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B,::iE;:ICIA> USE OF I'.."" MA'- E FLUENT
I'»' I.QBSTER C~'J TUZZ*

Richard F. Ford, Don C. Van 01st, James M. Carlberg,
>jayne R. Doroand, and Rici!ard 7 . Johnson

D- partment o' Biology
San Diego State Univers'ty

San, Diego, California 92132

ABSTRACT

Comparative water quality analyses and rearing experiments were corduct;=d

assess «he benef its and problems in using thermal effluent to cultur= the

A-..erican lobster, Bo~mzs ~;�ericcnus, from the egg to market size. Most of th' s

research was conducted in a special 1 boratory developed in cooperation w'th the

San Diego Gas & Electric Co. at the Encina Power Plant in Carlsbad, C. 1-' 'ornia.

S- parate studies supported by the Souther~ California Edison Co. were recently

i:!' iated in .' simila» laboratory at their Redondo Beach, California gen=rac'ng

station. Th=se labo atories are supplied with both thermal effluent anu ocean

qua1ity seawater. Pneumatic mixing valves and electric heating are employed to

obtain experimental temperatures. Parallel experiments are being conducted at

the Scripps Institution of Oceanography in electrically heated and ocean

temperature water,

Salin'ty, dissolved oxygen., pH, and concen.trations of the toxic henry metals

Cu, Zn, Cd, Co, Pb, Cr, and As were essentially the same in thermal effluent from

t'ne Encina Power Plant and in ocean water from the outer Agua Hedionda La:.~un

and Scripps. Similar results have been obtained in studies recently initiated

at the Redondo and Ormond Beach generating stations of the Southern. Californ' a

Edison Co. Analyses of whole animals, muscle, hepatopancreas, and other tl=-si es

indicate that concentrations of the-'heavy metals were relatively low in all ' ife

history stages and not significantly different for individuals held in tn

dif .. nt wate types. These results suggest that chemical toxicity is nut a

p-oblem in using thermal effluent from the Encina Power Plant.

"-' his work was supported by several ag ncies. Research at the Encina and "!rinps
Iu;titution labnratories was , ponsored by i he !XOAA Office O': Sea Gran: '; ' t:':.:Lent

Commerce, ur«der Grant VSDC 04-3-58-122, by a grant from Homarus, Inca"-...-.- .d,
;...d by the 'an Diego Gas & Electr.ic Company. '~'ork at the Redondo Bean.'! labor!tory

some a .->ects of research at the Scripps laboratory were sponsored b r
i . search and Development P. ogram of the Southern California Edison Company unie
re, tracts V2603906 and V2384902.



T.:.; in-r~. wer cu''-ured individually and inIOl.va» iavs o.: e" ~soul '.i" t er 'tu 1 lt j ~

~ass r: arir? s-rs c~s nt c o-.~r a-.;c temperatures of '~.5 «nd 21.6 C. Under these

sioling l;.=v. e;-:< ar d to Stage Ei iu. th-.. Fzcina Power Plant e.fluen:i
cons�" K ' vns q

an' w3 '" ar f o 3 zhe ' A'o Quean ' 'our ce s did. not d if f e- signif:can tly in survivors ..17

c: s.- co attain~1. Similar results were obtained in comparative experiments, us

t}; same water sources, to assess the effects of eff lucan on la=vae, and juvenil =s

reared co Stage Vili over a three month period at a constant temperature of

2

: n order to assess the cor bined effects o temperature and water chemistry,

juven les were cultured individually and in mass rearing systems in effluent at

; =r -i;..- temper ~ter-..s  X: � 22'C! and in lagoon a=er «t ambient temoeratures

� � � 'O'C! . ' 'he juv niles roa:"d. individual y in affluent for ten months 'nad

significantly higher survival and atta nod a mean s.'=e 11.6 percent larger than

did t hose in. lagoon water. Juveni1es cultur d in mass r"aring systems for six

months attai ed a mean size 15.5 per" ent larger hen those in lagoon water.

These prel~inary results indicate tha~ thermal ef fluent may provide a

useful and economic. 1 source of warm water for lobster culture. Ocher similar

st dies axe now underway at the Scripps, ~ncina, and Redondo Beach laboratories.

i 1 ' 1,. o ' .' .  i, .'-' >' '- ';:, ,".! ~,~ r i . nh ~ ~:>. " ' toe sr:ges l'os' seIls l'. M to onvlro Ui'=ural
  'iso'i ' ed with L',:- ' � ia ~;,:fi ent. Th-:., Lucy were employed in corn-.iar-.~=ive
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F.:.FECTS 0= SHBSTRATZ TYPF. AND >~."~»-R FACTOR.S ON THv CROMrH,
SURVI'",.M, AXED CAYNIBALI =.'! QP ZJV-".iILF, Humerus

c,,-.eridanus IN 51ASS R'MlNG SYSTK:IS~

Jou C. Van 01st, James H. Ca"lberg, and Richard F. Ford

Department of Biology
San Diego State University

San Diego, California 92182

?%ass rearing exaeriments were conducted as part of our effort to develop

effective techniques for commercial culture of the American lobster, Hornrc~..s

ar~e~canus from the post-larval stage to adult market size. Egg-bearing

fe.@ales received from Itassachussetts were he1d in filtered, flowing seawater

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 approzimat ly 3,000

larvae per unit. The larvae were fed live, adult brine shrimp and attain~d

fou" th molt stage. in 10 days at 24+1 C. They were then transferred into v@ss-

rearing tanks receiving water of ambient San Diego ocean temperatures and were

fed. frozen, adulr 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 to <

determine the effects of substrate or shelter type on growth, survival, and

cannibalism in juveniles. Fourth-stage larvae were stocked at densities of

210-317/m in mass rearing tanks with four different substrate types: short2

lengths of PVC tubing, small rocks, oyster shell, and sand. After six months,

the mean number of survivors per square meter and the mean carapace length fo" .
2 2

lobsters held in each substrate were: PVC tubes, 22/m, 14.4 mm; rock, 24/m

13.9 mm; oyster shell, 30/m, 15.0 uzi, -sand, 6/m, 17.3 mm. Hortalities in

these tanks were attributed primari'y to cannibalism. The loss of one or both

claws of the lobsters cultured under different substrate conditions was used

as a measure of the degree of fighting rd social interaction. Based on the

survivorship data, oyster shell appears to be the best culture substrate of

those considered for reducing cannibalism and assuring hign carrying capacity.

Growth rates an:. «ggress'on, as measured by claw loss, were found to be si»ilar

in all substrates tested.

This work ' = the resui= of research sponsored by the NOAA Office or Sea Grant,
Department of C.!mmerce, under Grants USDC 2-3S208 and USDC 04-3-58-12
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DEVELG: l"'N '. ' '! E.'ALGA i TOÃ Of.' bIA'. S R'"A RING S.SXEt.'fS
I':>P. TH.=. CUL=iJRZ 0=' 1 V~M~ s cL~I.HP~crx~:t.'

3on C. Van Odist and dames .'l. Carlherg

Depar tm; nt of Biology
San Diego State University

San Diego, California 92i82

ABS'TRACT

Our init'al research on survivorship and growth of lobsters held in

communal rearing systems indicated that this method of culture may be

economically employed during the early juvenile stages of growth. Presently,

research is concerned with the development of mass-rearing culture systems

whi=h .-~re easily harvested and relatively non-Sou' ing. Substrates under

evaluation include plastic tube "condominiums," strips of corrugated fiber-

glass, P'1C tr'ictcling filter media, and plastic honeycomb, as weil s our

controls of oyster shell and sand bottoms. 4'e are also beginning ".,~ore detailed

experiments to analyze the ef fee" s of stocking density, subscrate density,

temperature, photoperiod, and feeding level on survivorsnip and growth. 'Zhe

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

type ~»s-rearing production tray which we plan. to incorporate into a comprehensiv

scheme for pilot production of lobst.ers. Mith the supoort of the Southern

California Edison Company, we hope to construct the pilot scale farm in nor them

Los Angeles County.



C,:rib;:g. Jc!a C. Van Gist a .d Richard F. Ford

J':.pa" arne..": ' biology
3 go S ta l e 1ln ive» icy

n Diego, California 9 .l82

&.ii.! j. RACT

Pood «v J.uat 'on s dies wer conducted at the San Diego State Unive..'ity

aquaculture= lahoratori=.s co compare growth and surviva of juvenile Porc-;,a

cue~~<-c7".us c; l'ur d oc diets o. both natural or artificially prepared foods.

Al.o emp uyed iu th.s . studi=s wer-" experimental shrimp rations thought to be

ess~ntial Ki'cronutr'eats, vhi h ~ere supplemented wich who e

th ---' a 'c red crab Ei'>;,i>an 'o<'."." pl.c~ 'p.~s an inexpensive

nef ic3.ent ln sa:i'e

animaj t ' s i;8 oi

sour ce o f cr:.~st a ea..;aal

The rates of growth for lobsters fed a daily diet of natural foods

 frozen ac!ulc brine shrimp, ground who~ e lobster, or red crab! were superior to

growtn ", t.'.s achieved by juvenil s fed experimental shrimp rations cur==ntly

available from Ral ''. on pu"ina. Company and. from the Department of Food Sciences

at louisiana State University. One notable exception to these findings ~as

that lobsters r~ared on a d- et of Purina i~L~rine Ration 20, developed for shrimp

culture and wnich we suppl emenLed with ifty percent red crab, exhibited rates

of growth nearly equal to those fad frozen brin shrimp or lobster tissue.

Another interestin" r su' c was that this supplemented ration p oduced more rapid

growth th"n. did either of its two components when presented separately. This

seem d to be caused oy mor rapid fouling due t'o poor r water stabili:y of these

fends compared with those in ar.tificially pelleti ed form.

.his vor~ was supported by several agencies. Research at. the i;ncina and Scripps
institution laborato."ies was sponsored by the. 1'~OAA Office of Sea Grant, Department
of Corrode"c ~ , I nder Cr; nt 1,"SDC GC-3->8 � l22. 4or'c a. the Redondo Reach lab:.-atory
;.nd .;o."..e, .-p<i � . of .-esearc'n at the Scripps laboratory were sponsored b ~
R".;; arch a.-.' 3-.r: 1.>,:ment cogram o tne Southern. Californ a Pdison Company u .cier

acts ' b �343 «".c u2384902 ~

;,uveni a . obsters were reared lnd'vidually in compartmentalized trays

Stage i.'V to an age of one year .ct ambient southern Calirornia seawater tv~pena ures
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!1<lac ' c<I< c' ' <.'.~' .. <.'< ' ' s tor ass'= -: s tng, r' "4t!! s no ls eci the iLeasu'c ~~Ben <ur carapace

l.e;;; '.. Uukt p:.>V ' <!e . a r.Ore;-<CC u . te «StimaL'<. C i,'.-'::in'um rate O grOVth than
clil «v:-.ra-: > 1 /th d, ":,; 'neQ fro~ periodic survey data. ".t a' so a speared that

Lh= du=ation u.' e .peri+ants a<. Lh< . i:ean te<perature of 17'C houid exceed l20
da-;-s to provi ~ e «<,aeaningf< 1 ro.operative eva~uatian of Eood types and thei=

e: c.cts o.; 0'4th

 ;Even curr nt prices oi ~~rine Fation 20 jZOC/lb.! and red c"ab �4<,/1b.!
and a conver" ion ratio for 2'. wry~,.c.c.'r!us of appro:c,'~t ly 4:1, the food. cost of

prod< cing a one.� pound lobster might be less than 	.00.

Studies new in progress at San 1!iego Sta . University are designed to

dete~<..ine the <:ini.;.al su~pie~en ation necessary to .eet the nutritional rendu

;"..ants row 3.acting from;.rtificia< dieLs encl Lo reduce the depencience on a single
f i-he.". - such a» PF.="c ~ai.".'c". -;s to a-. v''de tl'.e sup-.le~".enc. Techniques of using

the fish oil --;traction <.etl'od Lo re<cove czroteno. c . from red crab zc<d subsequen< ly

add'cg it to corzrercial pellets ar under investigation. 2rotein analyses of all
of our test r-tions have been ma<'
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0.. CGATiii"":E~', S,''::. Oi, !", .0';~TH -';3 '",0,<T!~ATTY

0-' JI,v ',,'�"' J'.~,.;~«" cr;;,:>..-,..'c!v,'.!s CLiLTiiR"D le I iDEVID''AI. R~43Ei'IY S "STBLS'"

Jon C. Van !Dist, James,'!. Carl' . rg, and Ri chard E. Ford

Department of Biology
S;!n D'ego State University

S .-. Diego, California 92L82

ABSTRA.CT

Hi h levels of cannibalism have been observed ln lobsters held. in co=-Lanai

roaring 'y:; tems  Van !!%st, Carlberg, and Ford, ms. in press! . Most investigators

h~ve come to th con lusion that if lobster fa~ng is to become a reality, the

animals will need to be held in individual rearing containers 'n order to avoid

the problems, This single-eel' rearing approach will be costly and difficul-

to ngineer. To minimize equipment and wat r treatment costs, the containers

si -uld be cs small as possible, without unduly res«ricting the growth or

survivorship of the labs ie "s. Some .estriction in growth rate may be toler: .~le if

adequate cost benefits are realized. Our approach will be to weigh the sa'. ',ngs in

facility and water treatment costs again.st the losses from decreased growth and

higher mortality in a series of cost-effectiveness equations,

Although we have conducted two prior experiments on the effects of container

s'ze and confinement stress, we did not feel that the results were adequa: ~, Tn

order to provide more reliable data for the cost analysis, a rather compr=.h,".=ive

laboratory experiment is now underway. 4 series of rectangular individual: sr'ng
2 2

containers ranging from 7 cm to 745 cm in bottom area were constructed oF

plexiglass, covered with fiberglass screen on the bottoms, and suspended in

fiberglass water trays Each of the seven container sizes is replicated 5C tines

to allow meaningful statistical analysis. The con«ainers were stocked wi h

Stage lV 2ar.",~ms in Januarv L975, but survivorship has been low due to beamy

.'';.!;@~Km= infections. Disease treatment procedures have been developed and the.

containers will be restoc!ced as larvae become available.

""his wurst, .vas suppor.ed by several agencies. Research at the Encina and Scripps
itution laboratories was sponsored by the NOAA OFFice of Sea Grant, D-.pa"~;-;eat

of Commerce, under Grant USDC 04-3-58-L22. 4'ork at the Pedondo Beach labors«o=y
;:.nd some a pact'. of research at the Scripps laboratory were ponsored by the
i',esearch and Development program of t'ne Southern California "di"on Company
rontracLs U2603906 and U2384902.
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D': zI,"IOP'"::XY '~Vi3 I-Y=YI,UAT QV OI' PROTO' 9::; PRODUCTION ."fODUI.'S
i'O~ Tkl CIII..'zR" 0,.' dr-.n:.,~wz;; ~',:-zr: av'us IF I~i3:"I" DUAI RFiRZF|G CONTAIi4zzRS. '=

Jon C. Van 01st and James H. Carlberg

Department of Biology
San Diego Stat 'Jniver ity

San Diego, California 92182

ABSTRACT

Su.ficient progress has been made in most imnortant areas of lobster
cu'ture so that we feel it is useful, now to develop and evaluate models of
th= tanks, rearing containers, and other equip,.ent that might be employed
in co-.mercial productio~ This is important bec u e it is the only way in
which meaningful assessments of related problems such as water treatment, food
stab' li ty, and cos t e f f ect iveness can be made . IIany di f f erent types o f rearing
syst ms have been devised, constructed and of ten d'scarded. SeveraL. systems
az under evaluation in our laborator es and two appear particularly prom'"ing.

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

The care-o � cell system is essentially a shallow round tank based on t: he
design or a primary sewage treat=ent clarifier in which floats a revolv"n-
group of screened-bottom rearing containers. The group of containers revolves
beneath a radius arm from which jets of water discharge at an angle into each
rearing compartment as it passes beneath . Models have been corstructed in
sizes 4, 5, and 10 fee. in diameter. The group of rearing compartments is
rot:atad by the force of the water input jets, in these prototype models;
larger production units would be powered by gear motors. Our 10 ft diameter
car -o-c ll has a walkway spaunino the tank for convenient access and feedir.g.
Ic larg r un" ts the walkway could also house photocell-operated rood delivery
ports and harv sting syst ms.

"Th~- work was supoort.=d by several agencies. Research at the Encina and
Scripps Instirution laborat~ries - as sponsored by the NOAA Office of Sea Grant,
Depa=tment oi Commerce, under Grant USDC 04-3-58-122. Pork at the Redon Io
each " aboratozy and some aspect- of research at the Scripps laboratory;:e=e

.;po."..sor d by rhe Research az.d Development Pro,~ram af the Southern Californ' a
i-'.d son Company under contracts u"~03906 and ~J23849C2.
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!,o�r!.lr'" .:, s o ' 'e ' '' ., ! I «-;! ' ' T'-.'1 tition

.v oi '". ! ';;' < r.' i! '' 1 o '.!l ! « .! lot..'g L!" .t !o 1:!.'.~ "-, id=.s o ~ tii ' Lra,!,

;:2 p ' '.s .' c i."s:t ' c '.! . '' !ion,= th ' '' a i.s ac'= '!er>or" ':'-.n !o t!:ai f es'1 saaAat:'.r

i. lo'Js I! 'cp', dlcular t o i iu ion, a..is of the tray�. Traitys ter!

pl a.: ' c, ." . ',.:LQ 1 ' pea d c. !'3ss-wl ' Ln t ne tr 1v e ..ot per fo ' Q!l,

A pl as tie toilet 't nnn. vaJve a thsed .,ligatly off c. a bottor!.

of th t=�y .'.;; opene« periodicaliy and most oZ th= water is flushed to

-'-aate. As this occ'irs ' he solid partitions act as oams so that the wa-er

:is forced to flow raoidly across the bo om o the. tank.. This flow has a

"couring e Eeet and !s quite effective in removing accumulated wastes. Xn

th Ls system, tIiereiore, o:<ygenated water can rlow s1.owly and evenly across

shor = ';is o ' i e ' ra. whi 1 the was t . flushing water

apid ' y ac o' s tR . bot to!BQf t !!8 tank.

is f orced to move

Hot!x oi tnese r=aring;ys erne !'. nct! or ed adec;uately in our prelim-nary

: �:; aluation.:. Dye s udies: bowed tha- w" ter .- ow ani was, e removal p .t t ms

effect. ve. I! "re curr ently as" essing problems of scaLe � up and various

designs for the ~ nd ividua" holding conta'vers to be used in these systems,

W..ste removal efficier cy is largely depend. nt upon. the size, number, and

shape of the perforat on" ln the containers, and this aspec of the desi;a

also is under study.

A <os Angeles ar ea company specializing in the vacuum forming of

plastics has been contracted to fabricate tr ial containers and more than o0

p ototypes have been made on wooden molds. Assuming that one or more of

these designs proves satis.actory, metal molds will be constructed and

tne containers produced in larger quantity for further evaluation.

Xf eiti" i the care-o-cell or flush tray system ultima" ely proves

s.-.tisfacto;y, we plan to constru t nil scale operational units with the

cooperation and supper t o f the Southern California Edison Company. The

flush tray system could be conveniently suppor=ed on. cantilever warehouse

storage racks uo co ten levels high. The chief advantage of this system is

ha i co..ld provide very high production densities, which might be necessary

I.P the proposed lobst r farm is to be locat d on e.open .ive coastal prope" y

hi:,;ii ! int'naive approach would be recessary.
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Gne o I' the mod t,ever; -problems fa. in� ihe devaki opment of intens i ve

c 1 cure of any specI -- i' the control of d! s;as>. To opiimize producti-

vi iy and econom! c fees! bi 1 i ty, aquacul turi sts mulct use el eva ted

tc mpera ture, max imu!n feeding ra t s, and min imu n space per an ima 1

Uni.' r thea:. cor! c i t io!s, the anima i s wi 1 I be unuer phys i o1 og i ca 1 .stress,

ii;us b:. r,;ore:.u c eptdbl e to an inc ries I ng variety and f reiiuency of

d! ' '.as< s. Two d! seas s a I e now cau' ! ng prob I e!ns !!'! sar! cui ' ure e f for ts

Gai' k~mia, a fat~i b»t r mid cf lobster s, cau es epizooti os in ine

wi, d, In irnpoundmeni and aquacu I ture feei i i T ies. Leucoth i x, a

f i I dmentaus batter ium, i s associated wi th s igni Fi cant losses of larva!

and juveni 1 e stages of cu'I tu! ed 1 obs ters. 1n addi ti on to th se two

di sedses, w have isoiat-d a nunber oF gran> negdtiv bacter ia f ron:

moribund lobsters provided to us by other West Coast Sea Grant investi-

ga ors, The pa chogen i c i ty oF these bacteria has not yet been assessed,

We ha ie found a high incidence of the causative agent oF gaffkemia

on the exoskeleton of normal lobsters. .hese lobsters, aithough carrying

tha bacterium, are not incernally infected, bu" could be a source of

ir:faction for other animals. Our st'udies have shown that both the

CuIifornia Spiny Lobster and the American Lobster can be imn!unized

ai,ainst qaTFkemia. The immune system in inv rtebrat s is primarily

co I 1ul ar, r%5 a means of cha rac te r i zing i h eel 1 ul a r response, a sys iem

: eve I opeh Ter I . shor t term ma i n t nance OP li. amer i canus I'.emOCyte



ir '=.n' io i' . 1I,'.>','. In vl i 0 .! t'' '.'e. 'r"' b'=i!!g corre/act d wi t.h p otec; >n

S«rologic il st '''i. s have cemonstra ed an ai tigenic

da'terrinani wnich is higniy correla-.ed wi.h the virulenc of a giv!,:

I .'train. '.4e .!i« ouri ~oily i sol at ing an f characterizina this ' vi rul ence

Bniig:n

'everal problems involving Fiia,"�entous bact ria hav reached

«pizootic proportions, During the past year all of tne major aquacuit re

groups have hau difficulty rearing lobsters to the juvenile stages

This i'.igh niortaiity is presumably due to Leucothrix infections of

larval lobsters. Recently, a filamentous bacterium g rowing on gill

rake;= }»s be n associated with a high mortality in juvenile lobsters.

A simil- r problem has resulted in a virtual shutdown oF some shrimp-

rearing Facilities.

We are studying the etiology o; these presumed L ucothrix infec.ions.

This is being accomp]ished by preparing Leucothrix-specific fluorescent

antibody reagent using pure cultures of Leucothrix From the American

Type Culture Collection  ATCC!. We also propose to isolate the presumed

pathogens directly from 1 obsters and sh ri mp and test their pathogenicity.

These isolates will be taxonomically identified and compared to the ATCC

strains. We shall then study the in vitro susceptibility of the ATCC

strains and the pathogenic strains to chemicals and antibiotics. Any

potentially successful treatment iwii', be tried in vivo at the affected
I

aquaculture facilities
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T ~',.'. 1 i 2 .". U. e Bn pin., a '<,; con a i os nuclei ous re fer nces
to i;".' occurre,,'.. o mvl ti ng and egg 1?ying i n a l ternate years,

=ven some su;;ges;ion of a ten pol a! re'l a ti ons hip between
, a i,",9 and ega l aying. It has also been su;,ges.ed that the
-.rotr:.c ed period b "tween successive .-pawnings can be routinely
co impressed by l o! ding ma ture femal es i n wa m water. Our obser-
vations on th' female reproductive cycle indicate that, all of
ti ese concepts are only part'. 1 ly coi rect. For examo Ie, a
ma j or i ty of th 450 to 550 gram femal es f rom I'lorthumberl and
S'! ai c and ."~u'I f of St,. Lawrence rout in ly mol t in August-September
a.''d 1 ay eggs l". mon'th ! ater. Di fferen't s, ze l ebs ters from the
sa l,» area liay ei ther mol t, 1 ay eggs, -r dlo notning. Observations
on 1 "boratory and field samples of this oopulation over a 3-year
p;:l i od indi cate each a!-e- lass 'ias a char:c '., is tic pattern 0I

re pr odu iv,. ev n ts. The immatur female !orms i ts
�. -condary s.xual charac ters over t*;;o succe-.sive mo'its, wi h
o/'f 'an vj!..1logenesls c mmencjng dui Tng tne sumlm=r or "he
second {puberty! molt. Gvar ian matur a.ion progr=sses through
t;vo di st inc t stages of v i tel 1 ogenes i s spanning 9-12 months.

,",a ture thi s always includes a winter period, and a cold water
e,.posure may actual ly be required at some point,  as i s the case
in freshwa.er crayfish!. First egg extrusion  Adult I! occurs
approximately a year after the puberty mo>t, and the animal will
!molt again early the following summel  Adult II!. The ovary
commences its second cycle that svilmer as well, with the result
t,hat Both the molt cycle and the ovari?n cycle approach complecion
in the following  Adult III! summer. Proper synchronization at
this point appears crucial, for if the ovary develops to the
poin. where egq laying will occur either before or within three
we ks after molt, the gravid ovary will be reabsorbed, which
frequent'ly happens when females of this size are pushed in
war;-.. wat r. As a natural breeding stock this age-class, has the
a"vantag o; being cost-efficient producer" of eggs for culture,
and useful for synchronized planned ma;ings with rapid egg
pro 'uctiaa..



.firn carapace i «ngth ol spl ay a c i .. ann l an
c'ic] e a i se .'S i:.", '!>;'.' ta . e'Ao] ' 1ndbc 1on, '.iihether iiatura i «r
; .duced ~;,.' hi s ..-.nsi ' ii vi tv i s,~ di a+ d by neuros=c, tor i =ant r s

+h«. =y' s' 3 i k. ii.-.'.''i 1l pr' Ro i t ifldUcti on Bt l 3 C Qccuf s r.. '3id iy
sor ing, and s'. O~.y i i at al l in auto:~n. - However, the di f erence

between spring and au-'.Uiin responses disappears;shen eyesta'i.'s are
moved but can be reins-ated by implantation of C< eyesta!';.

tissu . SensitIv'.;-.y "..o injected ecdysterone lik wise varies
seasonally, 1" m d; i-'-ed by eyes .alk tissue, can be stabili= "i. by
e'/es~>l' r~RO'l3! a"U CB"1 b~ ups~' bJ> eyeSt3lk ]SSue lmplan . ~ .
Thiese esul .S d ~mon ra Ce the exiS ienCe af an eyesta lk fact3 
"naia-ou" ta c"i:,"'".an flic. =Cdysterone probab',y is not

nduc ~ r or pr=i'':.� ' ., unction is prima, I!�" .hat of media'.'!ng
format'.:,.a af new c~--,;.i ~ , and its target organ appears to b . the
epid:r egis. Ecdys ~ .-rane doses su;.i'ic'Ient to induc premo'~t

almost always tatami b cause fleW Cut'icl is fOrfAed and ecdy
Qccu s i'llthou ..."mpl; t'Qn Qf ear!'/ proecd'>s"al processes

ago i Js1S ~ gas era i 1tH foriiiatl on, l iiAb i" U4s, setagenesi s ~ etc ~
Eyes tal k remora'I fol Iowan by sequent:- «l ecdys terone inj ectii ans
p rmi ts success ful compl eti on of accelerated mol t, suggest' .ng
strongly that a separate factor, contr oiled by the eyestalk com-
plex, is resoonsibl..  Or induction ot premolt and completion of
the vital processes of eariy pr molt. Temperature also inf! "ances
sensitivity to exogenous ecdysierone. Dose l v ! s af 0.5 and l.0
ugjgbw are ineffective� at l0 C but the higher dose be<ames
paten' when the temperature is increased to l7 C, demonstra.:Ing
the necessity for standardized condit.ions in such experiments.
Premalt induction can be inhibit d by implantation of C eyestalk

tissue and by sequential doses of 0.5 pg/gbw FNE. a juvenile
hormone imiimic. Me have been unable to inhibit molting by surgical
removal of suspect d ecdysial glands, and recent results w'.th
insects suggeSt the role Of eCdySial glandS Of both inseCtS and
crustaceans may be different, than previously thought.



06 udi s bo
c'.emical f-:cto s mus '-. b. cons>dered. t i n< ers � ex ~«er
or ote=n or -,.olysaccbaride � .~re necessar;r to prevent
di=,in-ears ..on be..ore +ood csv be consumed. Hven the b st
':=der; <!e~it leecning of neater solubl.. nu~rients, and
ug to ~0". o:";rlucose ma r be los i a ter t'~'o hours: n sea'1 .L 1v;ate. I ~�-. cb- n[- can ge preven ~ed o~~ encaosulation, But
; 0!Tle LeR.ci LlnF ma'/ be necessary fc " tWie roc~' to De
-":. I;tracti . e to lobs.ebs ~ Solid fats s ch as hydrop .na.ed
coconut oxl can b! used .o oncapsuLate ."~ rood p~klet�
bu may '..P ms?lve oe de ' ment "1 .o ~ .. ?leal i 4 or lob t'

Serum p 0 ein i eve.l p nr' cent eG' o e mpa q vita1 organ
tissu . corvos' 'ion il @id ca bo'ydrate, pro ~ein ana

, .:b! a-,.d ~row-. z z::,.e are u ed a= ronditi on ind' ce" in
i n.'evaluating. dj -"'eon-'. die,s. Adult lobste:- require nip'q

' -.'v~1 s o die .Rry protei n j serum pr o '.e in analys is s+ O'Red
con,.a i.,1np' 0, ~0, ~0 7 o'. 60/~ pro te2.n  as

v'+amin-.'ree ca ein! are fed to adult lobster s f onlv
-' '~e "0""~ wrote i~ diet ae mits mainte anc o.-'. tke serum
protein 1 .vol ound in ~~ ild lobster-. 7>'s same result
is substantia .�. d by compa-.. ' 'on of per cent edi'ole meat.
"Je also dete mined the lipid r equi relent o f lo'os �ers by/feedinp. diet con ainine either co; �.. owl  lxnoler c!,
cod live-. oil  linolenic!, or Hydroe na-.ed coconut
oil  deficient in essential fatty acids!. "geese experiments
revealed a requirement for Omepa "I  lino"en. c! aI:ty.
acid. Additional expe iment- ~ it> stere."-free and ste ol-
added  cnolestero1! cod live= oil r r-sled that lobst
also requi e a d'etary source of ."-,~ero'. In,juveni.le lobsters

fo~ nd t+i.e optimum cbolesterol level to oe 0.5j~ of
-toe diet dry weiFbt..Cngoin~ exverimen.- inglud effect
o:: -Caro-.ene, mineral mix, p'lucosamine, and vitamins
A, 0, 8', and K on juveni'Xe lobs e.s.



i-,.>1> i-".'  <~rin= Ilies' arch I,~':".i:ed
5 l LZ "r in'  ' St.

L a] iax, X.S.

'-;no ~ x;g " h= herita bi lities o ouantitativ characters im",. =

, o Lobster culture permits a prediction to be made as to

II xt.lihood o f suc-;- ss and tne time r equire, to develop a true�

ding strain possessing desired characteristics. How well

ind'.vidual'.; offspring will .'nherit the characteristics which made

pa=en d s'-aole i' u=.te=mined

ln i..iti'l ' udies, the h rit 'bi3' ties o th .ol 'rances o>

new:y-hatched inshore and offshore lobster larvae to low sal' nities

,'r>d sodium hypochlorite concentration  bleach! were determin .. No

di:ference in tolerance to low salinities were observed, but ' nshore

1< bs er larvae were found to be more tolerzn to sodium hypochlorite
'I

characters averaged 0.41 + .20.

The genetic characteristics oi lobster populations should no~,

be investigated to pe mi; evaluation o the within and between

population va. iance as only in' this way can a planned programme of

''obster strain development be designed.

than were offshore lobster larvae. additive heritabilities for these

tolerances did not differ between the two populations, and for both



':.ov o � t: 'ls ':- d--cri~ed for a se 5- s .~'-;~rt "Kcwl diets des' oU
.'.-.=='ca="s. i".et'".ops af .,~raparatioa acd =npred-

Hors ~1~ . ro' " ii 1 of, the TQa.".U~ac U ed ke~Fi' a � p scot 8 ~
wper'--atoll cordi"'oas are orovxded ac8 resi~lts or" pro~to trials are
era-'ned fran several staoc'.points. The ixdl~eoce or a~~ s of 8" Piez~ag

;~ea*ti oackgzouads oo the results are also deliz~~ted. Brperiaeztal
saba"a=ds magic'o ~or ld %ac i~tate c~ar'so~ ar. ~ut=itfo~l data be~

~~esei ~ators a=e proposed

~ark ~as ",vpoo» ted �.iz part by GrarLt 1 94-3-l53=,-A4 fry t'oe Sea

;percy, Z>OAA, C. S. Department of Commerce, a~ conduc ea at the
='-.r<oe L Lbora oz y ! f.hE U&iver ity o: Cal~~o- i~.

lo bs

L>B~L- C<

'H.s oZ
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 Brine shrimp are expensivwhe"e clams and green crab were fed.

wi '.~at rou "nely ava' 'able,! The growth rate on brine shrimp, however,

used as .- standard in evaluating new diets which have been farmla»

..'-.om economical sources of the dicta.g components. Co~ercially,

:-.-.>a~~'ale d' " fo~lations hav'e bee.. compared whic" were dev loped

.; verM aquaculture laboratories. The studies conduct d show that diet

~.'.!:~c s oot . growth co~onents; molting frequency and size increment per

s study suggests that future empnasis be pLaced on matrix-t~

ca-st~ =uent analy i- of browne shrimp in comparison to other di ts in a;-cfear

'w uetsrmine which elements or rations of elements are essential dicta=y

~components of the lobster. Our progress in this area will be discussed.

a~rt $hleser � Asst. Prof., AquacMtur Lab., Dept. of Food Science and
Technology, U~iversi ty of California, Davis.

Gallach r � Graduat Student, Dept. of Pood Science and T chnaia~y,
"nfversXty of Cali ornia, Davis.

'.".ws work was supported in part by Grant 804-3-158-22-FA4 from the Sea
:.;a== .<gene-., '.lO~w, U.S. Department of Co~erce, and conducted at the
~a6ega ?~wrine laaora'to~ of the University of California.

A p o~sm has been developed for compounding and evaluating arti.'ic'.a"

i~.e "s fa-. the lobst»r, Hara.us americanus. Peedin~ trials using brine

hav. prod< ced growth rates that exceed those described in feeding
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2Aaz tin L. Tracey, Keith Nelson, Dennis Sedgecock,

Ro'bert A. Shleser, and Nary-Lou Preasick

Univ ra ity o f Calif ornia

Bodega Ymr~e Laboratory
P 0. Box 247

odessa Day, California 94923

Abstract

Six populations of lobsters g Ho~grus a.,ericznus ~filne-i dwards, we:e
Surveyed for genetic variation at 43 loci encof ling electrooiIQre ticni j
8etec able proteins. Rathex' low levels of genetic variability
found, the average proportion of heterozygous loci per individual
acing 3.Gr. Genetic variatioa is conceIltrated at only 8 loc

t h eal".oci � Acoh-L. Eet-2, and cr � 2 � having propo-.cion.--. of
hecerotpgotea g= ater than 20':, In ecPoPula ' on difcerancea acct.'

8mall; the genetic identity averaged over all loci, I, is abov= 0.99
in ail but two comparisons. Dif=erentiat'on between populat'on was
founcf only at the Ne locus, but tne degree of this differentiar.inn
support � the suggest on from previous tfigration and morpholoc,'..-.'.. "

aeud-'ea that H americanus is subdivided into a number of d'or-' or
less geographically isolated onshore ard tf'f shor popo].ations.;:e "e
local populations are none the l ss genetically ve y similare

Research supported by Grant 804-3-158-22-7A4 fram the Sea Grant Ag,=nc7.

Present address: Department of Biological Sciences, Brock Univets'ty,

St. .athar~ es, Ontario, Canada LZS 3@i.
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-"~un'" of enetic var ation within and be ween populat=ons uf ti.e

u 'x' of cods der ~1 ~ practic-l '-'nd i%Ore' ical iut est Cn

-.;e :!; hen~, manage;.ent of natural lobster populations requires soun~

How edge o' population structure. Likewise, genetic improvement of cultu

on n.= d.tary differences betwe=u individuals and populations. Applicat:o~

o':=,oc.' rn b" ochemical gen tic m hadology to ractical problems of lob-t==

biolo ~y produc s info~ ion .~-warrant to basic research i= the fields o

popu. ac'on and evolutionary genetics.

G~ electrophoresls of tissue extracts followed by selective stainin ~

of various enzymes and proteins is a technique whereby genet'c different -s

be= een i~dividuals = om the sac;e population or from different papula.tions

Eighteen functionally different enzymesor species can be demonstrated.

and p oteins coded by forty-four genes have been studied ir. hundreds of

lobsters. This sr rvey has produced estimates of genetic variability within

~ical lobster populations, between geograph'cally separate populations

oi tne American lobster, and between the wo species, cI. americanus and

=.~ grus. Furthermo e classical genetic inheritance has been confiize

~o 'a= ar f've of the eight most variabl enzymes in these populations.

Ger = suits and their implications may be s~~ ar zed in tb. ee parts.

lobsc; rs either tnrou~h selective breeding o» hvbridi"-ation depend- dirac=ly



s~.~ =y evealeo teat rein:iv ':o other tnvez

ty! ca ' l .'' i st:f popo J J. t-.on has on ' J a mon= cat' l=vel o~ o~ene4~'

T,.: o mast , q~ n peno=ypes  in ou" analysi- each "enoy

'oy forty-..four individua loc' o- gene ! comprise or '.,--.i-y

'Qzzcenc of ' hi inoL'r duels in a population. The biolo ~ical sig

or suco. b' oc xe~' col var >:ion in an3 a pooula=ions is a much deoated a oNI em

popo ation ~enetics. Me are present'y cou ri'outin to this basic research

!~ath~'.::Tl~ c ucJ. oui Gene: c.ecapou c=ustdcediis bgt n~ve coYEercia 1 noz�3nce

As ..ost an~I speci.s ~copra:i. ical y =- pa ate iooste popula

z e 'tenet ally veiy si'4lar At can i 0 f o . ty three en +e loci one or ~o

a" elas ';ave s.wilar frequencies fron =he Gulf of St. Lawrence to the Hudson

Canyon.  "i~ht populations sampled vere located near Prince Kdward Is".>nd;

outh, Bay af .undy; Daznriscove island! Raine; Wood's Hole and K~r-.;:a' s

7 neyard, massachusetts; =d the offshore canyons Hud-on, Lyndononia an"

Zydropapher.! The inding of geographic un -orm4ty at these loci reve~ls

«~ssachusetts inshore populations const.st entirely of individuals horio'y ous

=or he Ne slo~ al le  slow phenotype!. Off -hore populations have thes

;~a alleles in equa' frequencies, the r;,t io of the three phenotypes in tease

ounu" actions b=in~ I slow. 2 lo~-fast: I East. because genetic dif=: nc s

nothin~ of population s[ uctuzey bu't Qn additional gene, the Relic e . pw

locus  ~c!, is an. exceptioa. to the rule. Two ~fe alleles are electrophoret.cally

det - ta'ale. The Prince Ed~sard Island populs ion consists almost enter 'y o f

individuals homozygous for the Pe fast al'ele  East phenotypes!, vhile t.',e



:1V" CCC i ge' betle'=en pVpO ' .-'�

'.- vt ry z i..e.'.'.MD nl!-

O'3 n ..ClOCPI< r

in insh«re and ff-OC' Ci': e eClt at. miieratO 7 .!oi .eri Cl;at S

on.teat lobs erspOpulatLOQS P Ollf,<e-'> ntlC   atn +in, ii- QQ < 3.1Ce y

5 ia Pn 1 ca ooou~a tiOQ'-y..=ious inshor '!Qd of: 'lore loca" = es no m

s-tlloz�'y e ~agging

1,fter sn~reyiclg natu al poonlat ons fo. bise .~<ical variation, we

stoic,'y < �0 < '1:le 1.tanca Qr eilz!zeDe r ' ed f eel us 3.il order Co

0<9..'.'-<cits zlong t i' . ' r 0':: '1 p- ing e '<2 c' ld iadedi' c .n/yc" i ~ Ck'BC f 1vc ezlzp18:-,

~'.�re i--por antly, we pav; d.:. each c QCOded by Sin;1 ~ inde~candent geC.eS.

t';- eyay o --aliz Ln0 th pot Q al of allozy � es   ll lie enzyl 2 varisDts'

;~ers in laboratory and field experiments.

Allozy Iles ar. an icl ~l solutioa to the probl~ of tagging crustaceans

slrlc:- the "ta~" is the actual tiss312 of ti e an~1 which cannot; be shed

"7ags" a- detect=d by electropharesis of tissue framWit 1 tele IliOlt.

single waling legs remo.red from individllal lobsters withoclt sacrifice.

it7 of occurrence or indi'J'dual genotyr<es ..For 22LLxp ge, among the yrogenir

a !llVenile With a faS phOSOhOgleaCOS2 iSOreraSe-3 genOtype

, ,98/laosl f oePagsi � << =notyp   -1-t !, aacl a slow-fast

oc one female - as

�l05/tlG5
a

100/103p'oosphogluco<su n-e � 1 genotype  ' ~-I !, Separately, these genotypes

105/l05occu;- in tne =o''nein p ."cen".ages o tbe typica'. popula ion: ~P'-3

93/300 . , 100/103.03, ~pf-<< S 2og anil Pns-<." 39,e. 'xhe probabilicy of ch se

:=~ principe of allozyme tagging is based on cc/Qsideration of the probabil-



cc'<r i �.:. th .: "'.:«:ud:xi.dua ~L.; ho'.eve. s the p:o 

s-.'.ll g ': 'e Qro>. <Q t lr - � ''s or t t'o i ~ one nunc .'r. t nous, I

~ ~t;- .-=-- =-;t i;.-prov, m«n s in lobs -.. breedin~ and ha-chi" it is

=:, as able t at jar«e cohorts hav;ng oth =A.se rar= combinations of gen.=:7

Rt ease o fc= z be s;":hesizpd and raised to fourth or f2~th stage.

:"-~rked lobst; =s at select. d study sit " and t.. subsequen monitoring o:

tnel= -urvivai and dispersion will provide for the first t~me data on the

«:: icacy o f res tocVing prac t ices.

nce- 3e ween American ar.d European Lobsters

, Je .ave rv cently s ud led th ir ty-f ive loc i M twenty H ~RKH L us f ro-.:

 ealitativ dif=er nces betweenin th I 'sh Sea.Hay of Cae-.narvon

-~d quant'ta.civ differences in allelic frequencies are present at a"

additional three loci. The r~in~mg twenty-eight loci had identic~i

genotypic distributions in both species. Ove- all loci, the average

genetic similarity between the species of Homer s is .85 co+par«d to a

genetic siruilarity among H. americsnus populations of .99.

Because of the genetic divergence of these species, interspecifi=

hybr'ds s e expected to be heterozygous at one gut of five loci inst .~d o:

an effected heterozygo"ity in the,.parental species of one out of t-<en-v

loci. Aa~l and plant breeders have often demanstrated that incxeaseA

h terozygosity ~~y 'ead to increased pe faience or yield. A four*old

crease io. beta ozygosity in Axe ican z European hybrids may have

.'nit= ra' ly des' table results. Hybridization studi s with lobsters are.

"' erafor ., of cons-derabl significance.

these an ~~ ls and our pre~ious samples of H. azericanus occur at four loci



I . is bec o-.:;~ ng increasingly apparent that ignore e-oh' sis is needed
rearing tec'.",ciiques. The present methods,vere su.ficient to

pro'=.c po- t-lama aa:mls with great uccess ju it a, fe.z y. a. s ago.
however here have been a numb ..r of di;ficulties in both tlov-

The d' ficul, ies have oeen g erallyth-",utah and varz wate rearing,

desc:ibad as clisease si=uationa. As such, they are dec.lt vitn on the level
of 8'sease cor crol, i.e., identification of disease organi.sm., use of che ~-

! utica o - sc~t.' b Io les� �c .cans.' rg oi sys t -:;.-, etc. 'Ve f =el that it
portan to recons Lde" and eval" a "e optial rearing parameters,

S.-.=,e of the d'"e"s; - .:hich have been responsibl fo= losses in obs;er

sy s tez j are  ie sc I sea below '.

~e 'ous cuntaz'na io

" lazentous zi ro-organisms are founcI iu inf st the w~ t rral surfac s
of ' och, ggs and larvae. Mortalities are f lt ta be clue o anoxia ~when
fouli-=g occurs on the. egg ~e~brane and larval gi'ls or to restriction af
?QQ in> wflen oui'n=�occ r- on larval exask letoo. The bacteria involved

ar - ='~ilar to Leucothr.'x puca=, to 3eggiacoa, and to Vitriocella. The
f. la- ntous cyanophrtes encountered rese=ble Oscillatoria and Rivilaracea.
Var:icellid protozoans are often prese~t and aid the fila~entous vicro-
organis=s in trapping diatozs and detritus to further contaminate the-
su face. These o ganims rely on hold asts fox stability and do not pene-
tra,t the egg membran or larval exoszeleton. It is presumed that thei=
moor nutrient sourc is f ov the surround'ng seawa er and that their gro- th

f ected b T water quality,

3';"te~~n~ds;

T.a~.e ' Ii~ sn.

This phycoayece ous fungus is capable of killing an entire. population
' he Myceliu-1 invades and cottle te ' vc " . va ia a system within a few days.

d: s: ..-oy:. the t's ups of the an ~~1, leaving only Lh= ezos~eleton. It has
observed in lobster eggs and r=sult= in discoloration and necrosis.
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g ne c'i-too Z1 <'Q~=t Z:. J...t weXLm cia lpoaacn' l/ * lu  os
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jr> Q ~4 ..c ' clews ~

7;:~Caser-':ei Dual 0,. t. =ial In"ection

]nary QDservzt1ons i Udiccci' lEac 3 oac '- r 31 Qrgani>wi.
in1ti"O i i p:Qpe: "-S O~lo;ec. OV anOti.e: OaC er1a~ Or>ani~m~ reae=.n-.'-E.;

7re ioonsicEEle i or 'Krtcalit -5s ' n 1arv + c-vd early i!os t �, a:r-'-l . V t Q «P czz~~".
T 'I.�,!';" "~;.y iilva e= nas o cl ';Q -' ed cn clEi, in rle8ia and ''=Eo'.cs

BecOn'-a:y Il-'rBder Es QJseired 1n t1ssuds3 0 Je'i 2 L'~s i

cE2 Si +' O � P j.'he Qve:aE 1 ap eclranci i:-, zn orange QcV 1 .'ec 1Q lc

usual v Qn tne v atra. aodozen.ye ' 10'v arz3, 0

clO 1 f' rences

pa1 Xontinoros Fi [1 Q ~dc~>s Ls

2. Ml Qrc=- .:;' is easily recogniz d Qn post- arval lobsters. T'.'.e,

phyconycete is sl''- htly chitinolytic and causes v. lanizacion at the
QZ inZec"ion. In very young post-larva the disease allay occur anyvlEere on
the an<w~l, however, larger juveniles with thic'~e" exoskeletons are pre-

dominately inkected in the thin chitin zen'or ne Qt the brznchizl cavity.
Diagno'is often requi e- lif ing the carapace xroz the. gill ar a. H.
. il"Q".den,-~- causes tissue d. struct'on and has he n observ d to
-irith ecdysis when host melanizatiqn b'nds the sIEel.ding exosxel ton to the

losses a=e not heavy iz moderat=newly folic in» xos',~eleton. Fortunately,

cE .aning procedures ar mintained.

l'.c- ~reKlces l 5.

Various systems and treatments nav. 'oeen used to overcome he disea"
T. great:st ' "ccess was achlarval rearing systems.

sn Elltrarialet irrzdiat .d sexi-closed seawater system w -h a period< dfpo cag
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absss. g.=.d inij'est" tions

.!.:. j,"2.'..'...'-.''.:, i. - A.' .LRL' n '!i's '2 cra � ''r '?an'< s ~s .'?5 .18re 8 pped in a 3 po'2
chic c'.a r Cb tonico".;,.:.-lac,x t. -.=e.- . tar Li! jatnutes -, -"o: ao 'nt-'r ng

3 ad,',. ' 1s w,' re d ' p'3eu 1 T." nut'='s in t.''18 s<j~le solution � ~ tL'Iles veeKly Until

i t.l sta '="..'ACR' "g

' ough. ' hi.- rie=;.Od was productive:o a pa:- =euler type of d sease
rl '.' i:l. ion it wy not >2 -uf = ic' enr fo» a3.1 .,:,8 th. this in zoned it has been
-,ec=-.:;icy o establ' ", to.r city levels fa. the use of ~lachite green on
:obsc r laz1a. ~>sing the semi-da.'ly ~~lach - green dipping technique "es-

':.a»ll. r, i lws o . flu, d  i. npuobi'bed da" a! that larvae can, ea�" ly
rv' 12 -n a riinu; '. p in a 0 ppz concen;=a ion o~ ="elachi e gre n.

.. 1y~ ti 2y are ' ijccessrul at Q zDxi~i.'l& o ' < ILi Lutas in a 90 poH

e,,' 2 en dip

2ceSSlty 0 t: ' ~ti g laDsk=r lal i~a O' SucC S ' ul praduc' XGQ un i,=

ineff ctiv n»: � o present 1 rva carin. r:ethohs  Refe. encie 4! .

S ~ca =-h disezs s encoun ered are nl � ero';s aud he agents involved are a

va ie:y a ~ micro-organl =s, it is unl' i<el." tha r a single treatjjjent =egise
addition to disease cont= 1 zeasur s it is beco".'ng<%1 b2. 'ur f scient.

P'Qo ' a io ..s

:;i'.'."On, Z.P., r 'she», 'A.S. 2nd Shleser, 8 A. 1975. "7ilaaentous

CruStaceanS s SubRitted tO

Sa< iety.

fesrztions obs2=1ed in eggs «od La~izze of

vroceedin~s of thi.e Norld 1&rgcul t Jre

2.; "s'nor, ',1 S., tf lson, Z.3. and SMeser, F.A. 1975. "Diagnostic pro-
c'=i 'i. res .'o; di-ea"es found in egg, larval -'ad zuveni e cultured lobster=".

to the p oceedings of the Jor ~ c '~aziculcure Society.

obviou" that a bette= u=de -tanding of the physical parameters of the sy,-ez

is needed. 'che an'-'>1 a-e undoubtedly und r various fons of str ss th:t

no~ t'.".2z vulnera'='2 to che various diseases. ~ince zany of the diseases

are .;a~md on eggs as well as lax 1a, pre-hat=bing treat+cut o. ovige-ous
es sbould also be investigated. It is very important at this time to

apt~wi=. the density, feeding, 1'ghting, w- tec quality, te=perature, flo~a
rates and othe» parsneter for the egg a d la � .~.~L stages of lobster.
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;.:i'son, ',. ~...'isher,",.S. a. 0 !h" =.-e", 3..A. t'ai'!. "A new mycasis

o=- ' i~el lobster". S~om'tted ro t.-.= Joe.=..al o- b'av: rtebrate Parholo v.
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3, net.".o8. -o= date~'nation of opt~al valu s of control variaM. s

nquac;Q.ture facil" ty has been presented previously {3otsford, Zauch, anc'

"Maser, 1974! . This paper describes na!or Imp oveeents in the opt~i", =ion

".,'!o roach end use Qf the approach in design and evaluation a f rail culture

opt Mun T:~rKpt size~  discrete rata&7 than continuous space al~otnen" a {t

7n addition, recent e~e imental r su' ts a".d«Waste treatment Elodel

proposed physical system d signs have be n incorporated in "he model en-

obli g note accurate opt1mkzation and more realistic predictions. The-

ence o= .;, o'graphic locatio , changes in cost of various components, and

~erixental .nce tafnty in biological parameters on optinal values of

control variables and f'nal costs are descrIbed.

Zotsxord, Schuur, and Shl eser are Mth the Aquaculture Group in the

Dept w~ e"t of ~~ood Zci nc"; and Technology at the 'Univ rsity of Califow

.b'av' s,

..much T,s a ~ "aff scientist ~A.th the Lock'~eed Palo A~ "o Research Labora o m.

~r'x vas supported in part by Grant P E'p4 fram the Sea Grao-

A.< ncy and -as conan d a" h ~dega <arcane Labarato~ af the Vnivers'.'y

> = 6 a l lf o rnia.

:,yst ~s. A'.".ed featu=;s of the optimization approach inc1ude Betevai~~''.on
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1e i } !! post � l'-r'vc 3 r!t~-;r' .s �' ~ ! i 0 I-}. i ..: <i.- c'+i'c'
1 r' / r a r

1 } . -; ..- 1 ~,e!a 1 }!tre,,'n, r  gnI Q C.,rii- .!~ ' ace.'!r9 jS '} } ' + i r~

'I 5 L'i Vie-.:}~ !, .1~,iriic.s contain ',",t�- c}.=o ~rays o' oysters.

!'.ftc:r ---ven,";.on.'.zs   Seater'aer Io7$ to !,:arch 1r7$! resiclence in the

'u-.e anii-.}ale;!er e x «;ovea. '~'he r esults sho';!  ha I. t' he

i "i + .~', -. tk.o ! }-:.'-': ~eQ rc,. ' e"; i !'s   -. c'p:Qi. j I.}2 tc l jj 1 $ <i }
!'1 r

;in;:->;-era'e incr".; ':= in size x.ror:-! =.-'i> to 2p~ojrara c-.r: o, c ==

! !'1 I iiwie"i! e " ! n l' vm''U lls Qxc» c 3.r!.g l}-U. ~'s, IEl cora,.ace

".!cl<'.'.v Qx 1! ~ les .. "-, n.L}.'ia ls a t ~n'c~ o~U,'-'t l on !!'.'e b 1 Q8 �j g «~'1}cl

inc" -:. ~ec to 21 z .3 d;.ri:z th' even ..anth nerioB.
}

 .1 an

>.ei~h= ncre,! ~e/:L=...iviau.-l 1!<is frori!,3j to I 7.$Q g. A total of

3'3Q 'n ..�.isis ~!ere introd} ced into ih ..- t!ro race':.rays at a r;e.-.r!
1stoc,'.<in@ ciensity of 11.b individuals / m-; the su~ vival rat ~res 32';,.'

g ni }els g c!p1 in BiEOient i!c t o; � to 6 C ! incre sed in si ze

fro-,i B.~o to 12.27 r;;r,", mean c~r-apace len.-th, a;.ith a total ~-!ei.-";,}t

10.98 to 38.00 g, or a ne;,n ~-rei~-'nt incr e.se/ indivj.du.=,loi

z o!i"!, 2D o 1.1g g. Seventy three anii;!.il;, ore intro''} ced
!d.

sto:tin< d nsity of 7.77 inc'.ivualsf rP };!ith

~.n to 'cn~ s

p C'
 Q j ! p

}.he .:-;.:::.=..= ls si: vivl il<z

n i i."<. ~s !, ' e e nial f I.r! in ' ' 7 jclU2 l contr} 1 ner,> I! H 1 tp J

o >J ner io;I o~ t iree. ! e -,e='.n incre,"-. ~e ir} c-.: rF: /Fice

3,0l~ to ] 8,25 I..'.! ~.!3.t}'i a to o.' 1 +,o$tP.1 iie ' g>ht 11'}ex ease

!-.o-.r, }.nore;:-e / z r;uivt.ci:.,sl. 1.24. ito .'>.4.0 p! .
1 1!l!~esp
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d, ~J' '! i' / Coab and   cong., . Iu p1

bn I vers I cy nil' Pinode I -' >and

Pr e -'io<is ly .;!oct=-.d evi dence  Cobb and I;,rm 1 g,"-', nd in press! h~as shown

~ nat wh n uveni i= lobst "r- a e he~d in pairs, th subordinat= lobster wii I

d~ 1ay,.;o I t by as much as 'I .'ii",. of th norma1 in, ..;-.:o i t per iod. Exper iments in

which ' h- 1obs ters ar; ph'» i ca I I y separated bu. a i i ~w~d cheimi ca1 or visua]

co<.i'iun rat',on across n barr;er show d no deiay ln»~.oI ting, kl;--. conclude tha-.

< 1'.~ Aas~t ''~' 'e } ay> Dbs t:.rs I,ust ha'I . phy: I ca,' con ta 't to produ' 2 ~n %ps~em

;; �.s, gn =r1 5 this means ' '.a: 1oo~ tars;.nst h- s"-.par al u for max imum,;0 i 'ting

I t ~ "hen Iobs "ers are comp 1 e "e 1 y iso lated, they spend more t ime in s imu I ated

shelte than when in contact either chemically o " visually. '~'hen in conta -t

both h~.,i=aI1y and visua11y thM time is even .=.ss. ihis is tnteroi 'ted to

mean the >Tioi InFo A'at,'on roncerning the pr=s nce oi another lobster there is+

the mor. active the 1obster wi 1 1 be.

Throughout our xper im nts we have cons is tent iy s n .r nds  never

stat is t ical ly s igni f icant! indi cat ing that when !obsters ar he1d in chemi ca I

comriuni cat ion, mol ting rate and syn=hrony are Pac 1 i tac ". 4e do not i<now

c I us ter! ng. I n f i f th and"oi �. ing oatterns exhib i t one other tempor a I

s ix-.h; =age lobster=-, a die I rhythm in ecdys is is apparent, wi th a unimoda1

cad s."'ie ra I hour s - f t=r the onsec of I:ght

whe th r "ni s Is a rea i phenomenon however fur:her r search is strong I y sug gested
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8:.ha r:oral 6ioas.-uys in Labs':=r.'

J ..! t Jnlr y Cobb d id ~~'orgy R, ia!v&i
ii =pd r tmen.' o'i Zoology

Univ rsity of Piode island

5 verai aspects of the benavior o- ilobsters in a closed, unfilt r d water

sys. =m were monitored and compar ad to that in an open system. ln the closed

syst m ammonia conc ntration increased from .02 ppm to 22.$ porn over a period

of > i days -.'!en decreased rapidly. Arrmonia concentrations in the open system

r=.~a iced verv lo». Feeding behavior  t ime to alert, t ime to grasp food and

.;;,o:nt cate,",! s,'.o ied no difference betwe n th. two systsns until very late in

t! i exp' ! me 1t . Burrowing behav i or a 1 so was unchanged,

A sequent!aI and temporal analysis of burrowing b havior has been developed

-fi om che data obtained in this experiment. Burrowing behavior cons ists oi s ix

b~h~vioral units which, in order of relatire frequency of occurrence, are:

R~xe, 8ul i doze, Backwards D ig, 8urrow Turn, Tai l Carry, and Pleopod Fan. J

Sp =c i i i c pathways -- cer ta i n uni ts fo l lowing others -- coui d be ident i f ied,

Changes in number and durat ion oF the uni ts dur ing a 1$-minute bur rowing

p*riod can be correlated with the progr ss of burrow construction.
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I!.,', i .' ! '- >.'..'h >'« !! of 3!ivc'r i i " ' >b 't''

5  ,'.! 1 ny C>b'! ~' d � ' ' u i ' i i>.
lj ='p% r tmr.-.>n t Q r . !o! ogy

Un. v. rs i r.y or Rico> e i~ lan i

i >' -.' ~   t io I 1!>> v>"'..1 '. a'I rt � labs er s res!!! t> in tire format ion of a dominance-

.':l;;.'r,'i.-,ance ran  :ing> and it is always the subor dinat. lobster that delays

mo! .: r!g. At nr jus' be; or. t he time of moi t� the dominanc relationship

rev-.r s. The dominant {mol ting! animal becorres subordi>.ate to tne previously

>ha> '.">!. in  >hich the lohst  r abo»t to mol t is very aggress i re. Then as t6 nid

u;;c: . ~ '3fl star ts tn i!, >, t,,e meit lng an!ma i ! ocr ' a s to It s,!el't l Any

~.io>n,  - c;ict ivi ty etween .his t ime and time = f ecdys is may r es ii t in

corn!»an:" reversa'l. After moi i! "Ig, v!hich occurs in the shel ter, the cast

exos < i eton is pushed o»t of the shel ter an.3 very frequently the non-rml t ing

1o'>ster comes to the shelter and starts to eat the exoskeleton. The cast may

act as . decoy, distracting the second lobster ,rom its newly molted {and

vulinerabl.! parLner, The changes in agonistic behavior over the r»olt cycle and

part i cuiar ly at t he t ime of ecdys! s imply horrrrona 1 regulation of aggressiveness.

Exp< riments along these lines are planned.

Ahen lobst rs are held in groups larger than t>uc, the evidence 'or the mo i t

Others have shnwn the dens ity of lobsters and '''iay pnenomenon i» not c1ear.

important inf lueni:es on growth rate and survivalt;ie denb i tv oi shel ters to be

@hen s'..el ter dens i ty is varied, the spacing betvre"n sn 1 ters genera I ly is also.

iobs ter dens i tv and sh 1t r dens i ty are he! d constant bu t space between

is no" affect d, ' ut survival is lowest whenshel�.rs i' varied, moi'. rate

d h ignes t wnensh j; .. ~ r i c jose toqe th y are at maximal ! stance

Agqr'->s ive 5 havior is !nos: in tense when sh 1 t'rs are close'ly spaced but 1 eas t

rrs-. ->'~ n they ar far apart

sr!bc -' na ie iobs er, i c jvs is is preceded by a shor p rind of intense agoni-tie
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'3=! J. c] j. u i'iaaf I:- o 1 I ... at;An I.".v co3D
0 'p~H t, lent o. /Gal ogy

Univers ity oF Phodie I sian;I

T'.~a I;undr ed Pi; ty competi, ions For a ' ingi e sne i ter were h 18 between

Large lobsters won over small lobsters; maie-se1=:ted pa i rs o i' Iobsters.

lobsters over, erne 1 e=; intarmo1 t lobsters over preiro I . and postmo 1 t. labs ters;

lobsters wi h or e or .. o claws over lobsters with fewer claws, and lobsters

cl=ws one cm lonc=r than th .Ir opponents' av r lobsters with smai ier

c aws. Pr ior r=sidence in the shel "' r, right or le. t pos it ion of the crusher

c.iaw, o- abs nc of .'o' h ant.nnae .'id not influenc h. outcome of hei ter

[aninanc was t'h e control l ing factor in capturing or holding acG>pet t t I on,

possess ion.

shel t r, Di fferences in the number af opponents' claws increased frequency ar

she I ter sharing. Phsence of both competi tor's clams resu'I ted in shelter sharing

oOj of the time. i ield observations Indicat d that laboratory stresses may

be responsible For th.. clear-cut relations'nip between dominance and shelter



graduate School of "c;anography
4!nivers I+y OI. Phoc.'- Is iand

Kingston, Rhode Island 6 dol

I h:. t chn, cal f <s' ii 1 'I ty G f lobster cul ture from eggs to about Illa 1 ket

2:.-i;, els has been d:,;;onstrated in a ro ircul;ting sea water system.

Pn qa. i, c, d Gn I,;ol t frequency, syn.h,"ony. weight gain and

. i, i o, iobst rs gIO,Ir, for ove", a 30 I",.onth pe: iod. Co;iparative daia on

g "ow':.h '.. '.:I'I ac iek i sties 0 1 obs ter juveni l es has al so been obta I n d ior se I�
ect'd fast-growing an-',mals and for eyestalkless animals. experiments on

growtII,;. re also conducted with animals maintained in flow through heated
and flo~ throu".. h ambi At sea water. ttater qua1i cy changes have been moni-

tor='"' at intervals throughout the grow out per icd for all the culture systems.

.:perimen';.s currently planned on growth and survival of communally held animals
ic in s a water systems will be compared wi:h .he base line data obtaii,ed for

iiidivi dually maintained arIimals under similar conditiors.
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Under intensive culture conditions, the space requirements for Juvenile

l 0 s rs growi ng to a market si ze i s an, importan economi c cons idera t ion
S tudi s have been conducted to determine the minimum space required for max-

-im~:";, growth of lobsters fram the first Juvenile stage to 14 juvenile stagetl1

 ZUU g.! lil a vecirculati!!g sea wa er system!. Available space sizes inves-
t gated have no effect on the growth rate or the early juvenile �-7! stages.
,'n th. later stages, the growth rate of the animals in tile smaller spaces

was less than that of those in the larger spaces. The growth rate of' ti1es

l.t r stages is directly related to the space siz s. These results on th'
differ nces in growth rate of animals maintained in different space sizes are

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

laboratory conditions.



A. il. Sast,.' and Sh i'r i e'' ' . tie<ion
5 i ad'J s i'< !choc1 o i 0'canc,ra",hy

,';,ngstan, Rhode Is Iand Ci'Gdl

j,.' a..'.i'ion'l i exc. e:i Qn rat'. s for a1 1 t ': 1 arva1 and j Llveni 1 e s t age i Qos i".ers

sir:. h -ve; - n ieger;oned.,'he ra~e cf;:r, ionia excretion;~as

I:i,i-:-.r;o; "h= '! ..:-,a. s-.-:; -"- tha,i the ear1y juvenii' stag s. T ie rate OP

',tor!.,'~,'day! in the juveni! es:-;;;-;-,,�:ion rei,a',ned at. a constant 1eve1  'li e.;

fo', ~o,.In- the foi rth jUv.nil s'age to th?;i,ark' c size Bniilla1s. The in:er~7oli,

an',."�a is have a higher rate of airzonia excretiion t~-,an the 'remol t animals

;,it- r . eding th animals and decreased to a 1eve1 char cteristic for the L{nfed

a ni.~a1 s a f te r f our hour s

a1 i h s tan'es examined, The ra i.e of aiTifi1oni ' e..cre I: 1 on bias inc} eased li7iii .':i ately



A. H. Sastry and John L;.c'~",.
Grdduate chool ol Ocean="r;-hy

Uni 92/ers! ty o f r�o ..e I sl and
kings ton, Rhode Island 02881

P.,I!;onia is extre!!!ely toxic to culture organisms. Subleihal levels
of a;,:monIa in cu'l Lure sea w!,;er may inhibit. growth and also increase tne

.' ' '' ce,!'t i bi . i ty o,'- th o. �'.! l sms to other unf avorabl condi t ions of the cu, tore
s y. t. ' 11 ! herefore, the; n form at ion on the ammon . a to1 erance 1 i!!its of d!

]if. cycl stages «nd ion! -ter!,", chronic eff cts on growth and urvival
are va;uable for management of the water cluality in the cul ture system. The

'.oxicity of undissociated,",H OH to 1arval and juvenile stage lobsters has
b.en d ter~ined or 24 and 48 hours. To',eranc increases with develooment,

larval s ag s being the most sensitive, the LD>0 concentrations ranging from
3.5 mg/1 l H<OH for the 1 stag larvae to 10 mg/1 ." H<OH for the 4 stagest th

larvae. Juvenile s .ages have much higher tolerance levels, ranging from

approximately 25 mgji for 1 stage juveniles to 250 mg/1 for the l2 andst th

1" ' s aqe j uvenil s. Experiments determining he 'long term chronic effe .t"..�th

sub letha', concentrations of ammonia on growth, �ol ting and survival are

curn ntly in progress.



t g«.. t ~~:.'> ! .'"r ' u,' '..:, tLJ.'.. 's:',  !~ CO 'i.'iu 1l t.L 1 Li'. [.ls 1 Ats 'At lk''1U
t,t/t,, 'Li ', 1 u',ig 1!.R5 y limni.'','g~iJ< A I,,; !,.A, 1!

'Sas t;,:.Rd Lyn7te i'ei t1iR-',-',al~
Craouate S "hool of Oceartog aphy

|jnivers'.ty of Rhode Island
I'ingston, Rho 'e Isia," d 02881

and carny juv.ni! e stage lobst- r=, 11omarus i-�,ericanus, MereI. ' 1" V ~1

n ' c ccltit'tul ia i iy <1iI1d indi v i dual ly to d teri'i Re tiie e f, ects of vrouo

'i 't ",' ac 'g ants o t sttrv; va1. Surv1va1 0'1 i no I v 1 < Ua 1 1 ' h 1 d a71 IITla I s 'v'4as h 1 gn
i;i al i ii ' cycl.'. sieges exdt:;:n=u. Atnong co �.,.: Unaiiy he,d 1obsters, surviva",'
I'Ja.'. 1 ow s 7. for second ' . l g 1 arvae   30,l!, the71 progress', ve1 y i 7ic red sed i n th
1at..r 1;.rva 1 and firsc juvenilie stage to 6G . 11or'..alities among communa', ly
he;d 1:bst rs were observed primarily during each group's molt period. Holt
s Jnchf o71y wi thin edch group was positively correli at d wi th survi va1 A s" II

 ;i~st>ac' of paper subr7tit.'-ed to 1!arine Riot. for publication, 1975. !

ldr r lationship between moiting and morta'1ity was obs r ved in groups o,
Tres,"i y hatched l a rvae ma'intained to the early' juveri i 1 e stages when popu', ati on
d Rsi:y was he!d constant. ff some of the natty behav~oral and physiological
factors lead',nq to high mortalities during a group's molt period were controlled,
c"; �,;mund,' r dri Rg would be a viable possibility for commercial lobste. aqudcu1t re.



Lynn l='1 l.l: I',� "a

U E" v. Y s1 i.y 0: 8,;IY!'." Is I a!Ed
i',,�'~s ton, 2horl I sl and 02881

! he e. 'c s of env!; or!iii=!E i.al !YiaYIE l!ul =t1 on o,l IEe 10 QI::o'tor ac41 v l ty
'!:..t.'ms, i!,:q I'-''ss i ve 1< '' Is, a4 ! cari ain a',on l ski c b iiav i Qrs 0! j!!venl1 9

' 'i s '' ' ''e'i j',.1 er", c,-;n I o Es . «rs, l'.O!ra Us a ~ e ca E' ''  !'I1 1 ne E'J'gards ! .!ere
ir,,es.icat-..:.'. �. I'o i Iu! r:; var'iables ~~; r' !.est d in a set of fac+oria]
iper ii.,en:s: ! Obsters ind. Vidual ly or co'Evuna',.y:."�a ntained, shelters

o,.es n.. or ab;en., sea =,ter f! ou! throlII;!I or recirculaiincg. These particular
;.:r'-,,eters !e'er- c'Eo, n bo, ',!,or their i;,i,-.or tanco to the behavioral ecology of
j v.-nile 10bs+ ~rs al I' the,r potential ir!portance in lobster aciuaculture
sy"- tems.

t'-.~r;:. appeared! to be social inh',bit'.'on of ac'ivi ty; hou!ever,
.",a IntaEned!,

iE-'.;:.' lobs';.: !, ',' hout sh l ter ',~ re iu!EC- s act.l ve as t,hose
col':luna I iy

sreite ." e ac',vity 1ev ',s of rgroI~ps of corrmunally h 1d
i!v Ided ', i I.I I

ers '. r' 1 d over i h, e'xperiN YI < a 'Ee iod bLII. those cronps wi th she t r
i i,! '.lecreas es" ''I !I'07 ~

A".1 'i o! . ' ' i!eC Al,e ' olive.'t~'hat entt 1 ined to the 'Iic'h":dark cycle a!.d u!-.r»
g, 1v,".C,.!ve. i I l!e'iree oh sv[EciEro4y of a:., Iv ity u!as ~ however, s,!,'.' Iy

Qctivi y:, as recorded by a mechano-e'.ectrEcai device for 5-9 day experi-
r',=nl.al periods,! th a 12. 
 licht:dark cycle. Al 1 lobs.=rs 4!aintained indiv-
idual iy had s'�nilar ',ev.,1S of activity. 'IR. n the sa:oe ani!YIals u!ere co!lr! nally



r.,'.! .' eil:. G ! ni,i;-!;i":., a I t,!'Gt,I.'i'i ':i" -', =. prov ' G=,i 'ir' j 'r,nr sh-: j c»,

, Vi1,'I', rr<rr, ' ', . I rl -' 'r. enp''rr.'-' O i r'O'I 1io ", l T I CS ~P - ':n "hrOn1 r O'ii

iaorur~ rj k '' thir n' i 'er o' ~ ~ Gn i i c e!1CQ[fr i

cb .- rv it;-,n p r-.o~, ce r::='s <.' ~,'I'th tiim ior ~r iz'-s G .'. ~ 2 1obst rs Ii'I

exp.�;,':-.;-.:otal envij"on.'",ants, bi.'t th i. I~pora1 patterns i'-re 3- =r=erent for

COI;'.un' ' Iy i ~,ri 1ObS ter: i 1 iorit,brOI!gn anat re> i, .: i',ai.;nq S amateur. Pre ii!11-

."V '. iO i Or i I 2 S,'ei"GO V'ied r1",Obli S j.io " .',aVi OrS a SO Su" ':S te',

" I I: e'.,'.'I;' <S b ' ','r,�.enr ' iN> ~;  J ' !l!pS. Ti!' d,".Cr ' Se 1'1 a;'.r',r ~S S '. Ve I O Ve i prima, ', 1 'j

r su, .,.-.-< f:;;."., inhibit-';orn o; -;cti sl ty, probabfy

1ObS j.�', S;;Ie'., 'll ' pi oba ' ', I I ry O ' '..'l =. Qnl S i 1 e iCOun

rei;;< in'<: about O,G throuqhou the experi"'entail per io~.;In v, v=" c.'ecr easing

ac ' v i ' y I eve i r. su tea~ i;1 pr ogr ssi ve1y reiver encoun t, s

I,'.e r su1:s suggest severai approaches fo- 1imiting ag. ression among

co"riuna<1y I-ra inta ines lobsters in aquacu1ture s rsteii!s by environmental Inari-

{r'i.S. Thesis in prepar«tion.!

pu' t i»li

~ n ~ - i r.er 'ii'I w in or.;!rOV1<'.'..I,

by ~.:GI1in.-nce hierarchy



N. Sastry and John Lacza~
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In cru.-;t'cea, ablation of eyestaIks generally accelerates moltinq.
i..; ~ has a: b en de~-,ons .raI:ed to occur in the la, 'er siz' juvenlie
i ..', ',"s, ln ai>plicacion of this technique for aq acu'itural purpos s, i 0
~'> n:-cessa, y to de:-;.onstrate not only mo'It acc leration, but al o acceptable
s. rvival o= th= animals w'. th corresponding incr ase in weight gain Experi-
.,en'-s have b en conducted beginning with first s'ag larvae to de~errIihe th=
;:;ol t frequency and survi Jal of successive stages after eyestalk ablation and

...oval of he', ~: o app idages. Acceleration of ro I t";ng was observed begin-
wi th the second stage I arvae. Eyestal k ablation has reduced the surv i val

ra- ~ of th fi rst and second stage larvae, but in the third, fourth larval
'-.ages and firs . juvenile stage survival is co~parable to that of controls.
'io'.i ihat rro It acce leration is demonstrated with- eyesta! k ablation, experi-
I;:ants ar ur. ently in progress to deteri~iine whetner there is a correso rod',ng
;.=;ght gain in i-o'I" .accelerat. d juveni ie lobsters.



John V. i',c". rtI~«*
 'rc..!nate Schon', GF Oc anograpIEy

O'.E! vi?; s I ty 0 f Rhode I sl a;EV
i;1 v�'s .On, Rno  e is!and Gc .dr

The i:E ' E tro rate of ',ncorporatiorl of H-le«cirE and H-uridine into tn,3

aCi"- inSO',<inle frclCtiOn and the COn- n..ratiOn Of ih'r'4 '"as m � 'asur 4 in the
r,epatopancreas ~ abdom.,icE I mUscl e, anil cJ r l I "E s sile o I the ~merE can lobster ~
i.'oiddr;.'s cnme r callus, En ti'i-' iris'' l .lol t ca.'lir '3remo I g ' ailes Of the mol t cycle and

c 1 lllEa ed to w rm l,2i!" C! and col 4 �"t ! temp ratures Tissues of intermo'
lobsters exhibited an adap:iv translational acclimation to altered tempera-
' ure with resp: c t to I elicine and uri dine incorporation. Hepatopancreas and
l:-.uscl frcm pr molt lobst::s exhibited:Eo acclimation or inverse acclimatEon.
Gi I] t',ssu from premolt lobsters r spond to temp rature acclimation by
rotation oi the P,-Y curves for leucine and ur idine incorporation. Prost
cloclimatiorE-induCed alteratiOns in th rateS Of leuCine and uridine inCOrpnra-
tion are comp'|eted rIithin 10 days at the new tempe;a'ure. Uridine incorpora- '
:ion in inte~nlt hept opancreas rendu-ir d more than lQ days to readjust after
tl'ans fer f rom col 4 to warm elllpe, a tures. Hli .h ace', imatE on and mol t cycl e
condition liter the concentra ion of R'lI' in tissue Premol; hepatopancreas
l;dd 00-60 more RHA th<in int rmolt .issu . the intermol t cycle had 1ess

feet on ".';e .".,'lcrr content GF liruscle and gill. Cold dcclima.ion of irr.ermolt
bs;,- rs resu", ced in an increase in the Ri<A cont n or muse! and

an l c.' deoreaSe E'n h !atopdncreaS R 'lH.
1 . tor plib i i catioll, l 975!l p ' r .'Jbmr", t 3 o cor"o i'Iochem . ,> Ph':. i

r ''; r' '.. <''..' 'Ines s' .i',cl > t 'rl C ' i 1 e'>re 'L',os i nn t'lass.EC.'.uset



JohIi r . I'icCa'r'thy* arId i<. IN. ~astr'y
Gvadua'e 5: bool of  'ceanography

llIii versi ty of Rhode is1and
I'ingston, Rhode Isl '.nd 02881

II11 - ct IG I of al inc extr acts 0 f yest.riks and sup aesopheg al gdngli '

f... co1 d accl irrlated 1 oh= s I Il LO I''a r>iI accl ' ma - d arIima' s caused . nhanceen i.
3 - 3i» ' hc.' in vi tr o i a te 0 i c !rpora 1 on 0 f !I-1 eucine and H-Ur i dine xi th In

1.: hours of i!i.ection. Ihe rec',procal set OF Injections depressed the

incor pirrtinn ', ate. tl"diatiIori of ihe accl imation,"..sponse by CI'iS factor

is suggested. Eyestalk extrioa.ion in premolt iobs.ers r su'.ts in ro change

j.n ~ermo1 1obs ..=r sin the non-adaptive response to temperature acclima-ion.

ac= ",co<I.ed into prert;ol t condition by eyestalk reIrioval exhibit an adaptiv

r =.purse to temperature accliriIation. Lt is sugq'sted that the non-adapti;e

r.sponse of premol t tissue is due to an inhibition in the production of tie

C'IS acclimation factors as the anirrIa1s enters into a premolt condition.

jobs'ract of a paper submitted to Comp. Biochem. 8 Physiol. for publication,
137~.!

-:'resen'. address: Boston Coiiege., Boston, Jiass chusetts
1
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Tne ex' "i- nce of coiip lese de novo pathway i or pyririidine biosynth-.si'

~>'M,;s i ra c d r v i .r3 'i,, the hep atopancreas and abdoie ina'l i uscl e af t.'�.
l ",.

''-,.:., -:;-;;i lo'-ster, l:o-.aiu; «;ericanus. Th. rate of iincorporation of HaH l;0

;-..; . " ",! st ge. rempe.a:ure acclimation had little effect on this p;t of

The rate oi' incorporat',on of { 'C.!
] d.

0pa'.h ay in int: mo l ' lobs ters.

orotic acid in'.o the acid-soluble fract on of the hepatopancreas of wan-

a apted prei;,ol t lobsters is twice that o' interi-,ol t lobsters. In iiuscle

tissu, the intermo]t cycle condition had little effect on the rate of

incorporation

 si;b'~iitt..d to comparative P>ysiol. & BiocheiTi. fo- puolicat ion, ]975 !

Present addr ss. Boston Co] lege, Boston, tlassachusetts

.';to Gro' ic ac id was ~s-~3 o jo greater In tissue of:.'arm-eccl inated 'lobs c" rs

ti;e pieT;", ' stage oi t'ne intermol ~ cycle, con..pared to those in the inter-



pa e l 8

' ' ..'-:.i"ly o. I':. i, »o o''"olisiled ' m �:. a ut .! hz'tli~ats rn Llo z.C

oct;.:.'o,;1';;c;i., .,1 <,:i '.fi. f-.ve lo'.;st,:zs,r-.o-....ain ~ ~me-iI-.»usj «ac:1,i

T;I lt' s.-",er;rl I ';." ", I I; I, ' .' ' 's, 2'.'tI i Ia r'Is "ra. - > psei.' loo I'rene '5 mlle

ic".,'ii', ant t la'. !gj'- .'. ' idS Ier I .;. Iile lOI SL lrS, >vt tl reSpeCt tO Si=" a...

St'.Y,;vere iden tioal a! .. . SS i.ll e be.:veer> tatami S,, -.: l t. r.' th nL mb rS Of 'tthe

Itbi:]1 received «m' Iient:-,' -I,~at ", ic".'r;, lrran;.�.do '''  ' t!c1
t

s-..hstr;.t», 'r,d c r: n: bio" ks, rocks,, r ~I
y

c "1 ' .'.' ' I Ipes t o pr Qvit e " su, plus o = s,.e' '; rs. ribs.rvatio»s r.om Febri . -.-v

tits'ou.',h fu': est '".t'1 e made bo I,'I dil. Ln!1 tile <Iny, Loll�I,'ln>~ i~e  lint~, cInd tuse ngt!

.Lo Ds ters

:.' our large 3:juUria, t'ne lobsters appearec to be riuch less agr ssiv=

"tg~t ssion»tvas most fr  Iuent during fe:-d-ti-an g=-r,er.illy I.~s begari reported.

I.hservat-' ~ns at nigixt revealed fel~ erlcounte",s, hard these l ere usual v

one sided; vo'.c anci l" i thout pursuit, ol mutual ri.uali=ed displays

i..-.n ! just after sxset ivy'len lobsters are active under natural con-

' ions. Ir.dividuals ', ere identified hy day plow' orang letters glued to

the c r: Pace. 7yPes of behavicr ivP Ivere able to c~uailtify included occuP; ion

o', "pecific shelters, fe ding, activity, an«social behavior. Our goal was

CA coII Dine advantag s of z field study, amole spac and a var iety of species,

it'n t'~rise o+ a laboratory stucly, permitting a greater degree of control over
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'; '1St;; . 'in   E.:-Cendi .:,' Oi . «r O.' S i.'2 !v2rC i e !ale male JCm;-'Ie F '.

L~ ! O',L<.;! v l1V".,il t C ! C!'ale ..ve! i.'';.A ii!! ='i!!..at. S Sl 'C nur S 'X

dote ..1	!.:;; i ~ .> re.'nti" ' '::!. 1'.;:"'".. c! inst@;c'=., fci!ales s1 i~'~t ty si!'31 ',

' ~ n !".,.'!.' Cs wer~'. 0 t !1 d�!"..:na..i to t 1" aa' te; . Hom ni4'c" s! i !.' 8 

!e'-ive:;; d Ifferent anii'als durir i the s ~y, and comPlicating '-his

;!'ct! re 1;! s pos. ible territorial behavior in the larger indivicuals. In
o-;.;. teak, o;ily the .wo adult tamales were territorial Crom I-'eb~ary through

mi;1-!v~y, followi!. -;vhich no lobst-r showed stability of residence. In. the
SeCOnd tnn!C, OnIy One «n"~~l, a fe	!ale, W.!S terr' Iorial fOr mOre thZ SeV-

era «veek», un il «rly,.!une, ivhen the lar-est male established a reprodic-
riv' ~ rritozy Insi '!lg iin ! I the end oi .'-.ugusi. iv !1  !ur large aqi aria

�ay ha. ' b». n oo li.: it! c fo all aniIi21" to be t-TI iiol ial.

Lovst=.rs «ppeared to lose their position. -.-, ti- hierarchy j st prior to,

and for up to = month or more folio! ing the i-, ol . Such animals were often
observed on top of shelters, in exposed locations, where other lobsters

appa;en y did not harass them. Although aptiv lobsters are consider d
a«ite cannibalistic, we lost only one anu.al, a juvenile female, out of six

mol ts

P. vious observations in our laboratory had established in Ham rus a.",er-

icanus th exist nce of a female sex phe...one, .which ! e assumed acted. as a

1.!l g-range sex attractant. Instead, in o!ir Iar ge aquaria, female lobsters
:ibou to,iolt oughz oui, took «p resin~ence, and actively court=d the ta.-.k' >

1 arg s t mal 2 . ' <le males we te very non-aggressiv toward. these fevz les, ai. '
y-t,'ur~z!g th s per Lod, iiade violent attacks agai."s other males as well a»
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Or e of the r.".;a! or i-..hall '.,ges currently fac ng lc'-~ster arluaculturists is

G.' s.'-'"! 0' '. c'sit!'r e shi> e.,1 if' 92which ohs e. s I!3y be housed indivic'x~' ' .'

:-sn'; y..; -'. ' 'y. i.th a m.." I la'.. Of effort 'os' s stems 1 elder stu~Ly .! nvOlve
'I.'i, t n''I +':' '.l V a 'ua ".!HE I'lty nor i . ' O ' ' !'le sn 1+' ' -' S L::rmer . 2 ' ly alter 4th mo r t 3n

co .t'<iners witn au .O..iatic I'-"" ~ s Qr acce:.! tance of a hi!'h r' te od. ccUJlibalism

claw loss cue to «g<;ress v. i»terwtiors in mass-reraring systems.

7he celrrcnt wor!i »as r..esig»ed to evaluate a g ow-out. system in which

illdividu~":,ly housed lobste;s 1ould req ire no irdividual attentiorl.

T~e 'i';oods llole Cceanog"=phic Institution's Environmental Systems I'bo-.:ltoqr

r'as des'..ed. to d;.orr oyster  Ctassost «;-".i tin'cga on dens ctdtutes of uni-

cellular algae nurtured in seawater enriched with secondarily treated. sewag=

effluent. iU a result of high ambient food levels, the shellfish -- which ar=r

~ss~intaired in 3' x ' screened trays stacked. in S' deep cemer.t raceways -- ~ro-

~suce 1, r.,�e;.:..�..oun s of biod=.~osits cor.sistirt of both feces ared pseudofeces

. i-;.=able oszuni.'es or th".-e geneta o. zrphipods  ~Caio hiun sp., Gau,""r.~

arrl .its-a ~aL -ta, the polychae r: sotn Lani el a ~crinite-.a, and  se-':,;.aliy!

.'",a.; o;,.h ~ i..ussel i'v ~!us e~.ulis, appear spontaIleously in the system aid ";lrive

'. c:lxllated biodeposits in the trays.

l'r;;1I.:<uzz~ studies indicated that aroma.-as could he cultured for at '! «as-.

";'-.Iis wo-'sr;;as done ',n par..'al 961+ill.�..erlt of the requir, rrents for the d=. '===
J:: 3.S er Ot .s'il tS r t l!OS ten l!nlvf TSitv.



1

'- ' '. '1rs; '.' 'iilt-'. I .."I 'll" ! ';i JL ' 1y «LtPL" ti"0 m ;it'Is ' i..ass err' Lur ' howP;

{-��...".. -1- 55 i.'.I'.sj .' i  .' I.',onrhs at 'iv,rag tc.' i pe1'-i � J.V E lmea

..' P. o t. lb  '...'. !i .' ~la IUaill ta ' Liei. in j rid i '.'i' ira;:Gi .par' ";err s 2 � 0 to a t ay

.I,ll of these;~j~ii~] 5 rema-,' ed«o!.;.:. -'" 0. tz l ! ' .l .L I w. ' "., t UI the sa iie period.

.1arii.1s 8l 'i i t'ai ' ne' 'ri". '  i t imo .' GG or'' ' .Lo.l

.IrriTer � !- ~�;:re. < ar ipac' j. ing h!;In>,;.i, ls .'id -,,t - «ir" «s well Lzder t .~segl

;;".-.her .i;vest L- a-'ions I a.L:..i=~ tlat.,;ro tn o: Li;=' '..e~iurir-~urge si;...<'

1<,'i'. t ' in th's eloper'~.errt ' as li!~ted by - iod l v.,ls siIbstzntially below

;'Lose;;hich co.ild ie pzovi>ed by places=. the trees in sections of tire raceway

-= e.' ..-'..-.'~ direct ~ad vi-.'orGLIs aeratioir. Ad ' tional »ater turbulence thus

-,,rov �.. 'ed ir creased th= nLziibers of the largest food species by at least an

or'ler .i; M~witude. Iz is believed that future wor~ will prove .hese hillier

Eood 1evels .�or . tllan aIIIple to sustair. good growth xi larg r ~air,als, and in

siiLai l=-. animals held individually several to a troy.

CG, bining the requ1. oii,.tnts of Crassostr~:.a arid l!UF" I us 3JI cultur, the

-ollowirg schedule 1or -'obster/ iWster polycu tLire is proposed:

1j 's s cr lt =.- o-'; '.',!-:.0 post larva liGITarti~ wLth newly sort d foLIrrd o, ters

i.. S-*: ' 8 0 ay.. i",',;1OCL' '1 iOA I:L '1 i~lltQj J, il'-'ll SPBBli 4'hiRblr.~ Jll811 Of f.'lt'!O

' God Gr".IIIIlsm.s .

.fter ti;;o i..onths, "tiIin:~'.d transplant" lobsters and resort 'zd gra~e

G:-.�- ..-, robs'..r~ slioei' ' be =": lated -n iildivi.lL:a.' coi,p:lrt;.errts " or -. to a

~ l,' d tioila- bork. l s cii: i. atly .Ln;!rogr ss to Je terrilir'e opt 11 21 dense

v3 ' . roi '.s arid .'IG i xv throu':hout the ox7er".;i'.e.lta l. per Gd, iirere was rro IrlortQ. i 1T y,



i! Aft"  ~ S T.oz;1.~, ' I in lo'osters Furt'ner to l or 2;.er tray anZ pl~ e
i; i'.: ~ lar<' oy.-'..:as. I ~mogul = >faith Capitella. and <.roe to rearketz'ole si"e.
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