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DI1CJITS 0lI THB Bn'ECT OF SALIlifiTY Olf THE GR

OJ' OYS'l'lI:IlS OF JlALPElQUll BAY

By J . .... B. Cox

ork was carried on 1n wooden tanks . e tanks , built

r. are on the shore within the tide rang •

One la e tank is divided into six cents with f'alse bottlllll8

of' wood , the actual botto of' the t being the sand of' the shore .

J'0UJ' of' these coarpar ente were used in the work and will be re­

f'erred to as Tanks 1 , 2 , 3 , and 4 . The tants were open to the

weather on top .

An attempt was made to run e ch tank at detiniite salini ties,

but , due to th heavy rains , eTaporation and seepage of' f'resh

water up through the sand bottom of' the tanke , conBiderabl

nuctuationa in salini ty were experienced in each tlUlk but the

results are at least comparable .

Tank Iio . 1 was to be run at the s e salinity as Bidef'ord

river hich is usually bet. en 28 and 29 per mille . Due to

see e and heavy raiDll thill d e of' salinity could not b

reach • The hi est salinity reached in tank 50 . 1 was 28 .3 per

ille and the 1 est was 24 .lS per lle ; the av rage waa etween

24 .lS per lle and 27 per mille .

In tank o , 2 the hi hest ini ty reached as 21 .lS per Jllill ,

the 1 est 1 . 7 per lle and the -Jority of' the t e the

salinity was between 1 and 21 per Jllille . It as attempted to

keep this tank as n ar as possible to 20 per lle .

In tank o , 3 the ghest salinity as f'ound to b 12 .8 per

ille , th lowest 10 .3 per lle . Thie tank sho ed the least

variation in Balint ty of' any of' the tank •



It was attempt d to run tank No.4 at 5 pe r mille . Due to

heavy leakBge this tank was ex ceptionally dU'f'1cult to control

and shows the greatest variation of any of the tanke . The

higheet salinity experienced was 10 .0 per mille (l a e ting but a

few houre). the loweet being 4 .1. per mille . For the majority of

the time , however , the Balint ty ranged between 4 per mille and

7 per mille .

It mus t be kept in mind that the eeaaon was ex ceptionally

et , llBking the control of ealinity a difficult task .

The tanks were fUled on July 16, each tank receiving about

2 ' 4" of ter . At fi rst water was added every two da.;'e to keep

the tanks full , but due to the co ld tempe rature of the freeh

water thie kept the tlllllperature be l ow that deBired . Since t -

perature ill the moet important factor in the IIpawni of oys t e r e it

was con s i der d visable t o replenish water on ly once week ly .

or thie reason week ly variation i n depth i s found .

also made the salinity ore dU'f'1cult to control .

110 attempt wae made to contro l the temperature of the water .

They eim ply fluctuated back and forth according to the weather

cond i tione . Daily recorde of both maximum and min imum temPlraturee

)'or inetance on t ug . 1 , when freeh ter was added ,

tank Bo. 1 showed a difference of 8 .5°)'. between mwti

readingll , tank No.2 a difference of go F . , tank No.3

a difference of 10 .5°F . , and tank No.4 a difference lf 16 °]1'.

On July 16 , forty oysterll were placed in tanke Noe. 1 , 2 , 3 ,

Theee oys ters were taken from England 's bed in Gmelt

creek (Bi def ord river) . The temperature of the water on removnl



was 18 .1° C. and the salinity 28 .5 pe r mille . t empera t u:ces of

t he t ank s ~ere 64 .5° -. . , 62° 7 . , 6 l oP . and 60 .:S°F . rospectivel y.

The sal inities were 26 . 7 , 16 . 3 , 11 . 2 end 9 . 1 pe r mille

oysters were about ha l:f spawned when placed i n the tanke . Tha t i e

they had already spawn ed and ejeoted hal:f their spawn . This

faot waa d te ined by open ing about fo r ty oyste r s and ob eerving

the cond i tion of the gonad .

on July 20 , the tempe rature of the. tanks reached a he ight

tho. t was favourable for spawn! • Tank!lo . 1 , 69 °-' . , t ank )To . 2 .

69°)' . , tank 1II0 . 3 , 69°-' , and tank )To. 4 , 69 .5°F . Al tho h muoh

more favourable t peratures were raached i n the couree of the next

seven days no spawn ing was obs e rv ed .

On July 28 , ten small oy s t e r s f r England 's bed were added

t o ea ch ta.nJ; . '!'his as done to increase t he number of males

(the pe r centage of males bei greater aaong smal l oysters) and the

presence of sperms i n t he water i nduc e s the :female oyster to

On the same date the oysters wer brought within a cloee

pr oximity at one another so that hey would stimulate ea ch

other the quioker . The the ometers were plac d eo that at no

t ,me of day they would be influenced by the direct heat ot the sun.

A favourable temperature continued unti l August 3 , but no

spawn i was observed .

On Aug. 4 , thirty oysters frlD Cooper bed were placed on

shelves in eaoh tank . The ohelvee were bout six i nches f rom the

surface of the wa.ter . They were eo placed that they would be

subject to a sudden rise at temperature (on sunny days ) . That i s

they ..ere more directly in the Bun's heat lUld a.leo the f t that

the surface layers arm up. the qUickest . These oyeters ..ere



et 4 to Juguat.

collected on J. at 3 ,

the fo llo i do;y, then placed i n the tanks B.II stated. Th

tempe rature at Coope r bad on r oval of the oy s t er 8 was 19 . 62 DC.

19 . 32 0 C. at the at the bot to . The ea Unity

B.II 28 .4 r m l le at the surface and 28 .7 per .1110 at the b ot t om

i n the vicini ty of the oystere . These oysters were chosen be cause

t hey were nearer the open bo;y and would be affected l e88 e r ly by

t pe ture and consequently contain mor 8pawn . This as foun

to be the case ; the oysters ere only about one quarter pent .

The tempe tur of Jlhe ter in the tanks at th i8 time was not

i nduc h to spa ninf bei : tank 110. 1. 65 .11oy . , tank No.2 , 6 oY. ,

tank 110. 3 , 611.1101' , tank 110. 4 , 6°1' .

6 the temperature roee rapidly.

On JllgUst 6 , at 3 .00 p • •• the oystere fro Cooper bad placed

i n tank No.3 were noted to be 8p ~ming . The tempe rature at the

the bottom of the tank waa 7 5 0 Y. I n the vicinity of the oysters

the temperature waa 77 0 7 . In the other three tanks no sp_ni

was noted . Th t e tur i n the8e aa a_hat 1 - e r than tank

"0 . 3 ( t ank o , 1 , 74°P . tank .0. 2 74 .5°Y•• t~ Iro. 4 . 72 .5DF)

From th1e date until A t 25. favourable temperatUe8 exi8ted

but no further 8pawn ing was observed .

On A st y , cultch for attachment of the yo

placed in each tank . Two type8 were used : clean oyster shells

and ca rd board col l e c t or 8 ( c ompoeed of interlocking etrip8 and

e1milar to the p..rti tions ueed in pocki eggs) . These cardb oard

collectors are covered With ixture of cent , sand and li e .



Ai"ter .an interval of ten dB3's thia cultch was CXllm1ned da ily.

On the 21st of ,, ' st fifteen Q.B3'safter spawn ing , young spat

were found on the oyster sheUll in tank 110. 3 . These young spat

sh ed a shell growth of not more than twenty four hours .

lthough the cardboard cultch was CXllm1ned closely. no spat was

found attached . Indeed , the number of spat 1"ound attached to the

oy s t e r shells was very small consideri the number of er,gs and

sperms that must have been thrown into the water by thirty oysters .

One hundred and three of these spat were measured and averaged

The poor setting of spat i n all probabi l ity was due to the

l ow salinity 01" the water - around 12 per IIl1l le . This is l es s

than one ha lf the salt co ncent r a tion at Which. oysters ~e t:ound i n

the s o-called "rivers" i n t hi s district .

The cul tc h 01" all tanks wao exumined cl osely 1"or several

dB3's foll owi th is b~t no more spat were found . Tanks 1 , 2 , and

4 sho ed no spat set . and s ince no apa ning was ob s er ved i t io

pres ed ,t ha t the oysters 01" these tanks did not spawn .

The reaoon the oysters 41ld not spawn i n tanks Nos . 1 , 2 and

4 is not kn own. Tanks Nos . 1 and 2 were nearer na tural co nditions

than 110.3. One would hardly expect any results f ]l)m t ank No.4

under such adverse conditions . It i s thought that i1" they had

been placed in the tanks be1"ore any spawning had taken place that

they would spawn quite normally in tanks Nos . 1 fUld 2 . A chang e

01" environment whi le the gonad is ripe seems to slow up or a lto­

gether s jlop spawning .

On Aug, 14 , in tank No.4 , 1"ive oysters f rom E land 'o bed

nd 1"ive 1"romCooper bed were 1"ound dead . Those 1"rom Eng land 's

bed had been dead longer than those from Cooper Bin ce they Mowed



greater dec Bnly a f'aint putref'yi

the Cooper bed oyDter . On August 15 0 f'ro

England 's bed and f'our f'ro Cooper bed lIere deed . tln A • 17

one f'r Coop r bed , on A • 18 three f'rOlll Cooper bed and on

Aug . 21 0 f'rOlD Cooper bed lIere f'ound dead .

It &II not that the f'irst oyst rs to die ere the 1IIIIa11est

ones . The oysters f'r Cooper bed contained more young oysters ,

conse uently the greater d th rate . The yoi 11 oysters

haTi th lesser Titality succ bs to conditions that the old

1 rge oYllter can lIithstand . The old oyster t le811t surTiTes

On July 29 , 104 spat veraging 1 .9 I!IIII . in le th ere placed

in tank lIo . 1 , 111 spat aTeraging 1 .88 lID. in 1 ngth lIere pl lid

in tank lIo . 2 , 102 spat averaging 1 .99 • in length lIere pl ced

in tank Bo . 3 and 104 spat aTeragi 2 .1 lID . in length ere pl ced

in tank Bo... Thes spat lIere obtained f'rom augh's crl!ek .

spat f'rlml Pa h 's creek ere pl ed in

dJoini the Diological stRtion (and the tanks)

The spat f'ro Pau£h 's creek placed in tanks 1 , 2 , 3 , and 4

d also those plac d in Bidef'ord riv r lIere masured on A st 12,

~ 6 , ept , 2 , 9 , 16, 23 , and 30 . Th f'ollo i results lIere



Lengthll of llpat .

P ugh 'lI creek spat planted in:

DRt ~. ~~ Tank 3 Tank 4
~ -mm:-

July 29 1.99 1 .92 1 .88 1 .99 2 .10
A . ~=

1l.52 3 .40 2 .96 2 .55 2 .15
7 .17 4 .17 3 .70 3 .23 3 .13

ept. ; 8 .68 4 .33 3 .31 . 31 3 .12
9 .70 4 .68 4 ,22 3 .63 3 .37

16 4 .92 4 .27 3 .74 4 .10
23 10 .62 4 .96 4 .30 3 .87 4 .20
30 11 .51 5 .09 4 .114 3 .88 4 .46

S inity 24 .5 to 27 10 .3 to 12 .8
(per mille) 26 to 29 .9 18 to 21 4 .0t07.0

Iote . theile measur ents corr ct only to the 1/10 1IIIll .

ho these data the growth curvell for this se t of II t

(under the differ nt condit1onll) :were orked out . They w111

be found in the joini graph (figure 1) .

The number of dead spat wall determined on each of the

foregoi the de th rate determined .

Percentage dead ' s creek spat examined .

.!UL ~ ~. ~. ~ T-.!!!...!

July 29 0 0 0 0 0
Aug . 12 0 0 0 3 5

26 20 g 3 5 42
ept, 2 26 3 10 43

9 26 4 8 19 43
16 ? 13 15 23 70
23 32 17 16 23 72
30 33 31 27 30 74

The hi h dea.th rate in Bineford river a.bout />

ed to get in the basket .

A far all survival io concerned t nks 1 , 2 , and 3 are

about the aame , tank 4 ohowil1G an abnormally hi h death rate .



st 14th, 98 spat averaging 1 .41 mm. in length were

p1 ced in tank No.1, 101 spat averaging 1 .50 DmI. in length were

placed in tank No.2 , 108 sp t averaging 1.41 1lII!l . in length were

placed in tank No. 3 and 102 spat averaging 1. 55 1lID . in length

were placed in tank 110. 4. These spat we r e obtained from the

cultch bags just outBide the station in Bideford river . On the

aame date 100 Bpat from the some bags were placed in a wire

These spat were re-measured on August 24th , Augu a t 31st ,

J e p t . 14th, 21Bt, and 23th . The fo110 lng results were obtained .

Average lengths of llideford river opnt examined .

!1!ill- In river Tank 1 Tank 3 Tank 3 Tank 4----- Iiiii:- r;m;.-:- ~~
Aug . 14 1 .48 1 .41 1 .50 1 .47 1 .55

24 ? 2 .32 2 .75 2.00 ?
31 5 .68 2 .47 3 .18 2 ,36 1 .59

Sep . 14 7 .63 3 .33 3 .35 2 .63 1 .88
21 8 .15 3 .36 3 .41 3 .07 1 .60
28 8 .58 3 .56 3 .50 3 .10 1.86

Salinity 26 to 29 .9 18 to 21 4 .0to7 .0
(p er mille) 24 .5 to 27 10 .3 to 12 .8

From these data the growth curv s for the Bldeford river

spat were deduced . Figure 2 shows the growth curves .

Likewise the " death for the different tanks will b found

in the following table

Percentage dead among Bideford river spat esamlned .

~ ~ Tank 1 ~~~

Aug , 14 0 0 0 0 0
24 7 0 0 0 0
31 28 0 0 0 15

Sept .14 29 8 15 6 53
21 36 10 29 23 71
28 38 23 32 33 89



The ourvival here is about the seas with the Paugh 's

cr e ek spat , tank No.4 sholling a Dam hat higher death percentage

and tank Wo. 1 sCllle hat lower , the per cent de on the lIhole

being slightly higher than in the case o~ the Paugh 's cr ek spat .

The spat lIh ich !let in tnnk Wo. 3 Of! Auguat 21 sholled but

little growth . On August 21 they measured 0 .52 !!DD. , on Aug .

29 , 0 .60 ., " ep t . 12 , 0 .115 I11III. nd ept . 26, 0 .118 •

The death rate lIa1l high co red lIi th the Paugh 's c r e ek

and Bide~ord river spat in tank No.3, the per centdeath on

Aug . 29 be ing 50 .9 , Sept . 5 , 51 .9 , Sept . 12 , 53 .8 and r ep t . 211,

68 .2 .

The rea on ~or th is h igh death rate y be that the spat ,

b i ng very young , only the trongest o~ the spat survived the

adveroe salinity condition . The Pa h 's cr e e k spat nd Bide~ord

riv er spat be ing much old er and h v ing greator strength to w1th-

stand. the adverBe c ondi tionB s1'.o a lower pe r cent death rate .

On l ooki ng at figUreB 1 and 2 , it lIill be seen that the

gr th o~ spat in the riaer ~ar exceeded the grollth o~ spat i n

the tanks . Why the spat , i n tank No.1 expeci 17, d id n ot

reach gr th closer to that under normal condi tions i n the

river is not known . It is tho ht , hOllever , that a c o bination

o~ two ~actors c au s ed this c ond i ti on , name ly , (1) a lack o~ ~ood

i n all the tanks and (2) a wide variation in temperature .

Pump tIllmPles were to.ken twice lIeekly . Wh e n these ere

examined and compared lIi th the pump samplee ~r the rivor , they

contained much l e s B available ~ood mnterial for the yo spat .

All the pump samples could not be examined closely , since the

station ran short o~ vial bottlell in which he lIamplell lIere



The pH of the tanks WIUI t !1ll:n biw kly . Tanks 1 a nd 2

ed no v ry great changeB in pH. Tank 1 varied between

pH 7 .9 and 8 .2 ; the majority of the t1 e it stood a t 7 .9 .

Tank 2 varied between pH 7 ,9 nd 8 . 3 ; the g r ea t e r part of the

t1 being bet een 8 .0 and 8 . 1. Tank 3 sho ed t he grea t e Bt

variation, being 'b tween pH 7 .9 an d 9 .0 . This pH Y b at ­

tributed to an abundant pl nt g r owt h a t th at t e . Th e BaIlIe

oc curred in Ta!1ll:4 but the pH only reached 8 .9 . A 24 -hour teBt

of pH all de but oho wed nothing unueuaj, , the pH rlol at

night and falling ln the mor ni ng . The pH l n ta!1ll: 3 held oteady

a t 7 .9 during the 24 hours . Thill would seem to be caused by

lack of pl an t growth .

The pH does not seem to af:fect the gr owt h o:f the Bpat ­

that io , with i n the limits experienced .

In figure 1 the direct effect of a l ack o:f Balinl ty on the

gr o th of the sp a t w11 l be seen . As the s al l ni ty beooD! e lesB

the s pat growth is less . T is wall so the oa se with the 1 r ge

oy sterli , thoB ln tank No . 4 Bhowing prac ticall y no g r owt h .

Tank No . '* a e a to Bho w a Budden gr owth a t the en d of the exper i -

ment but thill 10 t ho ught to be du e to t he high de ath r ate .

8lllII.ller apa t dy ine off leaveri th e l arger on e s an d drlvl the

In f1 r e 2 tank 110 . 2 at first Bhowe d a grent e r gr owt h than

tank 11'0 . 1 but l a ter :fell off and tank 110 . 1 fini llhed the

1 er spat .



It r:ay be c onc l ude d f'ro m thia work th at a l ac k of' salini ty

do es not s timulat e the gr owt h of' oYllters an d their spat but re-

t ards it . In creek s and rivera in t his di strict , wher e the

8 Inity i s 10 er than t he ope n bay , t he oysters gr ow f' s t . This

f'a st gr th than ould not be due to the 10 e r salini t y bu t to the

higher temperatures whi ch ex i s t ther •

What th e optimum salini ty f'or maximum g r owt h is not known .

Further work of' thi s type could be done to determine thi s oint .

Thurl C. lIe l s o in his report , February 1 , 1921 , f'rom the

Jersey Agr i cul tural Expe r ime n t Stati on 'lI Bu l l e tin 351, states :

"The r e of wa t e r density wi t h i n whi ch p r of i tabl e oyster culture

y be carried on 18 fro 1 .008 to 1 .024 . Rxpe r imen te con du cted

at this station have shown that at den s ities below 1 .008 the oy s t er

cl oaea and r e f'u t e s to feed ."

This statement is borne out by m:1 tindings i n s o f ar s they

ere carried out : That is , at 5 per mi l l e oysters did not gr

at a l l and the death rate of' spat a t 5 per lle was 89 . 2%, wh i l e

at 12 per mille both oys t ers and s pa t gr ew.

B s ideo ca rrying on this exper ental wor k the writer deter­

mi ned th salini ty of wa t er II ples d did the routine wor k of'

i ng graphs of' both s inites a nd temperatures . Other work

done by the ri ter 0. the concetitration of' plankton and. p

This work was all ca rri ed out under the direction of Dr . A.

Y. H. Needler , director of' the station .

Oct . 14th , 1931 .
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