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'The ef ect s of 'r e j:l er Citure an i:)a1 ~ni t on the 
b e mht OZOCi , Ova aua eveLo~llienc t t .8 
Fir t owi i ng I::it "ge 01 Ostrea vir g nica. 

By Mr s . L. h . n~ charu on (nee d . E. C ~rk) 
( .tJ b. ,t of t esis u bmi t t ed to McGill Ulli ve s i ty 
i n c::. r t ial full'il JJlen t 01 the r equ rements 
f or tne ~e ree of M.bC., ill ' y, 193~ ~. 

1'h e s t un o· 0 star cuI t ur' e a.n' i t conse~uellt pr obLe s 

01 U1.e effec t of env:'ron ent a l fac t or s h i!..S bee ! 01 gI e ' t i n teres t 

to t he civil izeu ,or 1 fr0111 its econOillic vi ew- oi nt . bettin 

c...s i d e the European &nci J apanes e oy ters and d e&l i' l OI l y 'i t h t ne 

Ameri c ~ n gi l1.icb. , t rie L.i;:) tor y oi' oyste cult ur e 

pr oper Ly beg i ns wi th W. K. Br ok ( ) , wbo in 187ts , s uc ceE;" ed i n 

ar ti f ic: ally r er t l li zi, the e S o.f Os t r e", virgil1~ca . The fo l l ow­

ing summ r, Id79 , he ar i ved at tHe conc.lu i on tr~t , th mer ­

i can oy s 'G e r , fe r t i l i zd.tion took i,lace outsiae tIle lll<.tn tl.... CG.Vl ty , 

b. s t r i k i n- aii l e rence from t he l£U 0 e an 0 ster , i.J.1C ' 1 cal'I'i es the 

eIDo r os withi n t be ll~ntle cavity unti l ~hey dr e qui te well rd_ 

v 'meea in o.eve10 men t , anl! o.re provl d a Wl t h ~l 01 t hei r own . 

T.his she d..Ln of t he naked ermat o Ob and OVci inca ~ . e ~b.ter makes 

i t vitCil t hat t ne erfects of cer~t:.L eBMironment al : a e tor s , sue 

as temper Cl. t,ure ana sa ni t be known . 

'I'lle s t udy ' or. t he .h.mer i ean 0 t er i n CQllQ.d<:- uegC:.ll in 190 ' 

~ t Ms'l ,>e ue , on c:. oay 01 'Lne s ame narue in Prince Eo. a a I .:.Lrulci , 

wi t h t ne establishulent tnere 0 a ovaL l e biolo ical S a t ion . 

I n 04 r . J. bt a110ro ( ) st~lted s s y 0 t e I i e hi stor y 

1 l~ prebented ills 'eJor to t ne 

c OInL1Lission of conserv~ t ' on , Ciin ada . 

o i 
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1 . melili y (1 ) , a J apa. ese nves -c i qtor , also .. rked on "Lhe 

e ' .r l y d evelopwent a st , b ::; 0 portuga~e , Ameri carl aHQ Eni51 lSn 

oystArs , wi ttl :speci r 1 reference to tue etfe cts of var;yiug S' 1 ­

L _' ty., 

Turnll a c::.l t o pr ince J:iU iVi:1Id I,:,lo.nd , Dr . J uliaIl l\le.lSon 

( 7) made em inv ti a t lou of 0 ster Jro Ci a tio in Eichulona bl:1Y 

in 1915. I n 1 ~ ' 9 r . A. W. H. Neealer (6 ) ~~ ~ut i n cha ge of 

o s er 11- es t i a.tions 1'0 1' the Biol ot,i ca_ Bo r r'd of Canad '" and a 

er anent l~borator} known a. 1e t>r i nce Eo .c.;.r· I.:ilc;;.nCi rvla.rine 

S t" b .on li:1S .L OC tee. on Hicie.Pord i ver , an 'n- e t o; a 1'e ue b ~.y . 

In 1 ~O r. H. P. Sher~ood , Wl EngLish inve tigator , c r rr e on 

hi s wor k t here . The 1'o.ilom.n ser i e of eri ent wer c E.r-ri E'dA 

o t by t e author i n 19D ~ und ;:: !' the dir e ctio dl ld guidance 01' 

Dr . A. " . H. Neea.Ler, to 0 I am gr e tly lndebteC1 . 

b,Fi< l!.Cf 01' fE..w..2 .hhll' U.hlii 

In the following ex~erillients on tL9 efl eets of a iiierent 

tenlper o_ tures, \'i ell-lnsul&.ted tner.iJ.OstCit boxes, designed. by 

Dr. ~ . • H. ~ ee~er, ~ere used to t e p the te~~er~ture const~nt 

& , whCitever <iegree desired. Ice v.'c. S J:iut iIl the boxes fOI the 

teill~era tures lovi er t nan roor.:l te..ul' er <itur es; un d tl1eboxe.':i tilem­

selves ._ ut in a cem nt-l~nE: w 11 sunk in t.ne e&r,(; -l . 

1. Effect of femperat.ure 

The tem era t ur e s used i these ex eri e ts wer e awa beyon 

t Hose tha.t t he s erms would be sUb j ec t ea to in nCl tu e . I t has 

been Si ...Own by H. • PI' therch ( ) t hat a te ,}IeI''' t ure 0 20 °C. 

i s n eces ary ber or the oys t l' will s aVYn , and t ne a t er i n 

Bi deford river , na VLn reached ~ °C., r r e y dro 5 illore than , 

50C. a.o.a he hlbhe .s t tern e a t re fO llila by Dr. Julius Nel son 

http:hlbhe.st
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(7) ~ a ~ 74 0 F ~~ . o ° C .). I n t he' ex er1m~ll t~e tem~er t ures 

. 'he s ... e r ms wer'e Obtaine f r om r iJ:i9 Jl.Lal.e oyster tho t h' d 

Hot Sl-iawn ed or ·11 t 11' cI. 0 ly hr -l a l l s~~ wed, by !l S Cr..l. ~1.iing l1, 

l . e ., a s g ~ cut .as lliaae i t e on~ dflu t he ~roaucts &ently 

s troked ~o~ aius th~ cut , c~re belng t~e iic~ude d S little 

of t e t i sue 01 h~ onhU as 2o ~ i b e. The sper l t h s ob t ained 

,eT e ut i n be aker.::. co taininc, S911- ' c.;"ter hhV-' b. a i ni t 0 

'-~ 7Ye.) .. ere adaea to oi ve the 501.1 t ions b. uni 'Ol'm" . 0/00 • wough s;l8r 

Cl.:lUai.less . 

1:11e ob 'ect 0 ' l,he ex~ erl.Jlent o Q6 t dr l.1i U8 the l en t h 

01 li l e 0 tne s~erJ.l i;i L d i f ere i t teLl er ' tUl' . 't e 1I 1 i 1'e l ! or 

the s er S as Ilef l.ned. CiS t, e erlod. aurin whic h 6..Ily iIlo t ion 

ca.used by the CI.]. vior& 10115 1 Llelr t·· 1 1 ,;" Q.Cld ty i c a l of 

.5~ r 11, coul u ti e obse ved . Tne s ...Jer s e.illal!l l;;! illOt · 0 J.l ess unt · 1 

u t In e - ,,<:..ter, t .len t 1e./ u CQUle vio ..1.ent active , lilS' ctlv..1.ty 

E,rb.aual.ly 6..ecl n ..Ln un 1.1 IT deG..thll whe l t he pec' e .u t i n l ess . 

C re h&d to b e taKeu Qur 1n~ 8.ila.l.lLUlati n a i .he ' )e Jl 

tfl&. t t .lle tem~erature OJ: the t es t s r' l e d1.a .(lot. c tu:o. oe unti ' 1 ter 

tne ob~ erv~ t ' o lS sa been u8ae . 

The r esults 0 ne eXJar1 ents · owea t· t -r, -r, !le hlghest 

t elll~erature , 40°C., the i 'e 0_ the s~er.1l w~ 5 on l 9 h Ul' , Dut 

s t h e t ero... er tur es bec '~e lauer t he i.Le bac i:llJ.e o[1o er u.ut i 6.t 

Goe ., t h e s enll Ii ec.. 14\.1 hu' l ' S 1"1· . l). 

sho~ tho. t he te.n. er~ t u.re t.le :=ie'er w ul d 

e1 counter in n~ t 1'9 wo 'l c:i not :nL.V~ i:J. injurious e ecG . 

:2. . .t:!.,ffect 0 jJeI a vure 011 ue OV C!. . 

rne 0 
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were ut i n bea_ers con t~luno s ea-~~tel witu Q sa~inity of f 7T0% 

Tl e ~ife 0 -r;he e55 Vo b.. ,;j ore <i1 i 'ieul t to defl. e Q.S t lere Vi aS n o 

vis i bl e b.c 'Civ i ty , but fOl' thi ..:> .ork as d . leu 's tl at er lod 

uu 1 15 'Wa l c n ler t lL..... Cl. t lon I)y cne 5 ell..!S lJrod uct:d ceil ciivJ. i OI! aud 

d evelo,.JiI1en t . 

To c cter e :.ne 1 ell6 tl1 or the 111e 0 t.He eogs UllQt.l' natUl' 

eondl t l.O s tUlJes wer e ~rticJ..J.y l i J.l ea Wl tl1 sea-w~t;er' r. r om 

Biaeford. hi ver ana e~ t. s ere b.d. e t o give ma foI" s ol u t. i o! s . To 

tIle first tube Sile1'w.!:i , !'re 1 e ovea. lrOu. 0. Lla.Le , ~e.re c.ud&d 

irrulled1o.te l y . To tne s e eD,au tube e ' ..lS e 1 e 'ac..ed a. ter an lnterv6.l 

D i;" our s , t o he t hi a Q.f e' L.I. l.n terv 'l of 4 ho ur ::; , t t I.e 

_ourt h c.i te r 6 hou b , to t il , f, ft;n 0.1 t~r hours , 1::Ll.l" .:0 t He sixth 

aft er 10 n ur ' . -n or der to Ke e the 'L e e1 O:. ... Ul es con ::. ~ curc dIld t he 

s a ne a s t hat 01 t h e r i ver, t e t Ube ::; t:l'e s us ..,Jend d i n tne river 

c:. t a de~ t il of abo u 5 t aet. L... t e l' e amlD i on llOOVec. thCi t In 

tubes 1, c.. , and ~ , i . • , i n tne t ube to 't\fu Cll ti.le J:J erffis had 

eea added lJIlJ'H;:!d i a. teJ..Y, clnd 1::..1. te l' intel'va S 0 ,,- k; &..lU 4 liou,!.' , res­

ec tively tnt: e..... 0 5 u ev el o.fle nOI.u.la..ly . nut :.n t u be 4 , v.n.er e tne 

6 0 _ S aC1 t> een 1.10 ,ed Go ' t;I:illQ b h O Ul''::' pe 0.1 e s per ll S 'her e aadeC1 , 

a.l t 1l'..)u- o.l c.I' ee.i s AeI_ tor med , no 'u tn~ eveloJ en t t...oo~ 

·jl ace . S t Lle e . s in tube~ b c.na 6 ho--;ea no ~jlS 0 1 aev ­

e.1o men t ' na wer e a~~·ren'tJ..y ec. . 

T e con e u~10 1 f r otil tl ebe :cesul t;;; was ~I :... t; tne .ii I e of t he 

un ert-,-li zed. 66 Ullaer no r'JlaJ.. cona.l. t ons 0 telll,.J 6 t.tU -e a./.la s al­

nit- was f 0 4 to 6 hour s . (Fib. k, ). '1'1:1e e con l.tlon illi ' h t 

li e called i dec.J. in 'Chat he 6 5 6 9 were Jro t. e ctea. fr om s J. l t , cur'rent , 

http:telll,.J6
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. 

ene es , et c. Julius J.~ e J.. S Oll ( 7) :nm6. thr.t i ll RichIilan' Bay , 

? E . ., t 18 e~ s t enu a s i nk t o the bo u tom i n about ten min-

U 1:I 8 i f the wa ter i s1:I111 . ana. to E: aure covered over wl\:;n silt 

or t , oe s <Jlo tner eci py on.e ana -cnel CillO. De ~i.l l. ed , so i-c i 5 neceSSCi.ry 

tna t. t He egg s L9 lea. beu by the stlerllis tJefor e tH sink to t ile 

bO"Ltom. N' tw' e seems t o h&.ve ~l roVi().ed. mo::;t aciuli r ' bly tor t nls , 

a , according t o Dr . Paul lrb...U;d f" (4), the male r e spona to "L eilL­

per-atur cila.a es ,liO e r eaa.ll ana ::;~el.il. t o :.i aWll ~ir ::; t . T e pres­

en e 01 tne sperms in t he ~.ater causes tf e fe - les t o spe::.wn , s o 

wheh tI~ e~ 6s ar e f Leea in t he water, the '~erms are ~lreaay 

l:?I' esent HI d a c tl v due to tneir on l i l'e i ll CO.ti .:..rison with t ht:.t 
L 

o - the ov • 

Nex.t tue ef l e ct. 'Jr' ni.sh teID}er ture on tne ova w· s Q€1:Ier ­

~ea . Tne first teill~er~"L Ur e usea w~s 4 °C. oo~ution::; o~ ova 

were heate - to thio eillveratul e for b, 15 , DO , Cu~a. 00 Jll.inutes , HeU 

-che wer e a l lu e - to coo 'Go roo tem.1Jeri:..ture· e s rle ""uS . ere 

ad.aeci to t 1e ' r Vl t all. "L ~r • Lill 'Ger ex.aw.lU~ t i on suo ,', ea J.l s ions 

or de e1o!lment , so i t was cOllcluded t tl' t tillS '[)elil,tle ' Ci tU l e killed 

the eggs La all cases . 

tne a..!1e tl.J..i..Ie ez'io s . Aftdl' tHe i:1 ui tion of s er.clLS the e 

devel opcC!. t a. cerLa.in st&. e , but never reached tne SWlm.nun 

larVae st 6 e (~ig. D) . 

I n a. t lrd sa es ~ tern eratu e between . 6° C. and '.:J 7° c . 

d~d no t ~revent t he eb-s I r om ~roducin5 swirrwlin~ larVae al 'Ler 

were . eat~d or 60 ml lU1:IeS (Flg. 4 ). 

http:ex.aw.lU
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e" ted f Ol 6 u ce ~ ( i . 5). 

Effect f '.J:el(q.ler b.tul e on ar y De velo plllen t 

For t 1i S v~ ork the S8ille raub e of t;emlJera ture It c.5 used ' 

'the s erm eX Jeriments i. e ., fro 5°C . to 40°C. S erIDS ~d 

e s vere wixe lfl b eak~r contb.ll1LU sal t -wate! having a sali ni t y 

e e l aced i n t ne ~neun~tic u hs 

~l the t her os~at ooxes . The resul ts dre shown in Fi • 6. 

At 40°C . h e e':'6s ald. not show j si5 ns of rievelo~ ent, 

as v~s t J De e v~c t eQ trom t ne ~ . e V10Uw set oi xper i ment;s. 

A teillpelat ule 01 :3 °C. also ro vea too ni - n 1 0 ' tie ev 10 ­

rnent o ' swilllmi n 1c.rvae , b.l OU h ol &r cells ere fO.J..wed and some 

seg~entation took ace . This -' ae ea to be ' contradi cti on of one 

exper;t.:ent n the ", reviolis ,eri e , i.e., Hen the el;> we e heat ed 

i'ter bel a..l lo .ea to cool to ro om t.en .. er' t ul'e ,J 

on . e_ f ertlll zea w' t f resh sper ms r oduc eu aWl 6 l C;. ' ae0 

(~ "1 0 • v~) • The cOlluitions 1 tne t wo ex;er iments, no ever , ar e 

enti 'e1,), ail' ere It . In Ll E:! f orUle:/.. eX.t>er~ 'ent on t!le effect o· 

t e.n) er C:<. t ure on t. e et:,Qs , ertl~l .zatlon t ook l-'l a ce E. t o.n t e ­

peratur e , b 5pe '5 t ~ t hau no been sub ' e c e a 'to h te ­

pert-ture, Wnl .le i !'"l t;ne eXfl t:r i ments I the e li ect 01 t e er ~' ure 

on the aeve10.}Jment , lertllizat~on haa t o taKe tJlc..ce Q.~ 5°C., 

tJ s lJer s sUb j ect~Q. to thE1 t abnor ..J.la.lly h1. bh te ~e ature . _1­

t hou · fer ti11aat io i a t e 1 & e t 36°C., or~al ~e e 

llleut Q~ not 0 lo ~ . 

The nex i our tem eri::.. t u es sed 4.JrOV8u sui tabl. e 1"01' t he 

http:abnor..J.la
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cieve opmen l. oJ. the V.~il.LiIlg lo.l"v~e , i ...e., 0 C. , ,;:.5 °C ., ~O ° C . 

and ~oC ., t e onl y di.Lf erenc e be~no ne t i me Llvo ved . Lt . OD e . 

only ;:, hom. S '1,ere needen fro t.ne 'tiue tIle OVo. ana jJellJl wer e mixed 

n i l swiffu.l111 - l~rvae 'el"e roduced . At 1- °c . -ene jJrocess \':0. 

nu ch ::;lO"Nel' , taKl...-b ..... hour;:, fOl' e .t>rou-.lc t ion 0': S" •.Llli.J.L..LL1 16.rVa e . 

At l ODe . n y a fer polrr cells were formed ~ld no f Ul her 

neve o~ment ~as see • 

F.lnall a. t 5°e ., 't e 1 0 e51; teu. 91'c;.ture usea , flOt evenT 

~olar ce 1 were l orilled . 

The aeduc 'tion IrOill 't;he above eX.t"er~ en,-, ·1( .... 5 tn",.t thE.. 'tne cost 

sui tabl e tem. eT tUTas 1'or tee r ly ev lot' en t. 01 Q::;t.l.·ea v:irg~ [ica 

are bet (;;e ~OoC . t1llU .) °C. Thl;:, WO..t'i! i,::, C;.lso iLL G.5ree..1en, ,it[! 

thc:.1; dOlle b" H. C. DannevJ.6 ( oJ ) , 'mo "ouna that in "tae uev elopruen'C 

emtlerature~ .Lncre sed tIle Cite 0 a.evel o.:'ment 

ClJ. 1Q 1 'temper- tur e prolonbeQ i . 

Ef e c t , of Sall.ni t y 

The sCJ..l. l n ities oj. t;!le l ollowi n o eA eri.ll.e.t1 (.s ere a.e t er ­

lled uy us ng a K.l1ua.sen r hyu ome'ter . The S a. 1. .i ties "bher 

t ! n OI',na. , l e ., Hi oheL Ian G7°joo - ~8oj 0, w re oo t~ined 

b' c oncentT~tin sea- water , hel al~ution ~ i tn orilla~ sea- WaLer 

unt .1 tfleeslreri 5&11 lty (;1.!:> ccoched. THe .lOvier Sa.llui ti es 

vere o bt<"l ned. b ailu'tin'j nor~' 1 sea- '''"-tEr \\ l t L ral.l1 wa t er CCiU tw 

in as.::i s , so no la.ctor o t 61' UlC:1Il s· i nl t · w~uld De changed .Cl 

S ert.: .::> and OVo. for chis Ol'K ere Obt~il.led in Gne sCI. ...e warm er • s 

vI' t e t emperc. t ure ex..,eri !Jlents , ~lC tne s .lu t ion s wer'eke t aL 

r oom te.:.Jl_Jer~ re . 

http:eri.ll.e.t1
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Nlne en s .L U 1 0 l ~ a erws ere ~ G.ae u!" i n sea- t 

v,,-ryin in sQ.lin ty 1rom 0% ° to 4 . 6dft./oo • the results were 

.Ln t e1 e ' t lIll;, in 1., at t .e SC:i.lll1i t i e · ivin/:. Lile lon e~t l ife 

rperiods ere seVer 1 ~f;;r i I e .Lowe e thiill. 110r.til.hl or .t ic, _ o r d 

river . In ~he sol uti on ',' tn St.J.illl ~. 01 ~t:- • ..., % o ie s e s lived , 

1 . e ., the ;:, o, ea act1vlt , our·;:" en at 0. 0. 1ni t.l of 

01 t l e erm5 .... b.S seen , &.na c..t 6% ° the Olovewent ,as ver y ;:; .Liollt , so 

51' 6h t.h t t i b Sall t !:l not i nclua a. on tne br ,rJ.l:l ( i~ . 7).I ' 

The al i i t ees L:lCludea. 01 t;lle 'c. ~ l l'Wl e lrOill '- . 0/00 t o 

~O .68%0 , Vvitl1 lil t een inter led'e;.+- e tet~t!e the l!liDtUill and lliax­

i w.urn . As. & . to e eXrlecr;ec., at tI.e two extl ~..ac t; ~ i1 e ~er l.ous 

were nor est, ue'n 1:::: .1 Hours CA."/:; 4 . 6 0 /° an i..t:. hours at 4 . 68 %0 

In Bi ae1 ard rive~ t e c..l ~i t 

exceJ:' c:..t tHe very hae a.i'ter 0. heavy rC1.llK nel1 it may reacn 

IJ ei n 0e t I, een ,,7 / °° an i::; ° / °° • 

'rhe results Ol CtlS b..bove e Xjler ants shoV" t hat tHe n · urCLI 

variation i n sall l1i t CiS.t ounu in 1:;he r i vel y.OU L... be-ve .1. i l t or 

no el ect on t.~ e I.J..I e V.l. 11e S.1-'el'W5 . 

Ova WlCl s~erJ..;. s WE;re illixea. .a behkt:llo.;) 0 .1. eb.- Ci er h e... l!l~ 

ei'lects ot sa .L~ni ty on tlle S t;rn..s , i. e ., be t ,een . 6%° ~ 

'±.O . 68 o/ 0 0 • The l·esul ~s ;;,! owea. t hG.t &t 6.11 salLliti es oet ee~l 

14 . 5%0 at.l.Q ~t3 . 8o/ 0 0 the aevelo_ment.1Jr res ed a.S ar a.S 

http:110r.til.hl
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he 1'i s\.. svd ,ine, 1Q. vr:...e st"'~e . TId.6 c..5re€;S ,i1t.n the esu ts 

obta.Lne ~ by I . .ill ...i a. 1 ) I n i s ,'Iork 01 tHE! e0.1' y aeV8.L0.rhl1el1t.al 

stages 0 .1. t he AIDer can oyst.er • .b.t JiaJ..J.~li ti es over l::;l1GLr! 1"z . 5° / 0 0 
, 

aleno:] l-'ol ar ce..... l s ~e e fo :ned auu so' e se mentaton t OOK I ' cc e , 

t e eve.Lo", uent wG.s il-rSg ar 0._. Uld Hot resu 1i in swi.mrJli • 

.lc.rvae . 

t ile resul t.s O.r the x e'i.uent::i Oi l cre e iccts 0.1 Ci..l'uity 

D6kr out t e st~te en ill'rie b. J u iu~ J~ s on ( 7) III 1 9 ~ In 

h is re~ort -:; ru.,s 0 _ 0 oyster .. ro}>C::l~c.. "C .LOL1 i n It Cfl...Ollci. Bi;,.r , 

vi z ., - h 'L too uCh em nasiS \ ' s ,tl l a.ceu 0... e.1..ls ity . 

, r v e e:...l i ve c.urin Lne 

Stiit es " develo~illeI t oet,een tI ·"il·.;;~ 001\ iw....l b s t~6e <ina. tne 

tlme 0 set 1 1 g <is S -fit, tne :'X,iJeILn nt.s ere ot. carrlea i.·ur ­

~ller • p ' ::; l. o1 y the. va i tiOflS l.!l sb.1Lli ty W() l C1 c..Ve ...u.ore e1 I e c t 

aur....ng thls VerlOU , :""S WLS sUb~ ested. bi .. .t!. • 0 .tr .. IS ~ ) i ll cis 

d1.3 u i on 01 the f actor 1n1 uenC~_l t.he i nt, cilld s e 1.. t l m"'" 

01 oys t er arvae in G.:..lves t on LCi. ' , 'reAa~ . He .::iBe; o e ... S t.nat tne 

.lc..rvae deJe e l CIler air ct.l. 01' ~ eCOllQ6.1 · l J on sal-i ' ty 6reater 

t nan £0°/ 00 n ora.er to a.evelojJ 'Co i::he se \" ~i. S L ge . 

cu_~C ...... Ll~.lO.l~ 

1 . 	 T-'e lire 0 tJle s er..J. 1,.(.;..S r olollc,e . l ower e.llfJe r t.ur e • 

The l ife of tue un_er t U.izcc e L,') n ,e' nor a cQnuit:"'0l1S ) 

did not he:.I" t era , <-nG. • °C. - ;:,eoC . ·.!w, 6°C . to .... 7° C. _ d 

intLr . '~ i te er ects . 

o. J. b 

as fro 

;s',villil.llln ..., I hl' v ' e w re o~ve10 e . t te ,tl €r·ture::; b 'VIeen 
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... t l... oC . ", 5 h", U.l. d \, Ie 1\:; Ll il~U , ':'.li- at ac . 

01 Ll j ur . bov\;: U _C1.. oe 0 t1.l. be ve~!Jer~tuI'es tLe larv~e 1al ed 

to I efo C t e S ulHrdl16 s" be . 

4 . I e s er n[;.Q tLe lon6est I i e at ~ s&l.lni \;y b t I~ n 

0. 0% ° a..ld 't-D . i:- % o, c... t ~ht:! t; s[;;.llni ties t he 5}-81' J.... . ere c..c t:..ve 

l or ':1 '0. ~ !lOU reS,tJb C "'V 1.y . 

5 . b ,i ll U..;L 



- 11 ­

(1) eluiy;;;. , I . , te~ on e:x.y~ri cnt; on 1:;hc era.l aevelo ~ ­

~ent' l st·~ s of ~Ol ~ ., r.mer ., . l l.. J:.l1 • a ste1 \~i~.!l ecial 
re er nee t o t I.e ef' ect 01 V<;'~ lno sc..i lni • - J om'n . I . B . _. .> 

t] . u . l~V, 196-~ 7 , .ki!-' . 1.01. 

~2 ) l.; oaks , 11: . K., - ev 10,tllIu:!llt 01 tlle 
.he ~ j . C O..ll!!.l . 01 i sh 01 1Ili... ' lana , J ' n . I d80 . 

(u ) Dannevlg , h . C. , 'J.: le In uenc e a t Te_ilp8 ' a~u e on tne 
Develo.t-'illent 	01 tne EbO S of l'l.shes . - 1.ol'lIl . tlej,J . l'i sh . BOCl.rd bcot ., 

8'<.) , . 147. 

(4) C11~ s o f , ~ . C ., The hOle 01 Cae l eaL b 1illU.iat ion n 
b bTl'llg heo. ~ion~ 0'" U.:l t h v ' r l . i c~. ,",1 - O~11·eb. gioc:..~ . - r ... Oc . 
N· t . Ac u . ti Cl ., vol. Hi , pp .- "35b- b9 , be t . 

(5 ) HO_kirlS , A. h. , ...' acto.J.s I uf l uellcirl t e S!-id..lin' d 
b8t t _ Db o~ Oystelci G ~1v~~t ba , fexL . - Bu~l . 01 UI . of 
Fio:>h D. L . • ) , vol . 4'1 , 19.:: . 

( 6 ) Nee e , £ . W. H., Oy~ e S 01 4& pe~ue i::1 • - .oUl. • 
XXil , B-o..L. i 01 \..o~Ii ., 

( 7) l'k lSOD , J ul 'us, An I v€ tLc c~ tio l of O:l.;ter Pr "' o a f o 
in }t..... cbmonu. ay , .P . E . I ., u ·1 g 1 15 . - ConLr·. t o CWlad . Bio1 . 
191 0-1 16 . 

( d) PI' (,Le en, H. J' ., I nve · tie,c.1:ion:::. 0 t Eo P ys i c .L 
COl o. i t i o.L1S Co 1:rolil ~ b a .l.Llllb 0.( Oy ~t - I C:....t.lU ~ll~ OCC Ull ne 8 , 
Distr i u t i ons and bet 1.n5 1 Oy l..e r L..·. va.e in ~ i 1.10r ~'" l" ., 
Conn . u 1. 01 Bur . of liisn O. t .), ALIV , Do c. NO • .iO 4 , ~8 . 

( ~ ) ' tal't ora. , J ., Tne C8Jl·(..ia, 0 ~ter , i t:;; evel o menu , 
.bJ1V..LrODiil~nt c.nd c ulture . - Conservu t -on COillill ., a tan... . 1 81.:; . 



Vd.ria t 0 J.S l.ll umbers 0 Oyster Larva.e in COI"I'elGltioll 
Wl th Tempera t r'e dIlU ballni t 

By ~r s . L. h . hi ch~rd~oll (nee ~ . h . Clc k) 
(Pa.r t 01 t hesis 5ub.nitted to .ll cG i l l University 
in .tl&rti al ul1"i eIn O ,L Lbe requi rements 

lor ~he uegree of M. DC ., Ma 1 b~) • 

• 
The f ol lowing paper outl 1nes the esults so fo.r ob uned 

f r o.;[ a sys t.emh i c study o~ the numbers of 0 ster 10. Vb.6 resent 

iil P ankt o c ol l e c i uns , tC1ke at the tlrince L - .ara I::>lbIld odc..ri ne 

' t~ t' on, Quri ng the summers of 1 30 an l D . Altough Cit present 

certai conc.lusions a ear v be obviouS , 1 t will De _ ecessar'Y 

to co t i ue furt;hel' along the e lues before a e1ilLL t t, ate­

ment CiS to resul ts may be ade . 

The s awnil 01 tne A erican oyster , Os rea vi rg ilica , 

does not ta.n:e fllace until tne ,.va.ter rSE:1ches a t;eili~erQtu ' e of 

' O°C . The ova and spe mare siled 'nto tne VI'ater , WlU lerti..L:::; 

1zatlon 1. 5 external . Tne subse~uent se i s lrreg ular , 

t he rat e depending on the te )ero. ,ure and s a. inl. ty . '11e 81lluryo , 

atter ale l hour ~ , aeve 0.t"::1 ill'CO a s Wl1f.Lu...ing arv1:... , tne t r oc ho­

~hore , W len, i n labor atory ex eriments at I e st, t enas 0 r~se 

t o the ::iurI'b.ce. 

'/I'i tn the t"orma t i on 01 a arval So '.LL , t ne ,ProQi sSOCOnCl 

( ~t _for ' ) , tIe I arv' We come::l a veligel' , tY,tli cal 0 LUO..i u~ c • , 

'fni,s veli er 11cr edses in size, tne eal'l sta es being Known 2t 

t he I! s traight -hinge l ' rve , ff hav· g tne t~'o vci1ves or tHe she 

mmetr i cal . L~ter t he symmetry i s los t , the leI~ v~ ve ce-

CO dling l a1' er and more convex t.J.larl t le r ic,nt , t he l c..rva Cfla..(j. ' in 

http:iurI'b.ce
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to the nUlllbO-..larvb.. l1 • 1 ougnout tHe l.rocl1o:,l ore anu Vel.l' er sta es , 

t.l€ oyster arva i s free-s'i illll.ing , ana Eul increase in Sl..:.e an i n 

compl exi t y 01 "'Cue organs of ocomotion a.nd d.io es-ci n t aKen p.L6.ce. 

(s t af are and Br ooks) . 

P. cordi ng t o btaf! ord tne free-s limming t:: r i d 0.1. he A eri can 

oyster lasts fo about two 'eeks Cil tel' t 16 she l -b d.rl.llg s"td.t,e 1.S 

re ched . The larva then sett.Les, becowin& c€.uent;ed ' pj i ts lelt 

valve to 'ome solid surface , lie a.s ' r C or all 0 ster ~!lell , and 

i s known as tile lIspat l!. Tl.:.iS d.evel o1Js the spa.t sheil or i ssoconcn, 

and remains f'xed, un.Less aislo-gea by out siaf; f orce s , ciuri:n.g t ne 

rest of its lile. 

&0 e 1rn.owle e of u e geo ' ra. ny ana [lYCLro 1" iO;. )11 01 t.l e &rcl' 

un e1' consid ra ~ n is nee ssar for tLe 1.11 er retb.tion 01 -he 

observa ion ~ . Bic1eford river is tin il11et of Mu ,tle ue f:1Y, o.nd not 

a 11 iver " 'n Ute t r ue sense 01' tIle word , t.L e ~ter beinG sal t , no t 

fresno 'l'lle are;:., of Ma1IJel,.UE: bc.y aDd 1. t s " ets is a.bou"'G 40 , 0 

acres , acros s t Le rnout lor' the ba T i t: a s rin 01 i~ .L an S l 'eve 1t ­

ir g , to a. grea.t eAtel t , tue 2l.Xi.ng 01 t e 'dter or tHe a , &nd 01 

the Gul f of bt . LCi.".-r nee. 1'ne bay is a . 101'v, the 0 '€b.t Er 're6. 

hCiV1.l IS a de_.:.t1. 01' about I" feet on.Ly , c:u d the ·ec..tes t epth 0 

feet. 01' t; lese rec..SO.l~ tlle t ellij,1eHiture of t ue &. '11 its i n l e s 

is COIDl-' rati vely l11bll "01' Lohis liitituae. :sin e OnLY li i ' e st e~ 'S 

flow into al,tleque ay, tne salinity is l ui te li n even i:.. t tI e aea-us 

of the 1.nlets . 

EX}leri ental " ora: on oyster eu ture nc..s been cc..rrieci on o.t 

tne .prlrlCe LdwE.I'o I s I Wld rlne utELt.lon , estE.oli.:.ne- on bid e orci 

r ' ve -', l>y tile .tl.lo.Lo i cd, BOCiru 0 CCWb. (... , seve a J, ay SttI' beas 

,ere reserved for t,tlis 'Nor£. , tne LV.O eno::>ell 1or 'the 10.L mUll 

http:de_.:.t1
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s t UGY be~nb paugh' s ed (b1::o. t10n 'uO ) t tne he<.iQ Ool' "Llle river , 

r d pu1.:li t bed bta tlon 200~) l ~- _i1.es nearer -ene be. • 

col ct10n of Dam les 

A rot' r' J:,UIr.}l e.s illiJ_oyea. iLl t ' \o int:, 0 a.l on s' "l l es 

o v.& t er r o I the s url'C1ce and l' 0,1 tue bO"CtOill, tin at bel.llg 

str'c.ined trxo 11 a tow-net 01 No. ld b OLt'li , ana. tne lank-

t o co l1. _c ted in a wi €-1J.outhed Qr . Tne Cat .11 Wb.~ re erved in 

for 'a.l.l.n and 1e:.. e1' concentrc.te to bet een 10 c . c . ana. 15 c .c . 

Tne sam les Vlere recei vea in tni.s condi ti on . 

At t e san. - tim b.::. tue ""WIll" sCw.L.t-'les weI'e t~{en , eW,iJerc.tul'e 

ree. lngs i'or t e s ur' CiC an t e bottom :atel' el'e wad . b' -~ es 

of t ne wa. · €1' wel'e Ci so t;;.ken , f'rom w.L.Licl Lhe alin1 t es ¥ ere 10. t r 

ca1 culat ea b- meaus or' e. nudsen ' s ydrometer'. 

E,xaw~nat1 on 0 sE.rrIl-ll es 

T' SCiill .l.e~ 'ere brOll lit t o a unifo ul voluwe , 1. c . c., by 

the aaa.i tion 0 1 '0 0 'ill'11.n . ' ne bott e con a Ul l1g tne s L.t" e 

v.c:.s s l~en until the conLen'Cs e e evenly i:3 ~er ed , t 1. t ,0 

one - half c . c. s £i.illr'l e "'i', ere tc.1.,en tL. ... :li te , @ C1 J.l.a ed 1. 

.::..tch - gl a.ss s . y 6. ci .L cul' r lUovement 01 tIH;; b.tch- 'as;:, trJ.e 

nate al. w"s col ecte at t Ie Cen r e , C:JlCl b.S tLlen _x8.lliJ.ned unae 

a bi no culQr fu~ ro~co ) e . 

Nma.erous 01 s rere I Oun in t ne sc..w;.Le , lD C.LU i b 0& ­

trorlod arvae , aiatO':"LS , b i TCi.lve larvae , etc., as a s muc 

aeL i , tne 11::1. te ' e pecl b.ll '1 "Lne bot om. s am J e~ . i::>lleciiJ. 

r&.ttent on WC1.S c....ilecteo. to the stu 01 "Cne any bi v .Lve c, 'v t: e 

r esent . Em~loyg "Cue Ille t h d used b y i:>ta!ford 1), tIle l a _vae 

v.ere se ~ ara-'-ea .s.nd me'- s'lr - b an cul c: I' ic ... orne er , 1 i .L "the 

1.dent i i cation or l.he oyster l arv e we. deter' n ed . 

http:concentrc.te
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T le 01 er Ullibo-l~Va ~ere E~sily recog 'ZaO~ e on .c count 

of tn SYillID t r , revi ousl mentioned , of tile va ves . No attempt 

. 'as E..ae 0 d i s t uis~ t ne 5 a.ignt -ni e H .. rv· ,e 0 tne oy ::;te r 

roUt t l1o~e or' t Ile o t her bl valves , oecc: use t ne very gre t s i ili r­

ity W' s con us i 

The number 0 umbO-l a r vae in eacn 0 e-ha c . e . wa5 coun teu ; 

tne t7VO ":;;5ults adueu 'Cog t her; EUla t.he Uill illultl~li ea y l ti to 

gi ve t he ap r OXlilla ce nUUlber 01' l ar'vae 0 tne ~ a ter st· es ~resent 

in t 1e orl ino.l 50 hll on sC;J/l~l e . _ . 

U inb tue oy ster l~va , t e salinity , ana the tell erQt ure 

data , gra~l~ were ~hae l or e&ch o~ 18 stat ions for tl e oy t er 

lar va seasons of 19 0 and 19~1 . 

ons 

I t1 e in e p etatioll 01 the~e gra ,l:J..s, i t hU t be bor 

1 .tind t . t t he esul 'C5 are only a~.t-'roXlm~te , ana. g i ve &. ver 

enera 1ze Jicture . 

ul ~it e tation ~OO~), 19vO - ( i gure 1) . 

·I' ~.I.e .f i r s t 0 ster .La vae ere l' Ulid In t lle bo to SW1l e 

t aken June Go th, and 'Cl1e l ast larvbe W81 e ob s e r· e ill t he s ur ­

ra e sam. Ie f ugust l 5tl1, i V111 a. 1i;1rv /:;. season o~ G..bout seven 

w~ eKS . For this tiIIle tne gre6te.::. t nu ber of ..L rv e te e f uund 

i n bo to.n 5 ples 0 ..... July l Ot 1. and J uly ~~ :1 lei L t he s urJ. ace 

sam l es of J ul GGoa , ~4t! an August tr . 

Ther e wqs l i tt l e temveratuxe vb.riation durin~ t ne seven 

wee }ole ioa , the maxiullnn oeing IGb . l oc . at the 5 r1 ac e on J ne 

B7t h , a..L'lu we minLuUlli 19 . 70 C. c::.t tL.e bo tto J AU6 U:::. t l ;:''CD . '1' le 

tem erat ures hove! eo be t ween tnese "two ext:r: "ues Wl th no exce,tlt ­

lonal ris e or tall . 
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"ue sb.lini ty W/::I.;:, a.sIo I 8.LoS..tl ve.L~ COllStc..nt, V<..T inc. llet .een 

this str t ion, cr~ges in salinity uue to hea rains C=.re not 

s t ron 1 mc.r ked . 

p~u h ' & oed ( S~at~on ~OOl) , .L9~O - j'i u~e ~) . 

OYdter l a.rv&e Fer e :Lirst louna in the S ' iJle t aken Sul ..L5 t n , 

and the .leI. t ln the saru.~le of ~U6USt ,::;.bt , inai catln , a l.s..rva. 

season of only 41 dayS, i:;..bout leek shor er tL&.n for t) a t ionr 

~ O~ f o t he s ame year . The tw rna . eaks or t he l arva curve 

occurred. on J ul ,;j4 t h ana 30t h . 

f oe tem~erature varie:.t l ons a t tl~ s stb. t i on were 5reater 
• 

11an oS.. t otati on " 00,::;. , as WcS..S to 'be expected on a.ccount 01 the 

ShaLlowness of t He c..ter . e m~x1illum tem er tu e as G4 . 4°C. 

at ~ne su 'ace, July ~5t , anu t ne lnl lim 1 .O° C. at the 

bot tOiIi , Au:rust 12th ana l o t h . 
r eater 

Tile s&1.ln it also showed/ va.riCl.tions tllg,!l c.. t bt tion 

2 02 . At t le surface ~ drop on J y 6t , QD u on July 15t h, was 

due t o hea rain du ut ing tile wat er aurlnts low i e • . 

TILe .19 0 lClc. teri al haa been revious.l ' 0 Ked over by H. P. 

orterv:ood (10) . His re ults ui i e r"e fro.ii t he above i ll cer t ain 

a s pec t s , al t houe; some 01 li s ma "or .lJec.ks are coincident vd th 

tnose i n i i . 1 an~ Fib . ~ . ~ lllS ~ilference way be ex~l ain u by 

t he condi t i 11 0 1 the s am}l.ies w.uen s t udi ed or the second. t lme , or 

else by differ ent methoQs a procedure . 

pul~i t Beu (ota i on GOO~) , 19D1 - (F'gure ~) . 

'ne cnart 1·01' 1.9 '" 1 5ive a .1l1UCll bett er .,i cture 0 1 the 

COlre.l C-. t i on be t w en t em erat ure and t he numbers of oys ter l ar vb.e . 
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bt St a t ion 200~ Uffi 0 st r ~klvae were rirst observed in the 

surfb-ce salllpl.e t al en J uly ll. t h; and were l ast seen on AU!:.llst i::Gud, 

a larva season 01 about six weeks . The curve n~s ~wo main peaks , 

one on J uly ~Gnd , the other 01 ue.llSt 5th. In the bor.toffi Sail1fLL e 

-ca1;:en J uly k.2nd , a ~ roxim.s.tel 675 oyster arvlie were founa., about 

seven "or ecch gallon of tle orig~nal 50 5 a 1 0 s . 1lis i ti a 

greater nUlJber than Wd.S fauna. .for t hl s t Clt.ion i n 1 30 , wnell less 

thf1n l i ve pel· ga.llon were rebent . 

The -ceill}Jer- at 1'e curve lso exhibits t.wo wai .fJew.<s , ' e 
I 

one on J ul 11th, and t he other , continued over & longer J:!erioa , 


l r Olli Jul y ~~rd t o 3~s t. 


I t is to be pointed out , t a t , i n s t ud i ng ese gra.1JfJ.s ,
l.. 

t e t er pera t ure and sa~il1i ty at tne t i me or s awning i s more 


i Hl1J Ortb.nt , t han the t emperature and saJ. i ni t duri n tne ,tleak

• 

time of oyster lar ae , since tilLS i s onl y he result of Sph n g . 

ln 'ig . 3 , tue oys t er larva .tJeaKs lag several Q.G:.ys 0 hind 

tuose or the t~ er~ture eOI've . On J ul y 5til t ne tem er ture reached 

~o ° c . cau s lng Sallie oyster ~o spawn an givill~ le larva }leaks 

o . J uly 14 t h , 15~n and. I6 t n . On J ul 11tb tne te.llJ..,;e atur e r eeLC e 


....3 . 6 °C. cc.using t he r ea t est burst 01 the sec.sol1., re ul t ­

i n , on J ul y ~~nd , ~n the waxi um number of oy~ ter 1 I·vae . '1'[le 


t emer a ture a aln ros e on J uly ~6rd and con inued nign unt~l 


Jul y 6Ist , as llienti oned berore , res t ing i n the secona burst 


of' s awnil'lg , gi Yin the sE:-cond ~C.rva peak on Au ust 5th. 


The 1 g l.n da 5 between tne temperature pea!- ana t he lClrva 


peak i s pr obably due t o t he t" e that t ne oyster taken i n 


r eaching t he s i ze at ww.ch i t is r eadily reco n i zab .Le . 1'he fC!.ct 


t Hht ner e i s c: greater la~ bet een te l n emtier t ure of 

http:iHl1JOrtb.nt
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Jul ~ltn and t he larva ~eak of J Ul G' na me be ex~~ained by the 

sudden dro~' in telJ1iJ~l'&.ture on Jul 18trl, wlllch, since tne rat e of 

devel oJment depends on the tem.,Peratur e , 1:'esulted i n a I on er 

l apse of' t ime bef'o e the l arvae weI'e reco nlzo.b~e. 

paugh' oJ Bed ( ' t a t l on ~ID. 1), ~931 - (F..;. gure ). 

The f i rs t .laI'v ae were fa una in sampl es tbken on J uly th, 

&nd tr.e l &:;:, t in s aul1:Jle.s taken be te bel' 1 s t, 5 i Vl n a l 6.I'va season 

of nearl ) e ight ee s . 'Two hig h pecks occurred dur i ng t ' 

season , one on J u y .L t h yi e d1n o abo ut t en oys t e r- a r vae · er 

g&.ll an 9 20 gor 5 gallons) , and the other , on ug us t ora 

yi el di n an aver ~ g e Ol slight l y mOl'e t nan 16 l a r Va e per gal l on 

(or tHO r ' 50 g al~oll s). Thes e con stitute r e cQrd tli~n i u e s 

'or t hi s a r ea . 

The t emper a t u e .tJ eaks 1'0 1' btC'~tl O 2001 weI e s.llg t l in 

aavance 0 t hos e fo r ci t a t l.on ;::!OQ;c , as w· s t o be expecte on 

t;l.ccoun t 0 1 t he sna...... l owne 01 t LJ.e wat er. On J U.LY 11tJ: t ne 

t e pera t ure r ea ched ~ 7 . 1°C., r esulting in the spi:.I:wrn n l' a 

l arg e n umber of oy s t e r s , t he s ubs equen t l <i.rvii pe ak extendi ng 

f ro July 6th to July 21st. The tact that the l ar vi;, .L' ak 1S 

bro ad may be eXfl ain ea b 'G t e continued high tem ' er~t ~e after 

J ul y ;:)rd, whi ch aid no t tail bela , · ooC. Thi s woula al so explai n 

t h e s hort l ag of the lar va pe ' b e llind tne maxi urn tem~e ' ure. 

The t eLllper a-cur e on J uly 18th dr oPiJed to 17. ',:,oC., W l, ch W1:L S 1'oll ­

owed by a r ise t o ;';;4 . 6 o C. on J u y 24tn, and r eaminea - gn un il 

J uly 61s t . This s e cona tem~eratur e ri ~e r e ted in a burst of 

s pawn~n , al l owed. b cor e.LE.tea Jeak i t1 e number O ,L l a.I'H-a-e .Cl. 

http:citatl.on
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After the second tem erature ~d l crva pe~5J botl curve ooth 

out graduaJ...l , tile number of oyster larvae r op in unti none 

weI'e found after Septem e 5th• 

.AIt hou h not shown i Fig. 4, Y t er l c.rvae, a t the ratio 

of about one in three gall ons, Ne e 'ound in the sam!! e aj{en 

on oelltember 2l:;;t . T - .s ' c...s unu ual., because the te e' tu e 

alter August ~ tn ~~s belo ~O ° C ., owever , on e t emoer l4t , 

thel'e was 3. ri se in t emp era t ure t o lS. f: °C., and. t his r i e must 

have been ~uf' 1' i c i ent t o c a.u~e some ripe oy ~ 'er , wuich wer c&.u .i1t 

oy the earlier l"al.L~ng t em er' t ur e , to s./; a 

A s 1111~1.ar case, not indi cate i n Fi • <:l, w[:.s f ound &t 

s t a t lo ~UO~ . Here e Sam nUllioe 0 ~rvae , ~. e. , one i n about 

hree g ons , W s founa in the sample taken .. temper 1. ~h . This 

wa s rob P~y d e to a si mi1.~r rise i n t emper&t re to 19. ~oC. on 

Se t eillb er 14t h . 

http:s1111~1.ar
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CONCLUiJIOi\J 

The conclusions arrived. c;.t rom 'the tUdy of tne gra.j,ihs 

are only ~e tat ive , more exten 've nor k bei n necess~r before 

any definite stat e ent s ay be made , ut , a t t ne r s n t , the 

resuJ. ts so far ob t ' i ned a1l ear to ilai cat e t.hC:4 ': ­

1 . For t he ye r 1930, at both stations, t here W~S vel' 

lit t. l e correl~tion be t ween tne t e .perat ure and t Le number of oyster 

larv&e , due to t he slignt rWl e of t emperature varia ion throll h ­

out tl1e l ar va se~son . 

~ . For t he ear 19 .1, c.t Dot n stati J.1S , t here WaS i a~r.L 

close corr elb.ti on between the tem erature and t He nLlInbe of 0 s-cer 

l arvae , ue to illore ,bl r onounced ,emper a t ure cnan es durine; tHe 

season . 

he J.c. ' between t he tem erat uI-e "e an t ne l arvc. pE. _ 

i s due t o trle en t h of t ime r e uir ed 1'01' the 0 s t er l <:1.r ae t o 

reach a si ~e ea i ly recognl~able . 

4 . The .Leng t n 01 trle log between t;he teli! e ature ~ d 1 .r ua 


eak varies th tile temper t UL'e. 


5. No coY"r I e. t on coulo. be founa be t ,een tne SaJ.illl ty and 

tt~e number of oy s t er .Larvae . 



w. K. Brooks &n~ J. staffold, as already listed in the 

previous section, aIld, in ac..di tion:­

(10) Sh6rw od, H.P., Oyster L~rvae in Bideford River, 

P.E.I., 1930. A manuscri.t.lt in the ~ossession of the Biolo­

gical Bo&rd of Canad~. 

(11) Stafford, J., On the eco nition of Bi vr l ve L&r vae 

i n Pl ankton ColLecti ons . - Contr. to Can . cliO. 1906 - 1910. 
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