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TECHNICAL GESSION

fiatel April 21, 1975 9 AM. - 5 P
DPlace: . Alton Jones Carpus, University of Rhode Island
Agzpnda: g:00 Welcome and Introduction
G:10 San Dieyo State University
A, Overview Ford and Colleagues

‘B. Thermal Aguaculture
(. Technoiogical Improvements
D. Disease Steenbergen/Schapiro
10:45 Coffee Break )
11:00 Envirerment Canada, Halifax, N.S.
Invironment Canada, St. Andrew's,
N.B.
Moit Control Aiken
Lunch
University of Califormia at Davis
A, Overview Shleser and Colleagues
B. Nutrition
. Genetics
D. Disease
E. Engineering
F. Economics
130 Woods Hele Oceancyraphic Institute Mitchell
3:00 University of Rhode Island :
A, Overview © Sastry and Colleagues
B. Phvsiological Aspects
C. Cannibalism
D. Behavior Cobb
150 Boston University Atema
130 Cocktails
130 Dinner. Dinner will be followed by an opportunity
for informal discussions.
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BENEFICTAL USE OF THERMAL EFFLUENT
IN LOBSTER CULTURE=*

Richard ¥. Ford, Jon C. Van Ulst, James M. Carlberg,
Wayne R. Dorband, and Richard L. Joanson

Department of Bioliogy
San Diago State University
San Diego, Caliicrmia 92182

ABSTRACT

Comparative water quality analyses and reariag experiments were corductad
to assess the benefits and problems in using thermal effluent to culture the
smerican lobster, Bomorus umericanus, from the egg to market size. Most of Efhis
regsarch was conducted in a special lzboratory developed in cooperation with the
San Diego Gas & Electric Co. at the Encina Power Plant in Carlsbad, California.
Scparate studies supported by the Southern Califormia Edison Co. were racently
initiated in z simiiar laboratory at their Redonde Beach, California generacing
station. These laboratories are supplied with both tkhermal effluent and ocean
Guality seawater. Pneumatic mixing valves and electric heating are empioyecd to
obtain experimental temperatures. Parallel experiments are being conducted at

the Scripps Tmstitution of Oceanography in electrically heated and ocean

tepperature water, .- :

Sglinity, dissolved oxygen, pH, and concentrations of the toxic heawy metalé
Cu, Zn, Cd, Co, Pb, Cr, and As were essentially the saae in thermal eifluent from
the Encina Power Plant and in ocean water from the outer Agua Hediounda Lagoun
and Scripps. Similar results have been obtained in studies recently initiated
at the Redondo and Ormond Beach generating stations of the Southerm Califocrnia’
Ediéon Co. Analyses of whole animals, muscle, hepatopancreas, and other tilzsues
indicate that concentrations of the-heavy metals were relatively low in alil iife
history stages and not significantly different for individuals held in the
dirfevenc water Lypes. These results suggest that chemical toxicity i3 moc a o
sroblem in using thermal efflueat from the Encina Power Plant, I

*'his work was supoorted by several agencies. Research at the Encipa and 5:sipps
Tastiturion laboratories was sponsored by che NOAA Office of Sea Granz, Japaziacat
n¥ Commerce, under Gramt L3DC 04-3-58-122, by a grant from Homarus, Incacp.-ilad,
and by the San Diego Gas & Electric Company. Work at the Redondo Beach laboratory
and some asuecis of research at the Scripps laboratory were sponsored br oz
Hesearch and Developament Trozyam of the Southerm California Edison Cowmpany under
contracts U2603906 and U2384902.
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ar constant temperatures of 13.5 and 21,6°C. Under these

conditions, sibiing larvae vearad to Stage [V ia the Eacina Power Plant effluant
ard wacer from the two ocean sources did not differ significantly inm survivershi

s size attalned. Similar results were cobiainad in comparative experiments, using
the satme water sources, to assass the effects of effiveanr on larvae and juvenil 2g
reared to Stage VIII over a three month period abt a coanstant temperature Gf

2-) [

Dok

in order to asssass che combined effects of temperature and water chémistry,
juveniles were culturad individually and ian mass rearing systems in efflueat at

-
waryiug temperatura2s3 (X = 22°C) and in lagoon water at ambient temperatures
(X = 18°CYy. ~he juveniles rcared imdividually in a2ffluent for ten months had
siznificantly higher survival and attained a mean size 11.06 percent larger than
did those in lagoon water. Juveniles culturad in mass rearing systems for six

months azttaiped a mean size 15.5 percent larger than those in lagoon water.
These preliainary resuits indicate thau thermal sffluent may provide a

useful and economical source of warm water for lobster culture. Other similar.

studies are mnow underway at the Scripps, Encina, and Redondo Beach laboratories.
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T SUBSTRATE TYPE AND OTHER FACTORS ON THE GROWIH,
SURVIYVAL, AND CANNIBALIZYM OF JUVIENILE Homerus
americamis IN MASS REARING SYSTEMS*

Jon C. Van Olst, James M. Carlberg, and Richard F. Ford

Department of Biology
San Diego State University
San Diego, California 92182

ABSTRACT

Mass rearing experiments were conducted as part of our effort to develop
effective techniques for commercial culture of the American lobster, Homarus
americarus, from the post-larval stage to adult market size. Egg-bearing
fomales received from Massachussetts wera hald in filltered, flowing seawatar
at a temperature of 24+1°C until hatching. The young were rear=d through the
four larval stages in Hughes culture units at densities of approximataly 3,000
larvae per unit. The larvae were fed live, adult brine shrimp and attained
fourth molt stage in 10 days at 24+1°C. They were then transferred into mass-
reariag tanks receiving water of ambient San Diego ocean temperatures and were

fed frozen, adult brine shrimp daily.

Preliminary experiments on the effects of food dose level and stocking
density in mass rearing systems are described. An experiment was conducted toy
determine the effects of substrate or sheliter type on growth, survival, aad
cannibalism in juveniles. Fourth-stage larvae were stocked at densities of
210-31?[m2 in mass rearing tanks with four different substrate types: short
lengths of PYC tubing, small rocks, oyster shell, and sand. After six months,
the mean number of survivors per square meter and the mean carapace lemgth for.
lobsters held in each substrate were: PVC tubes, 22/m2, 14.? mm: rock, Zélmz;
13.9 mm; oyster shell, 3G/m2, 15.0 wm; sand, Gfmz, 17.3 mwm. Mortalities in
these tanks were attributed primarily to caunibalism. The loss of one or both
claws of the lobsters culturea under different substrate conditions was used
as a measure of the degree of fighting and social interaction. Based on tae i
survivorship data, oyster shell appears to be the best culture substrate of
those considerad For reducing cannibalism and asseriag high carrying capaciCy.
Growth ratas ang aggression, as measured by claw loss, were found to bé similar

in all substrates tested.

# Thig work is the resulr of research soonsored by the NOAA Office of S5ea Grant,
Bepartment of Cummerce, under Grants USDC Z-33208 and USDC 04-3-38-122.
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y TEVELCOMENT AT EVALUATION OF MaSs REARING SYSTEMS
) FOR THRE CULTURE OF Homaous arerioanis

Jon C. Van Olst and James M. Cariberg

Department of Biology
San Diego State Universii;
San Diego, Califormia 92182

ABSTRACT

Our initial research on survivorship and growth of lobsters held in
commural rearing systams indicated that this method of culture may be
economically employed during the early juvenile stagas of growth, Presently,
research is concerned with the development of mass-rearing culture systems
whicii are easily harvested and relatively non-fouling. Substrates under
evaluation include plastic tube "condominiums,” strips of corrugated fiber-
glass, PYC trickling filter media, and plastic honeycomb, as well as our
controls of oyster shell and sand bottoms. We are also begioning pore detailed
experiments to analyze the effects of stocking density, subscrate density,
temparature, puotoperiod, and feeding level on survivorsaip and growth, The

results of this research will be incorporated into a final design for a proto-

type mass—rearing production tray which we plan to incorporate into a comprehensive

g

scheme For pilot production of lobsters. With the support of the Southera

California Edison Company, we hope to construct the pilot scale farm in northern

Los Angeles County.

o
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Cutlberg, Joa C. Van Ulsc, and Richard F. Tovrd

Baparoment of dBiology
San Mizgo Stare lUalversity
San Diego, Callforndia 92182

ALSTRACT

Food evaluation studiss were conducted at the San Diego Stare Univerzity
aquaculture laboratories co compare growth and survival of juvenile Fomgza.s
amertecrus culiurad oo diets of both natural or artificially prepared foods.
Also emplowed in these studi=zs wers experimental shrimp rations thought to be
deficient in some essential micronutrieats, which were supplemenced wich whole
animal tiszsue of the p~lagic red crab, Pizuroncodss planipzs, an inexpensive

source of crustacoan cazl, .

Juvanila lobsters ware rearea individually in compartmentalized travs fron

Stage IV to an age of oune vear at ambiant souchern California seawater temveratures

s

(L = 17.2°C). The rates of growth for lobsters f2d a daily diet of natural foods
(frozen adulc brime shrimp, ground whole lobster, or red crad) were superior to
growitn vabes acaieved by juveniles fed experimental shrimp rations curreatly '
available from Ralston Purina Company and from the Department of Food Sciancas
at Louisiana State University. Oune notable exception to these findings was

that lobsters reared on a diet of Purina Marine Ration 20, develcped for shrimp
culture and which we supplemented with £ifty percent red crab, exhibired rates
of growth nearly equal to those fad frozen brine shrimp or lobster tissue.
Another interesting resulc was that this supplemented ration produced mors rapid
growth than did either of its two components when presented separately. This
seenad to be caused by more rapid fouling due to poorer water stability of these

foods compared with those in artificially pelletized form.
b

: !
is work was supnorted by several agencies. Research at the Encinag and Scripps
istitucien laboratories was sponsorsd by the N0AA OFffice of Sea Crant, dzpartment
oI Commerce, under Craat USDRC 04-3~58-122. Work at the Kedondo Beach ‘aoULahory

cad some aspects of reszarch at the Scripps laboratory were sponsored hyv “ia
Reszarcn a:i Hevalonment Program of the Southern California Ediszon Compaay under
ts H2803905 and 2384902,
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P oaluulion a7 meslueis for asssssiag prowth showed that peasurement of cdrapace
e oo molt provided a more accugate estlvate of magimum rate o growth than
did avara:: length detetmined from perlodic survey Jdata. It also appeared that
the duration of exparimencs at Lhis vein temperature of 17°C should exceead 120
davs to provide a meaningful comparative evaluation of fuod types and their
a’Ffacts ou rowth,
(Given current prices of Maripe Ration 20 (20¢/1b.) aad red crab (24¢/1b.)
and a conversion ratio for H. wmericunus of approximately 4:1, the food cost of

producing a one-pound lobster mizht be less than §1.00.

Srudies nmow in progress at San Diego Stata University are designed to
determine the minimal supplementation necessary to mest the netritional reguice-
maats now lacking from creificial diecs and o reduce the dependance on a singlie
fishery such as Pleuroncodas to provide the supslement. Techniques of using
the Fish oil swtraction wethod to remove carorznoids [rom red crab and subsequently

addicg iz ta commercial pellets are under invescigation. Protein analyses of all

of our test rations have been mada.
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Ts OF CONTAINER SITE QL GROWTH 2270 HORTALLITY
amardamnus CULTURED 1IN ISNDIVIDUAL REARING SYSTEMS*

L eln

O JLVENLLE
Jon C. Van Olst, James . Carlberg, acd Richard ¥, Ford
Departmenkt of f£ialagy

54n Diego S5cate Univexsity
San Biego, California 921872

ABSTRACT
Hizh levels of cannibalism have been observed in lobsters held in c.zmunal
rearing systems {Van Olst, Carlberg, and Ford, ms. in press}.. Most invesrigacors
have ceme to the conclusion that if lobster farming is to bacome g reality, the
animals will aeed to be held in individual rearing coatainers in order to avoid
the problem. This single-nall rearing approach will be costly and difficulx
to 2ngiaeer. To minimize equipment and water treatment costs, the containers

ld be a3 small as possible, without unduly restricting the growtn or

"

.
0o

=

survivorship of the lobsters. Some restriction in growth rate mav be toleraiia if
adequate cost benefits are realized. Qur approach will be to weigh the savinzs in
facility and water treatment costs against the losses from decreased growch and

higher mortality in a series of cost-effectiveness equations, e

Al thovgh we have conducted two prior experiments on the effects of containar
size and confinement stress, we did not feel that the results were adequaza. Tn
crder to provide more reliable data for the cost analysis, a rather comprehensive
laboratory experiment is pow underway. A series of rectangular individual rearing
containers ranging from 7 sz to 745 cm2 in bottom area were constructed of
plexiglass, covered with [iberglass screen on the bottoms, and suspended iz ‘.

ibergiass water trays. Each of the seven container sizes is replicated 52 tines
-

(a7l

to allow meaningful staristical analysis. The confainers were stocked wi:n
Stage IV Homerug in January 1975, but survivorship has been low due to heavv
foucothriz infections. Disease treatment proceduras have been developed amid the

contailners will be restocked as larvae become availabie.

*#his wurk was supported hy several agencies. Research at the Encina and Scriprs
Institution loboratories was sponsored by the NOAA Office of Sea Grant, Dap

of Comaerce, under Graant USDC 04~3-58-122, Work at the Redondo Beach lahorazacy
and some aspecis of research at the Scripps 1abbratory ware spousored by the
Researzn and Development Program of the Southern California Edisea Company under.
contracts U2603906 and U23844%02.
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DEVELOF®INT AND EVALUATION OF PROTGIYZE PRODUCTION MODULES
YOR THE CULTURE OF Homurus amapricqrus IN TH2IVIDUAL REAING CONTALNERS.#

[

Jou €. Van Clst and James M, Carlberg

Department of Bilology
San Diego State University
San Diego, Califormia 92182

ABSTRACT

Sufficient progress has been made in most imporrant areas of lobster
cultura so that we feal it is useful now to develop and evaluate modals of
tne tanks, rearing contaiaers, and other equiprmenc that might be employed
in commercial production. This is important because ir is the only way in
which meaningful assessments of related proolems sucn as water treatment, food
stability, and cost effectiveness can be made. Many different types ol rearing
systems have been devised, constructed and often discarded, Several éystems
ara under evaluacion in our laboratories and two appear particularly proulsiug,

These are the care-o—cell and the flush tray.

The care-o—cell system is essentially a shallow round tank based on the
desizn of a primary sewage treatzent clarifier in whick floats a revolving
group of screened-botrom rearing containers. The group of containers revelves
beneath a radivs arm from wnich jets of water discharge at an angle into each
rearing compartment as it passes beneath . Models have been comstructed in
sizes &4, 5, and 10 feer in diameter. The group of rearing coupartwents is
rotataed by the force of the water input jets, in these prototyﬁ; models;
iarger preduction units would be powered by gear motors. Our 10 ft diametex
cars—p-cell has a walkway Spanning the tank for convenient access and feading.
Ic larger units the walkway could alse house photoceil-operated food delivery

ports and harvestiang systems.

#This work was supportzd by several agencies. Research at the Encina and
Scripps Iastitution laboratories was sponsorad by the NOAA Office of Sea Gract,
Tapartment of Commerce, under Grant USDC 04-3-58-122. Work at the Redonde
Yaach laboratory and some aspecis of research at the Scripps laberatory were
sponsorzd by the Research and Development Pragram of the Southera California
£dison Company undaY CONLIacts U?503906 and U23849C2.

r?
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Botie vf Ethese raaring asystems functioned adequately in our preliminary
i) R 1 o 7

evalustiona. Dye studies showed that water flow and waste removal pattarns

ire effective. Ve are curreatly assassing problems of scale—up and varicus

oy

[

zaigns for the individual holding containers to be used in these systeas.
Waste removal efficiency is largely dependenit upon the size, number, and
shape of the perforations in the containers, and thiz aspect of the desiin

also is under study.

A Los Angeles area company specializing in the vacuum forming of
plastics has been contracted to fabricate trial countalners and more than 50
prototypes have been made on wooden molds. Assuming that one or more of
these designs proves satisfactory, metal molds will be constructed and

the containers svreduced in larger quantity for further evaluation.

If either the care-o~cell or flush tray system ultimately proves
satisfactory, we plan to construct full scale operatiomal units with the
cooperation and support of the Southern California idison Company. The
flush tray system could be comveniently supported oa cantilever warehouse
siorage racks up vo ten lavels high. The chief advantage of this system is
chat it could provide very high productlon densities, which might be n=cessary

1f tane proposed lobster farm is to he locatsd on expensive coastal prosercy

whasre 2 hicidy intensive approach would be necessarvy.
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Diseate Probiems Associated with Lebster Aquaculture
4.0, Schapire and J.F. Stosnbergen
Sap Diejgo Staie Uniwersity

Sun o pizgo, Calrfeomia

Che of the most severs problems facing che deveiopment of intensive
cuiture of any spacies is the contrel of diseasz. To optimize producti-
vity and economic feasibility, aguaculturists must use elevated
temperature, maximun feeding rates, and minimun space per animal.
Undar these conditions, the animals will be uncar physiological stress,
and thus be nore susceptable to an increasing variety and frequancy of

ceases. Two diseasss are nuw causing probiams in maricuiture efforts.

(%

Gaffkemia, a fatal bactzromia of lobsters, causss epizootics in the
wild, in impoundments, and aguaculture facitivies. Leucothrix,_a
Filamentous bacterium, is associated with significant losses of larvat
and juvenile stages of cultured lobsters. In addition to these two
diseases, we havs isoiated a number of gram negativa bacteria from
moribund lobsters provided to us by other West Coast Sea Grant investi-
gators. The pathogenicity of these bacteria has not yet been assessed.

We have found a high incidence of the causative agent of gaffkemia
on the exoskeleton of normal lobsters. These lobsters, although carrying
the bacterium, are not internally infected, but could be a sdurce ot
infection far other animals. QOur sgﬁdies have shown that both the

A ’ .

California Spiny Lobster and the American Lobster can be immunized
against gaffkemia. The immune system in invartebrates is primarily

callular. As a means of characterizing tha cellular rasponse, a system

was developed for rhe short term maintenance of H. americanus hemocyte
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stsgansions.  Ipese 0 vicro studies ere beming correlated with protectiun
of inlact iobsters.  Serological stusias nave demonsirated an antigenic
determinani waich is nighly correlated with the virulenca of a gives
strain. We are curvently isolating and characterizing this ‘'virulence"
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Several problams involving filamentous bactaria hava reached
epizootic proportions. During the past year all of the major aguacuiture
groups have had difficulty rearing lobsters to tne juvenile stages.

This nigh mortaliry is presumably due to Leucothrix inTections of tha
larval lobsters. Recently, a filamentous bacterium growing on gill

rakers has been associated with a high mortality in juvenile lobsters.

A

A similar prozlem has resulted in a virtual shutdown of some shrimp-
rearing facilities.

We are studying the etiology of these presumed Leucothrix infections.

This is being accomplished by preparing Leucothrix-specitic fluorascant
antibody reagent using pure cultures of Leucothrix from the American
Type Culture Collection (ATCC}. We aiso propose to isolate the prasumed
pathogens directly from lobsters and shrimp and test their pathogenicity.
These isojates will be taxoncmically identified and compared to the ATCC
stfainﬁ. We shall then study the in vitro susceptibility of the ATCC
strains and the pathogenic strains to chemicais and antisiotics. Anvy

potentially successful treatment wiil be triad in vivo at the aftfected

aquaculture facilities.
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D.E. Atken and o8, Byers
tnvironmant Canaua
Biologiczl Laboratory
St. Andirows, H.B.

Tha Jiteratura on Fomarus contains numerous references
to tne occurrenca of moalting and egg laying in alternate years,
cad oven same suggescion of a temporal reyationsnin between
maiing and ego Yaying. It has also bezn suggestad that the
srotracted pericd betwWween successive spawnings can be routinely

compressed by holding mature females ia warm watler. Qur obser-
Jations on the female reproductive cycle indicate that all of
these concents are only partizily covrecti. For exampie, a
najority of the 450 to 550 gram females from Morthumberland

Styaic and Gulf of $t. Lawrence routinely molt in August-September
and lay eqggs a month later. Different cize lobsters from the

same erea may cither molt, lay eggs, or do notning. Jbservations
an laboratory and fieild samples of this population over & 3-year
peyiod indicate each age-ciass has a characteristic patcern of
malt and reprcductive events. The immature Temale {forms its
s«condary soxual characters over two successive molts, with
ovarizn vitalloganesis commencing during the summar of ihe

second [pubarty) molt. Gvarian maturation progresses through

twn distinct stages of vitellogenesis spanning 9-12 months.

{n pature this ailways includes a winter period, and a cold water
exposure may sctually be required at some point {as is the case

in freshwater crayfish). First egg extrusion {(Adult 1} occurs
approximately a year after the puberty moit, and the animal will
mnlt again early the following summer (Adutt I1). The ovary _
commences its second cycle that suwmar as well, with the result
that both the molt cycle and the ovarian cycle approach complecion
in the following (Adult III) summer. Proper synchronization at
this point appears cruciai, for if Lfhe ovary develops to the

noint where eag Yaying will occur either before or within three
weaks after molt, the gravid ovary will be reabsorbed, which
frequently nappens when females of this size are pushed in

warm water. As a natural breading stock this age-ciass has the
advantaga of being cost-efficient producers of eggs for culture,
and useful for synchronized planned matings with rapid egg
nroguction.. :

T

In the final month before eqgg laying, Female Specific
in (£5P) can be detected by standard electrophoratic
ds, and in some cases the blood becomes pale green. We
now develoned a much more sensitive guantitative and quali-
ive assay using rabbit anti-lobster lipovitellin serum and
unochemical analysis to datect the praseace of F3P in tne
vad . With this technique we hop2 to defact primary as well
secondary viteilogenesis and develup spawning pradiction
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DL, Afken oad Susan Waddy

induztiom ant nnsbitiasng of Wlhiag 0 Homars ' o
A . i -

A0S Lanari
i Laberatary
Vi, NUB.
i iy 1975

Lonstars of $55-34 wm caravace fazngih display a cistannian
cvela of sersitivicr to oremolt induction, whethar naturzl or
Taduced, and this sansitivitvy is mediated by neurosescrsiory cantars
in tha wvestaik. dasural premoit induction at 10 C occurs ranidiy
ia soring, aad stowiy i7 at all in autuan. - Howaver, the difverance
hetwesn spring and auftusn responsas disappears whan eyesiaixs are
ramoved but can be rainstated by implantation of C eyestaly
tissue, Sensitiviiy %o injected acdysterone 11k°s1se varies
sgascnaliy, is mediated by eyestalk tissus, can ba stabilizad by
pyestaix rnmovaT and can be upse? by eyes:ai. tissue implan=i;.
Thesea resulis d=won,-race the existence of an eyastalk factor
cnalogous to crustacz2an MIH. Ecdysteron2 probably is not tn:
inducer of orameit; ft: function is arimarily that of madiating
formatiszn of new cuiicia, and ils tu fpt organ apnezars to b2 the
enidarmis. Ecdysterona doses suificiant to induce premoit (rd
2Tmost always fTatai bacausa naw cu :1c.e is Tormed and ecdy"‘
occurs without complacion of early proecdvsial procasses sulh
as apolysis, gascroiitn formation, limb buds, setagenesis, 2mc.

Fvestalk ramovai followed by equent'31 ecdystarone injections
narmifts successtul completion of a:ceierated molt, suggestiing
strongly that a separate factor, controliad by the eyestalk com-
slax, is responsinlia for induction of premolt and completion of
tne vital processes of early pramolit. Temperature also infiuznces
sensitivity to exogenous ecdysterone. Dose lavels of 0.5 and 1.0
ug/gbw are ineffecitive at 10 C but the higher dose bedomes vary
notent whan the temperature is increasead to 17 C, demonstraiing
tne nacessity for standardized conditions in such experiments.
Premolt induction can be innibited by implantation of C4 eyestalk

tissue and by sequonc1a1 doses of 0.5 ug/gbw FME, a juveniie
hormone mimic. We have baen unable to inphibit molting by surgical
removal of suspected ecdysial glands, and recent resuits with
insects suggast the role of ecdysial glands of both insects and
crustaceans may be different than previously thought.
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nutrition studizs both physical and bio-

5 must be comsidered. Hinders - elther
vsaccharide - Are necessary to prevent
bo”ﬂra food can be consumad, Even the best
: ; ne leaching of water solutle ﬂuhrlenTs, and
un to 0% of glucose may he lost after itwo hours in sea
water. Laaching can be prﬂvanued By encags u]ltTOﬂ but
=ome leaching may be necessary for the Tood to be
nttyactive to lobaiters. Solid fats sucn as hydrogenated
cocanut 0ll can be used o encapsuiate b food p=11

er
tao
ol

on
2
4

but may uhemsalves s be detrimental to h=2 health ol looa
Sayum proiein level, nercant adinle meat, vital organ
ciza, tizsus composition {1ipid carbohydrate, protein an d

~-h) ani sprowsa raoce are used as condltion indices in
evaluating Aifferent di,ts. Acult lobstars require high
Tavels oF dipﬁavy nro tein; serum protein Pnalv515 snowed
that when diets containing O, 20, {0, or £0% protein (as
vitamin-7ree ca“alﬂ\ are fed to aﬁu1+ lobstars, only '
the A0% protein diet permits maintenance o7 the serum
protein lavel “ound in w11d lobsters. This same result
is substantiatad by comparlson of p?rﬂpnu edibnle mea<.
ie also determined the 1lipid requlreﬂeﬁ. o7 lobsters by
Fnodlnp diets containing either corn oil (linoleic),

cod liver o0il (llnolenlc) or hydrogenated coconut

5il (deficient in essential fattly acids). These experiments

revealed a reguirement for Omega J (11n0+en+c) fatty

scid. Additional experiments with sterol-free and sterol-

2dded {cholesterol) cod liver oil revealed that lobsters

)

also reauire a dletary source of gtarnl., In juvenlle lobsTers

we found the optimum cholestero! level to be 0.5% of
the dies drv weight., Ongoing axveriments inglude =ffect
of —Carosene, mineral mix, glucosamine, and vitamins
4, D, E, and K on juvenilte lobsters.



dnive Lobster Genpiles cod Qudtuce Mpplications

Glan 5, Janileson

fpopiied Marine Research Iinited
5112 Prince St.
Hal :rax, N.S5.

¥nowing thz heritabilities of guantitative characters imu.orciant
to lobster culture permits a prediction to be made as to thle
likelihood of succass and the time reguired to develop a true-
siocedding strain possessing desired characteristics. How welli an
individual'se offspring will inherit the characteristics which made

-

tha parent desirable 1g deoetersnined.

+

3

In initial studies, the herita®ilities of the tolerances of
nawiy-hatched inshore and offshore lobster larvae to low salinities
and sodium hypochlorite concentration (bleach) were determinad. No
difference in tolerance to low salinities were ohserved, but inshorg
lobster larvae were found to be more tolerant to sodium hypochla:iﬁe
than were otffshore lobster larvae. Additive heritabilitieé for these
tolerancas did not differ hetween the two populations, and for both
characters averaged 0.41 + .20.

The genetic characteristics of lobster populations should now.
bte investigated to permit evaluation of the within and betwsen

nopulation variance as only in this way can a planned programme of

tobster strain development be designed.
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Zahoyn Devers, Lnd Ashecs A. Shlesec

af wrtificinl diets designed

nf sreparaticn acd ingred-

each of the mamufactured feads ara presected. Details of
tmwntal conditions are srovided acd resnlrs of rowth trials ara
i 5

examined from saveral staadpoints. The influence of animals of differing

z2aetiz backgrounds ov the resulits are also delineated. Experimeatal

standards which would faecilizate comperison of aurritfonal data betwsen

e

Investizagors ara proposad.

A94-3-153-Ta4 from the Sea

A

*Tmis work was supporied im patr by Grani
Sraa- Aszency, NHOAA, T. S. Deparrment of Comerce, and conducted at the

-

Todega rarinme Laboratory i the University of California.

Y
-



TLTECLATIONS OF MATTONG TCR THE AMERICAN LO3STIR, ECGMARUS AMERICANUS*

by
Dobart Shlaser’ and Margie Gallaghazz

A program has been develgped for compounding and evaluating artificial

Atmra for the lobstar, Houwarus americanus. TFeeding trials usiag brine

ahrion have produced growrh rates that exceed those described da feeding

Bkt
mrigly wher lams and green crab were fed., (Brine shrimp are expensive

The growth rate on brine shrimp, howevar,

and pef routinely availadle.)

ain va used as 5 standard in evaluating new diets which have been formula-

n2c Zwom eccnonical sourcas of the dietary components. Commercially,

cradSaole dla2r formulations have been compared which were developed in

uevaral aguacultare laboratories. The studies conducted show that diec:

uifiscza Doth zrowth coxponents; molting frequency and size increment per

2045, This study suzgests that future erpnasis be placed on matrix-tyse
sonytituent analysis of brine shrimp In comparison to other dists in ocder
ra datermine which elements or rarions of elements are essentcial dietary

sempogentsa of the lobster. Our progress in this area will be discussad.

:

i .
“Rodary Shleser — Asst. Prof., Aquaculture Lab., Dept. of Food Scilencs and

Teetmology, Universicy of Cal’fornia Davis.

-* .
Dept. of Pood Sciznce and Tachnolozy,

“HMarzie Gallagher - Graduatsz Student
Eniversity of Californmia, Davis.

&

7ais work was supporcad in part by Grant #04-3-158-22-FA4 from the Saa
Syans Agency, N0AA, U.5. Department of Commerce, and conducted af tha
Podega Marine Laboratory of the Universicy of California
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Q;j SYTDIRES 0F THD EUCCCTS OF FEFDLNG FREJMENCY ASD SPACE
L CHE CROVIA OF THE AMERLCAN LOGITER, HUMARUSD aMERTCANUS
e he
Hets

-

Robe-: A, Shleser”

)

Bztause the lobster is canndlballstie, we helisve that lobste which

tava Deen prown bevond iz juvenile stages must be separated and hald
iadividually. As a razsult, it is essential o determine the effects of
hadriat configuration, spacial limitatrion on rthe growtrh rage of the in-
dividually held lobsters.

Az a first step in detrsrmining the optimum configuration for holdiaz
iobater, ractangular, square and circular environmanrs have been exanined,
Uesnios show that configuration has no significant eflfect on growrh.
cowaver, growiti is 1imired by the size of the habitat before available
space Is fillad. FExperizmental cvesults on the ralationship of spacial
reguirenenis to growth will be presented.

Lobar2rs which are 21d individually must be individually fed. 1In
avder %o obtain the optimal growth rate at the lowest cost, we have examinad

Ze ritact of feeding lobsters an amount of food which exceeds the dailw

i

demand, Food was zlven at one, two and threes day intervals and growth rate
was measured. The results of thess studiess Indicacted that at least daily
Iseding was necessary for juvenile lobsters. The implications of these
atudi2g will be discussed., A preliminary exazinacion of the growth of malz
and female lobsters under controlled conditions revealed a mora tapid growrh

of mala lobsters under the same condirions,

iRcbart A. Shleser, Asst. Prof., Dept. of Food Science & rechaology,
Uaiversity of Califomia, Davis. This work was suvported in part by
Grant #06+3~158-22 FA4 35=2a Granc NOAA and was conducted at the Bodesga
HMarine Labdboratory of the University of Califcornia.
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Come Tactranie Cowsounds on Pomaxug snerdes via Cﬁéé’
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Lunda Gayz, ©oowrne Cohabanogiousand Roba:
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+1za and nitratz aaions on HowaTu; americad

1cizy of ammonila, and nit

che ¥alne Lobshar, & The ammonia conczatratioas at which 307 .
wortaiity occucs withia 98 hour §5 hours) is 1.2 % 0.1 and 1.5 + G.l mg I

+r paz and rarees Tic QAL i, Exposura to armonia conganrzrations

hy

2 Flye Fold lower than-fhe acuta lethal levals seasizizeS the anima.s to

“aper azooulil expusurss A prozressivz nzcrosls wf the habatopancreaA!
' ’

i3 obsarved, <Concenzrations of up o 500 mg NDE - N1 and 100 ng HOE - %71

ar= ot lethal in 96 hours, snd no gross venavioral or physical eifecta

arz aoted, N

.“
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Yroliminacy Hvaluation, A m4a5~fmar.ng tevhnigee for fuvzalie lobsters

- o

primary producers, (i ankton), 1% esasuaess, (brice shrimp) and 2
consumers { .obstecs) are brought together 1n one sysizn uwader near amblant

hao baen complzted. A seunt coatrolled biolozlicul sys.ezm ia woled gelen:

s

phiytop!

conditicns was tried.

For the preliminary evaluation of greea wa
juveuile lobsters (ava- gize 4.5 mm) were suz i
tong was locoeeulaced 1 vin sp., 3 pares,
2 ;arta, and ah":o'__|v?un orautun, 1

: R 1) (arromit .d’*ﬂﬂ)

BED 10 a4 graen house
wir bubbling from a
11 inzle Cubes in tlle OPPUsSiie COTRETH, 2
{alrhough there was some carry over from the in noculation
hangad in its enticety about every 10 days to keep deslreable species of
horoplankion as main primary producers. Alver ? axchanges th? phyicoslankton
icorulun was limirea to Cacreria sp. (2 oqrra\ and Gunaliialla primolecaty (1
pacrt) as Phaeodactylum overgrew to 1 x 107 ceils/ml.

. The water was

The distributions of sizes after Y0 days were as follows,

i 1
5 Creen water
|
et L

-¢ p ol b e ! o

g * - s *
No. _ - o . ‘"

inimals 5 Aguariuz room
~ EE TR N O L 0 O S O O -

. 7.0 2.0 _ 9.0 . 10.C
Carspace Lencsth

The zvernagas carapace rengths for green water and the aquarium system ace

=2

7.4 wn and 5.3 mm ressectively. The mortalizy in green water was 13.06%
Whereas escimated mortality in the aquarium svstem i3 40 co 50%

The coonomic compasizon of grewn watar culrtucos
1.

vorsus clzar waters suased upon these preliminary data must of nacessily be
crude. The mose sizaificans factors in favor of graen water are the fastar
il

and hizher survival. The wcowCh rafe was a factor of 3/2

S

o rown Taca
i r

scer and sngvival was approximately 3/2 bigners for green water.
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DLOCHEMTICAL GENETICS OF LOBSTERS (HOMARU3). L. GENETIC
- ]

TARTATION AND THEE STRUGCTURE OF AMERICAN LOBSTER POPULATIONS-L

. 2 ' .
#Mariin L. Tracey , Xeith Nelson, Dennis Hedgecock,

Robert A. Shlaser, and Mary-Lou Pressick.

-———

1Y
Aa """‘--..

Ualverairy of California

BSadega Marine Laboxatory
P.0. Box 247
®odaga Bay, California 94923

Abstract

-

5%z nopulations ol lobsters, Homarus americanus Milna-fdwards, we
surveyed for genetic variation at 43 loci encoding electrophoratl
datacrzable proteins. Rather low levels of geaecic variabilicy war
found, the average proportion of heterozygous loci per individual
being 3.87. Genetic variation is concentracad at only 8 loci, witn
Just threze loci -~ Acph-l, Est-2, and Tr—2 — having proportions. of
hecerczygotes greater than 20%. Interpopulation differences arz
gmall; the genetic identity averaged over all loci, I, is abov= 0.99
4n all but two compariscns. Differentiarioa between populations waa
found only at the Me locus, but the degrees of this differentiarcion «
supports the suggestion from previous migration and morphological
_atudies that H.americaaus is subdivided into a number of mora or
less geographically isolated insnhore and offshore pepulations.
1local populations are none the less genetically very similar.

-
~
—

2
alil
a

Thessa

Regearch supportzd by Grant #04-3-158-22-FA4 from the Sea Graot Agancy.
. i

Presaat address: Department of Biological Sciences, Brock Universiiy,

St. datbavines, Ontario, Canada L25 3Al.



S he woouns of gepaiic variation within and barwesn posulations of the

[l

lobscar Homarus Is of coasiderable aractical and tueoretical laterest. Cn
nhe ons hand{ nanagacent of natural lobster populations requires sound
Yoowliedge of population structure, Likewise, genatic Improvement of culturad
iobsgars, elther through selectiva breedlng or hybridization, depends diraccly
a neraditary differences betwesmi individeals and populations. Applicaticn

(@11

r1 biochemical genstic methodology to sractical problams of lobster

i
54

mod

iy
I

&

bioleyy produces informatioa Imporiant to basic research iz the fialds ol

pvosuianion and evoluticonary gemetlcs.

¥

;ai elazctrophoresis of tissua extracts foilowed by selective stalning
of various enzymes and proteins 1s a teﬁhnique whereby geuetié differenc-s
Yorwesn individuals from the same population or from different populatioas
or spacles can be demcnstrated. Eighteen functiomally different enzymes
arnd prozelins coded by forty-four genes have been studied in hundreds of
lobsters. This survey has produced estimates of genetlc variability withia

ryoical lobster populations, between geographically separate populations

of the American lobster, and between the Two species, H. amevicanus and

-

Py

3. gammarus. Foerthermora, classical genetic inheritance has been confivmad

w0 far for five of the eizht most variable enzymes in these populations.

Gur rasults and their implicacions may be summarized in three paris:
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Marise Loborarory
Podasa Hay, Ca. 54945
(VLN I._L\ L A S A PR 1
T gesen Lo, our survay LJevaaled tuab relacive to obhar invert:

the typicatl lusstar popaelation has only a medavate leval of gemetle valt-
abiiizy. Tha foa most foogquent genoiypes (1o our analysis each geno
13 rapraseated by Forzy-Ifour dadividual loci or genes) comprise gver aniiily
sercent of the iadividuals ia a populazion. The blologieal significanua

af such bischemical variacion in anioal populazions is a much debared p:ablam

We ara prasently coutributing co this basic researzch

=
&1

nooularion zenailcs.

gathering dacza on ozaer decapod crusiaceans tnal nave commercial impurianca

5
g

ag wall

As in most acimal species geograshically separate lobster populaciuns
are genetlcally very similar. At each of fovty-three enzyme locl one or Iwo
ailelas have simliar frequeacles froz the Gulf of S5t. Lawrence to the Hudsea
Canyen. (£ight populations sampled ware located aear Prigce Edward Island;
Zarmouth, day of Fundy; Damariscove Island, Maine; Wood's Hole and Marzaa's
Yineyard, Massachusetts; acd the offshora canyons Hudsoa, Lyndonounla and

Gydrographer.} The finding of geographic uniformicy at thesa loci raveals

tothinz of population structure, but aa additioral geae, the Malic enzyme

locus (Me), is an excentiou to the rule. Two M= allales are electropheratically

detzorable. The Prince Edward Island population consists almest entizaly of
individuals homozygeus for the gé:fast allelé (fast phenotypes), while the
Massachusztts inshore populatlons corslst entirely of Indlviduals homaav"oua
for the Me slow ailzale (slow phenotype). Offshore populations have thesz

#a alleles in equal fregquencles, the ratio of the three phenotypes in taess

punulacions baing 1 siow: 2 glow-fast: 1 fast. Zecausa genetle difizrences
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cesarlsn witn daka on differen
o populations, out geaecic data make it unlikaly tnat lobaters izon

warious Iashore and offsiore localltzdes form a siazla population.

2. : AMiozvme Tagzging
e After surveving rarvural pooulations £or biochemlcal variaticn, we
collecied berried fermalas dn order to study ihe dnharitacca of =nzyme

Wo did dndaed confiicm that five enzymes

=2 each ancoded by sinzl: iodenendent genes., More inportantly, we paved
the way to reallzing tﬁe porezatial of allozymes (allalic enzyme variants}
a3 markers in laboracory and field experiments.

Allozymes are an 1deal solution to the problen of tagging crustaceaas
sinca the "tag" iz the actual ﬁissue of tia animal which cannct be shed
wizh the molt. "Tags' are detectad by electrophoresis of tiszsue from
stnzle walking legs removed from individual lobstars withour sacrifice.

Tha wrinciple of allozvme tagzing is baszed on counsideration of the probabile
I |2 - Z 3 P

LSy
ity of occurrence of individual genotypes., ¥For exaunpla, among the progeav

mala was a juvenile with a2 fast phosphozlucose isomerase~3 genotype

e
{2gi-3 /luj), a slow-fast Pgi-4 genotypa (931—498/100), and a slow-fast

naosphoglucomutase ~1 genotype (?ém—llODIlOS). Saparately, thesa geaotypes

gccur in the faliowing percentages of tha typical population: Pgi—BlOS]lOJ

1
a o2z, paizt’ 00 @ 252 aad 2gm-1tPO10% o

P--‘l
o 1
Wb

38%. The probabilicy of thasa



civras conocopas cconrTinc An the sama dadividual, howsvers, s the pradiad
r o .. El ] s

sawir sapacac: probadliltivs, or two in one hundred thousazd

t=mrovemants in lobstuey bresding and haiching it 1s

faasinle that larze cohorts having otharwlse rare combinatliouns of genes

¢21 be aynthesized and raised to fourth or fifth stage. Release of rnhzsa

s

marked iohsters at selected study sitas and the subsequeant monitoriag i
thal= survival acd disparsion will provide for the first time data ou the

2fdcacy of restocking practices.

33 Dlffarances Baetween American and Zuropean Lobsters
%a have racently studied thirty-five loci fn twenty H. gagmarus ftom

-

che Bay of Caernarvoa in the Irish Sea. Qualitative differences batween

e

these anizala and our previous samples of H. americanus occur at four loci
and gquantitative differences in allelic frequenciss aze present at ag
additional three lo&i.. The remaiming twenty—eizht loci had identical
genotypic discributions in both species. Over all lcﬁi, the average
genetic similarity betwesn the speclas ol Homarus 1s .85 compared to a
penetic similarity amonz H. americanus populations eof .99.

Because of the gemetic divergence of these specles, interspecific

hybrids are expected to be heterozygous at gne out of five loci instead af

»

ap exnactad heterozygosity in the parcntal species of one out of twen:iw
toei, Animal and plant breaders have often demonstrated that increased
baterozygoalty may lead to increased performance ot yield. A fourfold
incraase ia hetarezyzosity in American x Eurcopean hybrids may have agqua-
culturalily desicable results. Hybridization studiss with lobsters ara.

rharaforz, of considerabla significance.
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HieraniologyfPathoiogy

T~ 45 becoming lacreasingly appareni that aore exnpnasls is neaded

iqa iarval rearing techalgues. The present e athods were sufficient to

groduce post-iarval anizals with great success just a few yeavs ago.
Recoatty, however, thers have bzaa a number of d4ifficuities in botn flow-
throegh and warm water rearing. The 1fficulti=s have been generally

des~ribed as dlisease situatlons. As such, they are dealt witrh on the level

of dtlsazase corceol, t.e., identification of diseasz crganlsm, use cf chemn-

m+sautics or sntiblotics, cleansing of systems, etc. We fzel thav it is
eqialiy s important o recons Lder and evaluate optimal rearing paraneters,

fome of the dlseases which have been responsible for losses i lobscer
v2iT fnz systems are described below:

Filamanoous CJ‘ham‘ﬂa tion:

#4lazentous mizro—organisms are fouad to Infast the axtarnal surfacas
of borh egzs and larvae. Mortalities are falr to be due to anoxia when
fouling occucs on the egg membrane and larval gills or to restriction ol
nmelcing when fouling occurs on larval exozkaletoa. The bactaria involved

are similar to Leucothrix mucor, to Beggiacea, and to Vitriocella, Tha

filamentous cyanophytes encountarad resexbla Oscillateria and Rivilaracea.
Vorcicellid nrotozeaas are often present and aid the filamentous nicro-
organisms in trapping diatoms and detritus to further contaminate the-
aurfacze. These organisms rely on holdfasts for stability and do nokt pene-
trat: rtha egg membrane or larval exoskelzfon. It is presumed that their
raior nutrient sourcs 1s from the surroundingz seawarar and that thelr growih
i3 affected by water qualicy. -

Raferences: L, 2, 3. y

vhis paycomyecetous fungus 1s capable of £illing an entire population

£ Iurva ia a system within a few days. Tha wyeeiium invades and completaty

3

arroya tne tissues of the animal, leaving only thes exoskeleton. Tt has

also Lesn ohservad in lobster eggs and resulets in discoloration and necrosis.
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Tndeserited Dual Bactarsial Inraction

Pealinlnary obsevvarious Indicac: that a bacterlal organism with
chitilnoivric propercies followad by anoiner hacterial organism resemp’ing

ad parly post-lacval
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simary invader has beeza Isolaced eon chit in media and shows

chirdnoiveis wronerties. Fhe sacondary invader is observed in tissves na2ar
. E = S

Tieery infezezion, The averall apzearance is an orange ot

oa the aairal, usually on thne ventral abdomen.

altahthnros milfordensis

H. mitfordensis is easily racognized oa post—larval lobsters. The

o
2

shycomyeete 18 slightly chitinolytic and causes melanigacion at the si
of infec:ion. In very young post-larva the diseass may occur anywhara on
rhe anlmal, however, larger juveniles with thickex exoskaletons are pre-
dominately infected im the thia chitin membrane of the branchial cavity.
Diagnosis often requires lifting the carapace froa the gill area. H.
aria

milfovdenstls causes tissue dastruction and has been obserqed to inta

with ecdysis when host malanizationo binds the shedding exoskelaton to the
newly forminz exoskeleton. TForrumately, losses are not heavy if moderate

eleaniang procedures ara maintained.

]

Baiarences: 5.

Yarious sysrens and CTeacments nave beaen used to overcome the diszsasus

Faund in the larval rvearing systems. Tha greatzst sudCaess was aghisvad iz
an ultraviolet irradiatad seami-closed seawater system with a periodic dlou
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wialds of posi-lacval le

LILamontous TMLerd-

malachite zresn for 10 mlnutes poioT To entering cha b

a Ll
dipoed 2 minucas dlo the same solution 2-3 times weekly until

vaaching the 4th stdzs,
witrough this mechod was prodective lor & particular type of disease
for all. With this ino mind it has been

pacesssary to establish toxicity levals for the use of malachite green oo

pane. a
lopscer iarva. Using the semi-daily malachize green dipping technique des—
crifed parlilar, it has baen Zound (uapublished cdata) that larvas can easily
ceyive sa 8 mioutz dlp in a 20 ppm concentration of walachite gres=n.

Similarly, they are successful at a2 maximua of ! minutas in a 40 ppn mala-

nagessivy of trzatling lobst=r larva

Ll

successful productien undzs-

scuras the dneffectivensess of presenc larval rearing nethods {(Reference 4).
toes tha diseases zncounteraed are numerosns azud the agents involved are a
varizry of micro-orgaalszs, it is unlikely thac a sipgle treatmenlt regzine
wil? ba suffizleat. In addition to diseasa conmzrol measurtes it is beconing
ohwigus that a better understanding of the pnyslcal paramerers of the sysTea
13 neaded. The animals are undoubtedly umder variocus forms of stress tha
make them vulperasle to the various diseases. 3ince many of the diseasss
are found on eggs as well as larva, pre-hatzhing treatment of ovigetous
famaias should alse be investigated. It is very important at this ‘time to
optinize the densilty, feeding, lighting, waber quality, temperature, flow
vatas 2nd other parametars for the egg and larval stages of lohster.

B

Publicaiions )
1. sitison, E.H., Fizher, W.5. and Shleser, R.A. 1975, M"Filamentous in

Fascations observed in eggs aand larvae of crustaceans’., Submitted to

4
sie Proczedings of the World HMariculcure Socierty.
2. ¥tgher, .5,, ¥ilsoa, E.H. and Shleser, R.A. 1975, "Diagnostic pro-
RU

cudures for diseases found in egg, lurval aad juvenile cultured lobsters .

Sommirted to the Proceedinzs of the World Mariculeura Seclety.
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M. aoericanus

is on the juvenile stazes of the Azerican

Jourral of Invertebrate Pathology. In

Shileser, R.A. 1575, "A new mycosis

to thz Jousmal of Invartebrate Pathology.
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applizd to tha aparaclion of an aguacultuze fzcility o farm lobsrers.’
Sampl: muserical rasults ave preseazzd aad cthe interaction ol these

thesrecical reosulis with practical considerations are discussed.

.
lagezigrd is nhe systams engincer for the Aguaculture Group in tha
Cepargmant of food Sclenes and Tecanelogy at the Universily of
California, Davis (Sea Grand #FFAL) . L
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L , . . . .
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GCmavarsity of Californiz. .
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Youis W, Holzford”, H.EZ. Rauzn™, A.l, Schuur® aad Robart Shieser
ABSTRACT

3

A mernod For Jdareymination of optimal valuss of control variables ia an -

agusculture facility has besn presented previously {Botsford, Rauch, and
Shlaser, 1974). Tails paper déscribes major improvements in the optinizacion
soneoaca aad use of the apprﬁach in design and evaluation of reallculcu:ﬁ
Addad featurss of the optimization approach include determinacion
_ . B

[5-31

gf aptinum navkat gize, discrete rather than conticuous space allotmanz.
; né#w waste trearment model. In addition, recent expefimencal resulzs and
proposed physical system dasigns have been incorperated In the model ea-
abling more accurate oprimization §9d more realistic predictioas. The in= .

fluezace o geoygraphic location, charnges in cost of various components, aod |

———

=xparimectal uncertainty in biological paramerers on optinmal values of

sontzol wvariablss and final costs are described.

>

lBotsford, Schuur, and Shleser are with the Aquacuirure Group in the

Dapartment of Food Sciencs and Technology at the Unlversiiy of Calirfornia,
Davis, _ - '
: i

a—~

*Rauch 13 a wsraff selentist with the Lockheed Palo Alro Research LaboraZory,

“This work was supported in part by Grant # FA4L from the Sea Graa=z

Azager and was coanduciad ar the Sodaga Marine Labgratory of the Universi:
7
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A folyouiture Apsroach (0 Reariag Lobsters

I] 9 Jusn K. Mitchell

Exyiramnanta, Systams Labovalory
Voo Hols Soapaegraeptic fasiitution, Woods oo, MA. 02543
f e tor e trere hohoned znd reintainad in the leborabory
- . S DR . - . T - - PP
Loaronsh corly posholspvel Sus a5 to 14 e Carepace Yengbng .
Triaae snibrals vere Taon trW’uccd into cenent roceways { 12x 1.2

ar 2. .5 m deej), vinich coataineu strekad trays of oysters.

h)

vecuways, bhe snimels were removed. The results show that the

heotod recovnvs | aseproximetely 15 ©C)

@]

lonsters prowm in bz tw

.

GhoweA an sversze increass in size from £.90 %o 25,85mm carzpacs
“onsth. uith several individuals exceeding 40.0%mm corapace length,
thess aninels at introduction was 138.7 g, and
incrzssed to 2165 3 during the seven wonth period. Thus, the meen
velghs increase/ i“uividual was from L35 to 17.70 g. A total of
300 sninpls were introduced into thass two raceways zb a mean

ciaz dersity of 11.8 individuals / m?jthe survival rste wes 3245,
tnimels grown in ambient water (0 to 20°C} incressed in siza
from 8,46 to 12.27 mm mesn carapace length, with a toteal weizht

ine-ozse of 18.98 to 38.00 g, or @ nean weight inereesse/ individusl

fPom .25 to 1.16 g. Seventy three animels were iantroduced into this
¥
razcaway ot 2 stosking density of 7.77 indiqpals/ me, vlth LL% of
elve animels were held in individusl contsiners in a
reeonny For ona some pericd of time. The mean increese in cargpace

1 weipght incresse of 14,565
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J. Staniay Cobb ond Georgs L. Tamm
Deoar cnent of Zooloagy
Gnivarsity of Riends Isiand

pravionsly ieportad evidencs {Cobb and Tamm 1574, and in press) has Shown

that when juveniiz lobsters are held in paivs, the subordinate lobster will
delav nolt by as much as 100% of the normal iatzronll pericd. Experiments in
which the lobsters are physically separated dut alinwad chamical or visual

comunieation accoss i hareiar showed no delay in nolting., Ma conclude thars
iobsters must hava physice! contact to produce tiw oos=rvad Jelay, In system
gn carms, this maans Lhat lobsters must be separaied Tor maximum Foiling
rate, Whan lobsters are completely isoiated, they spend more iime in simulated
sheiter than whea in contact either chemically or visually., Wnen in contact
hoth caemizally and visusily the time Is even luss. This is interoreted to
mean the mors information concerning the prasence oi another lobster therz is,
the mara active the lobster will be,

Throughout our experiments we have consistently saen trends (never
statistically significant) indicating that when lobsters ara held in chemical
communization, molting rate and synchrony are Facilitated, We do not know
whether *his is a reai phenomenon; however, furihar rasesarch is str;ngiy suggasted,

doiting patterns exhinit ons other temporal clustering., in Tiftn and

5ixIa s:tage lobsters, a diel rhythm in ecdysis is apparent, with a unimodal

saak savaral hours aftar the onsec of light,



Page 35

o7

4. Stanlay Cobb and (eorge R,
Department of Zoology
University of Rrode Island

Several asoects of the benavior of lobsters in a closed, unfiltered water
system were monitored and comparad to that in an open systam. In the closad
systam ammonia concantration increasad from .02 ppm to 22.5 ppm over a period
of 31 days then decreased rapidly. Ammonia concentrations in the open system
ramzinaed very low. Fexding behavior {time to alert, time to grasp feod and
amount eaten) showed no difference between the two systems until very late in

experimert. Burrowing behavior also was unchangad,

Wk

rr

A seguential and temporal analysis of buriowing bzhavior has been developed
from che data obtained in this experiment. Burrowing behaviar consists oF 3iX
hehavioral units which, in order of relative frequency of occurrence, are:

Qake., Bulidoze, Backwards Dig, Burrow Turn, Tail Carvy, and Pleopod Fan.
Spacific pathways =-- certain units following othars ~= could be identified,
Changes in number and duration of the units during a 15-minite burrowing

pariod can be correlated with the progress of burrow construction,
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¢ f Agunailo dehevior of Juvendiic Loos
Jg. Stanley Cobb ard Zoovaez AL Tomm
Desartment of Zoology

Uniwvarsity of Rhode island

imcaraction batwean naived iobsters raesuits in the formation of a dominance-

suhorcdinance ranking, and it is always the subordinatz lobster that delays
moliing. AL or just bhefora the time of molt, the dominance relationship
revars=s, The dominant [inolting) animal becemes subordinate to the praviousiy
suhe~dinate Yobster, fodysis is preceded by a short perind of intense agonistic
benaviov in which the lobster abont to molt is very aggressive, Then as th= nld
exg el ron starts to the moiting animal rotreats to its snelter., Any
sgonistic activity beiwesn (his time and time of ecdysis may result in
dominance reversal, After molting, which occurs in the shelter, the cast
exaskeleton s pushed out of the shelter and very frequently the non-molting
lo'sster comes to the shelter and starts to eat the exoskeleton. The cast may
act as = decoy, distracting the second lobster from its newly molted (and
vulnaranie) partner, The changes in agonistic behavior over the molt cycte and
particuiarly at the time of ecdysis imply hormonal regulation of aggrassiveness.
Expariments along these lines are planned.

When Jobsters are held in groups larger than two, the evidence For the moit
dalay pnesomenon is not clear, Othars have showa the density of lobsters and

the density of shelters to be important influences on growtn rate and survival.

n sa=iter density is varied, the spacing batweszn shaliers generally is also,

2
5
45

Ynen Jjobster density and shalter density ara held constant but space betwsaen

sheivars is variad, molt rate is not affected, but survival is lowast whan
shelior: are ciose tagethsr and highast when thay are al maximal distance.

Pagressive behavior is most intense when shelters are closely spaced but laast

‘nizans= whan they are Tar apart.
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wo hnndred Fifty competitions for a single shalter were held betwesen

salected pairs of lobsters. Large lobstars won over small lobsters; mals

lobstars ovar females; intarmolt lcbsters over premalt and postmoltl lobsters;

tahsters with one or twa claws over lobstars with fewer claws, and lobsters
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nt ar laft casition of the crusher
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claws, Prior residence in the 31

claw, or absenca of hath antannasz did pot irfluence the outcoma of shelter

competition, Deninance was the controliing fTactor in capturing or holding a

sheltar, Diffarences in the number of opponants! claws increased frequency of

shelter sharing. Absence of both competitor's claws resulted in shelter sharing

oy, of the time. Field observations Indicated that laboratory stresses may

be responsible for the clear-cut relationship between dominance and shelter

possession,



A EYPERIERNIAL AQUACHLTURD SYSTER FOR AREHICAN LOBSTER,
RUS ALZRIEALUS

A, N. Sastry
Craduate School of Cczanograpny
University of Rhode Isiand
Kingston, Rhode Island 0238]

“he technical feasibility of lobster culture Trom eggs to about market
tve animals has been dasonstraved in a rocirculating sea water systam.
[.sx pas been gathored on moli Trequency, synchrony . weight gain and

Comparative data on
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ectad Fast-growing animals and for eyestalkiess animals. Experiments on

growth were also conducied with animals maintained in flew through heated

and flow through ambient sca water. Water quality chang2s have been meni-
Lored at intervais throughout the grow cut pericd for all the culture systems,
Cxnariments currently otanned on growth and survival of communally held animass

io the sea water systems will be compared with tha base line data obtained for

individually maintained animals under similar conditions.

L,
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OF SUACE ON QRIWTH AND SURVIVAL OF LORSTERS, HOMARUS AMERICANLS

f.. N. Sastry, Doug Wilcox, and Jehn Laczak

' Gradeate School of Oceanography
tnjvarsity of Rhode Isiand
Kingston, Rhode Island 02883

Under intensive culture conditions, the space requirements for Jjuvenile
lobstars qrowing ta a wmarket size is an, important economic consideration.

Studias have heen conducted to cetermine the minimum space requirad for max-

*]

. . " s . . . th . )
smum Arowth of lobsters Trom the first juvenile stage to 14 " Juvenile stage
q g

200 g.) in a recirculacing sea water system. Available space sizes inyes-

-

tigated have no eifect on the growtn rate of the early Juvenile (5-7) Stages.
i1 thz later stages, the growth rate of the animals in the smaller spaces

was less than that of those in the larger spaces. The growth rate of thesa
later stages is directly ralated to the space sizzs. These results on tha
diffarences in growth rate of animals maintained in different space sizes are

being compared with growth rates of field animals and animals grown under

Taboratory conditions.



Jeron g,
Iubx, ‘E-U

Al JUVZITLE STAGES OF
,'-"zf -'-jxif,f il'

A. H. Sastry and Shiriey L. Barten
Graduate Schoel of Gcaaﬂoﬂ.sﬂhy
University of Rhode Island
iingston, Rhode Isiana 02381

T2 ammonia excredion rates Tor all the larval and juvenilz stage lobsiers
Yo the market size have Leen deterrmined.  The rate of ommonia excretion was
=
1

her Toe the Tarval stazes than the eariy Juvenile stagas. The rata o

d at @ constant Tevel (17 ug atoms/c/day) in the juveniles

m
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following the fourtn juvenile stage to the markel size aniinals. The intermolt

igher rate of ammonia excretioa than the premolt animals ia

[=})
3
!
EF
3%
T
0w
=
-
H
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a1t tne stages examined. The rate of ammonia sxeretion was increased immediately
iwiar feading the animals and decrsased to a isvel characteristic for the unfed

animals after four hours.
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£, . Sastry and John lLaczax
Graduate School of Oceanagraphy
University of Rrade Tsland
Kingston, Rhode Is3iand 02831

mmonia is extremely toxic to culture organisms. Sublethal Tevels
of ammonia in cullure sea waver may inﬁibit growth end 2lso increase the
susceptihiiity of the ory anisms to other unfavorable conditions of the culture
system. Therefore, tha information on th2 ammon.a tolerance limits ofF dif-
“npnnt 1ife cycle stages aad long-term chronic affacts on growth and survival

» valuaple for management of the waler quality in the culture systen. Tha

ara

tuxicity of undissociated Nd OH to larval and juvenile stage lobsters has
bean datarminad Tor 24 and 48 hours. Tolerance increases with development,
tarval stages being the most sensitive, the LDSO concentrations ranging rom
3.5 g/ NH 0H for the | st stage larvae to 10 mg/l NH4DH for the 4th stage
Tarvaa. dJuvenile stages have much higher tolerance Tevels, ranging frov

approximately 25 mg/1 for iSt stage juveniles to 250 mg/1 for the ]2th and

iBth stage juveniles. Experimants determining the leng term chronic effects
o€ sublethal concentrations of ammohia on growth, moliing and survival are

currently in prograss.
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;arva] and early juvenile stage Tobsters, Homarus americanus, were

Tnad communally and individually to daternine the effects of group

=ns o0 survival. Survival of individually hold animals was highar
in ali 1i7e cycls stages exeminsd.  Among comeunally held lobsters, survival
was lowest for second sctye farvae (3063), then progressively increased in tha
Tator larval and first juveniie stage to 65.. HMortalities among communa;ly

bald lahsters were observed primarily during each group's molt period. Molt

syacarony within each group was positively corraiated with survival. A simi- )

tar rejationsnip betwzen molting and mortality was observed in groups of

freshly hatched Tarvae maintained to the early juvenile stages wnen population
dansity was held constant. [If some of the many behavioral and physiological
fFackors leading to high mortalities during a group's molt perjod vere contraoiled,
cammunat rearing would be a viablie possibility Tor comnercial lobster aquaculture.

(Axstract of paper submitied Lo Marine Biol. for publication, 1975.)
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SeNTAL PRNERGLATION O3 LOLOMITOR A CITVITY AL
e GGEALLD LOUSTERS, Hudagus ALTHICANUS

1

Lynne Zeitlin-taie
raduzts ﬁchool of hr)anogw1vmy
U:;ngblLy of Bhods Istend

iaston, Rhed2 Istand ©2831

The eviecis of coyironinenial manipuiation on +ho locometor activity
nattarns, o vigrestive levy als, and certain agnaistic hahayiors of Jjuvenitie

feorican Jodsiers, Homarus an anus (i Ine-Edwards) wece

Y

{1X-%1T1 stage!
investigatzd. The Foliowing variables ward testod in a set of fact torial
experimenis:  lobsters individually or communaliy maintained, shelters
pimsent oF ahsens, secawater flow through or racireulating. These particular

s-ameters wera chosen botn ¥0r their imoortance to the behavioral ecclogy of

"'.'J

juveaniie lobsters and_their potential imaorance in lobster aquaculture
systems.
Activity was racorded by a mechano-alectrical davice for 5-9 day exaari-
pantal perioeds with a 12:72 light:dark cycie. A1l Tobstars maintained indiv-
ally had similar Tayals of activity. linzn the samne animals were communally-
caintainad, ther2 appedrad O be social irhibition of activity; however,

5 active as those

{u

corunally netd lobsters Wi thout chalter warg iwice

arayided wits shalter. The activity levels of groups of communally held
!
caps dacreased over ing gxperimanta’ neriod, bub those groups with sheltar

L

cadd morae uniTorm da0reascs.

Sy

AY1 Goh,soors peoame somewnat entrained to tne ticht:dark cycle and viar
o)

Iy

"1y active. The dejres of synsarany of activity was, nowever, shrangly



KR T Sy ' N S Ly e N L A N
AR i ”J;} o T and oo dobatoes. SOGTSINL Ry DR RIA e
5 [ - i .- 5 - P - -~ e P i B
1SRy st QOO elharain L AlToougn VHNSE Doy TAs0 Wi Sne ey
a e e len gy = by e 1 Tie- T et e T Aovas 1.
WS DL AaOY whre nyﬂuhluﬂhdn, [ nrasence o CANLLRIITICS QPJ}ﬂLh?OﬂTLQd

- L..‘.r.' ta. Na R e 1 .- sy ey g - R 1At
AC LRy DATOORYTS Whn ShAeT Wads Nou DrovIG:.

VR S P . T O I,
e jeves, as measyroed oy the numer of ORI 0C @UCOURLAYy hEr

hozryatisn pariod, coorsasad with time for groups of ihree loosters in atl

.

]

-
[m
=h
o
3

xperimental envirvenmants, but the tamporal petlerns ware difrere

T

comindnzlly hald lodsters in {Tow tirouga and recivoulating szawaler. Preiim=-

Saary ahgarvabions oa 12 shercotyned agonistic behaviors also suygasted
Ciffurances Satwesn thesz groups.  The dacrease In aggrassive
rosuttad fram inhibition o7 activity, peobably causad by dominance hisrarcny
Frpmation.  When twd Todstars mel, the probabitity of an agonistic encounter
pemainad about 0.8 throughoub the exsarimental period; hnwevar, decreasing
activity levels resulted in pregrassively fewer encounters

The rasulis suagest several aporoaches foy limiting aggression among

corrunally maintained Tobsters in aquaculture systems by environmental mani-



TIon BY OEYESTALK AsUATION 0% LAPVAL AND JUVERILE

Th}

LGISTERS, HOMARLS AHERICANLS

L. N. Sastry and John Laczak
Graduate School of Oceancgrebny
University of Rhode Isiand

Kingsion, Rhode Island (02331

in crustacea, eblation of eyestaiks generally accelerates molting.

Thiz has also bean deronstrated to occur in tha larger size juventle
jobstors,  In g application of this technique for aqu cultural purposes, it

i< nscessary to demonsirate not only molt accalzration, but 2lso acceptable
<iryival of the animals with corresponding increase in weight gain. Expari-
ronzs have been conducted beginning with first stage tarvae to determina the
~alt fraaquzncy and curvival of successive stages after eyestalk ab1ation and
Tate app2ndages. Acceleration of molting was observed begin-

¢ with the szcond stage larvae. Fyastalk ablation has reduced the survival

po]
s

rate of the first and second stage larvae, but in the third, fourth larvai
stages and first juvenile stage survival is comparable to that of controls.
oW that moit accaleration 1s demonstrated with eyastalk ablation, expari- |
cants are currently in progress to determine whether there i5 a corresponding

waight gain in molt accele ragod JuvenIEe 1obsters.



T COMPELSA TGN 1F PRDTEIN ARD WA SYNTHESIS ujﬁi”“ THE INTERMULT
CYOLD OF THE ATEIGCAN LOSSTER, HOMARUS AHERICATS
John F. McCartny®
Groduate School of Oceanograpny
University of fncde Island
iingsten, Rhode Isiana (2381
. . 3

The in vitro rate of incorporation of H Jeucina and “H-uridine inta the

arid-insoluble fraction and o2 concantration of RNA was neasurad in the
nepatopancraas, abdominal muscle, and gill tissue of the American lobster,
Homarus americanis, in the intermolt and premolt stages of the moit cycie and
soclimated to warn (20°C) and cold (5"C) temparatures. Tissues of intermolt
1obsters exhibitad an adaptive transiationai acclimation to altered tempera-
ture, with respact to Teucine and uridine incorporation. Hepatopancreas and
muscle from premolt lobsters exhibited no acciimation or inverse acclimatian.
Gi11 tissuz from premolt lobsters respond to temperature acclimation by
rotation of the R-T curves for leucine and uridine incorporaticn. Host
acclimation-induced alterations in the rates of leucine and uridine incorpora-
tion are compieted within 10 days at the new lemperature. Uridine incorpora~ -
tisn in inzermoit hepatopancreas reguirad more than 10 davs to readjust after
transfer Trom cold to warm tamperatﬁres. 8oth acclimation and molt cycle
condition aliter the concentration of RNA in tissue. Pramolt hepatopancreas

- ad 40-60% more RNA than intermolt tissue. The intermolt cycle had less
~ifact on baz MA content of muscle and gill. Cold acclimation of intarmolt
hotars resulted in aa incroase in the RMA content of muscla and
fivi and & decrease in hapatopancreas RMA.

fhostrast of 1 opaper cuybaitoad to Cowmn. Biochem. & Physil. for publicatian, 1975)
rass:  GBosten Collena, £ostia, Massachusetis



GRS O TeMPERATURE
ERICAN LOZSTER, HOM

Jonn F. McCarthy* and A. N. Sastry
Graduate Schopl of Qceanography
University of Rheds= Island
Kingston, Rhode Istand 02881

on of saline extracts of eyestalks and suprassophegeal gangliz

bt
=
Tl

i ~om coldeacciimated Iohsters into warm acclimatad animals caused enhancemant
v . . s 3

of the in vitro rate of incorporation of H=Tesucine and Seuridine within

1% hours of injection. The reciaorocal set of injections depressed the

incarporation rate. HMediation of the acclimation response by CMS factors

is suagasted. Eyestalk extripation in pramolt Jobsters resulis in no changa

wt

et

in the non-adaptive response to temperaturs acclimation. Intermoli lobsizrs

sconleratad into premoit condition by eyestaik removal exhibit an adaptive

[N S

rasponse to temperature acclimation. It is suggested that the non-adaptiva

response of premolt tissue is due to an jnnibition in the production of tha

CNS acclimation factors as the animals enters into a premolt cendition.

(Abs ract of a paper submitted to Comp. Biochem. & Paysiol. for publicatian,
13 '

*  Dresant address: Boston College, Boston, Massachusetts
bl
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Dzpariment OF Miocchamistry
University =¥ Rhade Isiand
Kingston, Rhode Istand 02381
The existence of complete de novo pathway for pyrim ine biosynthasis

was demanstrated in vifro in the hepatopancreas and shdominal muscle of the
frerican Yobster, Vomacus americanus. The rate of fdncorporation ot NaH Eu3
into orotic acid was 25-30 o/0 greater in tissue of warm-acclimated lobscers
in the premolt stage of the intermoit cycle, compared to those in the inter-
nls (64) stage. Temperature acciimation had little evfect on this part of
-4 pathway in intermoit lobsters. The rate of incorporation of ( 'Ca)
oratic acid into the acid-soluble fraction of the hepatopancreas of warm-

adanted premelt Jobsters is twice that of intermolt Tobsters. In muscle

ssue, the intarmolt cycle condition nad little effect on the rate of

t

incorporation.

(Submitted to Comparative Pbysiol.-& Biochem. for pudlication, 1975.)
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Toogammars of 1974, wo cstabllished semi-natural habitats in two 10 -,
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{Fomarus omericanus) eacn,
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anet several Cancor irroocius, Anaiilla rasTraia, Paeudonleuronectos aner-
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wearus, and Tautoglabris adsnersus. The lobsters, with respect to size and

sex, wore identical as possible between tanks, as were the numoers of the

Y oy

nTrer spacies.  The aguariz, which received amblent senwater, wore arrange
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an oyster shell suhstrate, and cepeni Dlocks, rocks, and

-eranic pipes to provide a surplus of shelters. Unservations from Februnty

o

turcueh Ausust were made both during the day, following fesding, and (using

r\‘

ol Tiznt) just after sueset, when lobsters are active under natural con-
_irions. Individuals were identified by day glow orange lestters glued to

the carapace. Types of behavier we were able to quantify included occupation
of specific shelters, feeding, activity, and social behavior. Our goal was
ts corhine advantages of a field study, ample space and a variety of species,

P

with those of a lahboratorv study, permitting a greater degree of control over

I our large aguaria, the lobsters appeared to be much less agressive
than gonerally has been reported. Aggression was most frequent during fead-
ing. Chservations at night revealed few encounters, and these were usually

either one sidad avoidance without pursuit, or mutual ritualized displays.



The inhstors in descending order of size were female, rale, foemale, m
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sicouadites, aad o Juvenile dend
Lo derermine its relutive dominonce,  For instance, ferales s1ightly swallor

P cectain moles wers ofienl dominant o ths latter. Dominance shifted

oy

copewhat seiween different animals during the study, and complicating tnis
sicture was possible territorial behavior in the larger individuals. In

oo tank, only the two adult females were territorial from February through
nid-May, followlng which no lobster showed stability of residence. In the
second tank, only onc anitmal, a female, was territorial for more than sev-
eral weeks, until carly June, when the largest male established a reproduc-
rive territory lasting until the end of August. Iven cur laryge aquarla space
may hat2 hesn too limited for all animals te be torritorial.

Lobsters appearcd to lose thelr position in the hierarchy just prior to,
and for up to 2 month or mwre following the molt. Such animals were often
observed on top of shelters, in exposed locations, where other lobsters
apparenzly did not harass them. Although captive lobsters are consideved
guite cannibalistic, we lost only one animal, a juvenile female, out of six
nolts.

Previous observations in our laboratory had established in Homarus amer-

©
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which we assumed acted as a

-

icanus the existence of a female sex phermone,

long-range sex attractant. Instead, in our large aguaria, femile lobsters
about to molt sought out, took up tesidence, and actively courted the tank's
targzst male, The males were Very non-aggressive toward these females, ancg

yot during this period, made violent attacks against other males as weil as



following 2, the mates rotired o
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tocather with other economically valuable specles, is feasible of suitable

space and sheiter are provided.
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ABSTRACT

One 0f the muior challenges currantly facing lcpster aguaculturists 1s
the desim of a culture systen in which lebsters may be housed individually

and yet fel with a aindmun of effert,  tost systems unde study involve

- individuat maintenzcs of the animals immedliately after 4th molt in
containers wich sutomatic feeders, or accevtance of a high rate of cannibulism
d claw 10ss due to aggressive interactions in mass- rearing systems.
The current work was d*blgmed to evaluate a grow-cut system in which
individually housed lobsters would require no individual attention.

The Woods Hole Cceanographic Institution's Environmental Systems Labn“**ory

was designed to grow oyster (Crassostrea virginica} on densa cultures of uni-

cellular aleae nurtured in seawater enriched with secondarily treated sewags
offluent. As a result of high ambient focd levels, the shellfish -- which ars
maintaired in 3' x 3' screened trays stacked in 5' deep cewent raceways -- Pro-
ducz large cmounts of biodeposits consisting of both feces and pseudofecss.
Sizeable communities of th*ee~0énera of arphipeds (Corophium sp., Gasnaris

sn., and .Jassa falcata), the polychaete worm (apitellz capitata, and (seascnally)

2 the mussel Mytilus edulis, appear spontaneoitsly in the system and tnrive

¢ foe accumilated bilodeposits in the trays.
Preliainary studies indicated that Homarus could be cultured for at least

5This work wax done in partial fullfillment of the requirements for the dearge
o7 #aster or Arts ol BO ron University
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: oo, The oo worls showed Choet ofrer loch stoge, suddanly incroased

Coons e lism nade moss reacing unteasiblo.
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rointataod individuaily alter fwo montas’® muss cuiture however,
fooreased in woicht 5-10 times {ex: 5.4-35 gus) 1n © wonths at average tenper-

acvres of 15°C.  Aninals waintoined in individual corpartments 2-4 to 2 tray

douhled or tripizd in weight in the same period. ALl of these animals Temaised

R

vii roes and healthy throughout the experbrental period. There was no morraiity,
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ane e animals retained 'wild byDe COLOrELion.

parger (40-50 ml carapace length) animals did not fare as well under these
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coplicions,  Most survived, but orawlll wias unsz isinctory.
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Sorther luvestigations indicated that growth of the pedlum-large sized
lohstors in this experiment was limited by food levels substantially below
chose which could be provided by placing the trays in sections of the raceway
roceiving direct and vigorous asration. Additicnal water turbulence thus

nroviled increased the numbers of the largest food species by at least an

rdev of magnitude. It is believed that [uture work will prove these higher
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o levels more than ample to sustain good growth in larger animals, and in

malley animals held individually several to a tray.

o

Combining the requiraintnts of Crassostrea and Homarus in culture, the

“ollowing schedule ror Lobster/Oyster polycu ture is proposed:
1t sealad trays, [unoculation with Capitelis wilt speed establishment of these
tood oTZAnisms.

21 Aftaer two moniths, 'thin and transplont'' lobsters and resort and grade
A ]
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crs.  Lobsters shouwld be isolated in individeal compartments 2 or 4 to a
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(Additional work is curreatly ia progress to Jetemmine optimal densizy

1) Mass culture of 10-20 post larval orarus with newly sorted found oyste:
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“t e 3-8 Taonchs, thin lobsters further to I or 2 per tray and place
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with largs oysiers. Innoculate with Capitellp and grow to marketanie size.
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