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Be rkeley Ne ed l e r Report fo r 1936.

't h e work done in 1936 Wll ~ a c ont i nu at i on of pr e vLou a

studi es. Re co rd a we r e co r.t i nu ed of the sex o f a numbe r of mar ked

oy st e r o a nd exp er i ne n t u wer e carri ed a ll des ign ed t o s ho w the

e f fe ct of crowding on s ex de ter i na t i on ,

~i!l i nd iv idua l~ 2£ b!.!!.!..!l~

In 19 30, 193 1 , and 1932 t h e e ex V/£1B determi ne d in a numbe r

of oya t er a by bo r i ne a OMall hole .n t h e shell of ea ch a nd extra e t -

i ng t h e c ontent s wi t h a p i pet t . Some of thes e we r p. mar ked , name

e r e in recorded £roups a nd a ome we re emb ed ded in blocks of

concret e i n such a way t hat t h e va l ve s c ould ope n free ly . In these

cae es it wus possible t o kepp track of t he sex of the l nd i vi dua l

oyster s over several ye ars .

Of the oysters mar ke d in 1930 onl y on e li ve d until 1936 a nd

it died be f o r e it c oul d be e.xamined .

In 193 1 t wo h u nd re d an d sixty oyst e rs were drilled , mos t of

theae wer e two or t h r ee years old . The drill used wau to o b i g

so tha t the holes mad e in the oyst ers were r a t her l arger than

th os e made in the oy s te r s dr ill ed th e next ye ar. l'hen the oys te r s

we r e placed in l arg e salt water tanks ne ar the Station . Fo r some

reason no t c learly unders tood t h e cond i tion s here we r e e v i d e ntly

ve ry unfavourable an d the l:lor t n l1 t y was high in all oyaterc

placed there a nd ver;; ' high a mon gs t t he dr il led ap ecfneria , Th e

exp erimen t was ue t up in August . By Oc tober a grea t many oys ter s

had di ed , no ne of them ha d g r own a nd many were a i l i ng . 'rhey wer e



t h e n put in wi res ba eke t s o n Du n' und e r th e

Sta t i on . Here t he y s u f fe red r a t h er b'llEy fr ol', si lt out " er e

ob v iousl y l , et lil.i er t h e n t n th £ tr .nl ;o ,

In ' 972 " n~ ev ery ye " r tl . e rcuft er a 2£ll d i ng t a ge wall bui l t

at t h station . Th i s made p c onv e n i ent p La c e t o h a n d t he baske t s

c on t r in in g tl , e oy s t e ru s o t hat t h ey "er e f ree f rom s il t bu t a b l e

t o t::" t plenty of f ood a nd we r e very uch he~lth~e r . Bu t t h ere is

r e so n t o b e l i e" e that they never oa e r c ar.e t h e i r bad sta rt eno ugh

t o d o . s ...ell as t h e ':)::1 t e r e dr i lled in ' 9 32 . As a resu l t o f a ll

t h e ,Poor co ncl1 ti on s morrt t on ed a bo ve on ly fo rty-on' of ihe o r igi na l

t wo hundred a nd i xty oy st ers were stil l a li ve i n 1932. 'the

ch a n.. e_ in s ex of these oy sters f rol a 1931 to 1936 a r e r ecord d

in t he follo i nGtable .

I n 1933 a nd 193'. t wo or three oy o te re were discarded be ca u s e ,

f o r s ome r e As on, i t .uo i .po ua Lb l e t o be sure of thei r i d en ti t y .

"l'he s e ' e en te r ed a c " d ea d". here it wa s i:npou a i bl io d e c i d e

t h e £ x of an oyst er t :,e s ign " ? " is u ued ,

~ l:hange s of s x o f oyst e rs mark e d i n 193 1 .
Sex f rom y ea r t o y ea r

~ £1.~ :;~; l~ 193 3 lll! 19 35 1936

l. a ; e -:i: '~ le ~l e ~;~m
?

d ead

l' ema le b'emal e " emale
It d ead

Femal e }ful e 1:111 e
lIa l e · "

b'emal e .ll'ernale .ll'emale
lIa l c k a l e .Ma l e

• • b'emale

1!al e
Pena Le

dead
Fema le Fe male Fem l e i'e mal e b'ema l e

II . , II de ad
dead

Ma l e Joa l e
? d ead
? ~al e

ema L e II

• dead
~e~le ~l

lI:a l e lola l e
Femal e •

lola l e



In 1932 a numb er of oysters were dri ll ed a n d k e p t .

we r e n early a ll t wo year s old but a f ew we re thre e ye ars o ld . Th e

dr ill us ed was a den ti s t 's d r i l l wh i ch made qu i te a ama l T h o l e a nd

t h e oys ters we re k ep t in ,.,i r e ba ske t s hu ng f r om t h e l an ding s tage .

'rhey g r ew n or mal ly a nd mo e t o f t h en, appea red to b e qu i t e h ea l t h y .

One o f th e ba s k ets c on t a Ln i ng t hese oy s ters was l o s t d u ri ng t he

winter o f 1934-35 , but eighty-e i ght oysters still remained. Th e

ch an g ea i n sex o f the se oy s ters fr om 1932 t o 19 3 6 are reco rded

in tr . e follo \7in gtable.

Ta ble II . Cha n ge s of se x f oys te r s marked in 1932 .
--- S ex fr om y er r to y ea r

Number £f~ 1932 ~ l2.M. 1935 ~.

1 7 lffile male male male male
de ad

:5
d e a d
~l e

f' emaL e f e ma le
~ male
1 f e mal e ? de ad
1 mal e I e f e male ma l e
2 f emal e dead

mal e malei ?
? r em Le female

2 femal e f emale f e male raal e
1 ma Le m I e "";le
:5 femal e
I fe~le f emal e ? f em:le
1 male ma le
I female f emale

~::;i:
de ad

~
F emal e fem: le f emal e f emale

ma le
2 male
I fe male
3 Femal e dead
2 male male dead
2 feI:!~le fe"";le m: l e female
1 de >ld
3 ma l e mal l! fem~l e femal e
1 fema le
2 ma l e male fema l e
5 mal e male mal e
3

femal e ~~:le1 f ; mal e
1 f emale



5e :--: fr om s e r to ye: r
r ~~ ', ~:! 1'.'3 3 1934 1 45 L-

~le

d ad.
dead
ma l e
!'-~l

mal e
?

dea d
mal

tl lmost eve r y vn r t a t i on fr ._ oy a L "S .•~1ich . 'c •..a i n of . n e a ex

t h r "td .u t t h P ri ..> <l to ...y s t, ~'3 • . . a c ... cr....a nb l;; e ex ....l. ..out every ye &.r .

I n .. i.te o f 0 11 t Id ,I c h r "i I, .o t ile r~ t i o of , . leu to £ e,,,,' l e s re i ns

f ' I r Ly co ia t u n t amon g t h e J' 32 O~'U t c re S lid b cc o.aeu h i gl; e r a s t he

oy s t e r s E; t .Ld r ,,,~ ng t h e 1931 oy sters . T.,i s i s un like c o n -

b c o. ~w 10 e r a u t h e oy a t r s t.et 0 1 e r , ]Ju t p ro ' a ly n on e of t h e

oy s t e r a c cn a i d red r.bo ve . ere L i n un d er 'lu i t e aa good co nd i t i on s

~ s t h vs on the :; ed o a nc il,e 1 :11 oy s t e r-e " t a r t eo unde r ve r y p oor

c o nd it i c n s o th o 't th ui r oe ha v f c u r cannot De 'ta ku n au t y p1 ca l .

He eve r , the t ab Le n do s t LW t h at i ll t'lll ll Y o f t he oyst r s the s e x

i s ri t e rm i n ed f ret" C' ell ye ar a nd t h c.t even . exunu a e ve u - y ea r --c Ld

oyu t e r s re c u pab l e o f c h a ng ing s ex .

I t i s a La o no t e·..o rthy t h at a rao ng b o t h l o ts o f oy s t ers , bu t

pa r ti c u lo. r ly amon g t h o s e d r i l l ed i n 193:'; , t h erc i o a hi g r.e r p r o-

pc r t i cn of .Ji ] e s t hat n e v er ch a ng ed t he ir .. ex t h a n i s t o ce

exp ecte d frc u: cha nc va i at i ..... ns , ':';iu ce n cn e o f the~e~ oJ. e t e r s were

l e u u t h a n 2 1' ye ars o l d \ he ll 1'i r st exaen n ed t n e , llli c;h t have h ad one



br eed ng sens on in t he ether oex when on l y 1+ y,orrs ol d .

is no 'y cf p ro ving ~r d i p rovirw ttJ ia bu t t 'R !rnown t ha t les o

than 20% of t h e oy t c z-a 'n thic. ne t vhbou rh ood mCJ.t n r e .•he n 1+ n nd

on l y e bon t 2% p r odu c e egP'D. Thus it in ',p ry i mp r obnble t ha t an

~pr1''' t a oLe nu mbe r of the ~ e s t endi l y le oys te r s h"d " ve r p r odu ced

eg "s. I f thls is so it i o poa c I b l e tha t t h ey h ve n d i f f e r e nt

g ene t ic c nRti tu tion fr o!: t h os e that cho nge at in t er v 111. A f ew

oyste r" were cons i sten t l y f em"le bu t no h igher p r opor t i on than the

o t h er va ria t io ns. It is , the refo re , s ug g e a t ed th~t t h ere may be

SOMC " t r ue " meLe oy s te r s , whole the oj:he r s a r e g en e t i c nl l y

hc rmaph r-od ; t e o Th i s h,. " bee n sh own to b e t h e CRDe in S OI~C oth er

I n ('3:3 th -e ' ere inc ic< t t onn that cz owd i ng mif;h t a f f ec t

t h e s ex of t.he oys te rs . To t e s t t h in a numbe r of oys te r s of known

s ex 'were su spend ed in i ndi vi du 1 eag e s a t rl'ng nome dis tanc e a pa r t

on -ires h ile c'n'.ro' oye t er-s were cr owde d together in ba s ke t s .

Th e "e oys ters wer{, kep t ove r winter a d un t i I t h e next b r e ed i ng

a ea s on , Unf'o r t u nr t e l y ~ number of 1 e fl oat s pup por t in g the wi r es

b ec arn na te r log g ed a nd s ank s o th t the ex p e r i ment s we r e prac t ica l ly

wor t h l es s . Thcoe ex pe ri me n t .. were r e peat ed ovu r t h e win t e r of

193 4-35 a nd , of t ho a e k ept in ba s ke ts , some we r e crowd ed wi t h

o the r oyo t e r s a nd s 0!11ewi t h mu as e La as e lL In 19:35 i t was fou nd

t ha t t h r e wa ll ve r y lit t l e d i ffe r en c betwe en th e oyst ers t hat

er e kep t indiv i du ally a nd t h o se t hat were c r owded t og e t he r in

had a high er p ro portion of f er""leo i n eac h caae , The se exp erimenta

we r e r epea t e d ov er t h e a eua on 193 5-:36 ex cept th at qua ha uga were



Oys t e r s aua pcnd ed
i ndividua lly

Oys terscuapended
i ndi vidua lly

ue ed in p l ac e of mus ae La , Since a " ua au g ha no bys.s ua tl,ey

can n ot make t h e t i ght c l u s t e r s fo rme d by t::'u r,s e l s an d so ho ul d

be bet t e r . I n a dd i t ion a nu mber of unbored oya t eru were a im i l a r l y
I

p laced .indi v idun l l y a nd in baske ts both wi t h a nd without quahau ga

wi th the i dea o f c omparing the s ex rat ios in 1 936. As t h ere I. e r e

n ot n;:..n y fem a l es a va ila b l e in 1935 they we re div i ded betwe en t hose

plac ed i ndiv i du a lly a nd tho se 'Crowd e d wi t h quuhauga and none we r e

in ba s ka t e c on t n i n i ng onl y oy a t e ra ,

3 6. The e f fects of c r owdI ng on t.h e .;wi ·d . r o f t, 18 d ri11 ud oy utez-s

a r e aummar t z ed in th f o l l owi ng t a ol en s

Table~ Effect of crowding on u;p te r e f~lC"lle in 19 35 .

l' ulnbe r of % fema le ;; maLe
oys te rs in 19 36 In 19 36

Oy s t rn i n ba s k e t s
wi th ,!u ah u u ga

~ Et'fc ut OfN~~~~~i~~ on %Y};'~~ ~ e=le ~n",;i;5
~!:!!. 1111935 .i!!...lill

Oy sterD i n buaket a ,
no qu a ha ug e

Oyst e r a in "::>as ke t o
11ith quahauga

Considerati on cf table IV auo v,u t hat tl,or c ~I«e V r~' 11 ttle

diffe r e nc e between t h e ys t e rs that vrer e ke p t individually a nd

t h os e t h a t we re c ro wded t o "e t h er In ba ak e t u withou t 'lUM'lugU . But

t h e bauke t u co n t a i n i ng quahaug s had a sligl;t ly hi he r p rop or t i on

Ta bl e III r e c o r ds no oyst ers in buske t s wi th ou t qunh a ug a



bu t s ho ws that th er e was a h ighe r p roport i un of femal es in the

baske ts crowde d lOit h qua ha ug than am ong t h e oye t e r s ke p t

i nd iv i d ua lly .

Be f o re di sc us si nr:; this it VIil l be we ll to a how t h e eff ects

of t h e same t rea tments on und r il lcd cya t e r s , Th e C'y~ t era used

we r e 11 1+ yee r s old t a k en fr om card bo ard c oLl e c t or e i n 193 4

arid kep t in a su s p end ed crate i r. 19 35. Random e ryl c~ we~ e used.

The res ul t . of t h e eXT-.r i men t are aurama r i acd in t he fo llowi ng t able.

Table V. Ef f ct of c r-ord i ng on und r il l ed - y c t e rs ,

OyGt" roouspended
individually

oysters i n ba sk e t s .
no q us ha uga

oy ster s in ba nke t s
wi t h qu aha ug s

I;umbe r of
oy sters

% f eraal e

~-

0 11' h ere t h e r e t e quite 8 " i f fe re n t set of r e sv'l t s f r um

t.n r t f oun d a mong t h e d ril l ed oy s te r s . Th e r e i a ve ry mu ch h igh e r

p ro po r tio n of f'etna l e a a mong those kep t i ndividual ly t han among

t h o se kep t i n ba s k et s and . in t tebaake ts , asll gh t ly grea te r

p ropor tion of f en: les a r.ong, t h os e mi x ed wi t h qua h a u .s , It n.u s t be

remember e d t h t, "-a t he . e oy s te rs were u nd r il l ed , i t s i:np os s i b l e

to d e te rm i ne t h e sexes befere t h e experiment W"l O s tar t ed s o that

The r ea u l t s of t h e expe rimen ts aummar I z ed in the last t hree

t ab l e s strongl y au gg es t one th i ng - that th e elose proxi mi t y of

oyst e rs of t he op posit e sex ha s a n inf l uence on the ch ange of sex.

Among t he d r i l led oysters t h e s ex e s were ke pt se pa ra t e i n the

baskets a nd there wos little diff e r enc e in the s ex ratios between

those k ep t in divi du ally a nd those kept in baake t s , In the drilled



oyn t e r-a tl;.e aex ea we r e mix ed t nd t h r e wer e ma ny n.cr e few lea

among t .oa e k ep t 'nd i v i d un l l y . But if crowding al an wer e t he

l imiting f ct or ther e ohou ld be jus t a s Grea t a n e f fec t whe re

oy s te r s o f the na me sex'''e c r o-rd ed t OG, tt d r all ,,-h r e t lie y ar e

of bo t h s ex e s . The sl i.'h t t end ency to~urdG a highe r prop o r t i on

of fema les in t h e b an k e t s wi th quahuug s i s mu ch h urder t o

expla i n if it i s s i g n Lf'Lca n t , I 'o llsibly t h e oys t e rs in ba ke t s

were , f or s ome r ean on , in ' nlie: ltl :\' heal th ier e n v i r onme ut than

t h o s esuapended in div id ually but th e oy n t e r s wi th <,uahuugs a t

more food be c a u oe the quah a ug s 'ere l eoo effectiv comp eti to rs .

The idea t hv t cloue proximi ty of nexes in o:\'s t e rs t end s to

r eta r d the change fro rrl mal e to f m l e is no t an " one . Tt.e

wr i te r has h ersel f at tempt ed t o p ro ve it be f or but p rev i_ u s

exp e r Lmen t u did n o t s eem to s upp o r t it .

Over the wi n te r of 1 935 -37 nun.be r of un dr i.Tl ed oy s t e r s

are aEa i n be ing kept mu ch as b efo r e , ea a chu ck on th e a oc ve

The recsrds of the sex of mar ked oy sters ha ve no w b en ke p t

for fiv e a nd aix y ears and" c onsidera bl e va r i e t Lon i s shown i n

time. A s ugg e s ti ve l y h igh number o f m: l e y at er" (a b out 28% of

th e to tal) n ev e r ch ang ed sex d urL g thi n ;; erio d a nd it is poss i b l e

t hat they have a d i f f e ren t g e n e t t c cono t itu tio n from t ho s e tha t

ch an e a t i n t e r vc l e , I t i3 pr op ooed to s ubmit a pa pe r on th i ll

Bub jec t b e f ore l ong .



Th e ex !' r i men t s en e rowdir:g suggcs t that c rowd i ng wi t h

oys ter. of t h e sam e aex na 1 !tt1e ,sf f e c t bu t t, ~t i r e c l o s e

J:roxi!ll i t y of oy s t e r a uf t.h e I I 0 i t e s x may ~ roduc a l. igh

p ropo r t io n of pa l e s . Some f u r t.n e r expe r i.n.en t s t sting t h i

ha ve b een s e t u p .
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