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Effect of Indian Point Unit 2 Chlorination on the Aquatic Biology

E

In his rebuttal testimony, Dr. John P. Law]er concluded that

the staff short-term and chronic toxicity limits for chlorine re-

leases did not apply to the Indian Point situation because the staff

analysis included data pertaining.to fish .not found at .Indian-Point.

He presented data for five fish which he said were common to the Hudson

River at_Indién Point and stated that these data were the only oheé

relevant fo the discussion of Indian Point chlorine releases. A
.'mode1 developed by Ouirk, Lawler and Matusky Engineers (0.L.&M.)

and calibrated using field data obtained by Q.L.&.M. from Indian Point

1 was used to show that chlorine concentrations predicted by the model

were not above safe concentrations if Indian Point 1 was Opefating

and were not above toxic levels for the five fish species.

The purpose of Timiting effluent releases to the aquatic environ-

ment is the protection of that environment from major detrimental

modification. Ideally, this would involve not only complete knowledge

of all local species reactions to probosed levels of all releases
a]one_and in combination, but also of the ro]e'of each vulnerable
organism in the ecosystem and the changes in the community which would
fesu]t if that species were depleated of eliminated.. There is no
effluent or ecosystem for which this knowledge exists; Chlorine

releases are certainly not an exception.
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Givén that the ideai situation does not applylto chlorine, there are
foﬁr approaches that.éan be taken: (1) set no limits; (2) consider only the
liﬁited informatioﬁ that is derived from studies of species found at the site
and set limitsAto protect them; (3) use all known informatiqn in an attempvu
t& gain a general idea of safe levels; or (h) prohibit releases. The firs:

and fourth approaches above are untenable for’é@dlogicﬁlwandfeconom;cmreasons,

;Fespectively. The second approach above assumes that tolerance of species which

have not been studied will be similar to those which have been investigated. This
is a very poor assumption. If 50% mortality is considered to be the end point
in toxicity tests, some organisms can withstand a dose more than two orders of

magnitude higher'than other organisms when exposures are equal (See Figure 1).

g Of course, the*mofe limited the data both in numbers of species and in terms of
: phylogenetic inclusion the more tenuous the extrapolation. The remaining ap-

~ proach has the advantage, especially given the extreme Timitation of present

data, of crossing phyletic lines as well as-having the greater possibility of
erring on the side of safety. It does not guarantee protection of a given
ecosystem. vMoét of the points plotted indicate the concentratidn-duration
which yields 50% morté]ity. The. fecommended limits are be]éw these points,
but may not be completely without sublethal effect§ on, for exémp]e, reproduc-
tion. This is not to imply that this is the best so]utioh or even a very
satisfactbry one. It is, however, the best stopgap methodvof protecting the
acquatic community while minimizing economic penalties as much as possible.

As more and more data becomes available the limits may change. The short dura-
tion toxicity threshold in Figure 1 was revised in December of 1972 and several
data points have been added since. Some of these points have a divect bearin

on the concTUsions to be drawn from the OL&M model predictions.



In his redirect-rebuttal testimony Dr. lawler reéched the opposité
conc1u51on regcrdlng Wthh of the two methods should be used to set 11m1ts
at Indian Point. Results derived from studies of five flSh species were
compared'to thé "staff curve" (Figure 1) to indicate the lack of appllcabllity
g;'the Indian Foint situation.; His argument.is vulnerable in the respects
'd1scussed below.‘ |

Desplte Dr. Lawler's statement, that the fathead minnow and black éucker
are common species in the Indian Point area, they are not listed as such in
the "Raytheon Company Final Report," .for the period June 1969 through October
1971.  During fhat beriod, the highest number.in either a seven minute bottom
ér surface trawl or beach seine for each of the o#her thrée‘spe;ies was_one.‘
,Mbre often there was less than one each., No largemouth vass were found in .
any trawl samples. For these collections (maximum“of-gné or more of the
"flve species) the total fish caught ranged from 29 to .over 400, The mean
>catch was over 200. ’
‘At 1east three of these fish (yellow nerch white sucker, fathead
_mlnnow) are rather ubiquitous in occurrence 1ndlcat1ng a probable re31sténﬂe
to changes of environmental conditions. It is unlikely that all of the

more sensitive (less widespread) species are so resistant. Despite this, see

pofnt 62 of Figure 1. Anadromous species moving upriver to spawn are probab}y

under considerable sfress resulting from osmotic“and jonic balance problems
and might be expected to‘be less able to cope with toxic chemicals. Eggs

and larvae of both fish and invertebrates may also be more sensitive. Extra-
polation from notab1y resistant. f1sh to protect1on of a whole ecosystem Tacks
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Consiaeration of only fish data also is rather:shortsighted. While )
"changgs in the environment.are most easily recognized especially by the layman
when they concern fish or other "real animals," the fish populatiohs are
supported by the lower trophic levels. Collapse of one of the lower levele
could in the eﬁd have drastic effects on both the fish species composition as
"well as standing CTop. Fish,Aespecially yéung fish, are generally plankton
.feeders, (Heubach, Toth and McReady, 1963; Rogers, 1967; Mathur and Robbins,
1971; Siefert, i972). Zooplankton, and at least some phytoplankton are among'
the most sensitive oréanisms to chlorine (See Figure 1). ) . —
Figure II includes the data points from the literature which éohcern'-
organisms presert at Indian Point. Included are common genera. for which

spécies names at Indian Point are lacking. Numbers 1-48 were:inciuded in. !

the previous staff chlorine figure. Ifumbers above 48 include data which

At

._beéamé available later, It would be difficult to suppori any iimiﬁs set on’
the basis of the five fishVSpecies discussed previously even,if-fhey did
represent prevaleht spécieé. The data presented in Fig. I and II probablin
do not répresent true chlorine sensitivities in the Indian Point situatioﬁ: ;

‘beéause.synergistic effeéts such ag those expected with tempefaturé (éegre:; -
1972) were not investigated. | N |

Figures ITT a8b, which have beer modified from one _presented. in the
testimony of Dr. lawler shows the relationship between the chlorine concentrations
at various points in fhé Indian Point Plaﬁﬁ and discharge plume and - the
revised short—tefm tokicity éurve suggested by the staff. It is assumed here
that the model proposed by Dr. Lawler is both reasonablé and conéervative

with respect to the Indian Point situation. Also shown are some of the more

critical points from Figure II. From this figure it is possible to determine
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that there ﬁiil_be mortality resulting from the concentfations even without
a?ditional comrlications which might result from such variables as
pémperature. Given the uncertainty resulting from the large number of species

and sensitive life stages for which no information is awvailable, and the

importance of these species not only to the local ecosystem but to a larger

‘area along the East Coast (e.g. anadromous forms), the Stdff canndt discount

the possibility of detrimental consequences of chlorine releases by IP No. 2,
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Key !o‘Fig. .1, Exposures of aquatic organisms to total residual chlorine

All concentrations were measured

Point

4TLS0: median tolerance limit.

(15 hr) .

frenl . mmpmriih.

Species No Effect enfi point® Reference
Protozoa’ 1 Lethal Hale, 1930
Cladoceran 2 Lethal (4 days) Biesinger, 1971
Scud 3 Safe concentration Arthur, 1971
4 Safe concentration Arthur and Eaton, 1972
Trout fry 5 Lethal (2 days) Coventry et al., 1935
' 6 Lethal (instantly) Coventry et al., 1933
Brook trout 7 Median mortality Pyle, 1960
_ ~+#(90:min) .
8 Mean survival Dandy, 1967
time 8.7 hr
9 Mean survival - Dandy, 1967
] time 14.1 hr
10 Mean survival - Dandy, 1967
time 20.9 hr
11 Mean survival Dandy, 1967
time 24 hr
' 12 67% lethality Dandy, 1967
(4 days)
13 " Depressed activity Dandy, 1967
14 7-day TLSO Arthur; 1971
: 44 Not found in streams Tsai, 1971
Brown trout 45 Not found in streams Tsai, 1971
'Eingcﬂing 17 - Lethal (4 to § hr) Taylor and Jam:s, 1928
rainboss trout '
Rainbow trout 15 Slight avoidance: Sprague-and Drury, 1969
: : (10 .min) i .
. 16 "Lethal (2 hr) Taylor and James 1928
- 18 96-hr TL50 Basch, 1971 -
19 7-day TLSO Merkens, 1958
: _ 20 Lethal (12 days) Sprague and Drury, 1969
Chinook salmon pil First death 2.2 hr Holland et al., 1960
Coho salmon - 22 7-day TLS50 Arthur, 1971
23 100% kill (1-2 davs) Holland et al., 1960
) Maximum noniethal Holland et al., 1960
Pink salmon 25 100% kill (1-2 days) - Holland et al., 1960
. 26 Maximum nonletha Holland et al., 1960
Fathead minnow Y | TLSO (1 hr) Arthur, 1972
' : 28 TL50 (12 hr) Arthur, 1972
29 .96-hr TL50 - Zillich, 1969 .
30 7-day TLSO Arthur, 1971
' i Safe concentration Arthur and Eaton, 1972
‘White sucker 32 Lethal (30-60 min) - Fobes, 1971
33 7-day TLSO Arthur, 1971
Black bulthead 34 96-hr TLSO Arthur, 1971
Largemouth bass - 35 7-day TLSO Arthur, 1971
: : 37 TLSO (1 hr) Arthur, 1972
I o 38 TLS0 (12 hr) Arthur, 1972
Smallmcuth bass 36 Not found in streanms Tsai, 1971
- 39 Median mortality Pyle, 1960
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Key to Fig. 1. (continued)

Rainbow trout

Daphnia magna

Acartia tonsa

Skeletonema
costatum

Chaetoceros
decipiens

Asterionella
. Jjaponica

“Chaetoceros

didymum

Skeietonema
costatum

‘Pimephales.;~.

promelas

52 100% lethal
in plant effluent
53 0 recovery

54  16% dead or
moribund

54 24~hr;1L 50

56 o4 hr L 50

v

57" " eh hr TL 50
58 2% hr TL 50

adverse effecﬁ
59 on growth

60  Partial<kill

9 hr
61 lethal in 96
62- - lethal in

. 120 hr

Ictaluris melas . 63 96 TIm

Perca flavescans 64 12 hr TIm.

Species P;;?t . Effect end point® Reference
Yeillow perch 40 TLSO (1 hr) Arthur, 1972
: . 41 “TLS0 (12 hr) Arthur, 1972
42 7-day TL50 Arthur, 1971
Walleye 43 7-day TL50 Arthur, 1971
Miscellaneous fish 46 Initial kill 15 min Truchan, 1971
47 Erratic swimming (6 min) Truchan, 1971
- Cyclotella nana 48 0 growth Hegre, 1971
Skeletonema costatum 49 50% growth Hegre, 1971
Asterionella japonica 50 50% growth. Hegre, 1971
“Deétonula-confervacea 51 ~=n50%growth .. .sHegre, 1971

Michigan Water Resources
~ Commission, 1971
National Water Quality
Lab, 1971

" “Gentile 1972 -

Hegre11971‘~
Hegre 1971
Hegre 1971

Hegre 19?1

Hirayama and Hirano

(1970
Zillich, 1972
Anonymous, 1971

Anonymous, 1971

Arthur,1971

Arthur, 1971




Bl oA\ st e

Gammarus pseudolimnaeus Bousfield, and th
Rafinesque. J. Fisheries Res Board Can. :

“Minn

wastewater treatment plant effluents to rain

minnows (Pimephales promelas).
of Natural Resources, Lansing, Mich. 489 26. 50 pp. )

Environmental Protection Agency,

chloramine treated water supply
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Origin of the Striped Bass Stock of the Middle Atlantic Coast

In h1s rebuttal testimony, Dr. Lawler staved that the purpose of his

- testimony was to refute the conclusion that the Hudson River contrlbutes 80%h

" of the striped bass population in the Middle Atlantic reglon. To this end, he
propournds the thesis that the Chesapeake and Delaware Bay systems are the major
éources of the striped bass stock which is taken by commercial and.sport
fisheries in the Middle Atlantic‘region. The Staff had examined this hypothesi
befofe the issuance of the FES for I.P. 2 and Lad concluded that data were
available to reject both areas as major sources of the Mid-Aﬁlantic stock. The
following discussion is presented to clarify the Staff's position and the
information which has led to the Staff's conclusion. This discussion follows

the outline presented below.

I. Description of fishery

"A, GCeographic region

B. Commercial landings

C. Sport lardings - -
D. Distribution and Movements of the Mid-Atlantic stock

II., Origins of the Mid-Atlantic stock

A. South of Chesapeake Bay o .
B. Chesapeake Bay ' '

1. Taggirg studies

2, Age at recruitment to coastal stock

3. Conclusion

C. Contribution of Delaware

D, Contrluutlon of Hudson
UCN-430 1. Importance as spawning ground
3 el 2. Tagging studies

———— e - . . . [ e e . . [ A N e APa B e e



- DESCRIPTION OF THE FISHERY

4

A. Geogravhic region

In its analysis, the Staff .used the definition of the Middle Atlantic
Region which was consistent with the definition.used by other authors and with
the area considered the Middle Atlantic Regioo as summarized in the commercial
catch statistics (Koo, 1970).. This region is illustrated in Figure 1 and
consists of 3 states: New York, New Jersey, ani Delaware.

Within this region, there are 2 major spawniﬁg and nursery areas which are
'known:to be ﬁtilized by striped bass for reprodvction. These 2 areas are the
Hudson River and the Delaware Bay system. .From;the standpoint of location;
striped bass produced in the Hudson River would be expected to contribute to
_stock.in New Jersey, New York and Connecticut, whereas striped bass produced in
the Delaware Bay would contributebmostly to New Jersey and Delaware. From a
strict geographic standp01nt, one cannot determ:ne the relatlve proportion of"
the catch in New York which is composed of Delaware Bay flsh nor coversely
can one likewise tell the proportion of the Delsware catch which is composer of
‘ Hudson-derlved stock

B, Commercial landings

. Commercial landings for this area'were summarizea by Koo in a recent
publication. qome of the data whlch he tabularlzed is presented in Tables 1, 2,
and 3. These data indicate that the landlngs in Delaware over the last 10
years of the data presented represent only -a small proportlon of the total Middle
Atlantic catch - something on the order of h% If it is assumed that the N.J.
catch from the Delaware Bay is equlvalent to the Delaware catch from the | |

- Delaware Bay, then the total catch in the Delaware Bay system would represent

_ something on the order of 7.5 to maybe 15% of the total Middle Atlantic catch

over the last 10 years., Thus, the catch of striped bass on the N,J. coast and

[
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TABLE 1. Striped bass landings, earlier records (in thousands of pounds),

New England Region - | Middle Atlantic Region . Chesapeake Region South Atlantic Region o
: : : : Combined
Year Maine N. H. Mass, R.1, Conn. Total. N.Y. N.J. Penn. Del. Total Md. Va  Total  NC. S.C. Ga Total Total
1887 -~ - - 20 11 46 77 115 615- 1§ . 116 861. 1,140 505- 1645 . SO0 182 11 693 3,27¢
1888 - - 32 13 .50 95 98 739 59 116 1,012 1,123 779 1,902 s60 251 11 822 3,831 :
1889 -~ - 25 80 39 144 212 306 24 110 652 - - - 526 11 13 550 .. - .
1890 - - - - - - 208 328 23 107 666 1,366 529 1,895 568 12 9 589 . -~
1891 ~ - - - - - 205 292 2§ 95 625 1,265 483 1,748 - - - - -
1897 - - - - = - 116 287 10 129 542 - 935 576 1511 845 10 9 864 [' -
1898 25 1 13 102 14 . 155 82 2714 - . - - - - - - - - . ‘
1900 -~ - - - - - 72 354 13 48 487 824 528 - 1,352 . - - - - . -
1902 16 2 28 50 40 136 - - =T - - - - - L1I5 10" 3 1,188 -
1904 -~ - - - - 53 66 6 40 165 721 451 1,172 - = = - -
1905 .4 -~ 21 32 19 76 - - - - - - - - - = - -
1908 2 1§ 34 2 44 45 53 7 53" 158 640 504 1,144 . 510 L] 9 524 1,870
1920 -~ - - - - - - - - - 1040 380 1420 - - - - -
192 - .~ - = - 95 70 - S5 170 - - - - - - - -
1923 -~ - - = Coa - - - - - - - - 447 - - 447 - -
1925 -~ - - - 5 - = - - - - 1414 821 2,235 - - - - -
1926 . - . - -~ - s - 87 64 - 46 197 - - - - - - .- -
1927 -~ - - - 4 - = = = e e - - - 507 .- 1 508 -
528 - - 8 44 4 56 T - e = - - - - - = S - -
- 1929 - -~ 119 23 2 - 44 155 4} - 10 207 1,292 290 1,582 = 246 - - " 246 2,079
1 ;
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- TABLE 2. Stripcd bass landings by region, 193066
(in thousands of pounds). o

New  Middle South
Year England Atlantic Chesapeake Atlantic Toual

S . 1930 89 205 1,653 457 2,404
1931 - 90 135 L,116 - 327 1,668 -

- a 1932 42 52 1,028, 507 16L9
, 1933 6l 40 833¢ - (1,369

L1934 - - 642 362 (1,047)

1935 22 62 1302 - (195D

1936 - 2383 768 (3,621

1937 450 405 3,016 713 4,564
1938 301 311 2869 523 4,04
‘1939 285 446 2,692 340  3,7¢3
1940 147 382 1,839 540 - 2,908

1941 - - 2,089 - (321}
1942 219 419 3,286 - (4,468)
1943 216 514 - (5,186)

SN T 1944 341 799 4,545 S54C 6,225
1945 317 782 3,664 - 610" 5,313

1946 406 963 3,699 - 5,772
1947 119 413 4,063 - {5290
1948 151 758 5,102 - (6,715)

1949 162 902 4,542 - (6,3i0)
1950 167 897 5834 797 7695

1951 265 981 4.140 702 6,058

1952 179 - 1,141 3,413 647 5330

1953 193 1,023 - 3,106 751 5,079

1954 184 636 3,09 1,122 S.001°

1955 106 629 3,466 736 4,937

1956 98 473 3,145 764 4,430

1957 80 ~ 701 - >2788 $97 4,156

‘1958 95 479 4,422 1,097 6,093

S - 1939 120 746 6,446  '872 8,134 -
- . 1960 211 870 6,687 783 8,551
1961 397 1,252 7.262- 551 9452

: 1962 682 1,259 5,923 747 861

- ' 1963 $82 1,474 - 6,496 737 - 9,239 _

o 1964 632 - 2,022— 5,189. 717 £560 —
1965 531 1,533 5,162 . 486 1,112 . o

1966 842 1429 = 6,150 654 9,075

! Figures in parentheses are extrapolated by adding -
the mean of two adjucent ycars for the missing
. gtatistic, : )
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" TABLE 3. Striped bass lanaings by state, 193066 (in thousands of pounds).

- Rhode . ' " North
Year Massachusctts Island  Connecticut New York New Jersey Delaware Maryland Virginia Carolina
1930 27 60 2 66 37. 102 1,228 425 457
1931 45 39 4 64 18 52 635 481 37
1922 31 7 4 32 12 8 434 594 507
1933 20 39 2 19 9 12 0 314 519 -
1934 -~ - - - - - 333 310 362
1935 5 16 + n 8 17 928 375 -
1936 - - - - - ry 1,864 520 768
1937 121 317 13 132 241 32 2,011 -~ 1,005 -3

-1938 82°, 210 9 139 147 . 25 . 1,714 1,185 523
1939 63 213 9 184 243 20. 1,729 964 339
1940 76 64. 8 169 . ¥ ] 41 1,180 659 542
. 1941 - - - - - .- 1,225 865 -
1542 98 95 18 266 95 59 2,508 7178 -
1543 100 73 25 - 31 160 37 - - -
1944 191 122 17 504 257 39 2,681 1,864 -
1945 186 95 27 o 30 418 63 1,545 2,119 609
1946 |, 161 217 19 432 - - 1615 2,084 -
1947 55 52 11 244 60 109 2,338 1,725 -
‘1948 78 63 10 356 4. 381 2,650 2,452 -
1949 72 - 81 . -9 626 21 255 2,629 1313 -
1950 47 112 7 517 - 109 271 3,038 2,796 - 197
1951 132 112 2 626 - 140 21 . 2,336 1,304 702
1952 125 - - 51 11 4386 536 120 2,172 242 647
1953 105 82 6 482 43¢ 106 2,303 803 157
1954 68 116 + 439 U si 146 2,108 951 1,122
‘1955 72 . 38 * - 506 s - 88 2,572 894 736
1956 n 26 -1 398 30 28 2,150 995 764
1957 56 - 23 1 553 132 16 1,859 929 © 597
1958 ¢ 51 41 3 - 398: 59 22 3,105 1,317 . 1,096
1059 - 81 | 31 8 538 196 12 4349 2,097 872
1960 129 77 5 731 114" 25 4409 2218 782
1961 210 167 20 910 27¢ 66  ~5.408 1,854 550
1962 589 61 32 657 494 108 3979 1544 747
1963 439 71 30 673 753 . 48 3,749 2,747 736
1964 522 75 35 - 995% 996" k) 3300 1889 - 714
1965 467 60 - 740 761 . 32 2949° 2213 484

1966 S33 250 - - 1050 . 315 64 3347 2803 653
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the coastal areas of N.Y, and in the Hudson River represent something on the
ordef.of 90% of the total Mid-Atlantic oatch, As a consequence, the Mid-Atlantic
commercial. catch statistiCS~represent mostly N.Y. and N.J. landings, perticularly

in recent years.

C. "ﬁvaluation‘of sport-catch

In order to evaluate the relatlve sizes of the sport and commer01al
landlngs, the Staff examined the proportion of tagged striped bass which were
recaptured by each of the 2 fisheries. For example, Schaefer (1968) summarized

tagging data for fish captufed and tagged on the cuter coast of Long Island
.for 2 periods,ll95h-56-and 1961-64. Data from figh tegged during the first of

the 2 periods indicated that the commercial fishing accounted for 68% of the

. total recaptures (Table 4). During the latter period, commercial fishing accounted

for 444 of striped bass less than 6 pounds in weight and for 32 1/2% of striped
bass éreater‘than 6 pounds in weight. These figures are derived from the data
presented in Tables 5 and 6 but differ in the respect that only fish taken by
the sport and commer01al fishing effort are 1nc1uded This same procedure is -
- applied to other studies summarized herein, such that the proportion of fish’

recaptured by_commercial fishermen is estimated by the following equation:

% # returns from commercial flshermen x 100
# returns from sport fishermen + # returns from commercial
fishermen

The data presented in Table 7 represent the recaptures of fish tagged in
Great South Bay (Alperin, 1966) during the period 1956-1961, although most of
_the fish which were tagged in this study represent tagging done during 1960 and
1961, Of the 242 fish which were recabDtured by the fishing industry, 182 were
taken by sport fishermen and 60 were taken by the commercial fishermen. Thus the

commercial fishing effort accounted for 2k .8 of the striped bass, that were

recaptured by the fishery.
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Tagging studies cohdu#ted in New Jersé& wéteré show similar results., This
inforiation is derived from data presented by Famer (1971) in a repoft concerning
tﬁe mig;atory patterns of the New Jersey'striped bass. Table 8 presents a summary
of rgtuins of 88 stribed bass adults which were tagged in the Maurice River in
1961, The total return of 41 out of 88 fish tagged represents 46.5% of the'tétal
number of'fish which were tagged. The tagged fish were recaptured in about equal
numbers by'both_the sédrt and commercial fishermen; howéver for this study more
tagged fish were recaptured by the cormercial fishery in Delaware Bay than by any
.othér fishe;y in any other area, Overall, the coﬁmercial fishery took slightly
over 51% of the tctal recaptures where the type of fishery was known, However,
itvshduld be pointed out, the fish were tagged with Petersen tags,lwhich increase
-the suéceptibiliﬁy of tagged fish fo commercial fisﬁermen using certain-types
- of gear, specifically gill nets.
| Other data summarized by Hamer in the same report are presented in Table
9. These data represent recaptures of 111 bass tagged in the Mullica and Great
Egg Harbor Rivars in N.J. during winters of the period 1955-1957, however 16 of
the 17 recapturés were fish tagged during Jan., Feb., and March of 1957 and
2ll of the recaptures which are included were made before 1960. Fishery data
were available foernly 9 of the 17 recaptures but indicate some 33% of the
reéaptured fish’were_taken by theicommercial fishery. . |

Thése data reflect several importanﬁ facts. The proportion cfque
total catch of striped baés made by commerciai fishermen ranged from a high

of some 68% to a low of 24.5% (by numbérs).'.Most of the recaptures included
~in this series of data were made durihg the late l950's or early 1960's and
represent thé distribution of recaptufes according to fhe fishefy for that

period} These data would indicate that the total landings of striped bass taken

by the combined sport and commercial fishing industries would range from

approximately 2 to 4 times the commercial catch,



Tapre ¥ ReTukns For Striren Bass Taccep AT WesTiaMeTon BEACH Accorbixg
T0 MANNER OF RECOVERY

Manccr of recovery Nomber Per cemt
Sport ﬁshing :
Trolling. ... ... i i, e 4 8.0
Casting........... e eeeieeens derareiecaraasnnas 2 4.0
Unknown. ..o iii it 10 20.0
Sub-total......... .. ..., eeeeeenn Ceeeriiaaan. 16 32.0
Comincrcial fishing .
L I T ceeens 20 40.0
Haulscine...o.oooiiiiiiiiiiiani.. .. eesenn 9 © 18.0
Pound net..... o e etevieteacsaaareeaaaaanan . 1 2.0
Fylenet. .. . . ittt 1. 2.0
nknown........iileLLL e eteetereia e 3 6.0
Sub-total. ... . et 34 63.0
Total....ovt ittt ceeteesioanre. 50 100.0

Tanee 5. RETURNS FOR SMALL® Styrirrp Bass Taccep AT Cxear Sourit Beacu

ACCORDING TO MANNER OF RECOVERY

Manner of recovery . Number Per cent

Sport fishing : ! -

Casting. ... oiiiiiiiiiiiiiiiiiaan.. 7 21.2

Trolling........ooli.l... cereens 4 121

Still-fishing................. caveannn 4 12.1

Sub-total.......... ...l et 15 45.4
Commercial fishing

Haulscine................ooueal... 9 27.3

Gillnet. ... ... 3 9.1-

Sub-total........... L) NP . 12 36.4

O = .

Miscellancous .

Found dead or dying................ ‘ 6 7 18.2
Total........... PRI B T 100.0

® Fish lcss than 6 pounds or 600 millimeters.

- ‘\f\

sy



ACCORDING Y0 MANNER OF RECOVERY

) . ’ : .
TarLe s  Returns rFor Lakce® Striren Bass Tacoen AT Grea

T Sournt Beacn

Manncr of recoveiy Number Per cent
Spgrl fishing o : .
ASng. et e
Trolling.................. et ?i:; ' :'5;2,2
Still-fishing. ..o e 5 7.5
Spearing... oo ii il e .2 3.0
Subwsotal.... ... L.l Cieeerens 42 62.7
Commarcial fishing ’
Haulseine....... ... .o Ll 6 9.0
GillDEl. . .. e 6 9.0
Outer trawl. ..., oo oo oLl 4 6.0
Poundnet..... ... ... il I 1.5
Lad;ing ............................ 1 1.5
nknown. ... . i il 2 3.0
Sub-total.................iilllL. 20 29.8
Miscellancous .
Found dcad or dying.......... ceeean 5 1.5
~
Total........... ... .... R I 67 100.0

* Fish 6 pounds or 600 millimcters or larzer.

RETURNS FOR STRIPED Bass TAGGED IN GREAT SOUTH BAY ACCORDING TO

TasLe 7.
. MANNER OF RECOVERY
’ !
" Manner of recovery 1; Number | Per cent
Sport fishing 1
B tOlNg o e el 28 10.0
Casting. ... coviiieeiiieaaann e e . 54 19.2
SPearing. ottt e 1 0.4
Other and unkoown. ................ e eeeneeeas R 35.2
SUD-0LAl. . oo ettt 182 | 64.8
Commercial fishing
C SeIDe. .ttt si et e s 21 7.5
AWl oottt ie it i ieecesaesanarsciaanssonnn 7 2.5
Pound net...ocvt ittt 1 0.4
Gillpet........... e eeaeeas P eeeereeaseness 20 7.1
Other and unknowWn. .. .\ it vt ieiiennenes ' 11 3.9
Sub-total. . ...t 60 | - 21.4
Miscellaneous el . :
Project seiming.. ... ... .ouviiiaaiiie e Tilaunen a3 11.7
Tagging mortality. ............ovvninen eeeieeas 2 0.7
Nature! mortality. .. .. ..ottt ittt iiiiraanaans 2 0.7
UDKNOWD . ce e oot it it it tein et iasenaneeanans 2 0.7
SUBOAL . . oo oot et e 3 | 13.8
FOAE . « e v e e et e e e e e e e e 281 | 100.0

o



"TABLE 8 Sumﬁary'of‘tag retums by major waters
. and fisherles.

y

] L - FISHIRY
' - Sport Coma, Unxnowm Total
Water Area 0. % 14O 4 % No. % No. %
Neurice River 8 9.1 3 3.4 - - 11 12,5
Delaware Bay and - - _ | : :
tributaries 6 6.8 12 13.6 & 45 22 249
Chesapeake Bay - : S B o
and tributaries 1 1.1 - 3 3.4 - - 4 4,5
dcean 2 23 - - - - 2 23
:Unknown' B - - - - 2.3 2 _2.3

o\lm

177 19.3 . 18 20,4 6.8 41 465

- TaBLE 9 Sucmary of tag returns, by state and

' fishery, of 111 striped bass tagszed
"while winterinz in the iullica and
Great izx Farber Rivers.

T : ~ ‘ _' 4

Sport _ - Comrs, Unknown __Total '
_ No. 7 ho. o 0. 7 No. 7
New Jersey 3 2.7 1.9 1 .9 _.5 45
Long Island, ...J. 2 1.8 2 1.8 3. 2.7 7 6.3
Rhode Island 1.9 0 - 1 .9 2 1.8
Kassachusetts 0 - 0 - 3 2.7 3 _2.7
' 6 3 2.7 8 7.2 17 153

5.k
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;‘It should be p01nted out that there are several sources of error inherent
in thls type of analysis. For 1nstance, the extrapolatlons from these data
agsume that the proportlon of returns of fish recaptured by-the commercial and
sport fishermen is the same. This presumption is likely to be invalid. It
seems probable that the response exhibited by commercial fishermen would be less
than that‘shonn by sports fishermen; however, since non-response by the 2 groupsd
has not been estimated for this area, it is not possible to evaluate the
importance of this factor.

" In summary, 1L would appear that the sport catch is somewhat larger than
the commerc1<l catcli, but it does not appear likely that the total sport caten
could exceed the commercial catch by a factor of 30 as estimated by Schaefer for
N.Y. waters-for 1965. However,vthis conclusion is particularly sensitive to the
ratio of the sport to commercial fishing effort and the size of the sport cateh
which occurs in the West portion of Long Island Sound and New York Bay; these
areas were not adequately represented in the stndies wnieh were utilized in
Aderiving eommercial:vs: sﬁbft fishiné natids:

- D. Distribution and movement of the Mid-Atlantic Stock

Tt would appear that there are 2 fairly Gistinct stocks which are

- exploited by the striped bass fishermen which inhabitvthe N.J.-N.Y,. area. The
first of these, which is best illustrated by using the dlstrlbutlon of the fish
which were tagged by the Long Island League of Salt Water Sportsmen durlng the
period 1959-63, as presented by Clark (1968) and reproduced here as Figure 2.
Areas 8 and 11, which include the western portlon of Long Island Sound and the
't-N Y. Harbor area are UJenerally believed to be supported by reproduction in

~the Hudson Rlver and perhaps to a lesser extent areas 9 and 12, whlch include

the upper N.J. coast and the lower out coastal region of Long Island. Fish fromA

" this general area, tend to move into the Hudson in the winter and back into the



Nautical mites

=

1. NORTH COAST: The coast north from Cape Ann, Massachuserts,

to New Brunswick, Canada.

2. MASSACHUSETTS BAY: The coast south from Cape Ann to the

northern tip of Cape Cod.

3. EAST CAPE: The coast from the northern tip of Cape Cod to0
. Monomoy Poine, Cape Cod.

4. SOUTH CAPE: Vineyard Sound from Monomoy to Woods Hole
including Mastha's Vineyard and Nanrucket.

5. BUZZADS BAY: From Cutryhunk 2rovad Burrards Bay and
s
wer to che Rhode Island border.

’ 6. THODE ISLAND: The Rhode Itland shore and Narraganseit Bay

ani tributaries (including those with headwaters in
Maszchusetes). '

7. EAST SOUND: The north shore of Long Island Sound frovi the
Rhode lsland border west to New Haven Harbor; the south shore
of Long lsland Sound from Mattituck east to Montiuk Point and
west to Shinnecock Inlet, l

" 8,"WEST SOUND: The north shore of Long Island Sound from

New Haren Harbor west to Hell's Gate, and the south shore
of Long Isl.nd Sound east to Mattituck.

9. SOUTHWEST LONG ISLAND: From Rockaway Inlet east to
Mastic Beach, including south shore bays except Jamaica Bay.

10. SOUTHEAST LONG ISLAND: Mastic Beach east -3 and in-
cludi- 1 Shinnecock Inlet.

11. NEw YOP.K BAY: West of Rockaway, including Jimaica Bay,
greater New York Harbor and the Hudson River: Stazen Istand
and east along the south shore of Raritan Bay to Leoaardo.

12. NORTH JERSEY: Sandy Hook Bay from Leonardo esst 1o and
including Sandy Hook and the northern New Jerey shore

soath to but not including Barnegat Inlet.

13. SOUTH COAST: Barnegat Inlet south to Chesapeake Bay.
A. SOUTH JERSEY: The Atlantic shore of New Jersey from
Barnegat [nlet south to Cape May.

B. DELAWARE BAY: Delaware Bay and the oute: coast from
Capa Henlopen south to Ocean City, Maryland, inciuding
aidutary streams.

C. CHESAPEAKE BAY: All of Chesapeske Bay and tributary
nrearis,

Frocure 2. -Location of release of striped’ bass tagged by lﬁe Long Island Lea

men, 1959-63. (Tagging locations outside chzrt boundaries indicated at border.)

~

gue of Saltwater Sports.




FIGURE.B. ATLANTIC COAST, CAPE MAY

TO CAPE coD, SHOWING POINTS AT WHICH

WINTERING STRIPED BASS WERE TAGGED

GREAT EGG.

umoaw;f; P . AND RECAPTURED.
; ; TAGGING AREAS OB RECAPTURES -@
Q
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varlous reglons in the spring,. but do not apparently make large-scale migrations
elther to the south or to the north. However, it should be pointed out that

the data upon which these conc1u51ons are based consist of ‘tag returns of bass
mostly within the 10- 18 inch range and that these fish are normally less mob:le
than are the older individuals as was reported in the FES

+The second group offstrlped bass which inhabit the area tend to migrate

north and south along the outer coast'fromvN.J. to Massachusetts. The

. distribution of expleitation of this portion of the stock is represented by

. Figure 3, which shows the recapture locations of‘representatires of this

' migratory portion'of the stock which were tagged in the Mullica and Great
'; Egg Harbor Rivers. A considerahle quantity of tag and recapture data both for
this study and various others shows a substan{ial migratory element of the
Mid-Atlantic striped bass.stock which ﬁoves northward in the spring and southward
- in the fall., It is this portlon of the Mid-Atlantic stock which may be largely
derived from nursery Oor spawning areas other than the Hudson River and is the
subJect of most of the following discussion. :

ORIGINS OF THE MIDDLE ATTANTIC STOCK

A. Spawning areas south of the Chesapeake

Areas south of the Chesapeake are not generally believed to be important -
for contributing 1o the Mid-Atlantic stoék. This concept is apparently derired
- originally from the studies by Merriman (1941), who performed fairly detailed
analyses of the growth rate of striped bass liuing in the areas south of'the
Chesapeake as compared to the growth rate in the Chesapeake and in the N Y.
and New England areas. He concluded the bas1s of his studles that the fish
which were present in Cornecticut exhibited rates of growth that were 51gn1frcantly
lower than those exhibited by fish known to reproduce in the Albemarle-Pamlico
Sound systems. These data have not been contested by other investigators and

an examination of the growth rate information available for fish inmthe various
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areas indicates that Merriman was Quite accurate in his deduection (Table”lo).

B, Contribution from the éhésapeake

»Pfe§§iling'opinioh has been for many years that the Chesapeake system
',proyides the largest propértion of the stock to Middle Atlantic states. 1In
its.initial cursory review before the.issuance of the DES, the Staff tentatively
édopted this hypothesis; however, in reevaluating the initial analysis in
response to the Applicant's comments on the DES, tﬁe Staff examined the data base
“upon which the corclusion of fhe Chesapeake origin of the Middle Atlentic steck
. of striped bass is based. As a consequence of this evaluation, the Staff was
forced to avcbnclusion that the hypothesis of a Chesapeake origin-of the Middle
Atlantic stock was not consistent with the. data avallable.

This conclusion is based primarily on 2 separate pieces of informatioﬁ
which are derived from tagging studies which have been conducted in Chesapeake
Bay. Specifically, the proportion of 2-year-olds which have been found to
leave the Bay is véry small, and secdndly, the total numbgr-of fish which are
known to’ leave the Bay is a very small proportion of the total étock in the.

Chesapeake and is too small to account for the Middle Atlantic fishery.

l. Tagging studies
| The tagging studies conducted in the Chesapeéke whiéh héve been examined
by the Staff are summarized in‘Table ll. These data demonétrate the very smull
proportion of the Chesapeake stock whiéh leaves the Bay. Overall, 1.5 percent
of the stock taggéa in the Chesapeake have been recaptured outside this system,
Fﬁrthermore, only about half of those recapturés outside the Chesapeake occurred
within the area of the Middle Atlantic fishery. Thus it could be concluded that
the contribution cf the Chesapeake stock should be approximately 0.75% of the

total stock of the Chesapeake (by numbers).



Table 11.

Author v # tagged

Chapoton & Sykes (1%) 206

Crant, Burrell, Winter 1968
Richaxrds, & Joseph 2195
Ctin)
Summer-Fall
© 1968
2439

Winter 1969 °

2891
Hollls & Davis (1955) 457
Mansueti {/756) | 31
Fansueti ( l?b{> : f 11103 I

Vansueti & Murphy (1961) 104

~ Massmann & Pécheco(?qéo 2429

Age of
tagzed fish

IV - XVIIY.

I - 7570 II - 23“5'.
III - 83, IV - 6,
- 3, unknown =~ 1

I -84, II - 1531,
111 - 57, IV - 8,.
V-2

I - 143, II - 20Uk,
III - 665, v - 23.
Ve~ 14, unknown - 2

up to X1

1T - 10 IIY - 18,
v -3

II and III

VIII - 1g
all rest II and III

I- 1378, II - 610,
IIT - 281, IV - 50,

, V - 107, unknown -3

Summary of Recapture of Striped Bags ngged_in the Chésapeake and Recaptured Elsewhere,

P 4
.t

‘ % of fish
# recaptured recaptured outside Ches, Bax
27 . 55.6% (15 fish)
487 0.2% (1)
408 0.2% (1)
231 0.0% (0)
80. 2.5% (2)
11 0.0% (0)
418 0.7% (3)
1 0.0% (0)
675

1.8% (12)

3 S U

Age of fish

. outside Bay

all v

anknown

W -1,V-1,
unknown ~ 1

I -1

(‘1/1‘7



Age of . | ' % of fish - " ‘Age of fish

Author # tagged tagged fish ) # rec‘agtur_ed recaptured outside Ches. Bay " outside Bay
'ichols & Miller(l?é?) 8973 winter tagging - 3345 © o 1.5% (52) ' ' -« III - 88%,
‘ II & III - 86% (winter tagging - 1.6%, none younger
spawning seasont ‘ , spawning season - 1.3%%, - than II

II & III - 60% feeding season - 1.2%)
feeding seasons : .
II & IIT- 95%

earson ( 1732?) - 305 II and III ' 89 | 0.0% (0)
laney, Woolcott, ~ unknown - II . 20 .0.0% (0) C T lheeeees
: Me_hring ({‘/S‘f/) v . , - ‘ :
ladykov & Wallace 2869  II and IiI, 958 34% (30 CI-1,
(1952) 2%Vt all rest - III' -
Ihitney (/9¢/) 1356 II and III - 179 0.6% (1) | unknown
TOTAL 26,356 ‘ 6,92 1.5 (105) | % younger than III =

0.03% (2)
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A sécond ana'fery important poinﬁ,which was dedeuced from the tag and
recgptﬁrendata of fish tagged‘in the’Chésapeake is that fishiof 1- and.2-
}§eaé-old.age gréups-simply do ﬁot leave the system, In fact, no l-year-old
striped baés have been tagged in the Chésapeake and thereafter recovered as
1—§éarrolds én the Atlantic coast. Of the 2-year-olds tagged in the Chesapeake,
only 2 fish cduld be identified by the Staff has having been recaptured outside
the Chesapeake as 2-year-old striped bass. This represents 2 fish out of nearly
7000 recaptured striped bass, for a total contribution of some 0,03% of the
fotal_striped bass pobulation of the Chesapeake. In other words, it would
: appeér that only 3 out of 10,000 2-year-old striped bass in the Chesapeake

migrate ouf of the Chesapeake to enter the fishery along the Atlantic coast.

2. Age at recruitment to Middle Atlantic stock
N

It was the latter set of data which forced the Staff into re-examining
the hypothesis that the source of the Middle Atlantic stock was from the
Chesapeake, This concept seems to have originated with the 1934 year class, Which
wés stuaied in some detail by Merriman, whoApublished his results in 1941. The
importance of the 2-year-olds can be seen fromﬁthe following quotation from:

Merriman's discussions. -

« + «~The decline in the average waight of the striped bass
making up the annual catches by seine at Foint Judith from 1930 to
1936 is quite striking, the drop in this period being from an’8-
pound average to a 2-pound average (see fig. 7)+ « « The sharp drop
in average weight in 1936 was rrimarily due to the appearance of the
1934 dominant year-class in the commercial catch. The tremendous
numbers of 2-year-olds in this year is well shown in fig, 8. (p. 12-13)

The peaks at 1936 and 1937, however, are no doubt reasonably
accurate indications of the increased ahundance in those years. In
1936 the enrormous numbers of strived btass that apreared along the
Atlantic coast were mainly made up of fish 2 years old, the age at
which this svecies first makes its avpearance in the commercial and
sport fishermen's catch in Long Island and New England waters. In
1937 a large proportion of the population along the Atlantic coast
was composed of 3-year-old. (p. 10) ' '

"y



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-yea;-olds in 1935 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-ﬂlass. (p. 25)

v o o evidence from samplings of the stiriped bass population fron
commercial fishermen's nets in northern waters indicates that the 2=
year olds in 1936 comprised over 85 vercent of the stock available at
this time (see fig. 8) and that the members of this year-class continued
to dominate the population in 1937 in spite of the fast rate of devleiion
of fish of this age due to the highly intensive fishery (see figs. 5, 6,
7, and 8) Fvidence from other samplings of the stock in northern waters
in the summer of 1937 shows that the 2-year-olds of 1937 are apparentLy

i represented too strongly in the length~{requency curve for this year {see
fig. 17). It is difficult to account for the large proportion of 2-year-
olds in the lower grarvh in figure 17, but it is clear that they were not
relatively as abundant in 1937 in all northern waters (see fig. 5) (p. 26)

On the basis of these observations and the assumption that the 2-year-old

fish which were captured in the N.Y.-New England area were from the Chesapeake,

Merriman concluded the following:

_ + « » Assuming the fishing intensity to be about the same in New
York and Maryland, it is therefore reasonable to expect that this

- means that about one-tenth of each year's production of young in Chesa-

peake Bay reach New York. However, since immigrants from Chesapeake

Bay are also taken in New Jersey and southern New Zngland (unpublished

material of V. C. Vladykov, p. 46), it is probvable that somewhat more

than one-tenth of the annual production of young leave Chesapeake Bay

, near the time that they become 2 years old, at the beginning of thelr

: A , third summer, and before they are old enough to be of any great value :
to the Chesapeake Bay fishery. (p. 52) o
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Fig. 4 —Graphic summary of average caleulated lcnéth and weight of striped bass, Roccus
sazatilis, at different ages, based on Rsh tayged 1o 1937 and early 1958 in Chesapeake Bay,
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TasLE 1 2-Length distribution of tagged striped bass for each taggtiﬁg_area (leﬁgth data were not available
for 131 tagged fish) : v .

Number of fish tagged in each area

Length
group Area Area Area Area Area Area Area Area Area
(inches) 1-5 6. 7 8 -9 10 11 12 13 Total
5-8 - - - 3 2 - 11 - - 18
7-8 - - 3 17 & 22 1 - 50
8-10 1 - 58 17 3 - 78 15 4 177
11-12 8 4 34 161 73 4 204 27 23 538
13-14 18 6 73 469 200 3 375 60 13 1,217
15-16 682 18 188~ 792 310 15 495 123 37 2,040
17-18 62 21 118 398 224 8 271 197 50 1,349
19-20 26 4 - 53 167 156 3 133 53 6 60
21-22 17 8 33 71 71 1 52 27 4 282
23-24 3 4 12 28 43 - 18 18 1 127
25-26 2 - 10 14 15 - . 8 15 - . 60
27-28 2 - S 8 14 . 1 11 - 41
29-30 .- . - 13 3 - - 2 - 18
31-32 1 - 1 1 3 - - 2 - 8
33-34 - - - 3 - - - 4 - 7
3547 v 1 - 3 .. 3 - - - - 7.
Totals 202 84 538 2,200 1,138 42 1,683 555 138 6,338
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Tantk §3.  LENGTH-FREQUENCY DISTRIBUTION OF STRIPEO Bass TAGCED IN. GREAT SOUTH

- Bay ,
‘ Season and year tagged . ' Per-
Fork length ! centage
in { June~ 1 July- ! 4 July- i | Total by .
millimeters OctoberIOctobor May June November! May ! June! group
I 1956 | 1959 ! 1960 1960 1960 [ 1961 | 1961 |
200-22%...... .. 1 . .. 14
225-249...... e 2 2 .. 4
250-274...... .. 411 26 27 .. 69
275-299. 2 2 108 | 110 1 T 10 240 1| 61.9* .
300-324...... 1 8 65| 95 2 18 | 49 238
325-349...... 15 8 12} 16 21 33 | 126 231
350-374...... [ 5 ‘ 22 14 1 45 27 | 118 232
375~-399...... i 7T 13 37 2 24 311 54 171
400-424...... 3 6 52 1 18 27| 42 149
425449...... .. .. 63 2 1 26 | 37 129
450474.... .. 6 40| -2 .- 91 25 82
475-499...... 4 52| 4 1 4 6 7 34.5
500-524...... e 71 .. .. 1 3 75
525-549......1 .. 150 1 1 4] 2 58
550-574...... 1 L. 54 | .. .. 7 1 63
575-599...... . ! . 25 3 61 1 35
600-624...... 11 1 . 1 1 20
625-649...... 11| .. . 8 1 2
650-674...... 8 . . 4 2 14
675-699.... ..} S 4 T2 . 6
700-724...... ' 3 . 1 7|t 3.6
725-749...... ! . .. 1 1
750-774...... N . . .. .
T75-799...... . .. .. .. . ..
- 800-824...... 11 . . . 1
_ 'l‘otal...;....l 34| 69 7250269 114 |[218 478 ' 1,917 l 160.0

® Below size that may be taken legalily.
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His conclusion in this regard stands inYStafk contrast to the tagging
studies which have demonsﬁrafed that fish of age group II are virtually non-
» migratory, at leést_insoféf_as tﬁe Chesapeake is concernéd. Nor can Merriman's -
dato be exploined as an aberration of normal circumstances. An examination orf
thenéagging data which have been presented in this proceeding by Dr. Raney
(October 30 tesﬁimony) shows that based on size and age'data (Fig. 4) 2-year-olds
‘weuld be common among fish that were'tagged in the mid-Atlantic region. Similar
conclusions apply to Clarke (1968) data (Table 12). Furthermore, Schaefer (1969)
collected 2-year-cld striped bass in the surf waters of Long Island (Figs. 5-8)
and Alperin (1966) found that the prooominant age category present in Great South
Bay on the outer coast of Long Is]ahd was composed of 2-year-old fish (Table 13;
Fig. 9). These data 1nd1cate that the stock present a]ong the Atlantic coast of

Long IsTand and New England receive a great proportion of its initial recruits as

2-year-olds.

. The importance of the 2-year-old stockvthen becomes very cleér, it is
apparenf froﬁ tagging data in the Chesapeake area that 2-year-old fish aré Aot
migrating out of the Bay to any significant extent. Whereao, in contrast
the Mid Atlanticisﬁock, supposedly defived from the Chesépeake, receives a
. major proportion of its recruits as 2~year-old fish., These two_conclusions are
apparentely mutally exclusive with the result that if taéélng data in the
Chesapeake is considered to be representative, even remotely, then the stocc

which is present in the Mid-Atlantic region is not derived in the main from

Chesapeake production. R

Not only is the age of recruitment to ﬁhe Middle Atlantic stock inconsgistent

with the concept of a Chesapeaké origin but the total proportion of tagged fish

recaptured outside the Chesapeake cannot begin to account for the Middle Atlantic

stock. Vladykov and Wallace (1937) discussed this situation in some detail:
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« « « Are these recaptures. sufficient evidence to make definite
conclusions that the Chesapeake Bay rock is a migratory fish which vacates
the tay in considerable numbers and visits the northern Ailantic states
. during the summer months? »Merriman (1937, pp. 30-31) expressed such a
possibility. His reasons were based on tagging results and other ob-
servations that disclosed in 1936 an exceptionally large number of 2-
year-old rock present in Connecticut. The 1934 year class was also
extremely abundant in Chesapeake Ray, a condition noticed in 1935.
Merriman was unable to secure in Connecticut any definite information
- about young rock of sizes comparable to those of Chesapeake Bay in 1935.
He attributed the absence of voung rock in Connecticut to heavy pollu-

: tions of local rivers, which makes stawning impossible. He was then
forced to the conclusion that Connecticut receives its fish frem other
bodies of water: -"The fish two vears old are protably the youngest to
take any large part in the migrations." The present investigations give
support to his findings that fish younger than 2 years do not undertake
extensive migrations. We observed, for instance, that the 1936 year .
class was present in Chesapeake Bay in ceveral rivers (Choptank,
Fatuxent, etc.), not only during the summer and fall months of 1936, but
alsoc during March and April of 1937. Moreover, the greater number of
rock tagged bLy-us in 1936 were fish of the 1934,year class (with two
annuli)-~-fish about 2% years old when tagsed. All these observaticns
seemingly corroborate Merriman's belief that the abundance of rock in
Connecticut during the summer of 1936 "had as its point of origin the
Chesapeake Bay area." Only further and more extensive tagging of Chesa-
peake rock of different sizes, especially yearlings, can definitely
settle this very important question.. The racial studies of rock popu-
lations from different localities along the Atlantic Coast will be of
great help in the final analysis. :

It is important here to point out facts in opposition to the belief
that the Chesapeake Bay rock is migratory. First of all the outside
recaptures of the Chesapeake tagged fish revresented only a very small
number, or approximately 2.5 per cent of the total recaptures. The
Connecticut tagged fish recovered from Chesapeake Bay represent even a
smaller amount less than 2.0 per cent of Merriman's total recaptures.-
(Table 8).

Tags® from fish marked under the direction of the Chesapeake Bio-
logical Laboratory, and taken from bodies of water foreign to the Chesa-
peake, were returned promptly and very cooperatively. Ferhaps all such
tags recovered from fish caught outside of Chesapeake Bay were returned.
“If so, it is hizhly improbable that very large catches of rock made in
different Atlantic states, from North Carolina to Maine inclusive, during
1936 and 1937, should be attributed to Chesapeake Bay fish. BEvidence '
brought by Merriman that a large portion of the Connecticut rock was com-
posed of the 193 vear class, which is equally abundant in Chesapeake Bay, -
i1s merely circumstantial. There is the possibility that the very pro-~
lific 1934 brood had its origin in diffarent regions independently, due
to favorable conditions for development and surv1val throughout the-
range. (p. 82-83, Vladykov. and ~allace)
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Assuming tﬁaf the information presented in these discussions is

accurate, one well mighf ask what is the contribution of the Chesapeake
to the Middle Atlantic stock. One éstimste cf this contribution could be
made.frsm the recapture data of bass tagged in the Chesapeake and recap-
§pred inAthe Middle Atlantic region. Thus if it is assumed that the fish

' which were fagged in tﬁe Chesapeake and later recaptured oﬁfside the Bay
oiiginated from spawning within that system, the contribution to the Middlz:
Atlantic region would constitute somethiﬁg on the order of 0.5 - 1% of the
Cnesapeake stoék, or by weight something on the order of 50,000 pounds. |
This amount would constitute only about 5% of the.Middle Atlantic catch,
Thus, 1t must be concluded tﬁat the Chesgpeaks does not contribute ihe major

part Qf'#he stock of the Middle Atlantic fishery.

C. Contributicn from the Delaware
In his rebuttal testimony, Dr. Lauler_asserted that the Delaware Bay

éstuaiy was a rajor spawning area for striped baés, vwhich inhabited the
Middle Atlantic region. In its evaluation, the Staff consulted 2 principal
references concerning the relative importance of the Delaware system to the
production of striped bass within the last decade. The first of these 2
sources of information was a report issued by Murawsky which was sommented_
‘upon by Dr. Lawler in his rebuttal éestimdny. However, after some study of
Dr. iawler's ccmments, iﬁ was not apparent to the Stsff that Dr. Lawler's
conclusibns were consistent with the information upon which he based them,
+In paiticular, the total catcb of ezzs and larvae represented by the several
- years of sampling data-summariiéa'#?thih-Murawsky's'reporﬁ'do not represent,,

at least to the‘Staff, a productive region for striped bass spawning.
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. TABLE 1l} Summary of returns from juvenile
L ' striped bass tagzed in the Lower
, Delaware River. '
:
_____Released Recaptured .
Location Date Location Date Fishery
fD;épwater. '

' S.J. 10/10/62"-Dal. Bay, Little Crk, Jel. 11/1/62 Comn,
Deepwater - 10/22/62 ,Big Stone Beach, uel. | 12/1/62 Comm. -
Deepwater 10/26/62 Del. Bay,. uillford. vel. 12/3/62  Comm.
‘Deepwater 12/22/62 - Del.Bay, Missipillion Light 12/13/63 Comm.
Deepuwater 10/10/52 Aitté Hummock.:uelaware 2/2/64 Comm.
Jeépwaﬁer 10/13/65 C.% D. Canal, ﬁeedy'Pt., Del.10/18/65 Sport
Deepwater .10/4/65 Ches. Béy. iock Hall, Md. 12/16/65 »Comm.
Deepwater 10/13/65 Del. Bay, Boweré Beéch.Del. 2/21/66. ~ Comm.
Deeﬁwater 10/l4/65 Del.Bay, off Uennis Crk.ilJ  3/7/66 ' Comn.
Deepwater  10/4/€5 Indian Beach, Del. ' ‘10/2/66 ?
Deepwater 16/27/65 Ches,Bay off-Tolchester,Md. ? Comm.
Salen Cove} - . L - o |

NeJo. 10/1/63 Del.Bay,mouth of Haurice E. 11/22/63 Cczm.

| Saiem Céte 10/1/63 Ches. Bay, abbey Pt., id. 2/11 /64 Comm;

had Horse Cieek,wil.J. Sper
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L TABLE 14 Summary of returns from Juvenllé‘
L ' o striped bass tagzed in the Lower
, Delaware River. ‘
. K
- Released Recapﬁured -
Location Date Location ‘ pate rishery

JD;epwater, '

N, 10/10/62 - D=1. Bay, Little Crk, Jel. 11/1/62  Comx.
Deepwater  10/22/62 Big Stone Beach, uel. 12/1/62  Comm.
Deepwater 10/26/62 Del. Bay, willtord, vel. ‘12/3/62~ Comm.
Deepwater 12/22/62 | Del.Bay, Missipillion Light 12/13/63 Comm.
Deepwater 10/10/62  Kitts Hummock,-uelaware 2/2/64 Comm;
veepwater 10/13/65 C.% D. Canal, Reedy Ft., Del.10/18/65 Sport
Deepwater 10/4/65 Ches. Béy, iock Hall, md.  12/16/65 _Cbmm.
Déepwater 10/13/65 Del.Bay, Bowers Beécﬁ.nel. 2/21/66 ~ Comm.
Deepwater 10/47/65 Del.Bay, off vennis Crk.ilJ  3/7/66 ' Comm.
‘Deepwater 10/4/65 Indian Beach, DJel. -10/2/66 ?
Deepwater 10/27/65 Ches.Bay off‘Tolchéster,Md. ? Comm.-
Salem Cove} ' -  .. ' L '

N.J. 10/1/63 Del.Bay,mouth of lMaurice E. 11/22/63 Cczm,
Saiem Céve 10/1/63 Ches. Béy, Abbey Pt., Ld. 2/11/64  Comm.
| Reedy Isl. .Mad_HorserCQeek.pﬂ.J; ' Sport’
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Other information is available which also 1ndicates pau01ty of spawning

successes of striped bass 1n‘the Delaware system, in particular, a recent
~publication by Chittendon; whose abstract is quoted below:
The Delaware River was historically.an important scawning and

- nursery area for strived bass, particularly in and near tidal fresh
water, Collections of fishes throughout the freshwater sections from
1963 to 1966 by techniques that included continucusly fishing traps
and large and small meshed seines containa2d no striped bass, and few
specimens were collected in rotenone surveys from 1960 to 1G62.

Gross pollution of the tidal freshwater area has dastroyed its
" potential as a spawning and nursery area, has resulted in the virtual
" extirpation of the striped bass from thers and upstream waters, and is
the probable cause of the decline in abtundance of this species in the
Delaware River. Major restoration of striped bass would occur if
pollution is decreased so that the tidal freshwater section can resume
its former importance as a spawning and nursery area'(Abstract, Chittenden;197l)

The Staff also examined with interest Dr. Lawler's statements concerning
the relative importance of striped vass spawning in the Maﬁrice River, which
is a tributary to Delaware Bay. The location of the recaptures of the firh
tagged in the Maurice, to which Dr. Lawler is referring, is presented in Figure
10. Note that none of the recaptures of fish tagged in this river system have
been recaptured 1orth of the mouth of the Delaware and therefore could not he
considered as representing the migratory stock which moves north and‘south
along the Lond Ieland shore, nor does it seem to support any major fishery Ior
striped bass outside Delaware Bay itself, Furthermore, other data presented by
Hamer (1971), demonstrate that juvenile fish which have been tagged in Delaware
Bay do not in fact leave the system (Table 14). 1In effect, the information
which Haﬁer presented in his 1971 report show no striped.bass tagged within the

Delaware Bay which were later recaptured north of the Bay.
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D, Contribution from the Hudson.
[ The'importancé of the Hudson as a spawning area for striped bass has long

been noted., 1In fact, Merriman commented on this very point as follows:

: s .

= + « » Arezs similar to those where small bass were taken in the
Hudson River in the summers of 1636 and 1937, as well as many other
likely localities, have been worked with minnow seines and small-~
meshed trawls that were efficient enough to catch large numbers of
young fish of many other species and occasionally even adult strirved
bass. However, the smallest striped bass taken in Connecticut waters
was a small 2-year-old which measured 23 cm. (9 inches). . .

« ¢« « In 1636 the New York State Conservation Department took
large numbers of juvenile striped bass in various localities on the

Hudson River from Beacon downstream. A length-frequency curve of these
fish is shown in figure 10. (p. 16-17) s :

« o .'Théie can be little doubt; therefore, that the Hudson River is:a
spawning area Jor striped bass. (p. 17)

This evidence has since been confirmed by Raney (1952), by Rathjen and Miller
(1957), and by the ﬁudsbn River Fisherieé Invesﬁigation (1970). Much of the
-récent informatiorn has been gathered by investigators under contract to the
Applicant. In effect,_these data show that the Hudson is in fact a maﬁor spawning
area for striped bass. 3 |
Because of its locafion, the Hudson River should have been éxpectedAto be
thé predominant soufce of striped bass inhabiting the New Jersey Coast, New
York, Connecticut, and perhaps Rhode Island and the fest of the New England
area.simpiy on the basis of the fact.that each ﬁopulatioh of striped'bass on the
Atlantic coast appears to support a local fishery such that the degree to which
oné geographic area is supported by stock briginatigg in another geographic area
is apparently very small. For insfance, within the Chesapeake, there sgems to

be no consistent relationship between the stock utilized in the Maryland portion
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of thé Chesapeake anébthat utiliied within the 7irginia portion. Likewise, there
is no apparent relationship bétween landings in the Delawafe and either the
combiﬁed Maryland and Chesapeake catchés or the Chesapeake catches or the Maryland
catches. Furthermofe, there is ro evidence that the South Carolina stock is
supported’to any extent at all by the Chesapeake stock, nor is the opposité
comparison éignificant. | | | | |

With this information in mind, the Staff finds the Mérriman hypothesis
indefensible. It should be pointed out that Mérfiman's analysis was especially
well done, and it is the Staff's bélief that hié error was one of omiésion

as indicated in the following quotation:



ORIGIN OF THE DOMINANT 1934 YEAR-CLASS

The problem of the geographical point of origin of the dominant

- 1934 year-class, that age-group which has already been discussed at

some length, is of varticular interest. There is considerable evidence
to support the conciusion that these fish were produced mainly in the
Chesapeake Bay region. Thus, in the summer of 1935, when the members of
this year-class were 1-year-olds and Probably averaged 15-20 cm.
(approximately 6-8 inches) in length, an unusually sgreat abundance of
striped bass of about this size and Presumably of this age was observed
and reported from Chesapeake Bay by many competent people. Truitt and
Vladykov (1936) also "found that fish ranging from 21 to 25 cm. in stan-
dard length"” seemed to be the most abundant age-category of striped bass
in Chesapeake EBay during the early and midsummer in 1936, These fish
were undouvtedly 2-year-olds at that tine---members of the dominant 1934 -
Year-class, Viadykov and Yallace (1937) also corroborate this informa-
tion. On the other hand, diligent inquiry elicited no reports of yearling
- bass in 1935 from waters farther north. In the light of these observa-
tions it therefore seems logical to suppose that this large group of fish
that were 2-year-olds in the summer of 1936, and first appeared in north
Atlantic waters in that year, came in the majority from the Chesapeake

- Bay area and that general latitude. {See below for evidence that the
dominant 1934 year-class did not come from farther south, p. 49.) Fronm
what is now known of the Paucity of the srawning areus in the north, it
is most unlikely that those regions north of the latitude covered by
Delaware Bay contributed more than a small fraction to this dominant
year-class---or for that matter, that they ever play more than a small
and unimportant role in contributing to the total stock along the Atlantic
coast under present conditions. Thus it becomes apparent that the striped
bass fishery from New Jersey northward is almost entirely dependent for
its existence on the stock of tass produced to the south, and on the mi-
grations from the south to the north in the spring, which do not occur

. until bass become 2 years old or older. T

Granting that the major vortion of the production of striped tass
takes place from the northern rart of Delaware Bay south, it is of interest
to deternine how far south the stock contributes to the surply in northern
waters, and to what extent different areas contribute to this supply. It
is known *hat the Chesapeake Bay area is an important sprawning center, and
the work of V. D. Vladykov and D. H. Wallace (as yet unpublished) on tag-
‘8ing striped bass in connection with the survey of anadromous fishes for
the State of Maryland has shown that the migration of bass out of Chesa-
Peake Bay to the north in the srring is not an uncommon occurrence, Thus
- 1t seems well established that this general reszion contributes to the
- supply in the north and is an important center of production.

St e e e e
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It wouid appear from this discussion that Merriman did nét have sufficient
data ﬁitﬁ which to evalﬁate thelimportance of the Hudson and thérefore rejected
the Hudson'as a probability. | |

It is the Staff's belief that there are sevéral good reasons to agcept thé
hypothésis thaf the Hudson contributes the major portion of the stock to the
Middle Atlantic fishery and perhapsvthe fishery of the New England as well, wa
relatively recent and comprehensive stﬁdies of the composition and'migration nf

striped bass which frequent this area have been conducted by Alperin (1966) and

- Schaefer (1968)., 1In both studies, the bass were captured by haul seine and most

were tagged and released after appropriate size data and scale samples (used for

age determination) were taken. One of the important objéctives-of'each of these

 studies was to determine the origins of bass occurring on the outer coast of

Iong Island. Such information is particularly needed to assess the extent of the
contribution of the Hudson stock to the commercial and sport fisheries of the.

New York area. The size, age, and migration data which resulted from these

. studies permit evaluation of questions related to the annual variations in .

contributions from the Chesapeake Bay and the Hudson River to populations on

the Atlantic coast of Long Island.

Sampling in the first of these two studies was concentrated in Great South

Bay during the period from 1956 to 1961. 1In diéussing the results of this

study, Alperin concluded the following: - ' e

"The origins of the striped bass that frequent Great South Bay
are not readily discernible from the information collected
during this investigation. Returns from the fish tagged in 1960
and ‘1961 dc not, however, suggest a Hudson River origin, although
this river contains the nearest important spawning ground. Of
the 149 tag returns from within New York waters, only three

. (2.0 percent) came from the main body of the Hudson. Even when
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all adjacent areas were included (i.e., Jamaica Bay, Upper and ILower
New York Bays, Staten Island and western Long Island Scund) the
returns tctalled only 11 (7.4 percent), 1In contrast, much higher

" . rates of recovery in the Fudson River resulted from the small

samples tagged in 1956 and 1959. Of the six returns for fish tagged
in 1956, all in New York vaters, one (16.6 percent) was taken in the
lower Hudson River in 1958. For the fish tagged in 1959, recoveries
from the Hudson River totalled fow (18.1 percent) of the 22 from

State waters. Also none of the striped bass tagged in 1959 were recovered
-south of New Jnrsey although some did reach New England.

"These data, meager as they are, lead to the conclusion that the
fish marked in 1956 and 1959 were of more local nature and may

have originated in the Hudson River, while those marked in 1960 and
1961 which appeared in great numbers, probably originated elsewhere,
In the years when migrants from the South are not abundant in Great
South Bay, fish of Hudson River origin may be the principal source of"

supply. "

In comparing the results of tag returns from striped bass tagged in surf

waters with the results obtained by Alperin, Schaefer commented,

"The results of the tagging conducted in the present study,
however, roughly parallel those presented by Alperin for

striped bass tagged in Great South Bay between 1956 and 1961.

He reported that 16.6 percent and 18.1 percent, respectively,

of the recoveries for fish +agged during 1956 and 1959 came from

" the Hudson River, but that only 2.0 percent of those for fish

tagged during 1060 and 1961 came from that location. These
observations prompted him to hypothesize that 'the fish marked in .
1956 and 1959 were of more local nature and may have originated

in the Hvdson River, while those bass marked in 1960 and 1961,
which appeared in great numbers, probably originated elsewhere.

In the years when migrants from the south are not abundant in

Great South Bay, fish of Hudson River origin may be the principal

source of supply'. Although it may seem contradictory that both
Raney et al. and Alperin suggested that striped bass of Hudson
River stock seldom go farther east along the south shore of Long
Island than Jones Beach, it should be noted that this conclusion

is based solely on recovery data from fish tagged in the Hudson
River which were mostly specimens of sublegal (less than 16 inches
in fork length) size. It has been demonstrated by several
investigators (Vladykov and Wallace, 1938, 1952; Merriman,1941;
Raney, 1952, 1957; Mansueti, 1961; Massmann and Pacheco, 1961
Nichols and-Miller, 1967) that small striped bass, especially those
less than 2 years old, are, for the most part, nommigratory. With
this in mind, the hypothesis of Alperin concerning the origins of
the Great South Bay population seems quite plausible. Applying
similar reasoning to the recovery observations of the present study,
it is suggested that a rather sizeable portion of the fish tagged at
Westhampton Beach between 1954 and 1956, and possibly some of those
tagged at Great South Beach between 1961 and 1963, may have been of
Hudson River origin,
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Recen£ fetﬁrns from taggihg studies conducted by Sandy Hood Marine Iaboratory
personnel also indicate a contfibution of Hudson stock to the coastal fishery
(Fig. 11) (Clark and Smith, 1968).

Furthermoie, yeérling striped bass were discovered along the south area
of Long Island in Great South Bay dufing the swmer of 1964. Alperin (1966)
concluded that these fish were of Hudson River origin based on theéir
meristic charaéteristics. Thus, recruitment of Hudson stock to the coastal

~waters was confined..
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vRecent returns from tagging‘studies conducted by Sandy Hook Marine
Laboratory personnel also indicate a contribution of Hudson stock to the
coastal fishéry (Fig. 11) (Clark and Smith, 1968).

Furthermore, yearling.striped bass weretdiscovered along the south
.coast of Long Island in Great South Bay during the summer of 1964. Alperin
(1966) concluded that these fish were of Hﬁdson River origin based on their
meristic characteristics. Thus,.recruitment of Hudson stock to the coastal

waters was confirmed.
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