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ABSTRACT 

Larvae of t:-1e American oycter Crassostrea virg1.nica (Gmelin) 
were subjected to thermal shocks of varying magn:~ tui.le at. different 
lar-.r'-=u ages . The effect s were assessed in terms of r.1.ortaJ.i ty, growth 
and set"'.-,i::1.g success. Grovth of larvae acclirr.atcd at 25 C o.nd 20 %c 
:.:rnljnity ,;,:ras r,ot affected bye. therrr,al shock of 10 C or 15 ,, but a 
20 C t::-i.erniliJ. sh0ck had a detrimemal c!'fect: on grmrt.h . Mortality of 
oyste1· larvae :i. ncre::i sed sigr..:'cfLam;ly i'ollowinf: 1·:-le:::-mal shocLs of 10, 
15., and 20 ,: , and we.ts higher for older than f':!r younger larvae . 
E:etting rates of the control and 1(1 C shoc:kc-:1 lan-ae were not 
signj_fic~ntly diff',c1'ent, but larv-.:..e recej vJ :ir:,; 15 er 20 C sho·:.:ks nad 
significantly lower settirl[; success . Growt:~ rate t..nd settirJG aJ.so 
see:::ned to be c;;.f.'i'er.:.:ted 'uy the age at which lo.rirae received a thermal 
.5hock. 

viii 



EFFECTS OF TID:l\MAL SHOCK ON LARVAE OF l'HE 
OYSTER, CRASSOSTREA vrnca::r ...,A (GVSLIN) 



• 

INTRODUCTION 

A therir:aJ. shock ms.y be defined u..;; a sudde11 rise in 

temperature over a very short time interval and a subsequent rP.t.urn 

to am.bie!r':- temper~tu.re over a longer pcrj_od of time . 'rhe pro1 &bil:ity 

of an estuari::ie o.r-ga.ntsm encountering a thermal stock o.urin~ its 

lifetime is i:-1c.ceas.i.ng due to the 1 nc:::-easirJJ?; number of nuclE.ar <i.nd 

fossil fueled. steam electric stations locating on tidal syste!11:::. 

The 6.err:and for electricity ,:ill :nore than double :,:: tr.c ye:1r 

1980, i!1creasing by approximD.tely 657 billion kilow::i.tt r.our::;, d .th cnly 

4% of' the eJ ectd r:ity senerA.ted by no - t:1!e m-"l.l enriching nie·u}s 

( 801.::t~E!'!l Go·.re1'nor:: Task Force, J 970) . i\pproxj mately i , 500 B'I'i,j of 

wa2t1? hen.t. c.:;e carried to the a.quatic l'!Wirorl!"'ent y cocl:i.ns ,r.i. .... e1· ·for 

every kilo,,c:!.tt hcur o:!' elcc1Jrici.~y se:ne1·ated. 0-rg· r:i::m:-i r.t1·<:L:.n ·1r1 

tne (;OOJ.:i.ng v.::.ter pv.mped iuto t':J.e; e.lec r le ulants ,·ecc i ·,·e a the.ITiU l 

shoc1<·. as the '.v-a.,c_· 1;as::ies 'v:!tro·_:.gh cor.d mien; . T i::; e::i..:o:>!. ·.i. l 1,c 

ae:.enn.:.r:c ·t;he Lclcr~·.:.:::e of different spe(;i s o t. c ::;ud ; ·.,.1.;:'irert·t·;.:. e 

rises that they 1r.ay encounter in their e!!Viror.J!l.e .t . 

org:r::!.:.:,·:1 c1=.r:n0t r·cr~ens~,.J~ r'or a the1-z:..1l ::r.o ·i< ·.d t o,,-;, f:!1 i!'l::.. L~·•: 

ove!"::;1:~o·, er :: :!~•:ic r.'.!ac'°ion. Accli:·iat.:1.1 .:. · t:s.:;entia.:.ly ·~ lu!'.g t':: ,, . 
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adjustment du.ring which an organism slowly ad.just~ to changing 

envirornnental conditions . 

Davis and Calabrese (l964, 1969) studied the thermal 

tolerance of layva,e of the oyster~ Crassostrea virginica (Gmelin) . 

Larvae were subjected to temperatures rangj ng from 13 to 37 . 5 C for 

their entire life, and growth and survival rates were est imated . Davis 

and Cal abrese reported the optiJrrum grmrth rang1: for g_. virgini larvae 

to be "between 25 -· 27 C, and that a 'te:nperatuy1: above 22. 5 C wn.s 

requirec. for gyowth . Similar work has been carried out with rr.a:v 

organisms., including fishes (Bl'ett, 1 956 ; Parva:thes-,.,ara:·o, 196'() and 

copepods (Halcrow, 196] ) , Thes e works wc:ce co1.c1:rned w.ith tne long 

range effects cf temperature s:i.nd did not cuncitler the reactions of 

organisms to short. term thermal snock . Lit.;le ba::: bf-'er, -publishei on 

tolerance of oyst~·::- larvae: t.o thermal sl1oc:k . Ll.t;1,, r..ldu ar1d Drol)e ·k 

(1970 ) studied +.he effects cf t e1,!perature c~:mei;e on the cetti:1g cf 

C . -,rirgi1':_ica la.c,rae and repor-:.,ed that. a therr.u:d. sl;c)1~k of 5 ,: ( fro1·, '.2.h 

t~ 29 c) acL'Uini!;'tc:::cd -co 1, :rvae of setti.ig :;i:..e L crease t.:~e 

DercP"+ "'ge .._..,,a ~c+- J- . T- . RooserL><aJ.·,: f,p rzona.l ccr.r,unico.i,i01. ~, 'is -•, .,..; l,ac , •~ , • -

Ln50 v-alues aftt,r e.xpccing ttc:n to various temperatures for periods 

fro,'lJ. five se..'.'.onds -:.o tlu·ee h0urs. 
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temperat-.J.res. 

The purpose of this study was to determine the effects of 

thermal shock on growth, mortality, and setting success of' oyster 

larvae . Oysters were chosen for the study because of their ecnnomic 

importance, distribution in estuaries, and proven culture me1,l::ods. 

This study was funded by the Virginia Electric and Pow~r Company . 

4 



MATERIALS AND METHODS 

Larvae of the oyst er Crassostrea virginica used in this s tudy 

were obtained from adults spawned in the laboratory at the Virginia 

Institute of Marir~e Science . AduJts were obtained from the Rappaha~noi:-k 

and Potomac rivers, Three different broods were necessary for t:.e 

completion of ~11 experimental and control runs because the number of 

larvae that could be maintained tU:6er controlled conditions was limited . 

Stock cultures of larvae were m ..... intEdneJ. at 25 C in Bo lit~r 

po2.yethyler:.e contai:1ers ::i.t a conce:,tration of five to ten larv·ae pe ml. 

Cu1.t,u·es werP. -:Pel. 2() to 25 ml of pure culture Monochry:::is per l:iter of 

larV?..l culture every 24 hours. W::i.ter in t"!'lc stock cultures was changed 

every lf8 h::>urs to prevent buildup of metabolic products, dead la rvne, 

a.!ld bc>.ctcria . Water c:-.ar:gi..g was ac.:::orr:pli:;Led by filterin~ larva.e onto 

st:::,j_;uec s s~-eel :r.e.,h sr:reens tr.at re":.ained only ·the lan-ae . ·rhe ,.."L::e of 

tJ-e scree~ 11.:,e<l rm,~ed from 64 µ to 2 58 µ, depe!1dit.e; on ;be si.zc of .;he 

resuspended in ne~-r watt:r filtered ttrough a one · cron filter . An 

antibioc.ic; (0 . 2 ml/Jiter of '. rin 3ictie Vineland Poulter Co . 

Vine~_ci.r.-:t . ti. J . _) wa.s .::..c.:. 1 f:;c. ::-.t eu'.!:: ;;a:.er ... !.::mge to cor,trol ca_ :erinl 

popt..J.ai..iori.s. 

ex.:!har..ge.?.· (Fig. _a J consisting o:· a?! e:1trai.rn,1ent tub1;; in a cor1stant 
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40 by 38 cm and surr·ounded on all four sides and bottom b;y 5 Clli of 

polystyrene insulation, served as a constant temperature bath. The 

entire bath was enclosed in a wooden box to prevent deterioration of 

the insulation and to provide support for the heating units and 

entrainment tube . The top of the bath was covered with a 6 r.u:i thick 

plexig_lass sheet to reduce evaporation of water used as the heat 

transfer medium. Heat was provided by a 1000-watt gJ.ass immersion 

heater and two 1000-watt Portatemp heaters . Heated water was 

circulated by the pr.opeller stirrer and pump on each of the Pu:rcate:rp 

units . The three heaters were capable of maintaini g temperaLure::: frem 

room temperature to 99 C. Ent.:rainment tubes were made of 25 mm i:-s ide 

diameter borosilj_cate glass tubing_. Larw.e passing through the tube 

received a thermal shock ·proportional to the temperature of the bnth 

and the flow rate through the tube . TFo :.;hapes were develo]:)1:ri for the 

entrainment tubes (Fig. lb and le). Cne tube was siemoid, 75 cm Jong, 

and provided short entrainment times . The second t,u e was S-s hF,red, 

150 cm long, and provld8d longer em;rainment ti:nes with g_ eater he:rmnl 

s:ioclr..s . 

One~ the constant temper•l"·u e bath ,to,c brougll to Le 

appropr-late 'temperature and. c.::.] ibr::i.tect for r:. desired thermal shock, 

larvae were. rm through the entru.ir.ment tube at a concentration of five 

to ten pr--::: 1:tl. . "'h1.,; flow o::' l '!.rvu.e: ,,-a.., su:::"tai .ed by .:.. s · phom.1 g t..t.:ticr. 

wi t'h u :::·e::::ider.ce t:.!"'.e ir, the 1;::· e o:' about r.:. vc :::econc.~ . .e :::1d.ence 

til.1e w,1s contr0ll ed by an adjusta·. e .. ose clun,p on he :::i1ihor . ,:ere r :r 

~bermome"ter.::; wt:re l0~ated at totr. ends 01' the en .,ainme ,t tub:! to 

ther:r.al sho .... k was c,"btai.ncd within ::.-O . 5 CJ C' ·ster lan'2.e w<::.::·e ,~o lee .ed 

6 
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in ga.Uc,n ja:cs . Three to four l iters of water conta.in:i.ng shocked 

larvae were placed in each jar and allowed to cool for 30 rninuies . 

Larvae were then returned to ambient temperature of 25 C by immersion 

of the jar in a cold water bath . Figure 2 shows the total temperat'.lre 

fluctuation to whj.ch the larvae were subjected . Control larvae were 

subjected to the same stresses as the experimental larVa.e, but no 

thermal shock was administered . 

All experimental and control groups were maintained t',t 25 

±1 C and at a salinit.y of 20 ?~ . Thermal shocks of 5, 10, l'.:, , und 20 c 
above ambient were chosen for the experimentrd groups . Frel in.in2ry 

e».'J)eriments with a 5 C tbermal shock indicated no difference in growth, 

mortality, or setting when compared to tlt control group~, and the 5 c 
thermal st.ock te,3ts were discontinued . A co ·crol gro-..1p , re~ei \ring no 

different age groups of larvae w~re u~cd in two-nrt;;r age increment,s from 

two-day old to 20 - da~r old lan,1;1.e:: . .1. o replie:ntec were run for ach 

combinat:icn of age ancl ther:•i:1:._ s::o-:k . 

Af~er tbennal shot:k a.nd. \.;ooJ .:.ng to 25 C :..r;. 30 minut1~s, r,11 

grcups l~f }.arvn.c were l'llRintained 1.:.nder :i.d · • ico.l co1.di ti on:.; . Wn. ,tr r. 

each gal.1011 jar \ras changed ever-:f 48 r.ours usiug the sa."'le e~r.n:.1ues 

employed fur tl1e ::;tock cultures. Experin:ental and control grou1 s were 

".:::.lir:ity ,ras monltored wlth a Beclnan P.ST -.A. s3linometer. 

As t.be 1~'.ll!lCr-?r c!' v-::.::ble l:3.rvae ir. t.' e •?4cri1:.ents.l :..nd cotrtrol group:: 
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per ml by decreasing the amount of new water added at each water 

changing. Al] . groups were maintained until all the larvae in a group 

either died, set , or reached the age of 30 days . 

To evaluate the effects of thermal shock, samples of larvae 

were taken f'r,:;m each gallon jar 48 hours after receiving the shock and 

then at 4-day intervals until the end of the experiment . Larvae were 

screened onto a stainless steel screen and gently washed off the screen 

with filtered sea water . Larvae were then homogeneously resuspended in 

300 ml of water with a plastic propeller stirrer . Two 1 ml samples 

were drawn frorr. the resuspenc',ed larvae ·with a 1 ml pipette . Tne pipette 

tip was broken off to allow large larvae to enter without damage . 

Af'ter the :;wo samples ·were removed, the remaining larvae were returned 

to the gal:Lun .-:;ar . The size, from anterior to posterior ends, of 20 

J.i ve larv:.:..i:! ·wa;:; :;:ne<1s·c1rcd from c:o.en s::uuple ,1sinr; .;,n ocular ml1.,;rum~:t e.c, 

and the total 1:.umber of living larvae in tl'le sample cou.nted. Grmrt:!1 

and Iuortali ty ,,,ere then estimated from these l:lam:p1es. 

Set lar-lae were cour:te::d directly in the gallon jar ar.d 

removed before th':: non-set oysters were returned . 

r,,..'i'-'< 
o\ \ne 

\ '2,\ 
o\ 

f~':, r--~ -
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RESULTS AND DISCUSSION 

.4.n analysis of covariance on the gro,rth rates of the three 

broods of oyster larvae used in all experiments (Table I) indicated 

that they could be cor.sidered a homogeneous populatior., that is, tt2re 

was no significant variation caused by using the broods in the 

experjments . 

Effects on Grmrth 

The growth of C. virginica larvae was influenced by the 

magnitude of the ad:r.jnistered therm,':.l shock. Growth was not a.ff =Cted 

by tt...:.rm2.1 shock::; ot 10 arnl 15 C, bu.L was :!.r.ip,n·cd b:;,- a 20 C sh.x:k. 

Analysis of varian..:e and Tukey ' s-w procedure (G0kal and Rohlf, 1961,?) 

run on :.he 48 - bo'J.:c perct>nt increase in mean length cf shocked l.:1.rr,,, 

itJdic~.:t,:·d no :,igr.-=~ticnnt difference betw e::n the co:1't ol, 10 C., or 15., 

shvt:l\ed grc,up.s . Hcr.1ever , u sig1 ificant differ ·1~cc at tr,e . Cl 

coffi':;_d(:m'2· li:::veJ ,,,c:1..;; found between t.he fcrr'le:- ht· 8 groups o.nd he 

.. ?o C shcc-b.:.d group (Table II) . The avE':::t e;<: percen1, increase it. le :.gth 

for 43 i1ou1"s aftel' receiv-.i.ng a the~·r.:.ul ~r.1.:,_k was J5 ,111 for or:trol 

ou s (Tu le I I 

111·::i.i'fecte:d. by i.:, h: ti·.err>1al ..;r,ock. :hc- 15 C ~hockt.d lnr 1: show c!. sc. e 

11 
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Table I. Analysis of covariance on the three broods of .Q, virginica larvae used for the 
thermal shock experiments . Br oods were arrar.ged according to thermal shock 
received . 

Analysis of Covari ance 

Source X2 SXY SY2 N-1 SD2 N-2 SD2/N-2 
Control group 7066.2 57678.2 528041.7 111 57243 .1 110 520.4 
lOC shocked 7075 . 4 61197 .1 58h1T( .7 111 5~868 . 4 110 498 .8 
15C shocked 6868 . 4 57976. ~ 531578 .2 109 42196.2 108 390 .7 
208 sl,ockecl 6494 . 6 52683 .7 486542 .2 105 59179 .1 104 569 .0 
Pooled 213486.8 432 1}94. 2 
Reg . co-!f . 1306.7 3 435 . 6 
Co:r~ ~.or 275ol1. 7 229535 . 4 2130339. 7 436 214793 . 5 435 493 . 8 
Adj. I•.e:~r. 14732 .8 3 4910 . 9 
I'ot ;:i} 27:i23. 9 230223 . 5 2155225 .9 439 229526.3 438 

F for Reg . ccef . is O. ~j~. Degrees of f r eedom are 3 , 432 . 

P t'or Adj . mean is 9 . 9!,6. Degrees of fre:ed.cm are 3 . 43 5 * 

* Eignificant at the ,05 level. 



Table II. Anal ysis of Variance and Tukey ' s-w procedure for the percent 
increase in mean length of C. vire;inicB. larvae 48 ho,~!'f' 
after thermal shock . 

Source 

Between groups 
Within groups 
Total 

Analysis of Variance with 
Arcsine Transformation 

802 . 5 
578 .9 

1381. l~ 

Df 

3 
36 
39 

267 . 5 
16. 1 

*Significant at the . 05 J.evel. 

Tuk.ey ' s -w P:coced.ure . 01 Level 

W01 = 4,7lf(S;;) , 

2 

F ratio 

16. l s- = s - = 1.2'( 
10 X r 

wOl - 6 . 01 

Control l0C l 5C: 20C Groups 

23 .2 r; 20 . ':'" 12.0- Arcsine ral Ut->S 

Mear:s .l.. """ . r:u ,.1 , (: ' ?' 4._e: Percent·ges 

13 



Table III. Percent i ncr ease i n men.n length of C. virgini ca l a rvae 
11-8 hours after thermal s hock . 

Age of larvae 
when subjected. 
to thermal s hock Control lOC l 5C 20C 

(days) 
2 11.0 9 . 5 11.0 l; . 4 
4 20 . 2 18 . 6 1 6 . 6 f- . 7 
6 9 . 6 9 . 4 4 .o 3.2 
8 11. 0 1 5 . 8 1 4 . 8 1.8 

10 11.2 17 . 9 12 . 6 '3 . 5 
12 17 . 2 14. 9 10. 5 7. ·r 
14 21.0 18 . 0 1 6 . 9 11. 5 
16 1 6 . 4 19 . )1- 1 4 . o 6.a 
18 1 6 . 4 20 . 1 1 5 . 2 3.8 
20 16 . 6 1 4 . 2 6.o 0 . 1 

Mean 15 . 1 15.8 1 2 . 2 5. J 

1 4 



the other three gro11,..,s and only once did the 15 C sI'1ocked la ,.., d -.t' - T",o.e exc1c:e 

the percentage increase of the 10 C shocked group. 

Thermal shocks of 15 and 20 C slowed the initial growth of 

larvae to a greater extent than a 10 C shock. After six to seven days 

the 8urviving larvae of all groups grew at approximately the swne ra e 

(Figs. 3 - 12) .. 'I'he final size of larvae subjected to a sl,ock at the 

age of four and six days was greater than the control because -+,he 

setting of larger control larvae reduced the estimate of thei::: ::;ize 

(Figs. 4, 5) . Larvae given a 20 C shock at the age of two ,,,;d ,;,igi t 

days died prematurely, causing the dj screpancy j n grouth w:i. tL:ir. Lh; 

four groups (Figs . 3, 6) . The 14 day old larvae that !"cce·ved a 15 CH' 

20 C shock died prematurely. Trd.s premature death was. Gt.ttributed to 

some lasting effect o~ thermal shock (Fig . 9). 

The a,t,;e <1t which larvae recei vcd a. tlie:r!r:al shock hd at, 

effect on grcrwth for at least 48 hours . Control and 10 C shocked 

grouns tended to have greater increases in length per 48 hour ir. ·cr\1~1 

as the age a-;:; 1-rhich they received the :::;ho~k incrt:n:::;ed. J .e r. 1.:r a:c 

of the 15 C shocked group stayed tl:e so..1t1e as the · _,e at w ich tl e 

larvae were r.hocked increased . Tlle 20 C ::;hocked grou. tended to 

decrease il: gro.rth as the age at whi h the larvae were :::;ho~kc.: 

increased (Figs . 3 - 12) . 

Effects on ;,:ortal .;_: · 

.-~or'tal.i t~- of oyster larvae was strongly affected by t. er. ial 

48 -:-!our mortalities of the t:01.trol, l0 15., ,~nd 20 sr.oe!.e<i "'roups 

l'i 
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Figure 3. Five day- growth intervals of C. yirg•ir.ica larvuc ,,ul ;jec1,;e,t 
to thermal shock at the age of two clays . 
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Fi gure 5, Five day growth int ervals of C. vi.r·g1.mca l:1rvae sub jected 
to thermal shock o.t t he age of cix day;:-
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Figure 7. Five day growth intervals of C. virr:-inica larvae :n:b,j .::cted 
to thermal shock at the age or" ten days. 
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Figure 8 . Five day grm-rch int r,-a.J.f' of C • ;,-:i.!.'.J:I..ic lar c s~b.iectcd 
to ':;~:e~netl shock a~ -::.e ::. e:;e of l 2 ... ~.,rs . 
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Figure 9. FL-e day- grmrth i ntervals of C. virn:.Lmca. larvae su• .:ji::cted 
to thermal shock at the age of 14-days-. -
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Figure ll. Fi ve dav growth intervals of C. rirg· nica larvae Gt b,jected 
t o · ther~l shock at the age of 18 days-:-
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was signifi cantly different from that of the other groups . At.., the . 01 

confidence level the control was significantly different from tte 10, 

15, and 20 C groups and the 10 C group was significantly different frcn: 

the 15 and 20 C gr oups (Table IV) . Lowest 48 hour mortalities 

consi stently occurred among the control groups (Table V, Fig . 13 ) . The 

magnitude of' thermal shock was directly related to the degree of 

mortaljty. 'l'he mean 48 hour mortalities for the control, 10, 15, and 

20 C groups were 5. 5%, 29 . 8%, 47 . 8%, and 63 . 3%, respectively . 

Older larvae had higher 48 hour mortalities than younger 

larvae recei vi.ng the same thermal shock (Fig . 13 ) . Grouping the 48 

hour mortalities of the two to six day old larvae and comparing t.hen, to 

the 16 to 20 day old larvae (Table V), the difference between the 

you..")f;er and older larval mortalities was 3 ,0i for control~ 31 ,31 fer 

10 C, 25 . for ::_5 C, and 20 . 2% fu1· 20 C ~l1ocked groups . Mortality ii,.1.S 

not only dependent -...1.pon the roa.gni tude of ttermal shock, but ulso on 

age a-.:: which the J.a rvae receive the shock . 

In all gro:ips except tr.e two day old. larvn.e (Fig . J.li) tL 

per2entc1c;c aer,.d of control larvae never exceeded pe .. l..!entage de d o.t' 

three shock grouys (ii'igs . 14 - 23) . Only in the t ro d y £! 1 1l1 d · : ol.J 

groups did the per~e:ntage dead of the 10 C shoc.:ked group cxcee t. 

percE.ntag-2 dead of the 15 C shocked group (Figs . 14, 20) . In these 

three case.3 ,:l'= r:: r;b:,r percent deed of ·te control a. .d 10 

due to alJ.o;-r.-..u~Le variat:ons in sawplit g t er.hniq_ es ·:tnd no a tric it ble 

to thennal :fr:.oc:c .t\11 three c;;;.ses exceeded the higr.er thermal s .ock 

group.:; ty very small percentages • 
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Table IV . Analysis of Variance and 'l'ukey ' s -w procedure for mortality 
of C. vi.rginica larvae 48 hours after thermal shock . 

. Anal ys i s of Variance with 
Arcs ine Transformation 

Sou.rce S,lrrl of Squc..r':!s Df 

3 
36 
39 

Mean Square F ratio 

Between groups 
Within grours 
Total. 

8835 ,2 
1623 .6 

10458 .8 

¼ll-Signifir::arit at the . 005 leveJ.. 

Tukey ' s -w Procedure . 01 Le....-el 

w01 = 4. 74(8:x) 

= 
s2 
-- = = r 

WO} = 9. 55 

ContYol l0C 15C 20C 

Mea::is 13.32 32 .82 44 .01 -:-~ . lR 

Meant 5 .20 20 .~ l;e .26 r,4 . 12 __ .,_ 

22 
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Gro-ups 

Arc:.;in~ vahie:-
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Table V. Mortality of £· virginica larvae 48 hours after thermal 
shock . 

Age of larvae 
when subjected 
to thermal shock Control lOC 15C 20C 

(days) 
2 2 . 9 16 .3 28.2 43 .6 
11- 2 .3 32 . 0 46.1 LK3. 7 
6 4.3 22 . 6 41 . 0 52 . h 
8 3.5 31.5 51.8 71 .1 

10 6. 6 26 .3 l+Ll €:o.c; 
12 '.] . 2 16.1 49.2 70 . 4 
14 6.1 28 .1 68.1 81 .6 
16 8.5 38 .9 52 .7 b9 .8 
18 8.4 37 .9 5'( .3 !q . ~ 
20 7 . 4 l18 .8 52 .1 f,7 . l+ 

Mean 5.5 29.8 )17 .8 63 .3 
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Figure 14. Cumulative death of C. virginica larvae subjected to 
thermal shock at the age of two days . 

Fig,1.J.re 15 . rumulat i ve dec::h of C. vi:r~ini ca larvae .sue ~i ec ted to 
thermal shock at ~he age of four days . 
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Figu~e 16. Culllulative death of C. virginica larvae subjected to 
thermal shock a.t the age of six day::; . 

Figure 17 . Cumulative u.2ath of C. 'rirg1.mca larvae subjectec:. to 
thermal shock at tr:e age of eight a.a:p . 
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Fi gure 18 . Currrulative death of C. yirginica larvae subjected to 
thennal shock at the age of ten d~ys . 

Fjgare 19 . Ct1!.l1.ulative death of C. virgim.c~ larvae nubjected to 
thermal shock at the age o!: 2.2 ua~rs . 
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Fi gure 20 . Cu..rm.llative death of C. virginica la.rvP.e subjected to 
thermal shock at: the - age of 14 day8 . 

FiQITe 21. Cumulative deat~1 of C. virp;ini.co. .i..a.r1ae subjected to 
thP.rmal shock at "tbe age of lb Jays . 
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Fi gure 22. Cumulative death of C. virginica larvae subjected to · 
thermal shock at the-age of 18 days, 

Figure 23 . Cumulative death of C. virgini c1. larv'.:ie subjected to 
thermal shock at the age of 20 days . 
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.E;f'fects on Setting 

Setting of oyster larvae was effected by thermal shock . 

Analysis of variance and Tukey I s -w procedure computed for percentage 

set of the control, 10, 15, and 20 C shocked groups indicated no 

significant difference at the • 05 confidence level between setting of 

con-trol and 10 C shocked groups . At the . 01 confidence level there WciS 

a significant difference between co11trol and 10 C shocked groups 

compared wi"th the 15 and 20 C shocked groups . The 15 C s hocked group 

was significantly dj_fferent from the 20 C shocked group (Table VI) . 

ME.an set was 7 . 2% for contz·ols, 8 . 0c;& for 10 C, 2 . 8% for 15 C, and 0 . 5% 

f'or 20 C shocked groups (Table VII) . 'I'he magnitude of the:nnal shock 

above 10 C was inversely related to percent of larvae that set. 

The age at which oyster larvae received a the:nnal shock 

tended. to effect st:Uing . Comparing you116er (-Lwo to six d y ol 1) 

larvae and older (16 t o 20 Jay old) larvae, a sl:ight increase in the set 

of the control (0 . 6%) and 10 C (o . B~G) was found, while both the 15 a:-id 

20 C shocked groups decreased by o.4,~ . The increased set wi h age a 

w:'licl: la.n-a.e are s1:bjected to ther.1:.:-tl shock agrees wit l Li..tz , Hidu and 

Drobcck (1970) anri 1-Tilliar-1s (19h8), ·.rr.o indicated tr.at u tLermnl shock 

"belCT;( 10 C at the tir.1e lar~e n.re ready to set will increase setti ig . 
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Tabl e VI. Ar,alys is of Vari ance and Tu.key ' s -w :procedure for the 
p ercentage of C. virgini ca larvae set t ing after t hermal 
s hoc:k . 

Sou r c e - - -
Be tween groups 
Within groups 
Total 

* Si gnificant at 

Contx·ol 

Analys i s of Var iance with 
Arcsine Transformation 

Sur0._ of __§quares Df Mean Squar e F ratio 

971 . 9 3 323 . 9 17 . o81+* 
682 . 7 36 18 . 9 

1 654 . 8 39 

t he . 05 l evel . 

'l'ukey ' s -w Procedure , 0 5 Level 

s- = s2 
= 18 . .2. = 1.38 -- -io X r 

w05 = 5 . 24 

l 0C 15C 20C Groups 

t-feans 15 . 07 _____ 17 . 57 3. 55 Arcsine va::ues 

Means 6,79 7 . 32_ 2 . .12_ 0 .39 Percentagt:?s 



Ta~le VII . Percentage of C. virginica Jarvae setting after thermal 
shock. 

Age of larvae 
when subjected 
to thermal shock Control lOC 15C 20C 

(days) 
2 3. 4 1.1 o.6 o.o 
4 6.8 6. 6 4.7 1. 4 
6 l~ . 3 6. 6 1.6 o. C, 
8 4.o 5. 5 1.8 o.o 

10 16.7 23 . 6 9. 5 2.3 
12 8. 6 8. 6 3.4 0.1 
14 11. 8 10 .8 1.1 0.1 
16 7.2 6.2 2.0 0. 3 
18 4. 9 5.0 3.2 0.2 
20 4.2 5. 6 0. 5 O.::! 

Mean 7.2 8.o 2.8 0.5 
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CONCLUSIONS 

1 . The mean growth rate of Crassostrea virginica larvae was not 

significant.ly affected by a thermal shock of 10 or 15 C. Such 

shocks temporarily retarded the growth rate, but survi v-5.ng larvae 

recovered in six to seven days . A thermal shock of 20 C perma-

nently impaired growth rates of the oyster larvae . 

2 . Mortality was significantly increased by the!':na.l shocks of 10, J 5, 

or 20 C. Mortality was significantly higher after a 20 C sr.ock 

than after a 15 C shock . MortaJ.i ty after a 15 C shock was 

significant] y higher than after a 10 G shock. Older le,rvae 

exhibited a higher mortality than younger larvae receiving the 

same thermal shock. 

3 . Setting of oyster 1arv-c1.e was unaffected by a tnermal shock of 10 -

Shocks of 15 and 20 C significantly decreased ~etti , wi the 

20 r: sho~~k cauBing a significantly lcwer set than he 15 C r,hock. 
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