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ABSTRACT

; The Atlanuc coast populatxon of stnped bass Morone saxatzlzs collapsed in the late 19703
Hatcherv programs and release expenments were instituted to evaluate the potential to restore stnped
bass in Chesapeake Bay. Because survival of stnped bass larvae to first feeding (7 days after hatch)
is low rangmg from 0.2% to 5. 2%, it may be feasible to enhance survival through hatchery
propagatxon of eggs and yolk-sac larvae, and to supplement recruitment by stockmg post-yolk-sac
larvae. Dunng 1991-1993, otoliths of 31.7 million hatchery-produced striped bass larvae (5-13 days:
aﬁer hatch) were chermcallv marked and released into two tributaries of the Chesapeake Bay. In
years of moderate to poor: narural survxval (1991 1992) stocked larvae contributed substantially (20
to 30%) to overall juvemle abundance. In 1993, a year of I'ugh natural productxon, stocked larvae

contnbuted only 5% to juvenile abundance although numbers contributed were higher than in

prewous years. Using field and hatchery estimates of larval and juvenile growth and mortality, we

contrastéd enhancement strategies in which fish were released at three different ages: larvae (7 days

after hatch), Phase I Juventles (53 days after hatch) or Phase II juvemles (220 days after hatch).
Cohort biomass accumulation was highest when Phase I juveniles were stocked. Hatchery-reared

)uvemles expenenced substantlally hxgher rates of growth and survival than dld wild juveniles of -

similar age When approumate costs were incorporated into the analy51s the efficacy of larval
stocking to increase cohort biomass was approxxmately equlvalent to stockmg Phase I juveniles.

Dunng vears of poor recruitment larval stockmg in estuarine tributaries could supplement stocks of
striped bass and other anadromous species which experience htgh embryo and yolk-sac larva

: mortalxtv
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INTRODUCTION

Stried Bass Restoration

Large reductions in landmgs of stnped bass Morone saxatilis and dechnes in recruitment (Fxg
1) prompted a restoration program in the Chesapeake Bay (AS‘\/IFC 1995) Taggmg and genetic
studies had shown that Chesapeake Bay is the ma}or nursery area and source of recruits to coastal
fisheries in the mid-Atlantic region of North America (Boreman and Lewis 1987, Fabnzxo 1987
Wirgm etal. 1993) High rates of explortatxon on premigratory juveniles (Z >2.0 yr't; Gibson 1993)
throughout the 1970s and degraded nursery habitats (Hall et al. 1993) were believed to have led to
recruitment failure in Chesapeake Bay. One of two principal responses by management to restore
striped bass was a hatchery-based stockrrig program. From 1985-1993, 1.4 million “Phase I”
juveniles (35-50 mm; total length [TL]) and 6.1 million “Phase o juvem}es (1‘0 to 200 mm TL) A
were stocked into several Chesapeake Bay tributaries (Fig. 2) The other response was to unpose

moratoria in Maryland (1985-1989) and Virginia (1989) and restrict exploitaticn in coastal waters
(ASMFC 1995).

The rationale for hatchery-based restoration was based upon studies that indicated: 1) high
mortality rates of eggs and larvae in nursery habitats; and 2) strong environmental effects on stnped
bass recruitment (e.g. Ulanowicz and Polgar 1980). In two Chesapeake tributaries, recent estimates
of larval mortality to first feedrng (ca. 5 days after hatch) ranged from 94.8 - 99.8%; larval mortality

from first-feeding to ca. 8 mm standard length ranged from 91.6 - 94 8 (Secor and Houde 1995a; .
Keilogg etal.'1996). " -

Low stnped bass larval sumvorshxp in degraded nursery habxtats was proposed by Hall et al.
(1993) as the “acidification hypothesrs Laboratory and in situ studxes in several tributaries of .
Chesapeake Bay indicated that acid rain depressed pH in nursery habitats and motilized toxic metals,
at concentrations lethal to striped bass larvae. Alternatively, ichthyoplankton studies demonstrated
that metereologxcally driven variability in water quality (temperature, pH, conducivity) are dominant
influences on egg and larval survival and juvenile production (Uphoff 1989; Rutherford and Houde. ,
1995; Secor and Houde 1995a; Kellogg et al. 1996). Thus, if survival of embryos, and survival and
growth of larvae, were high in hatchenes then released Juvemles would have bygassed a bottleneck

of cntrcal mortality, whether caused by degraded nursery habxtat or fluctuating meteorological
condmons :

. In this paper we examine the prernrse that stockmg stnped bass Juvemles isa supenor strategy
to stockmg larvae. We have conducted larval mark-recapture expenments in thres years (1991- -1993) ..
and in two tributaries, the Patuxent and Nanticoke Rivers (Fig. 3), to examine how vital rates of
larvae are related to meteorological events and associated water quality (Secor et al. 19953, b; 1996).
Our experiments indicated that larvae reléased under favorable conditions made substantial
contributions to juvenile production. Therefore, stocking larvae as a replenishment tool might be a
viable alternative to stocking juveniles. Here, we first document the contribution of hatchery stocked
striped bass larvae to juvenile populations in the Patuxent and Nanticoke Rrve in 1991-1993, We
then apply estimatéd larval growth and survival ratés from past studies and the literature to compare .
production rates of striped bass larvae and juveniles in either wild or hatchery environments. Three
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Juvemles and 220 day posthatch “Phase 04 Juvemles Criteria consxdered were rates of btomass'

. accumulation, cost; and genetic representation (number of spawning fernales prod..cmg an aarual
cohort).

METHODS

Larval Mark-recapture E*( enment

¥

Stnped bass eggs, obtairied &om tnduced spawning in the hatchery of 10 (1991) 8 (1992) and' _
12 (1993) wild females captured in the Patuxént (1991) or Nanticoke River (1992- 1993) were
provrded to us by Maryland Department of \Iatural Resources ('I'able 1). Ferttltzed eggs were held
2m raceways for incubation and larval rearing at the Manmng Hatchery Larvaé | were xrnmersed
lutions of alizarin complevone (ALC) in 1991 and 1992 and tetracycline hydrochlonde (TC) in
1993 to produc.. ﬂuorescent marks in their otoliths (Secor et al 1991; Secor et al. 1995). Batches
~ of embryos or larvae were immersed and marked at ages rangmg from 0 to 9 days after hatch.
Batches of larvae were marked by single or multiple treatments (Table 1). Otolith marks (eqtuvalent
to codes) on recaptured mdmduals provided mformatron on release date, site, and larval age at -
release. -

Stx to 1.: day—old Iarvae were transported from the hatchery to release sites and released
dtrectly into the rivers. Release sites were chosen based upon occurrences of wxld strrped bass larvae -
in collecttons durtng the week precedmg the mmal stockmg date in each year Tests at the :

1993) showed no incréased mortaltty during a 24-h period associated with the stocking procedure
(water quality changes) compared to control levels (larvae maintained under hatchery water qua.hty >

conditions). Therefore in the field experiments, larvae were not acclrmated to river water prior to.. .

thexr release.

Recaptures of released larvas were obtained in several one-day 1chthyoplanlcton surveys from .
late Apnl to early Ji une followmg the ﬁrst release of marked larvae Samplmg oears were a 60-cm

‘ 1996) provide details on methods and analysrs of xchthyoplankton samples and water qualtty datasets C

J uvemle stnped bass were surveyed by \/Iaryland Department of \Iatural Resources m 37-m seme

.....

(Patuxent River) and eight sites (Nantrcol.e vaer) that have been sampled historically to mde‘c
juvenile abundance (Mmkkmen l99a) ‘

Otolxths of larval and Juvemle stnped bass were exammed (Secor et al l99lb) The presence

RN

of specxﬁc otolith marks (Table 1) allowed releasé date larval age(s) at release, and sites of reledse
(1992 experiment only) to be determined. : -

t Growth and mortality rates of marked larvae were determined based upon their lengths.
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known ages and estimated abundances. Growth rates of larvae were estimated from exponential
regressions of length on age (Ricker 1975). Growth and mortality rates from the exponenna] models .
were compared statistically among groups using a Newman-Keuls test (Zar 1974).

During June, the Maryland Department of Natural Resources released 105,915; 97,297 and
278,344 coded wire-tagged (CWT), young-of-the-year (40 - 60 mm SL) striped bass in 1991, 1992, .
and 1993, respectively (Minkkinen 1993). The number of juveniles stocked, adjusted for transport
mortality and tag loss, was 97,611; 71,124 and 209,133 in 1991, 1992 and 1993, respectively. Based
. upon abundances of recaptured CWT juveniles and seined juveniles originating from our marked
larval releases, we were able to estimate recruitment potential of our released larvae. Abundances

of juveniles from our marked larval releases (N, were esumated (chker 1975; Secor and Houde
1995b) by: : :

chr = Z (Nc‘vr C\t) R - A , (D
=1

where Ny = number of released juveniles with coded wire tag, adjusted for tag loss and stOcking"
mortality; A

t(l.x)= experixhental 1arVal reiease group;

Ry - = number of recaptured Juvemles that had been released as Iarvae and coded for
© release i by the unique chemical mark on their otoliths;

Reyr = number of coded wire-tagged Juvemlts recaptured in the Juvemle samplmg
program.

Applving Equatxon 1, estimates of abundance of juveniles were obtained for each expenmental ‘
larval release. The variance of abundance estimates of the otolith-marked juveniles 1 was calculated
based upon an assumed Poisson distribution (Rxcker 1975) In 1991 and 1992, all larval release.
groups were identifiable based upon the unique marks and mark combinations on their otoliths. In
1993, only one of the individual release group (second release, larvae released at 12 d posthatch)
could be confidently dlstmguxshed in the juvenile recaptures Specxﬁc 1dent1ﬁcatlon of other marked

groups in 1993 would be depended upon very accurate (= 3 days) ageing, which was not possible
based upon analysis of the Juvemle otohths in Juvemlw (Secor and Dean 1989).

Overall survival rate to the 40-60 mm stage for each release group (S,) was éstimated by:

where Ny, = estimated number of 40-60 mm juveniles from experimental release i (eq. 1) and; |
L



: N‘, = number of larvaé stocked in e*cpenmental release ! ad)usted for mortahty assocxated
i with the stockmg procedure :

Cohort Biomass I Productron Model

N The Chesapeake Bay striped bass stockmg program has depended upon re!eases at exther ca.

- 55 days after hatch (Phase I Juvemles) or ca. 220 days after hatch (Phase IT juveniles). We wished -
to compare these stra.tegxes with re!msmg larvae at ﬁrst feeding (7 days after hatch). Therefore, stage-

- specific growth and mortality rates and weights were obtained for the following perxods 25106
days after hatch (embryo) 7t0 55 days after hatch (larva), and 56 to 220 days after hatch (Juvemle) :
Hatchmg was assumed to occur at 2.5 days after spawmng (Secor et al. 1992). Esttmates of vital
rates and wet weights of wﬂd larvae and juvemles were obtained from field studxes in the Patuxent

' Rﬁ r (Secor and Houde 1995a; Secor et al 1995; Minkmnen and Stence 1993) and the Nanticoke -

(Minkinnen 1993; Kellogg eta]. 1996 Secor etal. 1996) Cohort-specxﬁc rates of larval- -stage -
growth and mortahty were availablé for aII years. Estxmated initial egg wexght (1.0 mg) was obtained
from Secor et al. (1992) for South Carolina striped bass because estimates for Chesapeake Bay
stnped bass were not available. : :

Estxmates of v1tal rates and wexghts for hatchery-produced ﬁsh were calculated ﬁom data - -
prov1ded by the Potomac Electnc Power Company which produced the Phase I and Phase I juveniles -
stocked into the Patuxent and Nanticoke River (PEPCO 1987-1995) Pond-specxﬁc rates of Iarval
growth, mortality, and weight were avaﬂable for several ponds in the period 1987- 1995. Only mean
values of juvenile survival and growth were reported in PEPCO documents ‘Wet weights at 7d -
posthatch of hatchery-produced larvae stocked into the Nantxcoke vaer were measured by Kellogg
(1996).

N

e - Be=By t(Ws/Ws-ﬂ**m] N ©

where Bs i bxomass at the end of the | prewous stage Ws and Ws,l are median wexghts at the end of
stages S and S-1, and Gs and Z are daily instantanecus growth-in-weight and mortality rates for
stage S. This method was adapted from Houde’s (1996) model of biomass prohferanon and allowed
cohort bxomass to be “fine- tuned" to e‘cpected stage- -specific wexghts To reduce the effects of
sutliers, medxan values were chosen to represent stage -specific vital rates and weights. In cases
" where 3 or fewer data were availablé, mean vital rates and weight values were used to estxmate '
w.omass

In our companson analy srs we adopted a model scenano which depended upon stochmg a.

maximum biomass of Juventles (Phase I or Phase IT) in a year of | poor natural reproduction. By, the
‘nitial Spa\med biomass, was specxﬁed as 2 10° g for natural cohorts (em7 productxon =2 blIIxon ca.

1.000 spawning females). Field estimates of Spawned egg biomass in the Patuxent and Nanticoke
Rivers ranged between 0.7 and 6.7 million grams (Secor and Houde 1995; Kellogg et al. 1996). The

maodeled scenario represented a véar of low egg productron Inmal egg biomass in the hatchery was
stipulated at 10* g (egg producnon = 10 million, ca. 5 spawning females). Ten million eggs .or ca.
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analyzed (1991 and 1992), the average cohort lost biomass dunng the larval stage (Fig. 5). However,
several “weekly”cohorts (larvae spawned within the same 4-6 day period) during these years showed
increases in cohort biomass (Secor and Houde 10953, Kcllog et al. 1996; Houde 1996). For
example, in the Patuxent River (1991) Secor and Houde (1995a) showed that high survival rates
occurred when weekly cohorts expenenced mean temperatures of 16-20°C during their first 25 days
after hatch. In that year larvae were stocked dunng a penod followed by favorable temperatures.
Alternatively, complete loss of release groups in our expenments provrdes crmcal msxght on when
and where not to stock larval striped bass. In 1993 (Nanncoke Rrver) a storm event apparemlv
caused in complete loss of larvae stocked on 24 Apnl no larvae or juveniles were recovered with a
mark correspondmg to this group (Secor et al. 1996). Srmxlarly, in 1991, complete loss of an entire .
group of stocked larvae occurred because the release was downstréam from the maximum turbidity -
zone which may serve as a retention front, delimiting the ‘downstream boundary of stnped bass
nurseries (Secor et al. 1995; Secor 1996) ‘Results from three years of 1chthyoplankton surveys and
larval mark-recapture e*cpenments indicated that survival of released larvae often is substantially
higher than that of average weekly coherts of wild larvae if larvae are stratecrcally released into
favorable conditions. These conditions mclude 1) periods of stable and rising temperatures between
16 and ”O°C 2) mean nursery alkalxmty >15 mg/L as CaCO,, pH>6.9; and a) avoidance of storms,
especzally dunng dry years (Secor 1996).

Meterological forecasting and surveys of nursery water qualrty could i increase the probabrlxtv o

of stockmg larvae into favorable condmons However weather.dunu_g Apnl and \/Iay is qurte
be available to stock dunng favorable conditions. Despxte these t uncertainties, we believe that a long-

term larval stoclcmg program could, on average, augment narural stnped bass juvenilé abundances
in poor to average years of natural recruitment.

Stocking Strategy: Larvae or Iuveniles?

How efficient is larval stocking in comparison to stockmg hatchery-produced Juvemles? We
addressed this question by assembling available data, estimating stage-specific vital rates and weights,
and analyzing rates of biomass accumulation and hatchery contributions under scenarios of releasing
larvae, Phase I Juveml&s or Phase II juveniles. Larval mortality rate estimates were the most variable
(wild larvae) or uncertain (hatchery larvae). Therefore these rates were dehberately varied: to
evaluate larval versus Juvemle stockmg strategres :

We believe that biomass estimates of wild striped bass at 55 d posthatch (Fig. 5) for the 1991-
1993 annual cohorts may have been underestimated. Estimates (Secor and Houde 1995; Kellom7 et
al..1996) of cohort abundances at 55 d posthatch were 14,930, 5,435 and 28,387 for 1991, 1992, and
1993, respectively. These estimates were one to nearly three orders of maemtude less than mid-] uly
abundance estxmates for Juvemles at ca. 85 d posthatch (Table 3).” Striped bass are difficult to sample
and mortality rates are difficult to measure during the late larval and early juvenile period because of
an ontogenetic habitat shift from freshwater pelagic to brackish benthic habitats. If mortality rates
were lower during this period than we had estimated, substantially higher biomass gain compared to
those predicted may have been realized. Finér scale resolution of ontogenetic changes in mortality
and growth rates during the larval stage would probably result in higher biomass estimates at 55 d
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posthatch because the dxﬂ"erence G Z ‘would be expected to increase with size (see Equanon 3)

Because of the uncertainties in estimating mortahty rates dunng the larval stage, a prudent approach

was oné that considered several possrble n'ortalny rates in thé field (Fig. 6).

The overall scenario for companng wild and stocked biomass accumulation rates stipulated

a low spawning year (egg productton 2 billion eggs) and hatchery productton limited to five females : :

orca. 2. 7 mxlhon 7-d posthatch Iarvae Although many more larvae were actually stocked mto the

initially reared to grow Phase I or Phase I Juvemles at the PEPCO hatchery Increased egg

production in the rivers or - hatchery production of larvae would alter the results of the stxpulated N

model. For instance, stockmg 13 million larvae rather than 2.7 rrulhon would result m a 4.3 fold
incredse in biomass of hatchery larvae and Juvemles and would result in a 2.4-fold i increase in hatchery

v contnbutxon by stocked larvae to overall (stocked + wﬂd) larval abundance Alternanvely, a large
plomass of wild larvae and _;uvemles and result in2 1.3% contnbunon of 2.7 7 rmlhon stocked larvae.
Changing scenarios of initial production rates of wild and hatchery larvae will affect only the relative
contribution of hatchexy stocked fish. The rates and ontogenetic pattern of biomass accumulation
within hatchery and wxld cohorts will not be affected.

Patterns of biomass accumulatton indicated that under a scenario of low natural egg
productton, hatchery releases of larvaé and juveniles could make >10% contributions to overall

abundances (F' ig. 7). Iflarvae were stocked mto favorable condmons (mtermedxate or low mortahty -

rates), then posmve rates of biomass i increase were expected (Fig. 6) However, under all scenarios,

highest biomass accumulatxon was predxcted for hatchexy-produced stnped bass dunng the larval

.stage ‘Therefore, from the perspective of i maxmnzmg striped bass productton rates, hatchery
contnbunon would be hxghest if Juvemle (Phase I or Phase I0) striped bass s were stocked.

When costs Were factored into hatchery contribution rates, stockmg Phase I juvemles was

‘predxcted to be most cost eﬁ"ectxve stratcgy if 1) Hatchery larval mortality rate was low (Z = 0.025

and 2) wild lawal survival was poor or, intermediate (Z = 0.12, 0.20 d ). However if hatchery
larval mortahty rate was high (Z = 0.05 d), then stocking larvae was most cost efficiént under all
scenarios of wild larval survxval In years of high early survival rates of wild larvae, the cost per unit

hatchery contnbunon was. 2.5-33 times lower for released lawae than for released Phase I or Phase .
I ]uvemles Rearmg larvae and Juvemles under such sxtuattons is wasteﬁll because hatchery-pond

environments do not increase rates of biomass accurmulation over that whxch would oceur in the wild.
Because predictions of cost-effectiveness of stocking larvae or Phase [ fish was sensitive to estxmates
of natchery larval mortality rate, futiire efforts should be axmed at reﬁmng this estxmate '

Ev aluatxon of genenc costs of stockmg larvae or Juvemles indicated that either strategy was
uxyalent eﬁ'ecttve population size was mversely related to hatcherv contribution rate. Secor et al.
(r99") reported that single- brood rearing and practices at a South Carolina hatchery resulted ina

single female parent contributing 90% of Phase-I juvenilés stocked into the Santee-Cooper Resérvoir-

ooulanon in 1990. Stocked larvae routinely can be the pooled broods of numerous parents, rand can
increase genetic representation of stocked fish by lowermg the probability that dunng pond-rearing
incividual broods will be eliminated either mtentxonally (i.e. culled) or through disease or other pond-

1




rearing mishaps (Kerby and Harrell 1990). Larval stockmg also will limit the capacxty of hatchery
productlon relative to natural production so that hatchery contributions will not exceed 90% At
levels greate' than 90% contribution, N; dropped to levels below those recommended for fishery
recovery programs (N <424; Tave 1986).

Larval stockmg as a strategy to enhance Juvemle production and recruitment of striped bass’
has other important advantages over juvenile stocking. We believe that stocked larvae will adopt -
behaviors that lead to successful feedmg, growth, and survival in the natural environments into which

they are released. Released larvae had similar growth and mortality rates and dtspersal pattemns ©

compared to contemporary wild cohorts (Secor et al. 1995 1996). - Larvae reared in ponds and

stocked as Juvemles, may develop behaviors that are lavorable in the ‘artificial’ pond environment but

not in juvenile nurseries. For example Andreasen (1995) found that hatchery-ongm Phase II-
juveniles suﬁ'ered high predatxon mortalxty (Z=0. 16 to 0.36 d) during the first four days after
stocking in the Patuxent River, apparently because thexr behavior promoted cannibalism by older wild

stnped bass. By the juvenile stage it is probable that fish stocked as larvae and surviving to the’
juvenile stage will have been “selected” to behave more appropnately in the natural environment, and
their survival potential will increase. ,

Application of Aggroach to Other Sgecles

Comparisons of ontogenetic patterns of cohort biomass between hatchery and natural’
eavironments could provide perspective on the efficiency of stock enhancement strategies in other
anadromous and coastal fishes. Salvanes et al. (1994) used a similar approach which considered the
ratio Z/G as an index of cohort biomass productxon to evaluate stockmg different age (size) cod”
Jm eniles into fjords from pond productton These approaches require accurate estimates of vital rates
in natural and artificial environments. Otolith-based agmg of larvae and juveniles and larval-mark
recapture experiments can provide estimates of vital rates in the field (Tsukamoto 1989; Secor et al.
1995¢). However, hatchery based estimates of embryo and larval stage specxﬁc abundances mav
require better methods than are currently employed.

We believe that comparing stage- specxﬁc rates of bxomass accumulatxon may be parncularly
relevant to American shad (Alosa sapzdzs.wma) which are sxmxlar to smped bass 'Shad spawn pelagic
eggs in tributaries of estuaries and exhibit hxgh early monahty rates that are largely controlléd by
environmental factors (Crecco and Savoy 1984). Federal and state hatcheries have been releasing
millions of American shad larvae into the Susquehanna River, Chesapeake Bay's largest tributary,
since 1976 (St. Pierre l994) and other state and federal agencxes are rapidly developing and
expanding larval stoclqng programs elsewhere in the Chesapeake Bay region (Garman 1995). Despite
these enhancement programs, little is known of larval and juvenile productxon rates in the wild (Kahn

and Wexnnch 1994), and the eﬂicxency of hatchery productxon relative to natural productxon remams '
urevaluated.
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Table 1. Smpcd bass larval mark-rccapturc c.\pcnmems Patuxeat Rncr (1991) and Nanticoke River (1992 1993,
eleasc records for striped bass larvae by year. Broods are desxgnatcd accordmg to Manland Departmcnt of Natural

Resources Hatchery records. Release sitc indicates batches of larvae which were released at downriver and upm er sites’

mthm the smpcd bass nurscxv “Ages marked” indxcate the 2 ags at whxch Ianac were xmme'scd m 25 ppm ahzann

\olumemcally (i.e. number m 3) in rcanng troughs 6 hr before release.

- Millions

Brood(s) - Larval Release Site Ageat | Ages |
' Release - Release Marked Released
Date 16 @ |
1991 - Patuxent River

P-3 26April | . Downrivet | 9 0 0.72

P9, 10, 11,12, 13 26 April |  Upriver,Downriver .| 9 | 8 324
P-12,13 30April |  Upriver, Downriver . | 13 6 144
P-14,16,17,18 30 April |  Upriver, Dovwrriver . | 9 2 114
Total Released N . - L , 6.54
- 1992 - Nanticoke River o .
N-13 24 April " Downriver KN 7 0.65
N3 24 April Uprivee | 8 5 113
N-15,17,20 25 April . Downriver 5 .,3 1.55
N-14, 16 25 April | Upriver 5 1 0.93
N-15, 17,20 - 28 April Downriver '8 | 1,36 172
N-14, 16 28 April Upriver. . | 8 1,6 272
N-18,21 1 May " Dowmriver 10 0,7 240
N-19, 22 1 May Upriver 10 0,9 2.12
Total Released 13.22

1993 - Nanticoke River
N-1,N-3, N-4 21 April Upriver, Downriver 10 8 2.18
N-3,N-7 25 April Upriver, Downriver 12 8 1.07
N-11,N-13 25 April Upriver, Downriver 9 5 248
N-16,N-17.N-18 29 April Upriver, Downriver 6 1 3.98
N-19, N-20 . 3 May ‘_‘Uprivéi'. Downriver 6. K 2.18
Total Released 11.89
1991 - 1993

Total Released 31.65
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Tabte 2. Striped bass larval mark- rccapturc cxpcnmcnts Patuient River (1991) and Nantxcoke River (1992-
1993. Growth and mortality coefficients among hatchery -produced rc!casc groups g= lcngt.h-specxf c gromh
coefficient; G = weight-specific growth coefficient. G coefficient was based upon converted lengths using a
v»cxght-lcngth rc!auonshxp (Houde and Lubbers 1986). Release sxtc indicates batches of larvae which were
released at downriver and upriver sites within the striped bass nursery.

Iieié:_iSé Releasc RK - | Ageat g£SE. | G (d" Z+S.E.
Date . ... | Release { .. @Y. ...\ . | .
26 April Up. Down 9 0.037+0.003 | . 0.157.. | 0.154x0049. .
26Apil. | UpDown | .9 | 003220001 | 0139 | 0085<0039
30Acil | Up.Down |. 13 .| .0036+0008 | 0153 | 0.188=0.084 .
_‘6 .30 April_|. Up Down. | .9:13 | 0032+0001 | 0139 .| =
1992 Nanticoke River . ,
. 24 April Up | 8 | o0007+00033 | 0028 | 01590038
24April .| . Down |. 8. |. 002800028 | . 0.121..] .0.091=0024. .
25Apdl. . | .up . | 5 | 003100023 |. 0133 | 01030032
C2sapil | powa | s | oo2sxo0024 | 0106 | 007520025 .
.28 April . Up g .| 0014+00017 .| 0061 | 0145%0.118
_28Apil | . Dewn 8 .| 0028+00030 | 0118 | 014920021
IMav. | . uo | .10 | 0025£00038 | 0106 | . 0135=0051
IMav. | .. Dowvn . | 10 . = ... | _—_ | 01612039
| @24 Avril Up. Down 8 | 0026200028 | 0109 | 011120035
~25Apal .| . Up.Down .. 5 . |..0027+0.0020 0.114 | 0.082+0.027
. 28 April Up.Down | 8 | 0026+00050 | 0113 | 0.162£0025.
IMav . | .Up.Down | 10 0.024£0.0036 | 0.105 0.148 £ 0.055
24 Apr-1Mav | . Up.Down .| 5-10 | 0.026+00013 | . ot ..|..
1993 - Nanticoke River
21 April Up.Down |10 .| = | _
25 April Up.Down. | 9 |. 0035+0.0029 0.153 0.066 = 0.017
23 April Up. Down 12 0034200023 | 0147 0.108 = 0.021
29 April Up. Down’ 6 0.030£0.0022 | 0.128 . | 004720032
3 Mav | Up. Down 6 0.030+0.001 | 0.130 0.039 = 0.009
*1 Apr-3Mav | Up. Down 6-12 | 0032£00013 0.136
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Table 3. Striped bass larval mark-recapture experiments, Patuxent River (1991) and Nanticoke River (1992-
1993. Petersen population cstimates for juveniles on 14 July 1992 and 13 July 1993. Total wild population
estimate from Minkkinen (1993) and Minkkinen (pers. comm.) does not include hatchery-stocked juveniles with
coded wire tags. N = number of recaptured juveniles that originated from release of hatchery-produced larvae.

Release Date Release Site N Pégérsen 95% Confidence Intervals | Survival
(RK) e Estimate ' (%)
’ - 1991 - Patuxent
 26April | Up-Downriver | 5 | 22,184 5,385-39,381 0.68
; lMajr 1 Up-,Doiam'river 27 8874 B .3871_,-“i8,‘84‘9 _0.78
 AllReleases _ | Up-Downriver | 7 | 31,058 | | 9,425-48,469 048
TolWild 110922
e 0
' 1992 - Nanticoke =
24 April Upriver' 0 . 0 -~ . 0.0
24Apil | Downrver | O | 0| = .00
25 April _ Upaver | 4 | 15025 | . 2,682-55428 . 097
25 April Downriver | 8 30,050 | . 9,068-852824 3.23
28 April Upriver | 3 | 11269 |  1660-47765 0.65
28 April _ Downriver 14 | 52588 |  20689-127,714 | 193
1 May Upriver | 5 18,781 | 4342-63,601 10.78
1 May Downriver | 0 | 0 - o 0.0
All Releases Up-.Downriver 34 - ‘12‘7',714“ 38,273‘-‘178,424‘ ' ‘ 097
Total Wild 315,528 '
o ,
&eiﬁid; , 2 8'8%,
1993 - Nanticoke -
25 April Up-Downriver | 2 120,309 12,081 - 434.913 1129
(12dlarvae) -
All Releases Up-Downriver | 8 | 483237 205376-954392 | . 4.06
Total Wild 9.132.141
Released %% 5.3%
Contribution




able 4. Striped bass stocking biomass model. Estimdtcs of stage-specific mortality and growth rates and masses used to
jodet bicmass in hatchery and naturally produced striped bass. Pax-91 = Patuxent River 1991, Nan-92 = Nanticoke River
D92, Nan-93 = Nanticoke River 1993, PEPCO = Potomac Electnc Power Companv Aquaculturc Program, SC = Sout:
arolina Department of Natural Resources hatchery (Sccor etal. 1992) CBL = Chesapeake Biological Laboratory, Wild =
boled data from 1991:1993 1cthxoplankton surveys; Hatch = pooled data from PEPCO, SC, and CBL. Z, =embryvc
ortality rate, Z,= laxval mortality rate, Z;= juvenile mortahty rate, G, = embryo growth rate, G,=larval growth rate.
3= Ju\emlc growth rate, Wt, = larval weight at 7 days posthatch (mg) Wt. = juvenile wet wcxghtatSJ days posthatcb.
7 t.= juvenile wet weight at 220 davs posthatch. Values shaded are thosc used in the biomass model. .
Z,(d" . FACD) - Z,d) )
Sourcc | mean=se | median | n | meanzse medxan n meankse m'ediz‘m, o
Pax-91 0348 | - | 1]0226%0079 [ 0149 7| 8 [ 0012 - 1
Nan-92 | 0706 - |1 |o191£0037 o182’ 7 ‘0005 | - I
Nan-93 | 0650 - |1 | oazszo0s o3| s [ oo | - 1
pep D . . - | 002520003 | 0017 |61 | o0002£2 7 | s
sc | 0155=0026 | - 3 | 0039+0009 | 0020 | 12:] = - ,, - :
wild | 0.581=0.117 - | 3| o183£0031 | 0141 ‘| 23 | 0.013=0.005 E
Hatch | 0.155=0026 | - | 3 | 0025%0003 | 0017 | 73| 0002 | - 8
o G@. | G@) G, (@) -
Pax9l | - - | - |oaz6=o0005 o026 7 | oo G} - |1
Nan-92 - - - | o16s=0011 [P0a71 | 8 | " veo21 | - 1
Nan-93 : : | - ]o19£0009 0159 |9 | 0023 | - |1
PEPCO - . . | 0.190+0003 | 0183 | 62 | 002500001 | 0025 | 24
Wild - - - | 015120006 | 0.146 | 24 |.0.021=0.0001 - 3
Hacl) - | - |- 01900003 | 018 |62 | 002500001 | 0025 |2t
. Wi (mg) Wh(mg) . Wy(mg)
Pax-91 | 0.582=0069 | 0611 | 6 | 184586891 | 10271 | 7 |- 102505 ] ]
Nan-92 | 0.725=0.027 | 0705 | 8 | 78781 |- 35080 | 7 10205.5 - .
o o . 280.18 | .
Nan-93 | 0.630=0053 | 0651 | 9 67557+ 27526 | 9 10205.5 . .
249.92
PEPCO - . - {37067=5425 | 33209 | 24 | 2478330 | 23785.90 | 2
1917.43
CBL | 0.586=0.69 | - |2 . - . . .
Wild | 0.650=0030 | 0673 | 23 560.30 = 275.26 | 23 10205.5 . 1
136.76
Haich | 0.386=0.169 - 2 | 370,67 =54.25 | 332.09 | 24 24783.30= | 2378590 | 24
1917.43
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Table 5. Striped bass stocking biomass model. Estimates of changes of variance in family size
(V) and effective number of spawners (N) associated with variance in survival to 7 or 55 days
after hatch under the scenario of egg productions of 5 or 10,000 female spawners in the hatchery
and wild, respectively.

Source Age Ve Ng
Hatchery 0 0 5.0
7 4.00 33
35 6.22 2.8

wild 0 0 10000

7 5.93 5044

55 6.05 4969
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Figure 1.  Striped bass recruitment time series for the Nanticoke River (Chesapeake Bay), 1956-1994.
Recruitment is indexed by young-of-the-year abundance measured as the mean number of juveniles collected in
seine surveys of the Nanticoke River (Cosden and Barbour 1995).
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Figurc 2. Numbers of Phasc I (35 - 50 mm TL) and Phasc II (150 - 200 mm TL) striped bass juveniles stocked
into Maryland. Chesapeake Bay tributarics as part of the striped bass restoration program, 1985-19953.
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Figure 3. Map of Chesapeake Bay showing Patuxent and Nanticoke Rivers.
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Figure 4. Plots of overall survival of released striped bass larvae to the juvenile stage (mid-July) versus larval
stage G/Z ratio for larval releases in the Patuxent River (1991) and Nanticoke River (1992). In the bottom plot,
overall survival was pooled among release groups for each year and plotted against larval G/Z ratio.
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Figure 5. Ontogenctic changes in striped bass cohort biomass for wild larvae and juveniles in the Patuxent (1991)
and Nanticoke (1992, 1993) Rivers. Note that for the purpose of comparison. initial cohort biomass was

specified at 2000 kg, despitc observed differences in egg productions among vears. Data used to determine
annual cohort biomasses arc presented in Table 4.
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Figure 6. Ontogenetic changes in striped bass cohort biomass for wild and hatchery larvae and juveniles. In the two upper plots, hatchery larval
stage mortality is specified at low (Z,= 0.025 d') or high (Z,= 0.05 d") levels. Within each plot, three levels of wild larval-stage mortality
are specified. The lower plot shows biomass relative to initial biomass (Bs/B,) at the higher hatchery larval mortality rate. A plot of relative
biomass at the lower hatchery mortality rate (not shown) indicated the same trends in biomass relative to age.
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Figure 7. Hatchery contribution rates (hatchery biomass/(hatchery + wild biomass)) of striped bass stocked at 7, 55, or 220 days after hatch.
The two lower plots show the cost of contributing 1% to the overall biomass (wild + hatchery) of striped bass stocked at 7, 55, or 220 days
after hatch. Scenarios of wild and hatchery larval mortality rates are shown.



