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knowledge of the lif.-history and of he veriou• .factors influ­

encing the growth of the scallops in their natural habitat is

.lISe t181, in order that methods of con.ervation III y be used most

.ff.ctiv.ly. The nature of the Canadian scallop-fishery is such

that conservation 18 found to be necessary, as the past history

of this fishery has shown that scalloping areas oan be, and h v.

been fished out comparatively .asily ith1n short space of ti e.

If, for instance, it 18 desired to protect a certain area from over­

fishi.~ until such ti.. as it shall have recuperat.dl a knowledge

of the growth-rate of scallops in thet vicinity is neceasary in

ord.r that the nec.ssary period of prot.ction allY be deteJ'lllin.d.

Th. present report 18 concarn.d only with the growth-r&t.

of the scallops under varying condition••

Th. chi.f purposu of this inve.tigation fall into five

1. The corr.lation of certain growth-lines upon scallop­

shells with definite periods of tilll., nd the fOJ'lllin&,

in this way, of ~ bads of ag.-determina~ionof shell.

from diff.rent ar••••

2. Th. determination of the age to which scallops live.

3. The det.rmination of the ag. at which scallops in

different area. attain the legal size of 4 inche••

4. The det.rlllin tion of the averllge rate of growth per

unit of ti.e for (a) The whole of Eastern Canada

(b) Various localities on the eeat

coast, exhibiting different

.nvironmental conditions.

,. The correlation of the growth-rate with environmental

conditions in difterent areas.



2. General Natural History.

The Giant Scallop (Placopecten gr<nd18 Solander), whioh

is the species under d18cussion, is II biv lve inhabiting

comparatively deep water, being fo=d in all depths ranging

from low-tide mark down to 150 fathoms. It appears to be most

abundant, in Canadian watere, between 10 and 45 fathoms (lloore(4») '\

After it has passed the 1 rval stage, it settles onto the \

bottom of the sea, where it lies on the somewhat flatter,

lower valve of its shell, for the rest of its life, Upon

eettling on the bottom, the young scallop generally

it _self by a byeaus of two or three short threade, ch may

pera1st up till the time the ecallop has attained a siZe of

about three inohes. Suoh a specimen was eeen by the author off

Grand Kanan Island. The older scallops, however, never appear

to be anohored by BUch a byuus, remaining free on the bottom.

Judging from the drsgging result, (lloore (4» the :type of bottom

preferred 18 sand or sand and gravel, although ecallops may be

taken on practically all botto.e, excepting, possibly, oozy mud.

'l'he food at the Giant Scallop consiah largely of plankton,.

the examination of lIany etollachs from L' Etang Harbour and the

St. Croix River sholling such forms as~,~

and Tintinnide to be pre.domin nt.

In the adult etate, ecallope ara almost uni ue among

Pelecypods in being able to .,,1m freely through the "ater, by

the alternate opening and rapid closure of the valves, the
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COMe uent exp"lsio ot' w tel" teach anap causing the an1lllal

to progreas by a serie. of jerks. It' environmental conditioM

in one particular rea ar una tiarac 01')', the scallops are

thus ca able of IDOving ebe here. This is a very i portent

factor in 1he s udy ot' the rowth of tho ani Is. We 1118y

for inatllnoe, have a apecimen fro one locality, which shows

growth-lines on its shell th tar. represent tive, perhaps, of

condi tions entirely different from th se obtaining in the area

where c ptured.

The valves of~ ar unequal in shape an intensity

of colouration, the upper valve be11l1 COil iderably ore convex

than the lo.er, and alia generally more heavj.ly pipe ted.

Examination shows that both the upper nd the low r valves are

alao ••rked With definitely arranged .tri.e ~nd groovea. The.e

are found to be of two type.. radiatilll and concentric. Tbe

radiating atrille have their fooal point at he umbo, although.0.. extend only a short dlltance fro. the edae ot' the ahell

towarda the umbo. The.e .triae are vel')' DUll8roua and fin , being

about one .11lilletre apart at the edge of the 'hell, and eoo­

liderably clo.er t the UlIlbo.

The ooncentric groove. are very much fe er in numb I' than

the radi ting on.,. They v ry so.e h t n istinctneas, from

fine, hardly iscern1ble l10eEl up to very conspiCUOUS "check

marks". The fine linea I'Ire comparatively abulld nt 11 over the

'hell, nd ara not placed a regular intervals. Tha coarser

"check arks", however, are UDlIl1atakably re lIr in position

uro the variou shells. In all spec1. n ex..1ned~ i ,.a,

__ ....uO l: at the di unee be een the concentric grooves, or



Figure 1. Typicelscallop-shells,showingringsofgrowth.



"rlnes" w.s gr••t.st near the umbo, gradually dlminlshing

towards the ••g. of the sh.ll (Flgur. 1.).

In a large majority of the shells examined, it was found

also, that the colouratlon upon the upper valves was most

. intense on the edges of the rings nearest the umbo. This fact

ald.d v.ry consid.rably ir. the d.t.ctlon of these rings, and

the s.paration of them from the 1.S6 conspicuous, irr.gularly

plsc.d finer lines.

In ,some specimeps, When the sh.lls w.re held up to the light,

lt was fo=d posfible to detect the rings, ...hich showed very.

clearly by transmltted light, often when they were indistinct

by reflect.d light. This lI.thod "'as only applicable to the thin­

n.r sh.lls that ....r. cble to trllnsml t light. It wa applied

...lth succ.ss to a ssmple of thin sh.lls from Chester, N. S.

A's the scallop grOlf~, the shell lncre•••• in size by the

d.position of ne... material at its .dg.s. Thls deposition takes

place quite evenly round the edge of the sh.ll, which thus

.xtends .I!!Z from the Wllbo. Now if anything occurs that ... ould

.ff.ct the rat. of deposition of the sh.ll in thls manner, ,the

ev.nt is likely to be recorded along th. entire edge of the

.b.ll, being lat.r discernlble as a lIore or leas distinct ring

that corr.sponds to the shape of the shell when it wes form.d.

)lark. like this have b.en found definitely to correspond to

increas.d or retard.d growth-rate under known conditions in

••veral species of molluscs, including~ (Belding (1).

It is therefore comparativ.ly srfe to assume that such concentr­

ic marks in Placopecten, corr.sponding as they do to the

genersl contour of the sh.ll, are caused by a change in the



lrowth-rate, mora or leu audden aa the oa.. l18y be,

chanee in the environmental cond1 t10ns under which the IIC 110pII

are living.

(0) Re.,1ew of Literature,;'

1. Growth in B1v Ive molluaoa.

The growth of certain commercial bivalve molluscs h s been

a:U1te exhaustively treated by several 1nvest1g tors. WeYJllouth

(9) on the Pacific Coast, and Belding (1) on the Atlantio

Coast have both shown conclusively tho t a const nt relation

ex1ata between the r1nga of growth and per1od& of retarded

growth in the P1amo clam (I1I!.1a) and the Bay Scallop (~

~)dur1ne the 1nter-ti.e~ A Il1mllar state of affa1ra

has been found in 1:he 1I0ft-lIhell clam (Jtta) by Newcombe (5), the

Oyater (~)by Orton (6), and many other srec1... There 1a

!lowever, practically no literature upon the growth of~­

~ Drew (3) noted the general appearance of the rings of

growth upon the ahel-lsl but went no further. Borden (2) work­

1ne at St. Andrewa, examined over three hund~d IIcallop-lIhella,

and .eallu~ the d1atancea between the linell of growth of up­

warda of three hundred apec1menll of scallops from Fundy waters.

Bel' r ..ultll showed tha~, .. mentioned ~bove, the 1nterl1near

apace a were w1deat near the umbonea, and diminished in width

toward a the edge of the shell.

It might be aasumed that due to their cloae IIYlltemat1c rela­

tionah1p, growth in~. and Pecten <irrad1ans) would

be Il1m1Ur. Whereaa Belding (1) h s demonstrated that~

lIeldom lives more than two yeara, there is every reallon to be ­

lieve that~ l18y.atta1n an age well over ten yeara.



nd Ba)' BOllllops lin In entirely ditte

habltatl -- the t01'ller In deep ater, the latter In the sub­

littoral lone just belo low-tlde mark. The.e !l.itterenoe••

then. in the 0 l'o "IllS , make It evident that a .tudy of the

growth of~, to be properly co d cte IIlU t be un er­

tsken a. an entirely separate problem fro th, t of the growth

of ll£itD. Thu., auumptions from the kno';n facti regardlne the

growth In f!.£!Ina. IIUst be soundly baaed 1f they are to be

appl1edto~.

2. llethods ellployed 1n the study of 1I011uscan erowth.

The varloua method. employed by investigators in thls

fleld tall Into three lIain group•• -

(a) The age-group _thode

(b) '1'he alU1U8l rlnc ..thod.

(0) The experlJlental fiel ..ttiod.

The pre.ent inve.tigation i. concerned ith (a) and (b).

particularly wlth the que.tion of the nl1dlty of (b) in the

oa.eof~.

In the ll.ce-group _thod, large IlUIlber. of specillens are tak­

en at definite IntervalB, and ..asured. It 18 «enerally found

that alIT one ._ple taken at one ti.e fro. one locality .how.
oerteln prado.i tlne aiae-croup.. Iy cOIIJlllring the aode. of

each si.e -- or ale-group at different ti.... the allOunt of

increase can be noted and an Utili te of the growth-rate under

varloull condlt~on. can be arrlved at.

The annual-rine JDethod is conoerned with the .tudy of 1"1nc.
or line. of growth corresponding to erlod. of retarded ..t­

abolic rate in the anlm 1s. An estiJll&te of the growth-rate oan
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lie obtained by ..aaur1.n& the dlltence. between the ri s,

each or which repre.ent. a year'. erowth.

(a) Katerid U.edl-

Pi.e .allpl•• or scallop-sheIla w.re eumined as followII

~. pty shell., valv•• sep rate. Par or the Or rid

lIanan cOEI8reial catch for the winter or 1931-32.

Dralle' on the Duck bland bed., With co 1'­

cial drae' (It-inch eah), shortly before .Tanuary

29th, 1932. De~th. 9-10 ttha.. Bottom. aand and

.heill.

~. BIIpty abena, .al.ea aeparete~ Part or the Orand

Kanan c_reial catch tor the .prina or 1932.

Draued in the vicinit1 ot Duell: ll1and, with the

e_rcid drae' (It-inch Mab), during the latter

part ot March and the early ,part or April, 1932.

Probably f!'Oll the .... beda aa Sa.p1e lfo. 1.

JuI1I.....l!aa.. It2 1h1n& ac 1Iop., ot all d,e., dr geed in

L'EtaD( Harbour With a rope drae, on Aucuat 2,

1932. Depth. 5-15 rthll.. Botto. mud n aton.a.

~. _ty .he11., .al.e••epa te. Part at the

ehe tel', I'.S. co roial catch for the Winter ot

1931-32. Draued in Kahone Bay.

~. BIIpty shella, .alvea .ep I' te. Part or he Dl.b7,

If. B. cOIIlII.rcial c tch tor the winter ot 1931-32.

Draeged ort DiCby with the regul tion It..inch e.h

draca, probably o.urinc the late s rio&, 1932.

The tour localit1e. mentioned bovel Gr anan, "'ahone Bay,
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and Diebn ~.r. cho.en. r.pres.n .tiv. ot ditt.rinl t.1Ip­

co ition. In t' • h.rbour, the aver C. t a .1'-
atv. a.y b. raeaN.d a. bieh. Dilb)' 18 10.erl .nd Grand

Kanan, a oun hloh consid.rabl. ".ixing" ot the col and

1I8!'11l strata ta •• pJ.aoe, 11 lower Iltill. K.hone S.y may b.

rag....d •• showlng the low••t tellP.ra ural of th fo I' rag-

lQns. { ).

1 h the .xceptio ot &!lDple No.3, the taria1 .xaJllined

oon illt ..nt1rely of the upper or oonvex vtlv.s of the .h.U••

A comparison was JI de betw••n the uppal' nd lowar valva. for

di.t1netnaaa of tha 11n•• of growth, and total le h. It wa.

found that hara.. ha ltna. of growth in upper .nd 10 .1'

va1v • of tha .... an1m 1 (8 apl No.3) w.ra ao 1 1n nuab.r

wh.nav.r i wa. fo d po.albl. 0 oount th_ on both, tho.e

on tha uppal' valv•• w.ra g n.rally found to ba aora ol.arly

aarkad, due priaarly to a d.poe!tion of Jiipant a~one tha

innar ade. ot .aeh lin., no found In the low.r v Iv•• to

8D7 appreoiabl••xtent.

It wa. al.o found that tha low.r valv•• were oftan worn '0

_oh bi contact with the ••a bottoa, tha it was iapo.alb1e to

ell.e.rn all7 11•• at all.

Th. averae. total l.ncth of the upper valv•• was found to

b. about 2 a.lIl. Iraat.r than that of the low.I' valv•••

III s_ .paoi_1l , particularly fro t'Etanc an Grand

If nen, the upp.r valve. weI'. ce naid.r bly rid 1.d by the

borlng SPOI1l8~, rend.rine it so.. hat ditficult to

di.e.rn the rlnc" In oth.r., the ring. "ere c .ple .1)'

<lover.d, partleul rly in the vicinity ot the uabon••, by

ooralline growths. SUch. eciaen••ere i.regoN.d In the

.x.ain tlon ot th••e ring. '
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It 11 to be not.d that Sampl•• No. 1,2,4, and 5 were repr.­

.entatlve cO.lTleroiallv !Darketabl. scallops, henoe pouellled

y ry tel' !lpeclmens ot un4.r 4 inches diameter. Th.y are thu.

not representatlve ot the soallo pop lation a3 whole upon

the bed. frail which th.y "er. tak.n.

(b) M.thods used.

Fitful'. 2 shows the various m.thods ot measurem.nt employ­

ed. In practice, a pair of di'lders, w.r. us.d with a le

graduated in ml11imetres. The spaoe upon the .hell to be ••••­

ured was marked oft wl th the dividers, which w.r. immediately

plaoed 'upon the rule,. indio:tinl the 1I•••ureaent t k.n. Th1l

wa. not. down on 8 form previou.ly pr.p red for fl11ing In.

In the ••asureMnt of total l.ngth, the .h.ll wa. pl oed

directly upon the rule, conoave sld. down, with the uabo

re.ting upon the aoale at one end, d the oppoaite edge of

the .h.ll at the other. The reading t the uabo (loom.m. for

oonv.ntenoe) w • th.n subtracted from the 1'•• Ing at the latter,

livlng the total lenlth ot the shell.

Welght measure.enh of 11ving .pecllDens 11111 be discuued

S8.pl88 )fa•• 1 and 2 fUrnllhed .at.r1l1 for e pr.liminary

.tudy of the growtb-r te i the llie-grouP .ethod I a .tudy

lIore sugg.stiv. than conoluaiv.. Th. other s mple. ere chi.f­

ly .tudied l"1 th r••ard to the rlngs of growth, •••ple o. 3

glving some (Jate upon, eight-incresse.

(0) Criteriol, of growth.

Three criteria may be takenJ-

1.' Rings of growth, If nnually deposited.

2. Len,th.

3.W.icht.
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1. Th••videno. seems to suggest that the rings of growth

upon the shells of~ are annual; but this has not "

I't been d,poi tel! proyed. More investigation in this field

is necessary, as the whole problem of the growth-rate in the

scallop may almost be said to focus upon the establishment

of the annual nature of th.se rings.

The following are the main reasons for believing that ti"le

rings on the shells of the scallops are annualt-

(i) Sample No. 1 was taken in mid- inter; out of a random

sub-sample from this sample, consisting of 220

upper valves, it was found that in 218 (99.1%) the

out.rmost ring of growth had just been form.d, was

partly form.d, or was just about to be formed. This

sUCguts that the ring was foraed in mid-winterl and

since th, oth'r rings upon the sh.lls w.re similar,

that th.y too, had ",en fOTmed in mid~wint,r.

(1il Sample No.3 was taken in mid-sUII1IIer and in 31 of

the more d,finitely marked sh.lls in the 42 con­

stituting the saapl., it was found that the dist­

ano. from the out.raost ring to the .dg. of the

sh.ll .....ral.d 58~ of the av.rag. width of the

penultimate ring-spa"ce. In addition, this outer­

most space on the shells was composed of very

much fin.r, tranSlucent, and obviously more r.oent­

ly deposited mat.rial than the preceding ring-spac••

Thirty-one scallops is not a very large number upon

which to baa. differences such as the above, but

the following table indic tea that these valu.s ere

significantl-



!line-space NUllber
concerned of

speei.ens
Penultimate 31
rin!
Ultimate 31
ring

12.

Standard Coeff. of
Deviation Var1ablility

"'.~~ 44.2

Probable lIean
Error

Table I. Relation in width between uUim te and penultimate
ring-spaces in L'Etang scallops.

It cen be seen from these figures the consl derable variab­
ilityoccurs.

(11i) In sample No. 1 a curve of the length-frequencies

of the uprer valves was taken, lengths being shown on

the absc:bsa. Along the absci88a, at definite intervals

determined by the .eanrements of the distances be­

tween the rines, each rinc-llUIIber was .arked, and.

curve showing the ring-nUIIber was plotted. (Figure 3).

It wa,s found that the modes of thlll curve corresponded

...ery closely with those of the lencth-frequency

eu"e. This .ethod of checking the validity of rines

of growth as a criterion of growth has been used before

(Scofield (7» with sueceas. It stands to reason that

the do.inant ge-eroup in a "'.\IIPle when ..asured

for lencth w111 allo form the do.inant ace-group 1n

the s..ple when .eanred for ring.s, 1f the rings are

deposited at def1,nite periods. Spawnine 18 known to

take place every year. th1s .eans that every year

another aee-ero p 18 formed. It 1s therefore natural

to suppose that these "definite periods" are yearly.

(iv) In very many forms of mollusca it has been found

that when the rings of growth are distinctly marked,

they correspond to periods of slow growth during the

This would appear to agree with the above



.up.,o.l tiona .. to the time or 01'1 1n of the r

!ro"th1n~

Th. at. v taota make 1t talrl}' .vid.mt, but. y no Deana

conclualve, that tb ring. of Crowth :'n~ ar. d.po.­

lted ono. a y.ar, 1,11'1 th. "inter-tIme. '1h18 elUl only be

proved, however, by actual experi_nt; amd .xp.r~ntat1QD

.1th~ appe.ra to pr••ent Iff1cultl•• ue to the

inaeeeellibility or ita natural b.bitat. It 18 poulLle th.t

more tben on. ring uy ba ro~d in a y. , ue perhapa to

unusual con11tlona. In tile materl.1 ox_in.d, .p.cl_n. ".1'.

occulon.lly foun.! In .hie t""o 1'1 • "ar. situ.tad v.ry clo••

tog.t .1'. Inc. there .aa SOlU unc.rt.lnty In .ucb. 0 •••• aa

to "b1 the•• 1'1 • eboul,j b. placed clo•• to .tber, auch .p.c-

I_n. ..l'e d18reglll'de4.

i.~ ha. been u••d as • crit.rion of owtl:1 very ..,ld.ly.

It 1•• plloabl. to .ue an1mab •••oallop., hlch ar. known

to IDcr.... In Ie ~.1th • el an..l ba. b••n u.e In the pre­

••nt 1n uti'atlon with regard to (i) totd ahe of the -0&11-

op., and (11) tha total. dition per r of owtb 1n 1. til

of the .b.ll••

a.~ 1. a .ry 181 ortant raetor In,tll••~udy of rowth In

animala, an.1 1. u••tul aa a criterIon of ,1'0 til ,artioular11

.1 th .uch forma .. cannot 11'.11 b mea.ure4 1n any oth l' way

tor incr.... in al... · Only _pl. lio. a tlU'nlah.d _t.rlal

for the m•••urement ot weight in~l and .tnc. thl.·

.alllple .a. 1I01118"hat am.ll, notbing very c nollol.1ve ba. be.n

.hown to e~1at In thl. t1eld.



I.ena;th-rrequenoie.

I.e. the equenchs

otal lU8

R1ng-rrequene1e.

Table II. I.ena;th an B -frequen­

ole. ln ..ple 10. 1.

(cl) 'Ullber or growth-r1ng81-

U lt be correct. a. lt ve17 probably 1•• to aasU118 that the

1'1118' or arowth are de o.ited onoe annually. the IIlaXll1Ua lluaber

or l' • to be roun u on one .hell rro. a 81veil looa11 ty will

in lcat. th max1_ age ln ye 1'. t wh~cll escallops 0&11

row under • preve1l1 con 1tiona 1n that loe 11t. !he

mui. .ere foUILl for the tour re lens UII er ccn-

.xcept porhaps 1n the 1Jlgby sample (5..ple 5), w lon c ntained

quite s nuaber of shella .ith 12 1'1 ••



FIgure 4.





In neral 11 waa . the reatest n or of r1n a fOUD

tbe. lla in appreciable nua era. 1••pp11 to all tour

reg1OD.. It the r1n • are annuaJ.. 1t _y theretore be a••,­

that the a"er. e .pan ot l1te ot~ 1••bout 11 yeare,

two ,ear••

<e) Growth 1n Lon t •

1. e- roup dotoralnatlon ot:

5_p1o. oa. 1 an 2, trom Gran , wero taken, 1t 18

boHeved. on the.. .oa110p ba or not tar apart. _ple Xo.

a wa. I' od a 11 ttle ore t;ban two _th. later 1n t;be ••••OD

than ample Bo. 1. It any rowth took 1.oe ur1n tho.o two

Dlant • (Janu to aroh). 1tl 18 n.tur.l to .uppo. t;hat 1t

woul be retlec~e In the podt1oaa ot tbe 1lI0c1e. In the length-

trequenoy curve.. '!'be peak o01'l'8.pon 1 to tbe OIIi1nant. e-

group 1n aaple .0. 1 .111 have IIOVOel up .11gbtly 1n S..ple o. 2.

'rh1e w•• fOUD to have ocourred to a certa1n extent. 19ure.'

and l> ahow the length-frequency cur".. for tho t 0 ...ple.. In

_ple o. 1 the OIl1Dant. e-group 1. or, ol.arl, .bo·: 1n

aaple o. 2 It is not ao clear. but atUl talrl,. UDm1.takable.

It .Ul be. not10e~ th.t he p ot t1a a e- oup 1& at 116 ••ID.

1n 8_ple Bo. 1, .n.l at approx1lllatol, 100 •••.• 1n ample o. 2.

It ther tore a IDS robable th.t the 1t'rereoo or ap",roll1Jutol,

5 m1111 tro. 1n the aver.. e 1e t.h. ot tb1a a e- roup wr.a .. e

1n t;ho two lDont a. Fobruary karoL. 111 • A 81n. 1n' t e a_l1-

er roup 0 ard. be r1 " nd of tbe f1 re. a abUt or pp­

rox1Dlately :s 1I.1111..trea oan be percehe. In l&ure'. the
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aode 18 .bon 1:56 ......her••• In 1 e 5. It la .ppro~1laat.l,.

.bon 1 9 •••• It 1. n.tur.l to .uppo.e t thla. a-group.

bel 01 .1". would not Incl1·...... lDUoh a.. 40la1nant one.

'l'h18 18. ho evor, .11 tho uteri.l that couli b. xlIlllln. t'rca

thh view-polnt. In or ar .00ura,,81,. to etermine rowth-rate

b,. the age-ilroup lllethod. it 18 neo08sar,. to hav 1"19 ul.r 8ample.

taken rrOlll the e me p1aoe throu hout the ,.ear. TIlo above oXlIlllpl•

• pp are to .us,ast that ~hls _thod'coul be UJlod wlth~

wlth a raIl' probe t,. of aueeu•• e.poolal1y lrith ,.oun

apeoiJllBns. whleh ar st1l1 arowing r ..t an • when belen 1n

one 8 a-group••1'0 are or 1••• unil'orID 1n .1.0.

Length •• M81• 1 yple 2

76= 80 1 3

a~ n it d82

8~8

T.ble III. Longth-trequenol88 in aIIIplea 1 and 2.

2. Tot.l le tha of 8h.lla .t tilll of depodtion 01' ring. 01'

gro"th.

In tho m08sur nt or the r1ng. or grow h, ring be,.ond the

ninth .ero not censidered boeau.e 1n 8 lar • nuab I' or c••••

th.,. .ere teUD t b .olllewhat too 1nd18t1no.t an



• 10 tha ot .callop. tor dlfterent re 10n.

at the tl... of' depo.ltion of the flr.t nln8 r •

eli.."I', . Avera e tor
• S .hole

)lumber
(5+ )·JtMlp.J 200 101 aoo

lat r1nS 1 ! 15 7 aa 5 ig t

2nd 57 1 07

Sf 6 874 764 891 1'6

4th 719 lOf 6 955 lQ;Sl i37

5th 866 117 1 108 9 119 7 lOS 0

6th P@ 9 126 !S 1185 132 1 lli 3

7th 111 ! 1M 4 125 7 ItO 5 128 0

. 8th 120 6 liOS l§l a 1 sj 7 1 7

po 4 15Ul 13i 8

81 1n 10 te the

1. retarde a. the Ilolluska beco_ 01 er.

a 8 at whlch the .callop. attain the legal .1n ot t inches



ngure 6. ATerage length. at ti.e or depoaition or each ring •

•"..,."._. L'Bta1l1
_____ Digb7

_._._. Che.tel'
_"_" Grand Manan
__ ATerage.

'0 40 5



rcx1aat.11 oonatant rat. att.r aoallopa tr_ the other

100a11tJ.•• have b un to .orea•• the ap••d at the1l' rowth.

Dlgby .ca110p. app.ar to approx1lllate the av.r • v ry clo••11

In thelr rate of lncr...., whl1 botb eb .t I' Grand Ilanan

.p.cimen. row c na rabl ta.ter. Ilanan .callop.

a;lparently increase t .1r. length fa.t.r than the oth.r. up a

the t1... or d.poa1tlon or the tourth rin. Att.r that, th.lr

rat. at growth dimlnish•• , Ch••ter .callop. t.ka the1r plac••

'l'hu. 1n .callop. trom th... tour r.gion. t,hat po •••• an .qual

numb.r of 1'1 • at rowth above tour, he larg•• t w111 on the

av.rag. • oun to have co troll Ch•• ter.

It It b. a.sWMd that • rin • ot gro t are annual in naturo,

a v.ry.l lr10ant cOllperleco -, bo rawn t II n tho.e curv.e.

A v.rtical 11n. trom the 100 ••m. polnt on • abscissa ha. bo.n

drawn Int.r••ct the curv... 'l'h. point. on the ordlnat. corr-

••pon 1 to th••• pointe of Int.r••ctlon will th.r.tor. Indleat.

the nuall.r at rloCi. (1.ar.') that w.re formed up to t • tlN

. tho ecallop attain.es. th legal eh. of .. inoh... It 111 thus b•

•• n that L'Btan' .callop. waul tak••ix years, her... Oran

IIanan an Ch••ter .callop. woull take 1... t an tour y.ar., to

attain thi••i... Digb1 .callop. woul take a out" • y.ar••

Th1. point ia or vit.l a1 Itlcanco in th ccnservation or the
.callop-b•• tor the b.n.tlt ot 1'ldure ria er1. Prom t is It can

b. a.en how 1a ortant a b arina the •• ta 1iahlll8nt b.YOD dOUbt ot

the &ll11ual na t,ure ot tho rln·. ha. upon th. fiah.r1. It 1 t 1.

known 1'01' certain how IllUch tl elap••• borore a yo .c.llop

attains the loaal 81•• , con.ervation .. tho 8 can b. appll. tor

a predi'ltllr ined .1'inlte p.riod or ti.. , wlth reasonable pro.peot



Figure 7. Average lengths of spaces between rings
of growth.



oan be 0 served in the,e ourv... In all but the L' tan ,oallop.

the peak of growth w.' .ttain. bet•••n the fir.t and ••cond 1'1 a.

In tile L' t. a ample , wnich 1a .ppar.ntly char.ot.ri.. by .10.

growth, it wa. bet•• n the .eo n .nd it'd r •• In all c••••

the. lt10na in 1e th for the firat thr ••p.oe. far xo•••

any .ubaequ.nt· a.1dlt1ona. Tba retard.Uon or rowt -rate 11

clearly • own in 1 7..b 1n 19ure ,1t oan e .e.n .t the

.c.110pl came n.ar•• t to oonatant growth-rat.. In rand

Ilanan c.110pa, the .ccel.ration 1n the "0 n and thlr Ipace.

atelt, but.l • up Illor. than any of he otb rl 1n the

fourth .p.c.. In th. Che.ter loallop., lt can b. aeon t .t the

19by, Che.ter, Averag. tor
• S • S whole

o. ex-
ta aoo (763)eaip.d !ZOO 101 WOO

l.~ ap'9' 1 6 !Z2 3 157 232 aa 6

an 18 6 217 1. !Z7 6 6 7

~ 1 7 as 4 30 3 257

17 3 126 171 1 1 17 8

F'th 17 3 12 1~ • 166 14

6th 1 4 126 112

17th 115 72



Figure 8. Percent addition in length of spaces between rings.



Figure 9. Length frequencies of 1st. and 2nd. ring spaces in
sample No.1.



20.

!at .pao. 100.0 _ 00.0

2D4 5~~ii.o
SI'd ,v ~6.r:· 51.6

20.0

6th l6.~ li.S

13." 8.1
7tl 10.5
8th 7.S ••2
Oth 5.6 5.1

the lue re.ults 11 .h, n 1n

ve. tor t e t"ur re 10D are plotted,

.a peroent of'

Averase tor

~
100.0 100.0

65.0 56.7

M.S 38.1 M.e

16." 22.S 20.7

10.0 l!.i

V.6 il.s
g.~

".3 .§

8.6 a.o 5.6

the tlrst nin. riD ., for scallop. frOtll ltt. nt 10ca11tl.s.

not;;.a "e e.act orlterlon of' h. otyploal sro t tor a part1cular

1'. i-oD. A. o.rtaln alii unt of arl Hon betv••n lnd1vl ab 11
,~:: <

boun 0 occur: d 1n order to obtain a clear impr .elon of th~

type ot ro.th ocurl ln an1 De 100a11 \.)', 1 t 1. neo••••ry to !mo

how !' at t .•ls variatlon la, an ln what lreotl 11. ocour.. 701'

the purpose of obtain luoh data, th. 0 vloue oour•• 1n ilb1.

In.tanoe 11 to obl.,rve th leneth-fr.quenol.e not onl)' of the



,}

ll'igure 10. Length fr~quencies of 3rd. and 4th •.ring~
in sample No. 1. ,'" ~
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ae J t'_D or gro tb upon thelr

1'1 -apaoea. Tha alua 0 tainaJ. ara ab wn In Ta> le VII d

19uraa 9.10 and 11.

RIIG-SPACr:S.
2nd. ~t'd.

~fi_. 2 a 1Il ;6-10 _. 8U-1& _.
21 0 1:5 186 4816-80 _. 61 46 18 . 1~

81-21_. 48 68 sa U
2 :50_. ~ . 60 I
:51- 5_. 21 1& fill

1-
40_. fi :l 7-. 2 1 1

Coeff. Val'. 28.2 25.1 25.6 12.7

Totala.

tb-rl' uanclaa of apacaa b tw en ri a.

Upper valva••

'rIw varlatlon. abown in tba•• figura...,. be a.oriba poaslbl,.

to tw oauea., ind .tinot.ly arine rin a. and e j,I lIalbillt,.

or lDaoourata ..a.ura-nt,

raaultin in v i. Il'owtb-rata•. upon the acallop-bada thema lvell.

ino uncertaln apao1JMna ara lao rde • it 111 baliev d that

a latt l' ill e c le1' aou.roa of variation. It 1& int raat!

to n te e decreaae 1n t coefficientll or varia llity for

.aob r1 • fro. tb firat to tbe (curtb. L a bi b coefficient

or varia~ilit,. for tbe first rlng-. ace ..,. b...cribe to he

axten e a awn! -a aaon of th aoallopa, cb w01.ll raault

in lIlarlced U'raren08ll in tha amount or rowt 'ur1 the rll'at



Figure 1.~. Length-width re1.ationships in P1.acopecten grandis.



e coet'1'iclenta for the lecond an thi"z.d ring.lpaoel

are .110 high. It 11 p08l1ble hat th 10allopI when you

are aore uacepti 1 to Cr. ngea In ..n irolllllOn~al con ltlona.

e coefficient tor the 0 th 1'1 ·apace 11 only about ha11'

ot that for the t ird. he evil nce aeea. to polnt to the Iact

that this fourth rin -apace ... depoal te:1 ln tha y U' 1~30.

which .ae ll. very exceptional yeU' 1'01' temp ratures. t ae 1111

remarkable thet the coe1'tici nt or variability tor th rUth

rin -aplc shoul a aln be hi. 11 poui ly ue to th ract

that the ritt .aa the outel'llloa t ~ln • an in 10lIl8 apecll18D1

had. not yet been (0....11••hile in other. lt waa fUlly 1'ol'llled.

•• Length- ldth aelatlon.hip.

The relation between total len tll an:1 total .i th of

~ Ihella ... round to be very constant 1'01' all four

are.. cond ered. Ta1dn8 the L' tang .all!Ple (110:3) as a typical

example. the values sho n in Ta.le VIII d 1I'1gure 12 .ere

Len h.

52.5 '~.5_.

52.5 9.S_.
7S 71_.
88 91_.
8~ ~_.

~6 9~_.

96 ~8_.

103 106 at.
103 102_.
110 ·116_.
11' 116_.123 123 _.
132 1:52_.
U6 154_.
157 166_.

Table V II. Length- ·ldth relationships in L'!ta scallop••

The curve ln Pl ure 12 11 almolt lin ar. In g n ..al. lt _y be

laid that as the ecal10pa becOlU 01· er. thelr ldth very ali

ly exc edl their len 'th. Th1a 1a pU'ticularly 10 wl th the



1igure 13. Length-depth relationships in P1acopecten grandis

::s

<.



Cbe.ter ...ple (Bo:4). herwin length and wldth .re approx-

1lalltely equal. e curv•• for the other hrae re lone so n 1,.

approx1Ju.te t ot tlle L' . tan .peciaons, thllt lt ••s oon.iilerad

.utf'le1ent to uae only tee a. an eXllIIIPle.

6. Lenath- ept Rela 1 n.hlp.

Slnoe measure.ents to d t rmln this va1u oould n1,. be

_d. upon wholo scallop-shell•• (both valve. jolnedl. th y were

oonfined to sample 3, "nlch canslaeea of Hylng soa110p••

total1engtha (um 0 to opposlte It .> an dept (great•• t

.rpenl1cular I tanee•• en the snell ls olo••d, frolll h••xterlor

ot th u;>per to the .xterior at the 10••1' valv.> of' all the 48-

• 0.110p. ln the ...pl••ere r.corde • a curve plotted (1"1 l:l) •

Tabl. IX glvea a aerie. of' the lIIlt ••ure..nt. tak.n.

ngth Depth

62.6 15 -.62.5 1~. _.

76 22

_.
8i 27 -.8i 2:l -.88 26 -.i~ 27
i6 26 -.~.5 26
1~ ~ -.106 ~ -.110 :58 -.11a ~

_.
l1a ~ -.11
181 40 llIlll.
188 a7 -.laa ~

_.
17 6O
166 46
1ii 62

oraole lX. Langtb-. th I' latlon.~tps In L'",t .oallop••

CD.l fO."l variatlon frOlll t.h_ a .ra _ ••• ound. POI' ex ple.

to ~ ecl..ns of eO) 0'1 ...2 _. .re raspee tivel,. 1~ and 132

_. In len t--. . n enerel. 1 t '1

.a. an Incr.... In depth a. the L' tang .oallop. illcr....



Figure 14. Length-hinge-li~e relationships in Placopecten.
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a 11as t, Ie 01"

6. Length-R n a 110. la1:1on. ip.

A an. or cOlllpari.on, or. or ystalllatic than co

i , I'•• t, .as r un in an ex ination of the l'elaUv. le the

ot the hing. or .callop. ot iven total len ths rl' III 1tre~ntu.... It.AI note that scallop-shell. tl'O soma plaoe. app.ued

C T_R,lt.

Length Ringe Length R1nge

80 M 711 106 46 lIlIIl.
85 33 83 36 110 60 lIlIIl.
86 35 6 37 117 54 aD.
a 311 95 41 118 61 -.gO 37 98 46 lal -.113 39 1 0 41 121 61 -.114 41 lao 49 12 68 1IllIl.

"" 42 123 5 lao 6
100 44 124 52 131

~ -.lOll 42 126 64 136

_.
109 44 126 62 13 70 aD.
118 47 126 55 136 74 -.127 57 1211 58 143 61 -.131 58 127 52 143 2
131 58 1211 54 144 79 1llIII.
137 611 131 57 145 70
138 511 134 58 145 711·
141 54 143 63 145 73 IIIDI.
143 58 146 61 150 79

Meane:

p • • or I( an!- 6.7 :!.5.9

Table X. Len th-Hi e 11na l'elaUon.oips ror thl'l are•••

'!'he Che.ter .callo.... hin.,l-line .a. on the .v ra e much .1 el'

tnan that in the otherl. That t 11 ttference is a significant oa-

i. • own 10 the PI'O able 1I'1'0rs or the I\nl 1ocl\1 1 in the above
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Figure 15. Relative shapes of Chester and Grand Manan
scallops.



1I'1g=e 16 olearly IIbo II tbill eh aoterhtie. An outUne ot a

t)'pieal Chester lIoallop, dra..n aroun the ehell, 18 superimpolled

upon a siadlar outlin of a Gran Kanan .oallop of approx1 tely

the .... length. e r at Ifterenoe in the lengtha of the

h1 e-l1na. 18 apparent) also the .11ghUy broader shell of the

Chester spect.en. It wo 1 e fut1le at the pr.. nt t1llle to att apt

to aoooul)t tor thelle Suftioe it to 1111.)' that Pi e 14

(t l. Growth In eight.

Slnoe ample NOI ~ Wall the only one that oon hted of

IIpec1aen., It forae:!. the b..h of all ..eight _allurelllents taken. 1'h1

II ple .... composed of only 2 an1aalIl' h noe tew e ncludonll oan be

drawn untll turther material of tbis typ b.. been examined.

In .elgbl the scalloplI alive, it ... ellllential firllt to

Naove all tbe .ater trom their IIheUII. Deaaioati n is perhaps

the mOllt etficient _thod ot doing thial but for rou hly 001llp-

aratlve p=polles, all In the pre.ent o..e, It ... c IIi ered suft­

lclent to bang tbem UIIlbo uppermollt unt1l they oe..e drlpp • The

IIhape of their shella, and the arrangement of the body-organll ..ithin

thelll·aade It pOllll1ble tor a very large paroenta e ot the ..ater to

drip out. e epeollMns were then ••isM upon a torIIIon balance

to the neare.t gr...

19bt-Len th Relationllbip •

• 1ght, as obtained by the above metho , .... pl~tte againllt

length, in the L'Etang acallops: an 1"1gur. 16 shows the

Nsultin approll:imate curve, obtain. frOID the 1'igurell 113 'I'll. le

XI. As In the len ths- eptbs curve, conslderable variatlon from

the mean ..as foun. n tbb c..e It is pOllllible thet thill ....

largely u to ell: erUientu' error (ver)'l quantities ot ••ter

In the shella l; but this oannot b th sole oau.e. In eneral,



Figure 16. Weight-length relationships in P1acopecten Brandis.
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It la ae n that increaae In _lsht Is ver rapl In proportiQll

to th length atter a total ,,1 t of abcut 80 "IllS has been

attalne •. 'l'h1a 1a a typlcal "eight-length curve, an 18 found

In s1Jlli1er fora In very lIIlll1y roups of ~a.

Len th.

2
52
75
87
88
89
96
96
1~

10)
110
110
114
115
119
123
127
188
136
1~6

1~7

139
146
147
154
167

18
20
68

114
100
107
125
127
164
2el
212
l~

206
222
290
aae
361
300
472
379
~22

~76

441
40

625
470

Table Xl. Length- elght relationahlp In L' tan scallops.

2. elght-RlDg nuaber Relationship.

el ht .as alao p10tte a _inat the nua er of 101 -spaces

upon the scallop shells in _ple liol~. 'l'he resultant curve

" .. very siai1er to lihat 1n ii ure 16, except that thare "as a

suggestion of retardation In the w 19ht Increa.e atter the

depoll1tlcn of the nlnth ring. Growth at this ata e appeara to

be 1110 est In th scallops, an.! such rlttardation is 0 be expects •

The varlatlon 1'rOla the ew ie very great In 1I0me apec1mena. ThelOe

la, howevelO, a de1'inlte cOlOlOe1atlon, as indlcate by the slailarity

1n the irectlon 01' the curve an that of the 11ne repreaenting a

pel'teot correlatlon.



Figure 17. Weight-ring-number relationships in
Placopecten 6l'andis.

I



2'.

r.rbapa it 80... _ter1al ••10 .xaa1n. troa t. • vi._point, a

110" d.t1n1te OUl've would be o~ta1ned.

110: or Ring-Space.. Weight.

" 18
" 205 8?
5 l27
6 10'7
6 108
6 U"'
6 ~

7 120
7 SIal
8 212
8 228
8 lea
8 886
e U7
i an
i 28'7
9 237

10 322
10 278
10 ~o

10 aoo
Table XII. d t-lling-apao. nuaber .r.laUonehipa.

L 'Stang .callopll.

PrOIa the above .tl woe. ·('l'ablea 1t and XII) it app.ar., trom

the wid. v iatioo that. OCCU1"a, t.hat .el t. oannot be lae with

IIIllch .uoo••• aa a orlterion ot rowth in L'Etang acallopa.

III the ap.ol_ne 1n SOlllpl.· PloJ Z .or. t.akeo -.1 thin a rad1u.

or a out balt'-a-aile, and th.... 1. DO re..on to auppoa. that

the 1ndivi ua1l conetltuti t.h1a aupl. h.ed III ~ted to

L'Etang Barbour frOA a Dllllber of dlft....nt r.glona 1n which

varying condltione. which lI11gP.t posaibly bave acoounted for the

above variatlone In the scallopa, obtain.d. L'Jitang Harbour i.

a cc.paratlvely ••oluded lnl.t. ot the ••• , and it 1& l' ..onabl.

to .u po•• that thea. soallop. had spent th.ir .hol. li.....

tbli" - • suppo.ition .tro 1y .upported by t lr apJlarantly

0wracterl.tlcally slow growth (Figure. 6 and 7). It th1a 1& eo,

I



as.
the apparent var1.t1on. 1n .el ht occurred und.r more or 1•••

id.ntioal c ndit1on.. and if UDder approxl tely identioal

cODd1tiona th••ei ht. or t a .callop. J:!ot 1IIcr.... · .lallarly.

it .tand to rea.on that ..ei nt CanDot • t .n.s. crit.rlon

of gro..th. Porty-two spee1aen. Is. howev.r. too aaall • nWllb.r

upon .hleh. to bue c elusions. r. _terlal 1. n.c••••ry

b.fore .uch can be done.

(g). Temp.rature and Growth 111 Scallop••

Two hundred upp.r v.lves••11 character1aed by the po•••selon

of flve rl -ep.ces ....re taken fr pl••0: 1. Th•••

conatltuted sbella belo 1 to one e-group. !'he .v.r •

dI.tance. between e oh rl ..ere det.l'lI11ned tor all of the 200.

ph dr.wn repre••nt the htance p.r r1n- ~.1nat

eac rlng. !'he r: -number....re pl.oed upon the bsciSsa.

IIontbly tellPllratures ar. taken resul.rly .t the •••-bottOll

at Statton 6 In the Bay ot Fundy. !hI. point 18 .1tu.ted bet....n

tbe olve. and Or ad Itanan. and 1. not ftry lat.nt from Duck



Figure 18. Poe.ible correlation between growth and telllperature
in Grand Manan Scallop. (Sample No.1).

0---0 Shell growth.

0------0 Te.perature•.

/
1925 1926 19F 19~1l 19.9 1210 19~1

1 2 J 4 5
RING NUMBERS



laV.

It 1. interesting to noe-, too, _that the '1 ar 1930 was an exc.pt­

10nal y.ar for hlllper.tures throu out the Fundy are.. In that

y.U' the t • ..,.ratures ••re g.n.rally IIUch hl .1' (fll010glou.

tat100 cord.). ~ 4th. r1ng-apaoe on the shella of th18

al e age-group would, If the rin a are annual, correapond to

the year 1930. In pracUo.lly .very one 01' the ahells e:um1n.d,

the 4t • a~ao. was .xc :!?t1onal1y narrow, In only one or t 0

c.... exce.ding 15 _.

JIuIIlber or rJng-ap.c.: 1st. 2nd. 3rd. .tLl. 6th.

A....r.g. length or 22.3 21.7 2",.4 12.4 17.~_.

dltto In 200 abella:

A. Sapl. 110: 1. Growth of on. ag.-group per .ach ring dellO.ie-d.

Upper .,&1....3 of t.o hundre ,abella.

Year: 19~ 192& 1927 1928 1029 1930 - 1931

Bottom t. pa: 7.25 7.28 7.52 8.36 7.28 8.84
Degre•• O.

B. .lv.re •• of bottom te.p.r tures ta .n at Station 5, for the

s1x .on~ Jun.-.ovember. In the years 1925-1930.

'r•.ble XIII. COlllparlaon b.tween owth and t 1llp r.tures
In Gl'aad -.nan scallop••

It Is unfortunate that oh .cant,. data on the temperature.

preva11 around Grcd IIanan ahoul b. a allabl.. It muat be

...-.bere t t the a ova ata upon t .-p.raturea r.fer to an

area abwt slx mil.s dl.tant .troa the area troe wh1cn the scallopa

were taken. 'l'he unusual temp.rature oondltlons ur1ng the year

1930 ••re ,.lc1eeprea'.1. and 1t 18 possIble that t.y Y ha".

prevail.d arounl Duck Island. _ Ho••ver, little c;"n b conclud.d

from the above, ",hlch onl,. sel'v.s to u .st that t e growth or
the acallope ls not eo rap1d ·at a high. 8 at a low te p.rature.

'lhe la-tter sug~e.tlon Is au",,,orte lJomewhat" en co~arl.on

bet...on the growth and t peratures of t e d1t1'arent rog1ons



considered' in thie report is made.

It can be seen trom Pig~e. 5 and 6 that the sc lops trolll

Chester. If.S. show on the whol the 1Il0st active and sustained

growth. Bext. in order. come thoee from Grand Ilanan. Digby and

L'Etang. the latter showing the slowest growth. The waters of

Mahone Bay are on the average colder than those of the other

three regions. whic. increase in temperature in the order of

Grand Manan. Digby and L'li:tang (8). Thus it is aeen that the

tutest-growing scallops come frolll the coldest area. and the

alowest-growing from the warmest of these areas.

Alllanimals have a characteristic optilllU:ll temperature. at

which their _tabolic procesees proceed at aaxilRWll efficiency.

md above or belo which this etticiency falls off. its, degree

depending largely upon the proxia1ty ot the tel8perature to the

opti~. In view or this, it appeare that the optilllUDl temperature

for the growth of scallops. to Judge from the above data. is

low - possibly correspon ing to the temperatures in Kahone Bay.

It not this, then the higber temperatures encountered over the

beds are above the optima tor 'the growth ot the organisllS that

tOl'lll. the basic tood of the ecallope. Insulfici nt ..terial has

been examined ss yet to warrant many conclusions.

~

(a) Since the validity of certain "rings of growth" upon

the shells of scallops as "annual rings" is fundaaental to a

study of the growth of the lIlolluacs. an attempt was .. e to show

that thoy are d posited once a y sr. and can hence be used as

a lIleans of age-detel'lll..1,nation. That such an assumption is

Justifiable is very strongly supported by the evidence accUJllulated

througbout tho sUJlllller. orking on thie basis. the following

1Il0re important resulta were obtained.



or M upper valves: Chester. 3.7&; Grand 1Ianan. 3.6; Digby•••3;

L'Ztang. .0. e aver e for aJ.l t ur ar aa ..a •• •

cieore..ed aduany.

tU}. The ourves obtaine fro _ s ments of

a d1t1ons in Ie th tor each r in ieate 1.h&t -.xt- aro th-rate

11" attair»d Bhortly- fore or atter ~h. dopoaition of

ri of 1'0 tho 1'0 th-rate in Choater acallops ... -POl rently high

1n Grand llanan aoallopa. ve y J. h for th 2D

10 • but uat_ine for _ 1 peri.

te} e eviJ.ence aocWIlUlated au uta that ~ hi er the

average tam e1"cture of n ar a 1nha ite'" by acallopa. the alower

they groll. It 1.8 cOD&iderod that t1:18 _y be ue to a 10 optt.a

tellperatu.:e for the growth' el her of the r ad of the a!lallopa. or

or the acallop5 thlfmaelve5.
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(1). Bel • .L. 1 10••'!'be

(2). rden. I. 1927-8.

or .....ohua.tta·.

~ &aD.41L ( 01

Board or Can. •

). 81011

1831. Dep1;a or Plah.rle.. Ott••••

(6). .cOllbe. C.L. 19:18.Onpubl1ahed re ort on ro.th 10 the

Sort-Shelled Cl_ (!u .I£!!1I£1A). Bl01:

Board or Canada.

(6). Orton. J. H. 1928. ·an 8b1tba1o Perlod. 10 hell- ro.th

10~mll.!••1tb • note

t.ttening·. JOUl'I ••B..... ymoutb. Sel'l

~YI Voll XV. hi a. Apr11. 1 28.

(7). Scorlel • I.C. 1931.·~ Stripe a or Cal1tornl.·. DIy:

or .P1.h and 0... or c.lJ.rorn1.. Pl.h

BulleUn hi 29. 84 pp.

(8). 'fable. (1922) or T aperaturea and Denll11'.l.. of the .tera

tern Can-. • pt. ot

Serylce. tta••• Can.d••

( ). e1JlOu • p ••• 1923.·The Llte- .tor1.nd Oro.t

Ph 0 Cl•• (!!!!!!.~ _)••
Dly. ot Plah and 0_ o.t C.l1tornl••

Plab Bul~.tin .01 .,.



~.

on. ..-bel'll In tbe tore oiDa Uat or reference. col'1'e."cmd to

thoae 1n tbe teJtt.

'!'be.u or wI.hes sratetull:r to aekno.l.

aDll Irena TOMr or ana olveralt} to'l' tIlelr l1IO.t Yaluable

susse.tIona aDd ••"iatano. In Ita 9oqJI1atlon.


	0001_Title Page
	0002_Introduction
	0003_Page 2
	0004_Page 3
	0005_Page 4
	0006_Figure 1
	0007_Page 5
	0008_Page 6
	0009_Page 7
	0010_Page 8
	0011_Page 9
	0012_Figure 2
	0013_Page 10
	0014_Figure 3
	0015_Page 11
	0016_Page 12
	0017_Page 13
	0018_Page 14
	0019_Figure 4
	0020_Figure 5
	0021_Page 15
	0022_Page 16
	0023_Page 17
	0024_Figure 6
	0025_Page 18
	0026_Figure 7
	0027_Page 19
	0028_Figure 8
	0029_Figure 9
	0030_Page 20
	0031_Figure 10
	0032_Page 21
	0033_Figure 12
	0034_Page 22
	0035_Figure 13
	0036_Page 23
	0037_Figure 14
	0038_Page 24
	0039_Figure 15
	0040_Page 25
	0041_Figure 16
	0042_Page 26
	0043_Figure 17
	0044_Page 27
	0045_Page 28
	0046_Figure 18
	0047_Page 29
	0048_Page 30
	0049_Page 31
	0050_Page 32
	0051_Page 33

