%utt}}:é and %arly September 1937 when there was a protracted period of excel?tig;:;)lflyA ;lv%xlrlrsrt;
This is well in keeping with the conclusions of Parr (1933), W-hol azsl ovg_n Bight is yveaé er (see fig. 30), dead bass in considerable numbers were reported simultaneously
shallow-water fish population of the highly l_lete_rothermal Midd eN tlan 11({5 . Sghoals in Connecticut and Massachusetts. Such mortality occurred chiefly in shallow-
bounded on the north by a cold-water barrier in the Cape Cod- gntucHe et water estuaries where the water temperatures reached especially high levels. A
region in the summer, and on the south by a Ws‘L}*m—wa.ter barrier at - apf_t atter i number of dead bass were observed by the author in the Nitnmbicsamd Thasncs Rivits
the winter. Parr (loc. cit.) has pointed out that™. . . 1N Belther_ Ocﬁ 1y arez) fs the at this time, and an examination of them disclosed no parasites or injuries that might
barriers found to be 2 permanent feature during all seasons. But f;n the c@si = possibly have been fatal. The water analyses of the Connecticut State Water Com-
striped bass they exist at those times of year when they are most e ﬁgtwe mt 'y ez}l)‘ea% mission taken at various intervalsin the Thames River near New London, Conn.—an area
the bulk of the population of the Middle Atlantic Bight from encr.oach ing on emarks where many dead bass were found—showed nothing unususl nor the presence of sny
to the north or south. Thus the cold-water barrier at Cape Cod in the ﬁum;nert i toxic substances during this period (see table 21). There also was a marked migra-
the end of the northern migration in normal years, and the warm-water far}rxler 8 thegn tion of bass that normally spend the entire summer in the Niantic and Thames Rivers
Hatteras in the winter may play some part 1 delimiting the ext%lt Od the ts}?u ¢t this out to the cooler coastal waters at the time the water temperatures were so high.
migration, and so at least partially separate the populations north and sou 0 Tgus was shown by the recapture of tagged fish outside, and by the almost complete
boundary. . he vt et ¥ the striped absence of bass in the rivers where they are usually found at this time of year. In
The question as to how much temperature influences the migration o Lue v Era- view of such facts, the evidence is strong that a temperature of 25°-27° C. (77.0°-
bass is one of particular interest. This is a highly gurythqmal species, tye 16 pome 80.6° F.) marks the maximum tolerance limit. This is a water temperature which
ture variations well within the maximum and minimum limits appeahr 0 P! a}(; oo is seldom exceeded over the entire range of the striped bass.
part in determining the time of migration. It seems to be more Z‘M}l 01(;)1;1;1 1%37 _ It is of some interest to note that although a considerable number of striped bass
that the times when the first striped bass of the year Wers taken-—in 1%1'1 - 1936 weighing from 5 to 25 pounds were marked by external disc tags, there have been no
and 1938—and the times that the last ones of the year were caught—in ovgm ¥ s 4he returns from these fish save in the immediate locality at which they were released
and 1937—in the Niantic River, Conn., were %lways Whoen the tgni‘pera ur?i 0 o and within a short time after marking took place. Returns of tagged fish from any
water was approximately the same, 6.0° to 7.5° C. (42.8° to 45.5 b C') (sle_e gﬁ Tato other area then the general point of release have been confined to individuals not
Moreover, the migration of striped bass on the outer coast of Nort d fo utlﬁ 1water more than 4 years old. It is difficult to account for this circumstance, and, although
March and early April 1938 was observed to take Iglace over a period when the it may be that the latger bass did not take such & great part zmatance, and, althongh
temperatures averaged 7.0 to 8.0°C. (44.6° t0 46.4 ). b in the fall do not younger individuals, information as to the size-categories appearing in commercial
The migrations north in the spring and the return to the sout 1}111 the a bl catches in previous years does not make 1t seem el Chyt Gt oo i bt Bl
include all striped bass, for this species is caught consistently throug eliu}nme 1;_ lflatlon. By the same token, it is improbable that the larger fish migrate in waters
southern waters and not uncommonly in northern waters in the winter. I hsls a P11‘9, Iar_ther offshore, thus reducing the chances of their being caught along the coast.
tively small percentage of the stock that remains north in the winter month : 'dov;‘-c t}t’; is possible that the larger individuals do not carry the external disc tags as well as
ever, those that do stay north are of two types—the mdlwduals that form fil Test }? H ; e smaller fish, and that the tags are not retained for more than a short while. It -
more or less isolated populations of the north Atlantic, and those that msx)zJ ave Ti rue that the larger the bass the nearer the top of the back the pin beatids the tags
their origin farther south but spend an occasional winter in northe%rn waters. : o? Illéus_t be inserted, because the breadth of the fish makes it impossible for pins only
latter may possibly bolster the northern spawning stocks, but are often gomptose . Y inches long to penstrate to the other side far below the dorsal contour. Other
individuals that are not spawning 1n that palj’mcular year, for this species 18 xtlﬁ necetsh r%asons for the lack of returns of the larger tagged fish are, first, the overwhelming
sarily an apnual spawner (see p. 16). Striped bass that do remain in the DOtL: a - ‘zﬂdance of the members of the dominant 1934 year-class, and second, the tendency
through the winter months apparently become dormant and inactive (1inf ms}:ﬁy ﬁixselz of the smaller slzetcat?gones—% and 3-year-olds—to school heavily. This schooling
and actually hibernate to much the same extent that has been describe 3 or deB ﬁc lnStillnct, or schooling ‘‘synaprokrisis” (Parr, 1937), tends to make Shen bl imaiac
bass (Micropterus dolomieu) in the northern part of its range by Hubbs atn tiﬁa iy fW‘i. able to commercial fishermen than the larger individuals which are not so strongly
(1938). Their easy capture through the ice by scoop nets and by g1_gg_1dll1g 1est keS ! g ;Iim ined to congregate together. The heavy schooling of the smaller fish of definite
their sluggish state in cold water, and the outward appearance of individuals ad_e:}p i ze-categories was observed countless times in the course of seining for tagging
the winter and extremely early spring often shows that they are mNpoochon . 11?}1:' 311'1{}11)0568 in 1936 and 1937. That these schools tend to travel considerable distances
Striped bass certainly undergo partial hibernation as far south as eg_ eli')sey, e e out breaking up is suggested by the recapture o travel considerablo distances
extent of this southern Jimit undoubtedly being determined by the preva mgd er_npe;‘}ill— = e and in the same area some distance away from the original point of release of
fures. Dormant individuals are most commonly taken in northern waters mmgth ‘é Rio or three fish that had previously been tagged in a single seine haul in the Niantic
winter in shallow bays and in the brackish waters of estuaries. Thus it appears tha ver.

i ing the migrations of
houeh temperatures from 6.5° to 8.0° C. play some part 1. causing
%]lngsc;%gecies, tll)leir offect is not universal. It may be that the first and last fish of the
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The recapture of tagged fish as well as observations on the commercial and sports which supports t : .
fisheries for striped bass along the Atlantic coast from Maine to North Carolina gives than a snrx)gll perclé;g;ecﬁstin that North Carolina does not contribute directly m:
abundant proof that this species 18 preeminently coastal in its distribution. But of these experiments substa 2- supply summering in the north. In general the);eslﬁl,;e
studies of the migrations by tagging experiments give convineing evidence that bass ments a total of 506 juvenil e 1&(‘;43 this view as far as they go. In one of the ex 4
do ab times cross open bodies of swater of considerable size. Thus the spring migration 2-year-olds—were tagged 'lgtan Tlma_ll yearlings—fish that were just becomin, 1'penci
route north apparently takes striped bass from the tip of Long Island straight across seine fishery, between%;he lm ertnl? y in the general region of the Sutton Bea(%h haﬁl
to Connecticut and Rhode Island shores, and in the fall the reverse appears to be true— end of Albemarle Sound NouC s of the Chowan and Roanoke Rivers in the we 1? )
that bass travel from Rhode Island and Connecticut to Montauk and do not follow fish would demonstrate to what e with the idea that subsequent recaptures of ghern
all the way around the shore line of Long Island Sound. This is shown by the recap- tions farther north. These ﬁah extent bass from this region contribute to the po ?Se
ture of tagged fish ab Montauk shortly after their release in Connecticut waters in the recaptured in the same are i fwere tagged from April 18 to 28, 1938, and 57 I\);rl .
fall and by the almost complete absence of tag returns at any time from the western taken within a short distanca fe (ﬁ‘e the fishery closed in-Mby: Several others .
half of Long Island Sound. A few fish do round Montauk Point and go west along the this method of tagging s tr'e 0d tb e point of release in the spring, thus indicatin vgﬁr%
north shore of Liong Island in the spring (see fig. 27), but the majority go to the north It is hoped that the il%temlliet ass is satisfactory, at least for short-time re%u .
and east. Commercial fishermen of long experience in Rhode Island are convinced as they have in some othera ags will also prove satisfactory for long-time returns'
that in the fall migration to the south a heavy offshore wind causes the main body North Carolina’s contribut'spegles, so that it will be possible to prove the &mounznsf
of fish to go straight from a point at least as far east as Newport to the tip of Long tagging experiment in Nor;%nco Illqrthern_waters over a period of years. The oth0
Island, and that 2 storm from the south causes the bass to follow down the coast of partially at the extreme east arolina during March and April 1938 ————— teé
Rhode Island and part of Connecticut before crossing to Montauk. The evidence coast in the general re ionasfefg'l end of Albemarle Sound and Inost,ly on the Oc te
from the catch records of pound-nets under different conditions in the fall tends to 2-, 8-, and 4-year-old s%ri eg 5 1tty Havyk and Nags Head. In this experiment 1% Oea
confirm this view. Tt also is probable that striped bass often cross the mouths of marked with the externall) di ass, of which the great majority were 2-year-olds W
Delaware and Chesapeake Bays in much the same way that they cross the tip of isc tags. Of these, 62 were caught in the same s er?
Long Island Sound. PERCENTAGES OF SMALL, MEDIUM —— geners
1t has been pointed out (see p. 20) that approximately 90 percent of the indi- i THE ARNUAL-BLTEH BY) BENE N EACH TPRIL + MY
viduals examined for sex in Long Island and New England waters in 1936 and 1937 AT POINTJUDITH, KoL, 16R8=}037 RIGHT COLUMN IN EACH YEAR IS FOR
were females, and it also appears that there is an increasingly smaller percentage of JUNE ~ Nov.
males in northern waters among the large size-categories. On the other hand, this - B e BR
strikingly abnormal sex ratio does not exist in waters farther south, and the following = I . = v
theoretical explanation of this condition is offered. The spring coastal migration to the % R R %E g B i -
north in April and May coincides with the spawning season in the south, and is mainly e B K R S % R
composed of small immature fish and a relatively small number of individuals that are 3 : S i R B K K i
not spawners in that particular year. Because of the discrepancy in the age at ma- Sadi ) BB Bk R 3
turity of the males and females, the males spawning for the first time at the end of w s RS R s 5 i ' i
their second year while the females do not become mature at least until the end of their e84 2% 53 T X
fourth year, many of the males do not take part in the spring migration but stay behind ) kA g L
to spawn with the larger females. Thus the migration northward ab this time of year g S ) pa
is largely made up of immature females 2 and 3 years old. The examination of the 1eze 192 1930 1on Jose 1933 1936 1938 X
size-categories making up the catch in northern waters at different seasons indicates Figunz 31 —The percentages of small, medium, and largo st - sz - e
it a1 o 63 o Tl O Ty o A 43y e i s o S

that there is a less intensive migration along the coast in June, which is compose of
fish of a mlllch éarger averafge s}llze. In all %robability these are mainly females which Sl b g S
have complete spawning farther south and have moved up along the coast singly or hin a short time after they had b s
din figure 31, where the different sizes of stn%ed June 15, 1938, there had been 45 zeturnsef?érga%ﬁggé ggg gsfggg%aﬁafm silfaped, By

sh from areas some

November in each i
year. See Figure 8 for the same m: i
aterial graphed in terms of act i
ual numbers instead of percent
ages.

in small E}l;gups. };I‘his is d(imonsﬁrafte s o . St \ raihirhy : =
bass making up the annua. cateh of a haul-seine fisherman at Point Judith, R. L., be- > away from the point of release. ;
fore and after June are shown. Tt is apparent that the <mall fish make up the bulk of at the time of the spring migration tosihe]?ngi%}lfet%he ff}-c(f that these fish were tagged
the catch before June each year, but that thereafter bass of the larger size-categories \tv)vay movement such as has been proven to take ,laceyf id not show an intensive one-
comprise 8 far greater part of the catch. Tn 1936 and 1937 an unusually large per- A{btaggmg in the fall. Thus 24 of the 45 remﬂs “s’ 01;: example, in northern waters
centage of the total were small fish, due to the dominance of the 1934 year-class. 3 emarle Sounds, indicating that many of the fish tere ﬁ)m Parlico, Croatan, and
There is no evidence that striped bass younger than 2 years old undertake the SOUth and west, some of them being taken in the %gge on the euter const moved
coastal migrations discussed above. The complete absence of juvenile and yearling goqnd, The remaining 21 returns came from areas 1?§ tr};ame e s b
individuals anywhere along the coast, save in or close to areas that have been estab- thcagle from the Virginia Beach region; 8 from well int (ejf; orth of the point of release;
lished as being places where striped bass spawn, is proof that the coastal migrations e James River and Rappahannock River sections) -Oande:afgg?rll{inBay (m?]fly from
; ore northern wa-

Vi : ters—2 f N .

do not occur until this species becomes 2 years old. In northern coastal waters, . rom New Jersey, 1 from Wainscott

where the author handled many thousands of striped bass, individuals less than 2 Point Judith, R. I. Had there been a h:;)vy’ igg'%écs)lgrtlg’tllfe. I&%t}l}lndtﬁ;}]lf O;,D'her gr
at this time from

Two interesting tagging experiments were _conducted in North Carolina during $ios woild I 4
1tVIarch, April, and May, 1938. These Werke carried on for the purpose of determining That this tag ?lvl e been a far greater number of returns from more north
o what extent the bass from this region take part in the spring migration to the north, Sida with the % ulgk e)fipenmeqt was not conducted at a time that was & lern waters.
and how much they contribute to the population in northern waters during the of the fact that t ;gggﬁz Svgglél%tﬁgrgtion to the no}rlth seems virtually (c)grt:}ﬁ titl)lcvc;;nv;
ed as soon as the outer-coast fishermen b
egan to

spring, summer, and fall. This whole question is discussed in some detail under the

cection on the origin of the dominant 1934 year-class, where ovidence is presented f)a’tCh striped bass and was not concluded until the catches had dwindled so that f
ew

ass were bei vi
e being taken. Further evidence along this line appears in tables 22A, 22B
Wi { ’
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i th Caro-
from outside the State qf Nor
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ORIGIN OF THE DOMINANT 1934 YEAR-CLASS
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The question of how much the areas to the south of Chesapeake Bay contribute

to the population in the north, and whether or not the dominant year-class of 1934

was produced simultaneously in Albemarle and Pamlico Sounds as well as in Chesa-

peake Bay, is of further interest. The author has found no evidence from talking
with commercial fishermen in the Albemarle Sound region in 1937 and 1938 that there
was an unusually large quantity of yearling bass in 1935 in these waters, as was the
case in Chesapeake Bay. Further than this, tagging experiments in March and April
in 1938 on the outer coast of North Carolina and in the eastern end of Albemarle

Sound tend to show that the bass from this area do not undertake such an intensive

migration to the north in the spring, and that they do not contribute a large amount

to the summer population in northern waters. It has been pointed out that these

tagged fish did not show an intensive one-way migration at this time, but rather a

diffusion from the point of release with only a small percentage of the fish making

definite movements of considerable distance to the north. This was in spite of the
fact that these fish were released at exactly the time they would be expected to under-
take the spring migration northward, and was in direct contrast to the one-way mass
migration southward as shown by tagging in the north in the fall (see pp. 36-39 and

44-46). It is clear from this information that the stock in North Carolina waters

probably contributes only a relatively small percentage directly to the populations

summering in the north.

There is further evidence from the results of scale analysis that the main source
of supply for the summer populations in northern waters is in the Chesapeake Bay
area—or at least that general latitude (which includes Delaware Bay), and not from
farther south. Unfortunately vertebral counts are of no value in showing the general
point of origin of individual striped bass or for racial analysis, for this is a species with
a virtually constant number (25) of vertebrae (see p. 3), and therefore the counts
show no variation with latitude such as has been shown to occur in other forms (e. g.,
Hubbs, 1922). Scale and fin-ray counts may possibly be of some use in this respect,
but they have not been used in this study because of the impracticality of making
such counts, especially where the material was limited and it was desirable to tag a
large proportion of the fish that were taken in northern waters. But whereas scale
and fin-ray counts were not feasible in conjunction with tagging work, it was perfectly
practicable to take scale samples from live fish. For these reasons, and because the
scale method has given such successful results in determining points of origin in other
species, scale analysis was used throughout for this purpose.

The assumption on which such a method rests in a species that spawns over a
considerable latitude is that since there are likely to be different environmental factors
over the entire range of spawning, there are also likely to be different growth rates
which should be reflected n the scales. The problem is, then, to detect these differ-
ences in the scales from fish of different latitudes, and to establish that they are con-
stant and therefore good criteria for determining the points of origin of the individuals
from which the samples are taken. The striped bass is known to spawn over a wide
latitude, and apparently does not migrate along the coast until it becomes approxi-
mately 2 years old. Thus, if there are any differences in the growth rate of this species
in various localities along the coast, those that are to be used in determining points of
origin must be found within that part of the scale bounded by the second annulus.

With this in mind, as well as the fact that scale growth is proportional to body growth
(see p. 31), the widths of the first and second growth zones of scales from striped

ass of known and unknown origin were measured by the method described in the
section on age and rate of growth (see fig. 15).

... Figure 32 shows the length-frequencies of the widths of the growth zones in
millimeters on scales from striped bass taken in different localities along the Atlantic
coast in 1937. The top three series of length-frequency curves (those from scales
rom fish taken at (1) Cape Cod Bay, Mass., (2) Harkness Point, Conn., and (3) Mon-
tauk, Long Island, N. Y.) are from members of the 1934 dominant year-class—
that group of fish whose origin is of especial interest. The samplings of fish from
which' these three sets of curves come, were made in the summer and fall of 1937 in
northern waters. In the three sets of measurements, the widths of the first and of the

second growth zones are strikingly alike throughout—a fact which at least suggests
277589—41— 4
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were slightly less than 2 yé , for these scales were tak .
i 3 s old, and th e taken from fish that
migration. Thus the wid years o, erefore had not undertak
Albemarle Sound  wide second _growt’h zones on scales from fish b o any coastal
from this area froé‘leglon in 1935 give promise of bei sh born in the general
, those born farth ing a means of distinguishing fi
so different from the oth rther north. And since these wid guishing fish
that the dominant le other growth zones in figure 32, th de growth zones are
934 _cl . , they provide added evi
B il tend n year-class arose in the ge 1 lats ed evidence
i show that th e general latitude of Chesapeak
large proportion of ose bass born in North Caroli Pouiss . Dy
he povulat NOT arolina do not ¢ i
hand, the fish ?ho the population that summers in ontribute a
> t make up th northern waters. On th
1934, while tho a th p the top five sets of curves in fi 2 e other
born in 1935; se that make up the bottom set of gure 32 wers all hom &
- and it should b % of curves (Currituck Sound
second growth z e pointed out that the comparison of the wi nd) were
Thus there is ones of scales from fish born in diff n of the widths of the
no 6V1dence from 1_}11 " " . el‘ent years ma‘y be f 11 .
whether the wid e single sampling in Currituck S be fallacious.
ally, or Whethere‘ second growth zone is truly a regional di ck Sound in 1937 as to
#6 i onby 8 ch Lk gional difference that occu
measurements fro ly a characteristic of the 1935 year-cla sl
1937— a8 th fm samplings of bass of the same age—2 ss. However, scale
England on (i)se rom Currituck Sound but taken in di years old in the spring of
erthasn Chesananl ken in different areas, south N
curves of peake Bay, appear in fi ) ern New
the scale measurements of the Sample fr%lixrle gi.rrit(lrf;}])ge lseélfég-fr}(lequency
shown at



50 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

the bottom of fig. 32 are also Tepeated for the sake of comparison at the bottom of
fig. 33.) These provide proof that the members of the 1035 year-class that contn_buted
to the population summering in northern waters as 2-year-olds in 1937 came, 1 the
main, from the Chesapeake Bay area. Thus the middle set of curves in figure 33
are measurements of the growth zones of scales from fish that were just becoming

2-year-olds in Chesapeake Bay 1n 1937. They are, in other words, from bass that
cond growth zone

had not yet migrated to any great extent, and the curve for the se

may therefore be considered typical for bass that had been born in1935 in Chesapeake
Bay. The upper set of curves in figure 33 is from measurements of the growth zones
of scales from 2-year-old fish taken from northern waters in the summer of 1937.
They are from bass of unknown origin that had migrated north along the coast in the
gpring. It will be noted immediately that the curve for the second growth zone of
the scales from northern fish in the summer of 1937 compares well with the similar
curve for the bass of the same year-class known to be of Chesapeake Bay origin.

LENGTH FREQUENCIES OF GROWTH ZONES ON SCALES FROM
TWO—YEAR‘OLD STRIPED BASS IN 1937

SOUTHERN | suneE-oCT, 1857
NEW ENGLAND
i
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FiGURE 33.—The length-frequencies of the growth zomnes on scales from 9-year-old striped bass taken in southern New England
southern Chesapeake Bay, and Currituck Sound (repeated from Figure 32 for comparative purposes), in 1937. The measure-
smoothed by 2 moving average of threes throughout.

ments making up each curve have been
However, it does not compare well with the similar curve for bass of the same year-
class known to be of North Carolina origim. (See lower set of curves, figs. 32 and

33.) Thereis somewhat of an overlap between the curves of the widths of the second

growth zones on scales from fish of the 1935 year-class of known origin from Chesa-
peake Bay and

orth Carolina, so that scales from fish of the same age-group but of
unknown origin that show a second growth zone measuring from about 2.0-3.0 mm.
might have been born in either of the above-mentioned areas. 1t is apparent that the
majority of the widths of the second growth zones On the scales from fish taken in
northern waters in the summer of 1937 fall below 2.0 mm. Judging from these
measurements, it i8 possible to say that the North Carolina fish (assuming the Cur-
rituck Sound sampling to be representative of that area) contributed at an absolute
maximum about 20 percent of the 2-year-olds summering in northern waters in 1937.
The percentage that i

time was probably much less. In fact,
growth zones of the scales from fish of the same year-class

from northern :
did not contribute anythin

the north in 1937, &
area or north of it. The latter, however, is undoubtedly an extreme view

Tt is thus apparent thatin 19
a small fraction of the 2-year-old striped bass summering in norb
the 2-year-old bass in northern areas in that summer came ma
peake Bay latitudes and P
a possibility that the fish

North Carolina contributed to the northern population ab this
o comparison of the widths of the second
from Chesapeake Bay and
waters in 1937 (see fig. 33) shows that it is possible that North Carolina
g directly to the population of 2-year-olds summering in
nd that this population came entirely from the Cl}esapeake Bay

37 North Carolina contributed directly not more than
i hern waters, and that

inly from the Chesa-

erhaps from the Delaware Bay region. There is, however,
born in North Carolina contribute indirectly to the popu-
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lation summering in north .
Bay in the spri hOEEheRn, Walim-rthed, s, that, the :
tiozs) and t%;ﬁg m&f ?a);eai—olds (e. g., see under the last %aﬁogfetﬁg lnttq Chesapeake
wxid nes fhet thi dgo mig Ot northern waters a year or more latersec,ll‘%lil on migra-
northern waters in 1936anc 1934 year-class, which first appeared ;ls 2 oar. ?ddgd
Delaware Bays, althou h’ ame from the general area of Chesapeak e i s
Successive year’s beforeg itev1dence of the above type should be 0%%;{:1'6 gnfd perhaps
contribution to northern W;&I;Ski)fl fgélmde_red conclusive proof of mgl?actoz hssgretﬁp
* b ne s ] e
Iat’lt‘ll\(/}:‘;grcmsipeafkehand Delaware ]%Jsf;rrsl,ge:zl}? ;:;gmer comes essentially from the
ements of the growth £ ;

the Del zones of scales from st . :
noted iﬁﬂaiﬁer?ﬁ’itﬁdoﬁﬁem&ﬂe Sound regions are Shs“flllp ?1(11 {}’1) aiieb??zn e
ware Bay origin born in 19(93200011(1 growth zones of the scales frgm th ﬁ hI t will be
scales from the fish of Chesapegll;z %15‘}’1131}7_ bel%w those for the grow thezosn : ;)foi)il}?;

curves in fig. i : y origin born in 1935.

his 18 it | ega Sg%nwp]grltlgﬁ;d%g iﬁ’g (%zf\u cctu%‘gei %?1 fig. 33.(% It is prg(gzaga:ol}‘fagl’;ﬁie; siefii-;ecl)'f
the Delaw ' hat the second growth N
8, 1937) bggslg 2 {hf(is};nw‘f]ﬁ? not yet quite complete (thge fish “rze(;'léetsa(l){n Thmg o
from November to Mm{l hl.on scales do not appear until spring althgn 01]11 lﬁovember
fifforence in the width c flshalmos‘o negligible. Whether or not th uga the growth
s of the second growth zones of scales from %’%Iifaﬁzolnstant

elaware

LENGTH FREQUENCIES OF
GROWTH ZONES
i ES ON s
OM YEARLING AND TWO- YEAR-OLD: STRIPE%ALBEASSSFTSM
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F1GURE 34.—The length-frequencies of th th S e il
PER S e S A S e
1 Uhesapeake bay origin remai et e
1 5 vrob 18 ains to be seen from sampli :
betwegn b;gebgngtmﬂ%ﬁ metthod will not provide a gogén%gzsg a(;fp %fotd ol .
ently insufficient to causees e two regions, as the environmental difference: ;ngulshmg
b g any constant difference in growth rate during t]i: :elz:}())ar&
The width n
RSty (sz :{o%lgrsse:t?n? growth zones of scales from fish born in 1936 in A
S iits great they ar of curves in fig. 34) are interesting because alth o
North Carolina collzgct ?11'1% so distinctively different from the others %ugh e
S hte b other wo 5 H]11 1937 (see bottom set of curves, figs. 32 ; 3S3t SR
:Ejﬁracteristic of N Orzhsbgrgfixf;ﬂéoﬁg? a Wtige second grm;vth z.one iél apsgfen%i];ei
s characteristic varies f sh from the general region of Albemarle Sou:
a means of distinguishin ?%1 year to year sufficiently so that it o e
ihi £ North Caroli Dy can only be used as
origin when the scales f Ko h Carolina origin from fish of Ch
W o rom fair samplings of bass that i hesapeake Bay
from bos‘o%rmg, before any coastal migrations have besse ]uat g L e o
In conagleas' dul-']f,nghany one year. anyartaken, ste Bvailnble
usion it should be emphasi
rom general 5 phasized once more that g .
cation thatatlﬁabz(?)rr;?ntm% scale analysis, and tagging expe?imtgzlﬁsawimable s
B e omnnt Lo o s g iy Loy
irectly only a relatively s ose fish produced in North Caroli ibito
waters; and atively small fraction to the populatio o ey
’ that the main body of the northernpsulinmer goi)llll%gg%% sllerigg(liﬂll)em
ass

comes fro V W
7 m the area bounded on the south by irginia and on the north by N
e

ersey. Further f
tion of th proof that Chesapeake Bay in general i
e stock summering in northern waters is t‘éeen :is_tn Egﬁﬁ?ggtishaérl: Ii;%lz E;‘gpﬁr—
) ches
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d are compared in certain years from 1887 to 1935. (The
this figure 18 taken from the U. S. Bureau of Fisheries canvass, an is
an annual comparison because the data are incomplete. It will be noted that

the catches in these two localities over this entire period show & remark-
dence—an agreement that could not reasonably be expected to occur
oth areas came mainly from the same source. 1n view of the
d, there can be little doubt that this source 1
re 35 the Maryland catch has been plotted
on which brings the annual catch

N MARYLAND AND
BY ALL TYPES

s the Chesa-
at one-tenth
in that State

throughout, & reducti
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FIGURE 35.—Total catch of striped bass in certain years by all types of gear in Maryland
35 Maryland catch reduced to one-tenth throughout.

S. Bureau of Fisheries canvass). -
Assuming the fishing intensity
therefore reasonable to expect

down to the same propo
in New York and Maryland, 1t 18
duction of young 11 Chesa-

to be about the same 1n

that this means that abou

peake Bay reach New York. However, since immig

also taken in New Jersey and southern New England (unpub

Vladykov, p- 46), 1t is probable that somewhat more than one-tenth of the annual
roduction of young leave Chesapeake Bay near the time that they become 2 years

old, at the beginning of their third summer, and before they are old enough to be of

any great value to the Chesapeake Bay fishery.
FOOD OF THE STRIPED BASS

The stomach contents of over 550 striped bass ranging in size from 6.5 to 115
cm. have been examined during the course of this investigation. These fish were
all taken from April to November 1936 and 1937. Most of them were caught in
Connecticut_waters, although a few came from the Massachusetts coast and others
from Long Island and New dJersey. f the total number of fish examined, the
majority were caught on rod and line; the others were taken by net. Over 75 per-
cent of the stomachs studied came from bass that ranged in size from 30 to 50 cm.

The rugose lining of the stomach of the striped bass probably indicates a rapid
rate of digestion. Tt is apparently not 2 steady feeder, but may gorge itself over
comparatively short peri i 1 its stomach is com-

pletely empty again. Stomach-content analyses of individuals taken in the same
seine hauls oiten showed the food to be in similar s i providing
chool of striped bass feed simultaneously and

evidence that the members of a single s :
then digest their food over essentially the same period of time. Often 2 high
ne haul would be filled with recently eaten fish suc}Sl as merﬁ-

i tomach-

percentage of the bassino

haden (Brevoortia tyrannus) O silversides (Menidia menidia motata).
content analysis of the bass taken in another haul would reveal partia
digested food. At other times most of the fish taken together wo
empty. Approximately 52 percent of all the stomachs exam
empty. This high percentage may be explained, at least in part, by
large portion of the total number of stomachs examined were from rod-

lly or well-
uld be entirely

ined were completely
the fact that &

and-line caught
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fish, which are comm
’ ly empty b
ot the start of a fe dQn y empty because bass are more lik
and also because b;ssnzik%gnod when they usually hswe1 If(l){hg(;l b tal}fep by ang e
swallS())Wed food. on hook and line are often seen to%‘éguf‘éftl;tswmac}lls’
tudies of the food of i . ¢ ate recently
SStivdsnd: Landth. o) of juvenile and yearling striped :
it S T e e P
llggmal Ysurkvey of thé Lowerefﬁl(lilt;gge“b}ytTogrzfs (1937) in conneitionervlg}cllllgihl)oll)?t,
ew ork Con : atershed carried . e bio-
3.0-5.5 cm. in lensgifgétl(fgwg e?*ﬂtment, The majority 001}’0 éﬁeég 3?1 %)y il el
formed about 60 percent of t}sl Ofund that the fresh-water shrimp (Ga el
item. Small fish remains (n te' dood', with chironomid larvae the nex?mams'fascmms)
larvae, and p]ankt()nic Cru. (1? . ent1ﬁed, save for one eel, An QUilla tmOSt important
small percentage of the ffmi:fea Elulcil ta)us Latona, C’ycloz,Js, and Euiﬁe%i)a), l?ptoceéid
stomach content 0d. ildebrand and Sch ra, formed a
Bay, and founl(li St ﬁg gn‘l‘all Stnp%d bass from the salt ancd {)(;eacclf(rish(i?gf) examined the
insects.” The stomach-cont the young had fed on Mysis, Gamm SIQE ¢ Mechpoaicy
%pdy to 3 juveniles rangiﬂrg ??grﬁngloy?%of small bass has been con(grzfes(i iaI:1n El}fhds’ L
iver, Mags., on August 4 .0-7.5 em. in standard 1 : e present
! , 1937, and 30 j . length taken in th
cm. long také g ,.and 30 juvenile and o e Parker
s fom tﬂeniD gliﬁelr)(a}l{%ware River, near Pennsvillzeaﬁlujg 1§d11V<Ilduals from 11-23
septemspinosus.’* Those f;grerf tz}mlll %a(li their stomachs filled .{VitI}ll t}?g e;}Illber % 61’937'
oo voTacious i C I e Delaware River w rimp, Crago
eAxamined contzfﬁeﬁhfife ff:;ﬁ;l_g ha‘?l%s,h as is evidencgaeg;r%ﬁee?géﬁog%htot Iiaévefbecome
recid spaoiss (ovebab ins of fish of different species; th " 0F, Ehes: 211
=it pench Z\% obably menhaden, Brevoortia tymnnu’ fe athises werk snpuy.
5o commonl , Morone americana, and shiners, Not ) Orme.d the main diet
contained a 7:?’56084121611&2 QI; o (ﬂ‘c some interest that one br;g;wlﬁhgdg (6% inches were
of an 18.5 cm. (7 e chmc es) Morone americana, and examin Itn \6 inches) long
8 onis an. : es) bass revealed the presence of a 1% lgII;Of(gh;ft.()maCh
The examinati . (3.94 inches)
confirmed the COm;’gf)ln%fr icglﬁlaqh contents of larger striped bass (ab
gﬁdtfﬁuﬂg general in its choicevolf ‘z)(fgat %li Spe(lzies is voracious in itg ‘;:eailgnﬁ.)bbtas
f the boftom, and blind indivi - as also made it clear th B
i Conn % ind individuals that were ire r that bass often feed
appeared to n(melfalgléliﬁz Hse{):‘mo? on parasites and abnggg;%{iega}){f Iéhm i gt
included in the li y feeding only on bottom- : e striped bass),
" ist below. dwelling forms such as those
; .0st common form of f : !
sides (Menidia . of food in Connecticut : :
b, 15, ke young of s o gy 30 i sps i o spting (Hld
size that they do not b ch year stay so close to sh ring (Hilde-
(s time the siomas available t6 the ate ore and are of such small
im v reach 2 cm. in 1 striped bass as food until A
rate of juvenile Menidia i . in length and often stray farther off g Al
B o dron, o shown ta figare 36.  The length-freq shore. The growth
i ot o o el of ke Ingie gy vy Ak
at the mod e Niantic River, C . ekly intervals
BT e i e o i et
ong in this area in 19 ; omach-content anal Sis' { S ained shortly
Palacmoniics oul )36 and 1937 showed that adult ]\}7 s of striped bass 30-50 cm.
2ﬂd Septembeﬁhgg %;)ssf(}?él?)% tj}iﬁrm%lin Zf‘(}Od from Aprﬁn':g Zl(iua;gtﬂ}i: 2}111;?911 1{) rawn
ange in diet in 193 enile Menidia to a lar ! In August
old striped bass ( 6 there was a decided i  large extent. Shortly after thi
ss (see p. 28), which ded increase in the growth rat S
was greatest in Octob , which, despite the drop in wat ite of the 2-year-
: : tem t ;
el of Dctober. The presence of wh er temperature (see fig. 30)
A juvenile menhad of what was apparentl & !
part in this in aden (Brevoortia tyrannus) in 1 y an unusually great
creased growth rate, for from Augl)lstn ongzi?rirlr)l:g l?sizg gave Plaly ed a
ommonly fed

—_—
entified by Dr. Ch: J. Fi i M bi t N t, Rh 1. 1
- 14 1q 3 o .
: y arles J. Fish, Directo: rine Ty a aArT Se! ngsto
ctor of the Marin aboratory aganset| ode Is d St:
iy an ate College, Ki
R.I ] gston,
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heavily on this species during this year. However, juvenile menhaden were not as

abundant in 1937 in this area, yet the growth rate of striped bass In September an
hout the summer in spite of the drop

October continued much as it had throug r
temperature (see fig. 18). It therefore appears that the m_cmased food supply of
i the availability of juvenile Menidia after the middle of

striped bass resulting from 1 : :
August may be correlated with the maintenance or increase of the growth rate I the
early fall when the water temperature falls rapidly, and when the normal expectation

LENGTH FREQUENGIES BY BI-WEEKLY INTERVALS
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menidia notata, from July to September 1937, in the Nianti r, |
oughout (see Table 23 for original data).

FiGURE 36.—The growth of Menidia
thed by a moving average of threes thr

quencies have been SmMOO

would be that the growth rate would slow down. Other possible

apparently faster growth rate of stripe
as faulty sampling and “compensatory grow
on the age and rate of growth of striped bass.

The following comprise all the forms of foo
striped bass exammined in 1936 and 1937:

Common types: Rare types:
Shiners, or silversides (Menidia menidia
notata).
Menhaden (Brevoortia tyrannus).
Shrimp, or prawns (Palaemoncetes vulgaris).

Mummichogs, O killifish (Fundulus hetero-

Eels (Anguilla rostraia).

Tomeod (Microgadus t
specimen in & 40-cm. striped bass.

Clams (Myo arenaric)—of small size.

¢ River, Conn. The length-fre-

explanations of this
d bass in the late summer and early fall, such
th,” have been discussed in the section

d found in the stomachs of the 550

Flounders (Pseudopleuronecies americanus).

omecod)—one 20 cm.

Crabs (Callinectes sapidus and Ovalipes

clitus and majalis).

Uncommon lypes: :
Sand Launces (Ammodytes americanus).

Herring (Clupea harengus).

Squid (Loligo pealer).

Sandworms (Nerets virens).1
Bloodworms (Glycera dibranchiala).

11y used for bait,

thus pieces of them are often found In bass that were caught on rod

ocellatus)—of small size.
Snails (Littorina, sp. f)-
Mussels (Mytilus edulis).
White perch (Morone americana) .
Mullet (Mugil cephalus).
Shiners (Notropis hudsonius amarus) -
Blennies (Pholis gunellus).
Amphipods.
Isopods.
and line.

16 These 2 marine annelids are genera ? a
been observed in the stomachs of striped bass.

However, whole individuals also have

1
|

r
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It is appa T

and it is I?I?el; e%ﬁ;iogl ; gz{ance at this list that bass feed on a wide variety of animal

1 A0y mare speies a5 ar: y of stomach contents in other localities WOS{ﬂd mllxé& 5
In this conneetion. the common in the coastal waters inhabited by stri yclieb )
Graiirline 1o 3-year’-old anmlnatlon of the stomach contents of 101 sﬁ Ped ass.
| AhE e Sl fon, the Shiitadle anhy Bl and Minien e
o t0, will divdat (()inIlg definitely identified forms, to say nothing of th A
Bl bea trotit org:S ?}t (’;0 be identified: Teleosts.—Striped 1dlliﬁshn%ﬁ9 EZ 386
diella chrysura) ; cr(;akerr()](;[e squeteague (COynoscion nebulosus); silver per ﬁmBu i
spotted ling or hake, or wf{f-p ogon undulatus) ; gizzard shad (Dorosoma, C};e eili ( )
eel (Angm'll(’z rostmta)’- hl% ing (Phycis regius); anchovy (Anchom'ellap .?%um'),
debtnale): and it white perch (Morone americana); glut herrin I1’n el
shrimp (1,) eneus bmsi(l)g;zs?ig S}Iljlcltll?zl;ng{)\'{;);;%pis’ S?-'?)' Cruét,aceaw.—Thlgee( Sggé(i)égbzéi

. ) 2
blue crab (Callinectes sapidus); and isopod (%(g);t%i’ Og’é‘%g | Slf;ptemspmosus); young

PARASITES AND ABNORMALITIES OF THE STRIPED BASS

Parasites of the stri
fromrl}g% g iy iped bass have been collected whenever they were observed
WO i
bass. Thsepg(;ﬁs goggélatodels have been found that are endoparasitic on the stri
o sig speci;nen i tﬁmnu ata (syn.: Lecanocephalus annulatus Moijn) o anped
Tinton (1901) and I\Iia Ce sﬁomach mucosa, and has been reported and d’ezv a'E,Jb (()iund
& L arvkio Tint hc allum (1921). The second, Dicheilonema rub iRk S
b b paritonesl (():g)"t as been ob_served in innumerab,le striped bass mftrum %Syn':
gonads, but it nev ETV; y, usually in the posterior end in close associatio Was"tlsund
been I'e,Ported for the ﬁppeaged to do any serious harm to its host. This BT e
Among the formS r‘;ﬁe bass by Railliet (1918), and is described b Linipemes Y
copepods which have Sbeex?tft?grelf %%)%aggmm on the striped bass a,réy two zge%igeglgf
s ; s ous occasions. Cals, i
- o niiéllz sz(;lesl 1(;f mlarme fish, and described by Wilson ((119%];& Sa;?ip(ltgé;hl'ch iy
S o o zn A il %Ziae (g}guld was taken on three striped bass in %iales ant L
e % Wasgdk agb eptember, 1936, thus constituting a new host e
e Of’juvenil bescn ed by Wilson (1903). It is also of interest threco_rd s
1038, & high peroon te ‘assfta_.ken from the western end of Albemarle SOI(;IS]d altdm i
these glochidia atta c}lll%;zl %hglrlnesieilst%legv ‘fcf etlIl) axf*iasﬁt_ize%by i It s Su;;oseg};l’gé
of the R 5 o e fish in the fresh
normal e?liggflilg?;{daggvlg L knp wn whether or nxattﬁi‘f; tcgll‘lncfi)a;llt){l:tén ’;)};1 o
AleIXarle < i—y elopment after being carried into the brackish waters e(lé
review of the literature indi
for the stri re indicates that many other parasit
1936), Arlzl;?(()icllz?gi- }? he monogenetic trematodes includlé Lezsalitgzgsa;:ﬁl?ﬁ o i(}ported
Breder, 1934), Miciocofgtl%ia é%uellzlelli, 10101'4 cit.), Epibdella melleni (ﬁfg(reuliw]ifﬁ
trematodes that have b ophallus, M. eueides, and M. macroura. Di .
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to become partially embedded in the mesenteries, but the infection never appears to
be serious. Goezia annulate, although comparatively rare, ig probably 2 much more

serious pest. MacCallum (1921: 261) says:

Tts mode of living is calculated to interfere very materially with the function of the stomach,
inasmuch as it burrows under the mucous membrane, in fact excavating in some cases quite a space
where several worms CO abit. . There are often several of these nests in the stomach, each
nest may be 30 mm. to 40 mm. across, and as they cause & good deal of swelling and irritation,
they may and do in some cases SO restrict the cavity of the host’s stomach that its food cannot be
taken in any quantity sufficient to keep it alive. Thus the worms are 2 very serious menace to

the fish.

This species is not comrmion in striped bass, however, and according to reports is quite
cosmopolitan in its choice of host, having been recorded from many other species of
fish. Trematode infections are probably sufficiently rare in striped bass in their
natural habitat to be of small importance. Nigrelli and Breder (1934) have shown
that many of the Serranid fishes have developed a resistance to Epibdella mellent,
while Jahn and Kuhn (1932) noted that 5 " the possibility of the development of
immunity seems to be more strongly suggested in this family” (Serranidae). Copepod
parasites are also apparently of small consequence to the striped bass.

1t is worth mention that a surprising number of striped bass were encountered
in the Thames and Niantic Rivers, Conn., that had cataracts of the eye. These were
found commonly only in the Thames River, where they sometimes reached above 10
percent of the catch by seine. This opacity of the lens was encountered in all degrees
from a slightly cloudy to 2 dead-white condition. Tt was almost universally bilateral,
was rare in 9-year-old bass, and more common in the larger sizes. Tt was equally
common in all months from April to October. A number of dissections under low-
power magnification failed to reveal any parasites, such as larval digenetic trematodes,
which might reasonably be expected to cause such blindness. Hess (1937) has recently
shown that bilateral cataracts are common in trout in New York State, both In hatch-
ery and wild stock, and he has proved with rainbow trout (Salmo irideus) . - - that
cataract in these fish is due to an unbalanced diet.” He has been able to demonstrate
that contagious infection, light, and hereditary factors, are not in any way connecte
with the production of such cataracts, and that the feeding of trout exclusively on pig
spleen caused a high incidence of cataract; while trout fed with beef liver and heart

never showed any trace of cataract. Itseems likely, therefore, that a dietary deficiency
may perhaps account for

the high percentage of blind striped bass in the Thames
River. Itisinteresting in this connection that the extraction of carotene by acetone from
the liver and fatty tissue of blind and 1

ormal bass has tended to show less carotene
er gram of tissue in the blind than in the normal individuals, and it is thus possible

that a lack of vitamin A is associated with the dietary deficiency causing cataracts.
1t is also of interest that Schultz (1931) has recorded a case of what gave every

appearance of being completely functional hermffmphroditism in the striped bass.

This fish was taken in Oregon in May, and the eggs In one half of the gonads measure
about 1 mm. in diameter, close to the size at the time of spawning (see p. 19), while

the male half of the gonads was apparently developing normally.

DISCUSSION

inted out that there has been a striking decline in the numbers of
striped bass along the Atlantic coast over long-term periods. (See under section on
fluctuations in abundance of the striped bass, p. 8, and figs. 3 and 4.) The records
show that this decline has been fairly steady from at least as far back as the middle of

o that it has been

the nineteenth century, and perhaps before. They also indicat
interrupted only by the occasional appearance of dominant year-classes—groups of

striped bass that were produced in such huge amounts 11 certain years that they caused

o marked increase in the numbers caught for short periods (see P- 8, et seq.). Ttis

apparent from the available catch records (see fig. 4), however, that these dominant
year-classes did not bolster the stock for more than 8 few years, and that their effects
‘nvariably have been short lived. In other words, the surplus created by them was

abundance—and & consequent permanent

soon removed, no permanent increase in
increage In catch—resulted, and the decline in numbers of striped bass, although tem-

porarily interrupted, soon resumed its normal trend.

It has been po
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abundance of striped bass, the problem is to see how overfishing affects the stock.
Theoretically this factor may act in two ways—first, by the removal of too high a
proportion of undersized and immature fish so that there are too few spawning indi-
viduals, and second, by failing to take the members of the available population at
the most efficient size.

In regard to the removal of too great a number of striped bass before they have

been given & single chance to Spawn, evidence has already been presented to show
that the fishery for the smaller size-categories of bass, 2- and 3-year-olds, is highly
intensive, and that a large percentage of each successive year-class is caught before
its members attain maturity. Yet there is no reason to believe that an additional
supply of spawning individuals would result in an increased production, with the one
possible exception noted below. Thus it has been emphasized in the section on
fluctuations in abundance of the striped bass that the dominant 1934 year-class was
apparently produced by as small a parental stock as there has ever been. This means
that in southern waters the production of dominant year-classes is not completely
dependent—at least down to & certain limit—on the quantity of spawning individuals.
In other words, there appears to be no need for concern over the size of the spawning
population in the south as long as it is at least as large as it was in 1934. 1f such a
hypothesis be granted, there can be little good in raising the legal-length limit solely
for the purpose of increasing the number of spawning fish—especially since we know
that under the conditions of the present fishery the number of striped bass along the
Atlantic coast is sufficient to produce 2 year-class of enormous proportions, such as
the one that originated in 1934.

There is, however, one way in which an increased number of spawning adults
may possibly bolster the supply in northern waters, for this supply has apparently
declined in some cases t0 cuch an extent that the population has been practically
wiped out. It has been shown before that in certain years striped bass from the south
migrate north of Cape Cod. Since it has been well established that some of these
migratory fish remain in northern waters through the winter, it is a reasonable ex-
pectation, if they were mature fish, that they would repopulate some of those areas
which formerly supported small populations in northern waters and are still suitable
for spawning purposes. Thus the striped bass has been virtually an unknown quantity
north of Cape Cod for the past 30 years or more, that is, until the members of the
dominant 1934 year-class came north of Cape Cod in huge quantities in 1936 and 1937
and provided a renewed sporting and commercial fishery of considerable size in those
waters. It is certainly not unreasonable to predict that if a sufficient number of
mature fish repopulate the spawning areas that still remain north of Cape Cod, the
stock in northern waters can be replenished and the supply increased and maintained
if the fish are given the proper protection.

It may therefore be said that measures designed to increase the supply of striped
bass along the Atlantic coast by providing & greater number of spawning fish might

uite possibly prove ineffective in the more southern waters of the Middle Atlantic
Bight, for it is known that there are now 2 sufficient number of mature individuals
to produce huge quantities of fish if the environmental factors are right; witness the
dominant 1934 year-class. On the other hand, such measures would probably renew,
at least partially, the supply north of Cape Cod where the stocks have been practically
exhausted in many instances.

The other aspect of overfishing to be considered is whether or not the present
fishery along the ‘Atlantic coast takes the available members of the population at the
most efficient size, or, whether or not the fishery makes the best possible use of the
supply each year. Thompson and Bell (1934), Graham (1935), Thompson (1937),
and others, have all discussed the theory of the effect of fishing on various stocks of
fish, and have studied the problem of the most efficient utilization of the stock in
different species. 'These papers have laid the foundation for future studies along this
line, and it is possible to apply many of the principles seb forth in them to the striped
bass fishery of the Atlantic coast. Those who are critically interested in this whole
subject should refer to the work of these authors.

The first problem in connection with the striped bass is t0 get some measure of

the yield from the stock under the existing conditions of the fishery at the present time.
Having attained this, it ig possible to compare it with the yield from the stock under
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sideration. Thus the 2-year-olds averaging three-quarters of a pound each are listed
as bringing 6.5 cents & pound, the 3-year-olds averaging 2 pounds each as 9.5 cents a
pound, and the 4-, 5-, and -year-olds as bringing 10 cents & pound throughout. These
prices were determined from information collected by the Bureau of Fisheries from
an important dealer on the Atlantic coast. The average price per pound for the
different size categories was determined by dividing the total dollar volume for each
month by the total number of pounds of striped bass purchased each month from
March through November 1937. The prices for each of these months were then
averaged, giving the average price for the different size categories for the entire period.
Since this dealer handled a total of approximately 200,000 pounds during this period,

the prices for the different size categories should be accurate estimates.

TABLE {.—Theoretical treatment of 1,000 striped bass of the 1934 year-class to show the rate of removal by

the fishery and natural mortality, the numbers and poundage caught, and the market value, when the
sh were caught over @ 5-year period from 1986—40. Note that in this treatment fish were caught for

the first time when they were 2-year-olds

Average
Average Average Total f Market
PLCH value

Age length weight | weight per 1b.
i Years Pounds | Pounds | Cents
Assuming 1,000 bass were available in 1938, of which 400 would 2 | 31 cm. (12.2 0.75 300.0 6.5 $19. 5
be caught in 1936 (fishing mortality, 40 percent); 200 would inches).
die in 1936 (natural mortality, 33 percent of those not caught),
leaving
s e —— NETSRCE
400 bass available in 1937, of which 100 would be caught in 1937 3 | 41 em. (16.1 2.0 200.0 9.5 19.00
(fishing mortality, 25 percent); 100 would die in 1937 (natural inches).
mortality, 33 percent of those not caught), leaving
- S S s M
200 bass available in 1938, of which 30 would be caught in 1633 4| 50 em. (19.7 3.5 105.0 10.0 10. 50
(fishing mortality, 16 percent); 57 would die in 1938 (natural inches.)
mortality, 33 percent of those not caught), leaving
113 bass available in 1939, of which 11 would be caught in 1939 5 | 58 em. (22.8 5.5 60.5 10.0 6.05
(fishing mortality, 10 percent); 34 would die in 1939 (natural inches).
mortality, 33 percent of those not caught), leaving
P /_/—/ | e B e
68 bass available in 1940, of which 3 would be caught in 1940 6 | 66 cm. (26.0 8.0 24.0 10.0 2.40
(fishing mortality, 5 percent). inches).
Total number of striped bass caught during 1936-40, 544. [1017) IR ‘ 689.5 |-cenmmmn- \ 57.45

In table 1 it will be seen that the total market value derived from 1,000 bass of
the 1934 year-class over the 5-year period 193 _40 was $57.45, the total number of
individuals caught was 544, and the total weight taken was 689.5 pounds. These

figures represent the yield to the fishery when striped bass are caught for the first

time as 2-year-olds (12 inches in length).

Table 2 gives similar information for the same number of bass of the 1934 year-
class when the fishery did not catch them as 2-year-olds in 1936 but took them for the
first time as 3-year-olds in 1937, and caught them over the 4-year period 1937-40.
It will be noted that the total market value under these conditions was $64.48, the
total number of individuals caught was 242, and the total weight taken was 661.5
pounds. Thus, less than half as many individuals were taken when the fishery first
caught bass as 3-year-olds, yet the gross profit was substantially more. It is, there-
fore, plainly evident that if the figures upon which these calculations are based are
reasonably accurate, the fishery is not utilizing the available supply of striped bass
in the most efficient manner when it first takes them as 2-year-olds.

Since it has been shown that it is apparently more officient for the striped bass
fishery of the ‘Atlantic coast to start taking the fish as 3-year-olds rather than as 2-year-
olds, 1t is of interest to consider what the yield would be if the fishery waited still
another year and did not begin to remove the members of the bass population until
they became 4-year-olds. Treating the same 1,000 fish of the 1934 year-class in
the same manner as shown in tables 1 and 2, with the sole difference that the fishery

only operates over & 3-year period from 1938-40, the total market value drops to

$43.60, and there appears to be an inefficient utilization of the available stock from

every point of view. This striking drop in the gross profit under these conditions is
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mortality, 33 percent of those not caught), lg;‘%éggas (el R . - e . e
189 bas i i i
A 1: E‘ngﬁﬁtm i839, of which 19 would be caught in 1939 5
Lo ¥, 10 percent); 57 would die in 1939 (nat el e i
¥, 33 percent of those not caught), leaving - i ' 0 e
113 bass available in 1940, o i
oniag mottality. 5 per'ce:l tv)v.hmh 6 would be caught in 1940 6 | 66 cm. (26.0 8.0 48.0 10.
9 O ; . .0 4.80
Total number of striped bass caught during 1937-40, 242. Total
_____________________ 661.5
__________ 64. 48

In tables 1 and 2 it was sh
#from th : as shown that the total market val ; :
for the Erzza{-,lil:gl: Ssi;)ck of 1,000 fish of the 1934 year—class\;?olrlrf fé?;sﬁti%ec(ibbass s
stock was utilized b -geka:r-‘)l.ds) was $5745: as COmpared with $64.48 wh af}sl‘caught
over the period froxg 1%31';1%16ts nfglglﬁ)er?df og- the first time when théy Werg %-yelzrsiiﬁg
B 51 10 bocome 3 Ve —1 . ould be pointed out that the gain from all _Win
] years old before being caught has been fi : allowing
of the 139&352 ;232_2%;1 result. In the first place, the fishin Z‘nm(%rtuﬁic}a mo]ghf}ie e o
and 25 percent in 1983s7was:[§ i};]gl %22(111 frog%, taglgin% experiments as 4?1) perce?:linienmlbge;g
cent in 1939, and 5 pe : arbitrarily placed at 15 percent 1
’ , percent in 1940 b h i mn 1938, 10 per-
possible. Whether or not thi , because they are considered the lowest val
indicated above and in tp bl s annual decline in the percentage taken is a tm o
B docline is Tess sh ables 1 and 2 is extremely questionable. It is ob s steep as
being caught is rel sharp, the gain from allowing the fish to b : e s TR
tivel % . ecome 3 years old bef
bass of the 1934 6 y greater. Further than this, th . e
S salass 19 eakl s, the natural mortality of th
fishing mortalit year-c estimated to be 33 percent of th . A
v) in 1936, and it has b perct e population (neglectin
8 trom 1935 to 1040 , o as been arbitrarily placed at 33 percent f g
J : the
as 33 percent over thi Actually, it is extremely unlikely that it remai Hois
older than 2 s period, for it is reasonable to aing as high
¢ | $6ie of aoe they are less T to assume that as bass become
i8 possible that when b by e less likely to be killed through natural ca
examples in tables 1 ass become much older the death rate increa, busqs_ i
the annual natural and 2 that stage is probably not reached. Th ety (2, g
. t is likely that
- ural mortality of 33 percent from 1937 t . us 1t 1s likely tha
S gain from allowing the fi 0 1940 is far too high. If thi
again relatively greater th g the fish to become 3 years old before bei w Lo
above. It is evgd er than is shown by the total market value in th S e s
e s 3 ident therefore that the gain from catchi : e examples given
year-olds is far m han i om catching striped bass for the first
necessary to poi ore than is shown in tables 1 i
orly gooes vbuss, und thas tho s valnes wotle o an e i tabos 1 and 3 sopresns
tis also of i net values would be far greater. '
population wherll?tg(glt;ﬁge that if the fishery first starts %0 opell"ate on the striped b
gl?xltl;ance tospawn. Ithas e;ﬁ-:;ﬁ; ggg e ﬁld’ . %l‘e&ter FIopauRnat il Bk I;S gi?jﬁ
ure at 4 n shown (see p. 22) that i
and 2, it Wm}f::gz:g %legi; fIf the stocks available at? this)ageaalf:lg:llg sggée_d b?sglﬁrst
of the 1,000 original fish of the 1934 year-cla?ss 0111_;711 20% v?:r(la
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left by 1938 when the fishery started taking the fish for the first time as 2 year-olds,
while 333 were left by 1938 when the fishery started to operate on 3-year-olds. In
basis of these calculations about 1% times as many female striped

other words, on the

bass would be given a chance to spawn if the fishery were to allow the 2-year-olds to
remain in the water and first started to catch them as 3- ear-olds. It has previously
been pointed out that although a conservation measure esigned to increase the stock
by adding to the number of spawners ‘n the south has no evidence to prove that it is
not a fallacious policy, an increase in the number of mature fish in northern waters
should repopulate this area to a certain extent and revive the fishery in this Tegion
There are, of course, many spawning areas in northern waters that have been ruined
by pollution and dams so that they could not be repopulated, but it is widely believed

that depletion in northern waters is in part due to insufficient numbers of spawners.

Thus Bigelow and Welsh (1925) say:

Since striped bass have dwindled as.nearly 4o the vanishing point in the St. John (which still

sees a bountiful yearly run of salmon) as in the estuaries of rivers that have been dammed and fouled
by manufacturing wastes, the chief blame for its present scarcity can not be laid to obstruction of

the rivers; and as this is & very vulnerable fish, easily caught, always close inshore, always in shallow
water, and with no offshore reservoir to draw on when the local stock of any particular locality is
depleted by such wholesale methods of destruction as the early settlers employed——overﬁshing must

be held responsible.

Probably one of the reasons why the depletion in northern waters has been so great

is that bass which remain north in the winter become dormant and inactive (see D.
it is not impossible to

42), and hence far more easily available for capture, so that 1
wipe out an entire population. Under these circumstances there is good reason to
believe that an added number of mature fish in northern waters would assist mate-

rially in renewing the supply in these areas, and that this supply could be maintained

by affording the population adequate protection.

Tt should be mentioned at this point that the abundance of striped bass in Cali-
fornia, where the present fishery arose as result of two small original plantings
(see P. 5), has been successfully maintained by protecting this species up to the time
they become 4 years old, at which time they are about 20 inches in length. Thus
Craig (1930) and Clark (1932 and 1933) have studied the fluctuations in abundance
of the striped bass in California, and both of these authors came to the conclusion
that “the striped bass population could support a commercial fishery as well as a
sport fishery’—a conclusion to which, however, the California State legislature

apparently paid scant attention, since commercial netting was prohibited by law after

August 14, 1931.
In consideration of all the foregoing evidence, even though it is based on assump-

tions 'that need further corroboration by continued investigation of this species, 1t
seems highly advisable to try the experiment of allowing striped bass to become 3
years old before they are caught in large quantities along the Atlantic coast. Both
sportsmen and commercial fishermen should benefit by this apparently more efficient
utilization of the available stock, the former by having an increased number of large
bass to fish for, and the latter by making a definitely higher profit than they do under
the present conditions. An addition to the spawning stock in northern waters,
where the supply has been depleted to such an extent that an added number of mature
individuals is badly needed, should also result from protecting this species up to the

time it becomes 3 years old.
RECOMMENDATIONS

The preceding section has dealt with 2 theoretical discussion of the striped bass
population of the Atlantic coast. The causes for its decline in numbers over long-
term periods, its fluctuations, and the effects of different fishing intensities and natural
mortality on the stock under the existing conditions have been considered. Also, an
attempt has been made, on the basis of the limited information at hand, to determine
how the available supply of striped bass can be utilized most efficiently from every
point of view. The date tend to show that the way in which the fishery for striped
bass along the Atlantic coast can make the best possible use of the available supply
is to start taking the fish as 3-year-olds, when they average 41 cm. (16 inches) to the
fork of the tail and weigh roughly from 1% to 2 pounds each. There is apparently

> - ——
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ions i i -term periods
i uations in abundance of the species over long

4 Smtll(lhiz (ﬁaghﬁg;f 1; sharp decline in numbers. Dominant ye%r&leasf?s}sl el;}a;vi:
i eoraa'ily raised the level of abundance, but the mtens1tylo e
&t b th te:,]ﬁpir effects have been short-lived. The dominant year-c %si S
o pros t ebe roduced in the past half century, although the paren (ai ts Aty
t?rgéasvgazsi)rgbabfy as small as it eveﬁ has geeré_. E\fu(cileﬁfii ;;1 $;e::?g?assgssof rimes

i i een the production oI Ao - L g
]tc};:l;e ;13 %Oe?g;iirg};ﬁégﬁ 13oegglvperm;uJ.”eIs) during the period before and immediately
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i ’III‘I}?elyn ssig?ﬁmt;gass is anadromous, spawning from April t,hrptuglcl)f Jsulég,m%lg

o depending on the latitude and temperature. The ma]o(rll y ilrjl T
o t1{ne frgm New Jersey south, although there are a few isolated ipavsan a%l g
o Eh?agg waters. The development of the eggs and larvge is pictured,

ISIilZélg? R v diﬁere? : ttim?f gfxsghiil%g;glslgll:g‘ési%d New England waters
i ripe )

6%1 Ste)tzhdeltl(:lrri‘il‘tl)lég t(1)(1:2111?14;»)1e-3s inpthis northern range of the species seldomnljuelzaclézs_
e 1?) ercent of the population; the percentage of maleﬁ a,ppalt;ie1 ! g; =
much OYerthe ap e-categories above the 2-year-olds. In waters farther s}g)uw S
(r:;?a?c?: Sallg not; §o disproportionate. Studi(eisbof tflilf tasgsa v?rg ﬁzgu;smgh:yoare hat ap-

i ale striped bass firs
proxmlately 3f5 sf e;‘ c%ﬁgf fagcl)?ltfe% percer?t are mature as they reach 5 ygar?3 931; %%3, A
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ﬁ:;sv:e}ﬁ.ac'clz)hli;tdflcf)freﬁ;%r;c:n]lall perc%ntage (_)Cf1 malg:shmt ﬁlgiglﬁfgnoyiﬁzrsépﬁ gth(?o :,élt;()i
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(r)xfigll}:tii%ato thge ;%2;1%1’1 :v}lhich is made up mainly of immature females. (See under
mlgmmm}l?l’lp. 44.)smd rate of growth have been studied by scale analy_s1sbg11il€1 l%y 211112
i a%'ediﬂerent age groups. The scale method and its applicabi hy othe

s _EIZBS '(s) discussed in full. Striped bass are roughly 12 cm.hlon%hw egle com%
i g 1r old, 24 cm. when they become 2 years old, 38 cm. w. enh eynual B
omtoe llgea nd 45 cm. when they become 4 years old. There&ftell'1 t % anf gal it
et | - th is about 7-8 cm. up to the tenth year. The growth rate (()J % tﬁan
- iy 1}? s mer months in 1937 was much greater just north of Cape dobass a
e g ehii]msouth of Cape Cod. The growth rate of 2-year-oldhst0r1};eber s
Conrio i'lg t v};aters was approximately the same from June throug ‘f 0 i e
s g e d in September and October 1936, despite the drop u; ]\iva er - ll))ably
e m(;lf‘%iilse gintenance of or increase in the growth rate in the %ﬂjzvas fp'uvenile
e toiinon I][;ed food supply at this time. The growth and availability o ]in mee
e to.&n creﬁl nidia menidia notata) are shown to be of direct consequencei,l i
i o ’l(‘h emembers of the 1934 dominant year-class averaged 2 cm. smate s
e b ef the 1933 and 1935 year-classes, neither of which were large,1 (iim sim:
i me%h?rsdpﬁerence in size developed before these fish became 2 years 1od_ 2e ohad

A1 St tlal of 3,037 striped bass have been marked by either exfcerna% 1xsn me%‘cia,l
i (8)1 b 110 ta Returns from these tagged fish, and the exa.mm}slxtlon o cc;n ey
s e dy sl%ts);;v that there is a mass migration to the north in the spring s
cgfl(i;}}llligcg]rnesf’all and that the population n north_%rn ‘ivatertshlesss(:ﬁ&%ﬁrl% :;Iv}v e
; iorati ir greatest intensity along nglar
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thi entlregangeéhzndgglgﬂg;ili%gﬂflﬁle north and south. Temperatureb undo%bsfgg
o tiits D t in Ehe migrations, for in Connecticut Wat%rs they have been obs R
e of o8 h occasion when the water reached 7°-8 C. The mlgli??l?ns (;n Ko
- .occurb va e}&Icwever are not universal, for this species 1s caught throu%1 : : su Iy
?ﬁr]slc))?l{};heizs%a%ers and in northern waters in the winter. ‘ Those fish that stay

ages.
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in the winter often become dormant and inactive. The evidence is strong that the
maximum tolerance limit for the species is 25°-26° C., which is about as high a temper-
ature as coastal waters ever reach in the North and Middle Atlantic. Coastal migra-
tions are not undertaken by bass less than 2 years old. Tagging experiments conducted
in North Carolina in the springs of 1937 and 1938 tend to show that bass from this
region contribute directly only a small percentage to the population summering in
northern waters.

(9) The available evidence from general observation and scale analysis points
to the conclusion that the dominant 1934 year-class originated chiefly in the latitude
of Chesapeake and Delaware Bays, and confirms the results of the tagging experiments
in North Carolina in the springs of 1937 and 1938 mentioned above.

(10) Stomach-content analyses on over 550 striped bass from northern waters,
and on over 100 individuals from the south, show that bass are general in their choice
of food—a large variety of fishes and crustacea forming the most common diet.

(11) Various nematodes and copepods have been found parasitic on the striped
bass, and a number of trematodes, cestodes, and acanthocephalans have also been
listed by other authors. Glochidia were found on small juveniles from the western
end of Albemarle Sound. Several of the parasites listed constitute new host records.
None of these parasites are of any great consequence to the general well-being of the
striped bass population. A high percentage of bass in the Thames River, Conn.,
Weée found to have bilateral cataract. It issuggested that thisis the result of a dietary
deficiency.

(12)yThe decline in abundance of the striped bass of the Atlantic coast over long-
term periods and its causes are discussed, and it is pointed out that the present prac-
tice of taking such a large proportion of the 2-year-olds annually is apparently not an
efficient utilization of the supply, and that both the fishery and the stock should
benefit by protecting this species until it is 3 years old, at which time it is approxi-

mately 41 cm. (16 inches) long to the fork of the tail and weighs 1% to 2 pounds. The
adoption of such experimental measures designed to protect striped bass up to the
time they become 3 years old should result in a greater profit for the commercial
fishermen, an increased supply of larger fish for the sportsmen, and an added number
of individuals that reach maturity, some of which may possibly spawn in northern
waters and thus replenish the stocks in these areas where in many instances the
populations have been exhausted. The need for further studies on the striped bass is
emphasized in order that the results of the recommendation, if adopted, may be
traced, so that suitable revision of the size limit may be made if the results indicate

that modifications would be desirable, and in order to amplify the results of the present
investigation.

TaBLE 3.—Record of striped bass taken by members of Cultyhunk Club, Cutiyhunk, Mass., 18656—1907

Number | Average | Largest Number | Average | Largest
Year offish | weight fish Year offish | weight fish
Uy S (R 28 235 12 42
659 6.75 24. 50 29 16. 50 56
906 6.25 55 4 22. 50 41
942 6.75 57 154 14 41. 50
887 6. 50 48 43 11.75 24.25
615 7.25 47 18 16. 50 38. 50
804 8.50 42 39 16. 25 35.50
581 8 39 80 35.25
592 6.75 37 21 17.25 36.75
500 8.25 55 25 14.25 27
724 9.25 50. 25 59 11.25 33. 50
835 7 51 45 9 23.75
321 10. 25 51. 50 21 13 35
648 8.25 51 14 18 54
499 9.75 49 13 14 29
403 9 50. 25 2 17 26
184 9.25 44 4 10.75 15.75
200 10.25 64 5 15 35
154 8.25 31.75 7 16 40
124 9 43 1 9.25 9.25
46 9 29. 50 5 19 23.50
3 22 27.26

Nore.—See fig. 3.
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66 1, year in pound-nets at Fort Pond Bay, Long Island, N. Y., TaBLE 6.—Total catch of siriped bass by seine at Point Judith, R. 1., 1928-87
; s taken each yea «
T apLE 4.— Number of siriped bas 1884~1937
Number of Average Number of Average
M Date I\%ém- Pounds f(i:ysaqiszl:;;ng weight Date Nt?;l' Pounds (}ays ﬁﬁh-mg weight
Number g\fr gg%md- r %act‘or) & | (pounds) e?;lc;ogng (pounds)
Number g}r gﬁ?ﬂe&. Date of striped | “pats in
of striped | “potsin bass operation
bass operation s el 19 (X4.4) 8.5 L,513 | 9,625 | 66 (X13) 6.2
) 83 (XX1.0) 5.4 234 1, 300 31 (X2.7) 5.5
291 9 70 gXl. 2) 8.0 1,250 7,000 58 (X1.4) 5.6
6 B L) e 702 9 48 (X1.7) 6.6 7, 500 18, 000 49 (X1.7) 2.4
6 1912 e 378 9 60 (X1.4) 6.4 4, 500 12, 000 44 (X1.8) 2.7
G g -t et 1,579 10
8 238 10
g g Nore.—See figs. 6 and 7.
7 Z
: :
7 A TaBLE 7.—Length-frequency distribution of juvenile striped bass from the Hudson River, July 3—-Sept.
& 3 1, 1986
9 7
9 { 1924 ——-o--- 7
9 (| 1925 -ccccimeemmemee 7 Number Number Number Number
9 7 of indi- of indi- of indi- of indi-
g Length (mm.) Xﬁ%ﬂf Length (mm.) Z;delxln?:]l? Length (mm.) Z{‘Eﬁl}f Length (mm.) ;de‘;zg
9 milli- milli- milli- milli-
) meter meter meter meter
9 s
9
9 20 i 1 18 18
9 || Do%ocsseemmamcmmnommmmmmy gy | 20 0 T e R 14 12
I e T R | R [ e 2 |
L B L Rt e et ] (R TR I ¢ L 000 U TR e
9 B S ey L Cat il I TR EC S I 000 U e 15 12
1 g z
1
P : 2 :
4 .4 and 24. | 4
< o g I f the com- I 4 }Z i
; ; dom samplings o R N (- ! 8
T ed bass making up the ran n 1937 2 28 5
5.— Lengih-frequency distribulion of sirip 7. and at Montauk, Long Island, N. Y., ¢ . 2 17 8
TABLE 5. b in Cape Cod Bay, at Newport, R.I,a 4 17 6
mercial catch in Cap 3 ) 5
indivi 13 1
L Number of individuals 7
Number of individuals i 15 e :
P 15 10 8 Total. . 628
Montauk,|| Length (em.) 10 18 4
Length (cm.) Capo | Newport,| Long 16 12 3
Cod B.1. Island,
Bay N

Nore.—See fig. 10 for length-frequency curve of this material smoothed by threes,

i TaBLE 8.—Length-frequency distribution of juvenile TABLE 9.—Length-frequency distribuiion of juve-

and yearling siriped bass taken in the Delaware  nile striped bass taken in Albemarle Sound, N. C.,
River, near Pennsville, N. J., Nov. 8, 1937 on May 11, 1938
Number Number
Length (cm.) of indi- Length (mm.) of indi-
viduals viduals
1 1
4 1
4 3
3 7
f b 10
6 9
6 12
13 21
19 12
4 9
11
11 85
10
4
" 2 Nore.—See fig. 14 for length-requeney curves of this material
curves smoothed by threes made up from this materisl. 1 smoothed by thgees, g
NotE,—See fig. 5 for length-frequency 2 104

Nore.—See fig. i
$mMoothed by tl?rgeegl for length-frequency curve of this material
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TapLe 10.—Age at maturity of 109 female striped bass of known length

5 1ds and over
m- | 5-year-olds (num- |&-year-o
gt o e e Nt
i Imma- | Mature
Centimeters mms

3.year-olds (num-
. ber of fish)

Note.—Those individuals were listed as mature if their ova had attained ufficient size to ndicate that spawning would
S C! 1 i cate

following season. See text (p. 21). ’ L % aters from
oceur the followi oii dikiFibuon of all striped bass measured in Conneciicul W f
Tase 11.—Length-frequency G o rough October, 1936 and 1987

Number of

Number of individuals

individuals
SoeaeE s
1936 1937

Number of ]
Length (em)) individuals Length (cm.) Length (cm.)
) .

11 18 || 75-ememcoeme| g T

13 17 % _______
12 9 :
5 6 1
il
B O I A | - e Bl
5 8 %
K (] +
8 5 1
6 2 2
7 2 :

-

i threes.
Nore.—See fig. 17 for length-frequency curves of this material smoothed by
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TaBLE 12.—Length-frequency distribution of 2- and 3-year-old siriped bass seined in Connecticul
waters during 19386 and 1937, grouped by months

Number of Individuals

Length in 2-year-olds, 1936 3-year-olds, 1936 2-year-olds, 1937 3-year-olds, 1937
centimeters

June| July| Aug.|Sept.| Oct.|June| July|Aug.|Sept.| Oct.|June| July Aug. Sept,| Oct.|June| July|Aug.|Sept.| Oct.

MNEREEN R

—
CODO O O =T 00 O =T O ~J ~T O ~J O 4> O O &)

Total...... 116 | 145 ( 201 | 451 | 192 | 39 | 12| 34| 10 8

156 { 156 | 208 [ 75 | 118 | 108 | 102 | 33 | 66 88
Nore.—See fig. 18 for length-frequency curves smoothed by threes to show growth from June to October each year.

TaBLE 13.—Length-frequency distribuiion of 2- and 3-year old striped bass taken north and south of
Cape Cod, June to September 1937

2-year-olds (number of

r-olds 3-year-olds (number of
individuals) individuals)
Length (cm.) Length (cm.)
North of South of North of South of
Cape Cod | Cape Cod

7 Cape Cod | Cape Cod

b

Nore.—See fig. 19 for length-frequency curves of this material smoothed by threes.
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NOTE.

TasLe 14.—Average len,

TapLe 15.—O0riginal measurements of

FISHERY BULLETIN

gths of striped bass at
years old

Note.—See fig. 20.

10.5—67 centimeters

the radii of scales fro

OF THE FISH AND WILDLIFE SERVICE

the time they become 1 year old, 2 years old, etc., to 9

Average length Average length
L e (RO

i Centi: Age Centi:

enti- nti-
meters . Inches meters Inches

IRy .
1 year old 12.5 4.92 6 years old 61.0 24.02
2 years old - 23.5 9.25 7 years old 68.5 26. 97
3 years old. 36.5 14.37 8 years old 75.0 29. 53
4 years old . 45.0 17.72 9 years old. 82.0 32.28
5years Old. o -—---oom---moo- .0 . 8

m 158 striped bass of measured length from
long

Length (cm.) Scale radius (mm.) Length (cm.) Scale radius (mm.)
R D TSR SRy I ——————
1.22. 32.0. 3.76.
1.37,1.37. 32.5 4.16, 4.56.
1.52, 1.59. 33.0 4.12.
1.95,1.59. 34.5 4.48, 4,30, 4.19, 4.09, 4.02
1.81. 35.0 4.05,4.28, 4.48,4.26.
1.79, 1.70, 1.86 35.5 4,38, 4.26, 5.03, 4.84,4.48.
1.92,1.85. 36.0 4.55,4.84, 4.34.
2.02, 2.09. 36.5 4,52, 4.56, 4.30.
1.95. 37.0 5.10,4.78, 4.38.
2.09, 2.24, 2.24. 37.5 4.67,4.41,4.56.
2.24,2.09. 38.0 4,84, 4.84, 4.91,4.39, 4.70, 5.06.
2.24, 2.39, 2.31, 2.00, 2.24, 39.5 4.88 4.42,5.27.
2.37,2.31. 40.0 5.24, 5.24.
2.24,2.53, 2.46. 40.5 5.20, 5.24, 4.91.
2.35, 2.35. 41.0 5.35,4.70,4.91.
2.60, 2.39, 2.53. 42, 5.13, 5.49, 5.28.
2.55,2.67, 2.53. 430 koo 5.67.
2.89, 2.74, 2.43, 2.67. BB e et 5.56, 6.11.
2.67, 2.69, 2.77, 3.10. 45.0 5.75.
3.03, 2.82. 45.5_ 6.43.
22. 2.89. 46.0_ 6.18.
23 2.70, 2.86 46.5 5.99.
P % | I 3.14. 47. 5.71.
D70 3.40. 47. 6.40, 6.00, 6.43.
250 cccmmm - 3.03. 48. 6.40, 6.28, 5.85.
26.0 3.62. 48, 6.36.
26.5 3.36. 50. 6.57,6.36,6.71.
27.0 3.32,3.58. 51 6.07,6.14.
27.5. 3.83. 52, 6.36.
28.0 3.99. BB so - mnatine 7.00.
29.0 3.90, 3.69. I WS, SRR 6.79.
29.56. 3.52,4.12. 55. 6.93.
30.0. 3.62. 62.0 7.87.
30.5- 4.12,4.12. 63.0 8.73.
31.0. 4.19,3.83. 670 ccmmmmmmmmass 9.17.
L O SR 4,19,4.34, 4.56, 4.05.
s

—See fig. 21 for graph of relationship of scale growth to body

growth in the striped bass, plotted from data in this table

TapLE 16.—Annual increment in the length of the striped bass

Increment
e

S Centi

enti-
ineters | 10eDes
FIrst Year. -oococommmo-emmmmmmmmmmsmmoomos 12.5 4.92
Second year 11.0 4,33
Third year- 13.0 5.12
Fourth year 8.5 3.85
Fifth year 8.0 3.16
Sixth year. 8.0 3.15
Seventh year 7.5 2.95
Eighth year. 6.6 2.56

Nofrt.—-See fig. 22.
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TABLE 17.—Retu ;
; rns from 1,397 striped bass ta 3
ed in 1
99 Connecticut, Apr. 23 to Oct. 27, 1936
Totgl
number Number
tagged b: b
Date of return tﬁg endy Original point of release retgt;ns il
of each each Locality of recapture x
month month r?:g %
month
My 1986, .ocuiunummud 121 | Niantic River, Conn__..___..___ 2 | Niantic Ri c
ver,
(2i Thames River, 0%11111111 """""""
_— Point Judith, R. T.___
une 1986, ... 331 1? %’r‘*w‘éi’ rtﬁR' Lo
iantic River, Conn
uly 19%6. oo 8 3 | Thames River, C%!:llzxf_
10 | Niantie River, Conn__
August 1936 ... 7o R B VR T ; §'i‘a’”?1"’s1§“’e’" Qunn
Thames River, Co: . e L
September 1936.......| 1,217 | Nientio %iver,’ Gonn, 70 | Nisntis Biver Goma--
mes River, Co s
October 1036. ._______ 1,307 | Niantle River, Conn. 30 | Mot B Sona.
Thames River, Conn 1 I(11 0c e
1 | Thames River, Conn__
tantle 34 | Montauk. Long Island, N. Y _
November 1936 .. .. ... 1,397 | Niantic River, Conn______.____ 12 IS\%gtlzishore of Long Lslang, N. Y™
Thames Riv('ier, Conn___ = 4 o e s i
ic and Thames Rivers, 59 | Montauk, Long Island, N,
s ong Isl:
SURURRRN PP - t | Ea s o
__________________ uan River, N. e
1 | Bradley Beach, N. J. ,-J ———————
2 | Rehoboth Beach, Del.
, - 2 | Cape Charles, Va_____
anuary 1937 ..________ 1,307 | oo do..._. :}; %ﬁlsmn?amgf N O coesesimad] T ’
______________________ ver, N. J___
. 1 | Columbia, N. C_._______________ [T
ebruary 1937 _..__.._. 1,397 |..... do0...... L Rt i Gt .
_____________________ iver, N, J_____
i&parric]zli B 1,397 | Niantic River, Conn............ 1 | Wieomon River. Ma. 1 4 :
s Bl v e e i (oo 1
Ry udson River, N. Y____ ol AL
May 1087............._| 1,397 | Niantic River, Conn- 8 g?:ﬁetchI? Ly ,035 N 4
onn.____
0.0 2 1 | Thames River, Conn. 55
1| Wye River, Md_.._.
1| Cape Charles, Va_ .
5 | Niantic River, Conn_.
_— 1 | Thames River, Conn....
B i s 1 | Connecticut River, Conn_____..___| 18
Niaoko Rliv‘fr, %onn_ 12 | Niantie River, Conn i -
N B miea Riy er, Conn 3 | Thames River, Conn________ - _|""77 7777777
v 1937 oo 1,397 1T\Ililantic River, Conn_ 5 N‘“’éﬁ‘” Ve A 1
ames River, Conn ... ......| 1 | Thames River, Conn.. G
August 1937_.__.______| 1,307 Nia%tic River, Conn- 1 Ez?aslftlfcs 1%‘3’:; ! ggﬁlx? ) ] _t
September 1937 _...___| 1,307 | ___do...._________ } Pt b i 8
e Lgoy | Chames River, Conn Y - K m— TR
........... . iantic River, Conn “nidson Rbver, . _ :
s Cond. .o 1 | Hudson Ri
e = on River, N Yoo cer 1
S Y S P R
L T A ] P o
e B i T e
ahgue dfecap- ____________________________ u1
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TasLe 18.—Returns from 103 striped bass tagged and released at Fort Pond Bay, Montauk, Long I sland,

N. Y., May 16-19, 1937

Total
Number pumiber
Date of return of ;gzuhms Locality of recapture of returns|
eac
month nionth
e 1 | Montauk, Long Island, N. Y __________ .. |occoo_.
o i T 1 | Shelter Island, Long Island, N. Y______..___________
1 goint I ltl_dit%'x,RIj. I__(3 ...........
________ 1 onnecticut River, Conn_______
;gln; 1131?'7___-_:: ......... 2 | Peconic Bay, Long Island, N. Y__
1 | Oyster Bay, Long Island, N. Y._.
August 1937 oo 1 | Montauk, Long Island, N. Y__.__
1 | Peconic Bay, Long Island, N. Y
1 | Smithtown, Long Island, N. Y____
1 | Cohasset, Mass_.._
1 | Cape Cod lzﬁgiMa%s.i _________
1937 . i) 1 | Narragansett Pier, R. I....
1(31(::(}"1)139%837 ____________ 1 | Connecticut River, Conn
Potal reoaDiares. ol oot o o i nn i csiam i o i i e o i i }% "
Total percentage |..-..-.-_- e 3.
recaptured.

TasLE 19.—Returns from 303 striped bass tagged and released at Fori Pond Bay, Montauk, L. I., N. Y.,

Oct. 25, 26, and 27, 1937

Date of return

Number
of
returns
each
month

Total
number
of
returns
each
month

Locality of recapture

October 1937 o ooo.-
November 1937 cceeeav

December 1937 ..

»-.--Ar-»—n—p-n-»-r-dp-uukotowHucﬁwﬂwnHannuv—upwv—-Sml—lﬁu

Gardiners Bay, Long Island, N. Y oo | .
Montauk, Long Island, N. Y_..____
Gardiners Bay, Long Island, N. Y.
Montauk, Long Island, N. Y_____..
South shore of Long Island, N. Y..
Monmoutg Bea}c}h,] i 1R NG
Barnegat Bay, N.

South shore of Long Island, N. Y.
Mullica River, N. J_._._._._.
Indian River, Del ...
Rappahannock River, Va.
Great Cho?tank River, Md.
Cape Charles, Va__._....
Croatan Sound, N. C.
Stumpy Point, N. C__
Pamlico Sound, N. C____
Barnegat Bay, N.J
Mullica River, N. J_.__.
Egg Harboi,]I;I. J i
Synapuxent Bay, Md..__.

Szgt shore of Iﬁ)njg Island, N.Y_.
Barnegat Bay, N.J_ .. __...__
Great Egg Harbor River, N. J.
Rappahannock River, Va___

............. Hudson River, N.J_..
Gl it Barnegat Bay, N.J_____._
Great Egg Harbor River, N. J
Rappahannock River, Va.._
New Point, Va________....
gitt% %&WI%I\}. L
L1988, o e reat Bay, N. =
ApULIS.. York Rive’r, N e
Potomac River, Va
Rlappa.halxlmggk River, Vo oo 4
............. Plymout BB o s iR R S| S
MRS Point Judfth, Re Looooooooooooooooooooooo | LI
Asburﬁl&:ﬂi,aN. e R 3
________ Oak B A O e e O e
P SR e Chatham, M8SS. -~~~ 2
Total recaptures. .. L L SO — 3%08
Total percentage | -oooeeeee|occemmmcoccocmcaocannnnas O —— 5
I recaptured.
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TABLE 20.—Returns from 770 siriped bass tagged in Connecticut, Apr. 19—Oct. 30, 1937

i Totel
number
Number number
Date of return t::%%egn'gy Original point of release of retllllrns Locality of recapture of rettlxlms
eac eac
;’fl:ggg month month
June 1937.._ 182 | Niantic River, Conn____________ 8 | Niantic River, Conn__________________| ___________
FI [ - = 1 | Thames River, Conn_. 4
July 1937 434 (.. do_.__ = 4 | Niantic River, Conn.._.______________| ___________
Thames River, - 11 | Thames River, Conn 15
August 1937 _______ 614 | Niantic River, Conn_ " 9 | Niantic River, Conn..
Thames River, Conn_ < 2 | Thames River, Conn.__
E 2 | Harkness Point, Conn_
September 1937...____ 628 2 | Niantic River, Conn.._
1 | Harkness Point, Conn___
1 | New London Light, Conn.
2 | Harkness Point, Conn._.
1 | Milford, Conn_______
October 1937_ ... ____ 770 11 | Niantic River, Conn
1 | Harkness Point, Conn__.___________: |__-[7°""="
1 | Gardiners Bay, Long Island, N. Y____|____ -~
1 | Montauk, Long Island, N, Y_____ - 7| _77"7""™™"
1 | South shore of Long Island, N. Y_____|.____-__°""
4 | Niantic River, Conn_________________[77777"TTm"
1 | Harkness Point, Conn.____
1 | Montauk, Long Island, N. Y. _ 21
November 1937 ____ 770 1 | Niantic River,Conn__.___________"""| ™
1 | Bouth shore of Long Island, N. Y__
3 | Gardiners Bay, Long Island, N. Y____|.___________
4 | South shore of Long Island, N. Y_____ 9
December 1937_ ... __ 770 | ) L | PO ENE .
1 | Hampton, Va__________
1 | Barnegat Bay, N. J
January 1938 _. _ 770 1 | South shore of Long Island, N. Y_____|__________~
1 | Broadkill River, Del__________________ 2
March 1938___________ 770 1 | DelawareBay, N.J__.____________ 77| ______ "
1 | Hudson River, N.Y________________"["7""""""""7"
1 | TomsRiver, N.J._____________~~~ "~ 3
April1098........... 770 1 | Delaware Bay, N.J__.____________ [ __________~
e (N GRS I T 2 | Niantie River, Conn.__._____________[|_TTTTTTTTT
Thames River, Conn___..___.____ . S | S dpc - Eon MU S 5
May 1938__________.__ 770 | Niantic River, Conn____________ G- ol ol LN R TR )
RN ISR [, el b 1 | Connecticut River, Conn_..________ |~~~ """"""""
Thames River, Conn___._.__..__ 1 | Niantic River, Conn__________________ 3
June 1938 ____.____ 770 | Niantic River, Conn.________.___ N L[ O R 8
Total recap-
(ATELICER ) Rt L IR o PR S R DR 8 e 1 LR T DV (R T O 93
Total precen-
tage recap-
tured. ..o |ocooeeoo. =2 = 2.1

TaBLE 21.—Chemical analysis of the water at 2 stations in the Thames River, Conn., in the summer

of 19371
Dl Ph

solved | Chloride,| Sulfate, | Calcium, | ©20S-

Locality Date pPH | oxygen, |parts per | parts per | parts per | P é‘ 08,
parts per | million | million | million parﬂ.ixiper

million mjlon
Off the submarine base, 1 mile above New London on the |{June 2 7.70 7.76 13, 350 1,834 316 0.30
east side of the Thames River___._____.________________ July 1 7.64 6.30 14, 250 2,027 364 .52
Sept. 15 7.59 5.11 15,350 2,176 254 .69
Off the State pier at New London, on the west side of the |[June 2 7.82 8.80 15,100 2,133 314 .20
Thames River. o NS July 1 7.74 7.10 15, 500 2,279 346 .52
' Sept. 15 7.69 6.07 16, 400 2,279 400 1.38

1 These water analyses were supplied by the Connecticut State Water Commission.
and therefore in no way represent a complete tidal cycle. The 2 localities listed above

monly caught, and where a good number of bass were found dead in late August and early September 1937,

The samples were taken as catch samples,
are both places where striped bass are com-
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TABLE 22A.—Returns from 52 siriped bass tagged TABLE 22B.—Returns from 17 striped bass tagged
and released at evtreme west end of Albemarle  and released off Coingock, Currituck Sound,

Sound, N. C., Mar. 26, Apr. 9, and 21, 1937 N. C., Mar. 27, 1987
Total
yumver| e oo o,
Date of return I:g ﬁ‘t‘h calityof recapture| of zt;%]rns Date of return | © e;ec}‘l’ms Locality of recapture| ofreturns
month month meggltlh
March 1937_...._.._ 6 | Mackeys, N.C___| _________
? g g lentobni: NNCC'" __________ October 1937 1 Cu§ﬂguck Sound, 1
. olumbia, N. C__ 12 | | November 1937 1 | Kitty Hawk, N.C -
April1937. ... 1 Pa}sguo.tank River,|.......... 1| Currituck Sound, | 2
1| Bdentor' N, O || | December 1637 ... 1| Currittick Sound, 1
1 | Hertford, N.C___. 7 o E .
TPOEEL TOOAD = |- v mimmermt| g e A e b s 19 T&L?Jrets_e- """"""""""""""" ¢
tures. Total per-
Total per= | . . | 36.5 centage re- 23.5
centage re- captured.
captured.

TaBLE 22C.—Returns from 8 striped bass tagged and released at Kiity Hawk, N. C. (outer coast),
Apr. 29 and May 10, 1937

Total
Number of number of
Date of return returns Locality of recapture returns
each month each
month
Tanmary 1088 ..o cnoature s 1 | Pasquotank River, N.C__.______________ 1
Total recaptures _ . | 1
Total percentage recaptured . . . |- o | oo 12.5

TaBLE 23.—Original measurements of Menidia menidia notata to show growih of juveniles from
July through September 1937 in ihe Niantic River, Conn.

Standard Number of individuals at each length Standard Number of individuals at each length
length in length in
millimeters July 17 | Aug. 2 | Aug. 17 | Sept. 2 millimeters July 17 | Aug. 2 | Aug. 17 | Sept. 2

11

Norr.—See fig. 36 for length-frequency curves of this material smoothed by threes.
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