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Spawning £!. oyetere ~ settlemen1 ~~ Di deford~ 193 1.

• • H . Need ler .

Thie r e port b r i ng toge th r r e e o rd s of spawn ing nd
a e t t Lement, a nd gr o th o f sp at i n Bdd e f'o rd r i ve r in 19 31. The
datn, whi ch h ve long been on h an d, are e epc c La L Ly i n te r es ti ng
at thie time i n c onnection wi th J . C. ed.c o!'1[ wo rk on tl1 pawn-
ing and s pat fall in Dideford riv r wi t h ap e c t a I r eferen c e t o
the length of t h e l a r va l pe r i o u , the g r owt h of t he l arva e an d the
a c cu ra t e prediction of ae t o, Whi l o th e se d u t a do no t cuffice
f or an accurate uetermination of the l engt I of t he l arval pe r i od
they do p ro vide c or r oboaa t Lve e vi d e nce .

The data c onsist of r e c or d e o f ep a ning In oys t e re
examin ed by lI.rH . Ueed ler . in oba e r vu t t on a o f pawni ng by th . wr i t e r
i n c onnect i on ith th e d i rect io n of e pa t collecti on op e r a ti ons .
in mea s ur e aenve of s pa t on ex ~r i ~~nt 1 "i,ell age p laceu in he
wa t er a t va r ious da t e a a nd i n r ecords o f the total s ettle cn t of
sp at o n t h e bags ,

The obe e rva t Lon a 0 apawnf n o r " e t l 111 'tiO. a of he
pr oportion of all wni nG whi ch h a d be en comp l t ed by the oyetor a und er
ex amt na t Lo n , It i13 0 ViOUH t a t ex a inati on of his s or t ca m. o t
g i ve a ny a c cu r t o f i gu re for t he proporti on of eggs whl ch have
been a ed . 'rh e estimates a re particul rly subj ect t o pe r a una L
error and al th ou gh such t erm e as "t s pent". wt,- spent " . e t c . a r e ueed
the8e are only a r b i t r a r y d e a Lgria t Lons wi th re lat i v e r ather than
absolute signi f ica nc e . It may be aa f'e Ly be lieved t h t oy ter s
ca i i ec " . s p en t" h ave d one mor e ap awn i uj; t han hos e calIco" e pe rrt,"
but i t t a ex tr emel y doubtful whe t he r the fra cti ons a r e at a ll
clo s e t o tne p roport ion of spa n i ng which has t en p l-.ce . •
numbe r of f cto " may i ncre a e t h e di "'f icu lty of es t i ti ng t he
prop or ti on . 1:be oy e t e r e may c ommen c e 5pawnin before &11 are
r e y , so that t h" I ni tial ap ea rance before a nJ sp a n i ng var t e e
oona t c e r a b Iy , 'v en when r ea y t o s wn oye~er va ry c onsi d.erably
in the quan t i t y of eg gs. Th e e e and o t he r f c tors added t o t he
inh e rent i f f i cu l t y 0 ee t i:na tin.. t h e proporti o n of eg b sh ev en
if a ll oye ter e ere a li k e, rend er the obecrvationa of very v gue
eignif1oan ce. The y hHve, h tu,ever , s o e .; Lu e , Th ey i na i cate
hen so me spawn i ng tak e s p La c e , app r-cx tma t e Iy when i t s tar ts and

a roxilli£ te ly whe n t he oyst e rs are la r~ely " pa ned ou . 1 t eem e
pr ob ab l e to t he "Nr i t er that exam i na t i ons of t hi 3 k i nd are 1 053
reliable in the arly than In the l at e s t ag es o f s pawning . It
a e omu mor e probable t hat a l>-r e am un t of spa nine wi ll g o
unnoticed In the ea rly par t of th e e ea uo n , Th ill ie bor n ou t by
the ob s e rv a t t o na i n 193 1 'tnd by l at e r ex pe r ienc e , and ie of
significance in u s ing exa i r14t i on of oy a t e r s as an indiction of
wh e n to pu t 0 t ma t e r Iu Ls for spat c l lection . itloU t obeer va t i ons
on t h e 1, r va e a nd d ep en d i n on in.~t i o n of the oystcru and on
temp r a t u res al on e. t h e r e le co ns i de rable d n er of mSD ing a n
important ear l y "a t " .
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Grant's bed .
Aug . 7

Grant 's b ed.
Ju ly 23

Grant's bcd.
July 16

Gpnwning . Observations by • B. Needle r , pr incipally
the examination of g o nad s , may be suruma ri zed an f o l low81

Grant ' s bed, kay 29 . Spawn formin in so me .
Gr a nt' s bed, June 9 . A few nen ring matu rity but little

or no s pnwn ev ide n t in most .
Grant 's b e d, J u n e 1 8. Oysters mostly with li t tle spawn .

I tu r e gga present . Sume oysters sickly in a p p ea r unce ,
Gr ant' s b ed. J u n e 29 . Drilled oys ters a ll with e no ugh

nexua I products to show sex.
July 2 . A g r eat many oy a t er s in shallow wa t e r be l o

the u t a t Lon l\uilding we r e obs e rved ap awn i ng vi g or ou sly.
Gr n t ' a c reek Sp e n t o r almost apent 0 f em. 12 males

July 2 t :~:~~: ~: ; : 2 her

t spent 0" 5
J u a t starting . 1 " 0 •
I t u r e , 2 .

At labora tory, July 1 3. Shall ow water .
5pentor al ost .
i spent .

. spent .
sp ent or ri pe.

Fred England point , July 1 6
Spent Dr a l moElt
t spent .

t :~:~~:
Ba r e ly spawning .

r:~:~r almost

t s p e nt .
Barely spawning.

!
SP:~~ n~ ~ a lmost

s pent .
spent .

Ri pe Dr jus t s tarting .
Spent Dr almos t.
t spent.

one t spent Dr less.
Gr an t 's bed , Aug ust 1 2 and 31. All spent Dr ne arly so.

Obs e rvations by the wri t e r , ad ded to the above, indi ca t e
the c ourse of sp a wn i ng as follows. Some s p aw n i ng occurred
appat June 20 in shall ow 10 ter especial ly i n the cree ks, but
apparently affected deeper oysters 11 ttl !! or no ne . The next a c t i v e
spawning c ame on J u l y 2 t o 6 app roximately , leaving
the oy s t e r s in the cr eeks nnd in shallOW water ne a r the station



over half s pent but le vinl; much epaw n in the oya t e r e in <leepe r
wat e r , SOI:le ep a wni ng probably occurred in t he very wa rm e pe eL
abou t J ul y 11 and by J u l y 23 t h e oysters oven i n e ep a t er
(n ear the ha nd of the ri ver) we r e pre t t y we ll spent . Af t er tha t
dnt e the emnl 1 r-emui n i ng spawn a s r e Lena ed ,

Sta t i cn 2o;~mT:~~ ~~r~ ~ . pa~~~~: r~;~~~ s o~ b;:~V~~ s i~e~~~ l.,~tS t"" tio n
20 02 ( :Pu lp i t b ed in l owe r part of De pa r t anent.u L r e s e r v s ) and a t
Stat i on 200 3 ( Bi defor d river jus t be l ow sta t io n ) a r e g i v en in a
re port "Hydr og raphy of the Malpeque bay " ree. . II . De ta for th e
open wa t r of 1930 , 193 1 a nn 1932 " p r e a e n t e d by the wri te r in
193 5. l'h ey li re e umma r t ze d here f r on, th e p o i n t of v i ew of
s pawning and f or euo y c ompa r i e o u \Vit h the othe r dn t a ,

The tem pe r atur e r emaf ne d we l l be Low t he spawning l e vel
(ab out 20 d e g , Cent. ) u n t il abo ut June 20 . On th a t ate
temperatur e ab ove 20 degr e e s was re c o r d ed a t t he surface a t
s ta tion 200 1 but no t a t the othe r tll O. Spawni ng t emp era t u res may
ha ve oc c ur r ed immediately befor e and a f t e r this da t e, e s pec i a l l y
in shal low wat er a nd i n the cre e ks.

The temperatu r e theu dr op ped agai n, f alli ng below 15
de gr e es on Ju ne 29 . I t t l ren i n c r e a u cd rapi d l y r ca ch i.ng a b ou t 2 3
d egr e e n . t the uu r f'a c e at 2001 on July 3 an d the bo ttom water
pa a e i ng 20 d egr e ee on the f oll owing day . On July II oy t e r s we r e
obs e rved spawning vig'ourous1y in sh a l l ow water near the l a b ora­
tory a nd a g ene ral sp awning bu r t is h i gh Ly prob abl e a t t lt i e
time , apparently wi th au f'f'Lc i en t Ly high t emp e r a t u r e i n deep -wat er
f or the first time.

Af t e r Ju1~' 4, temperatur e " f e ll sli~ht1y ;:q:;ai n but n o t
be Lev 20 d egr ees . Fr om July 3 t o 1 0 t h ey a ga i n r oac sli gh t ly a nd
f rom July 10 to 11 very rapidly t o a pe ak of over 27 degrees a t
::001 , the h igh e s t r e d Lng of the au me r .

Temp er ature s fe l l aga i n i n th e fo llowin g days, "pa aa Lng
bel ow 20 degree s a t tatio n 2001 on July 17 to 20 . "l'h ey then
ro s e agai n t o over 21 d eg r e e s on J uly 21 a na ram ained very high
f or t h e res t o f t h e uon t h ,

Thr ou gh out Aug ust the t emper , tur e r emain ed a b ou t 20
de gree s or ab ove wi t h any minor v1'.riations t h e mos t p ronou nce d
of whi cl, was a dip to abou t 20 d e r e e a in t he fir st five daye of
t h e onth followed by a ri se t o ove r 2 3 d egree on t.h e s i xt.n ,

Tile ab ove variations are based on temperatures a t 200 1 .
At 2003 t h e fi gu r e t nd i ca t e s im i l r var i a tions bu t a re no t 60
comp ibe te . At Stati on 2002 , t he mos t seaward of the t hree,
the oame va r i t t ons are shown b u t wi t h leso ran e . Thus un ea r l y
Ju ly th e rea d i ng s show a more ge nera l rise to the pe ak on July 11
wi t h t he minor pea.k abou t J u l y 2 - :3 not so eviden t .

T7> aummar Lze r Th e above da ta i ndica te p r oba b l e sp awni n g
bur a j s , d u e t o temperatur e s r i s i ng t hr ou gh t h e 20 d egr e e l e ve l
or to Budden ri c e s a b ov e t h i s l ev e l, a t t h e fo l lowing t i me s.

bout J un e 2 0 . The f irs t pas sing of 20 d eg r e es in
nha l r ow water but appa r e rrt Ly not in d eep 1'Iat e r .



Abou t uly 2 . A r iBe f r om bel ow 15 degree s to abo v e
Af f ec ti ng deep a s wel l e s h a l l ow wat e r by J uly 4 •

.. ou t Ju ly 1 1. J . su d d en i n c r e a s e fro m above 20 d eg r ee s
to the pe ak t empe r ture of the y ea r ,

Abllu t J Ul) ' 21. sn i n cr ea se f r oL'l belo, 20 de g r ee t o
ove r 21 de g rees fo l l owed by con tinucd r i s e.

Ab out ., gus t 5. mino r i n c r eas e f r o a ou t 20 degr e e s
to ove r 23 degre e s .
~ £!~ Oba e r -v Ho ne on the ue t t.Le men t o f

sp a t inc lu d e rOUGh notes o f the p z-e c en c e or a bs e nc e of ne wly
ne t t La d s p a t o n cu I t ch exnru ne d by t he \"Ir i t e r a mi record s o f the
number of a p t ob t a ine d on expe r i men t.e L bag s o f ahe l La p l a c ed
a l ong th e un o r e u I mos t da ily at Gra n t ' s poi n~ (mouth o f Pau gh ' s
cr ee k) a nd a t t h e l a borat or y , nd measu r ements mad e Augu st 1 2 to
,.u ~;Utlt 14 o f a pa t on the La t t er , The total nu mbe r on t il
ex p eri ental b CO wa s t h e v erag e o f t 0 ba gs c ou nted in Oc t ob e r
whe n Rl1 e u r v Lv Lng s pat .'er e l a r g e enou gh to be ob v i ous. '!'h e
measur emen t s we re o f 11 t e sp a t on camp l e s h e l l s taken in ea c h
ca se f rom a nu be r o f place s i n t he ba g .

On t h e bas i s of a p r obabl e s pawning bu rs t in sha l l ow
wat er abou t J un e' 0 an d an ob q c r -vud Epa n i n burst on July 2 t he
plac i ng o f bulky cultch (broadcast s hells ) wa s commen c ed a t t h e

"'Ginn ing o f Ju ly . i r e b b",S of lih e ll ", ( 'Nllich c a n be ha nd l ed
qui ck ly wer e not p l a ced in the wa t e r until J uly 14 - 15 v t
Paugh 1 0 cr e e k a nd J u l y 20 f arth er d own t h e i n l e t a t Sh i pyar d
point and Claud e Wi 11 Lama ' sho re . All of th e c u I tch p I ced a l ong
the shor e or o n shal l ow b e ds r e c ei v e d a h eavy s et, the heavie s t
being on t he ba gs a l ong t h s ha re a t Pa ug h 's cr ee k .

Exa mi na t i o ns of sh el l s aho wed no s e t b efore J u l y 15 .
Shell s ex mined t h e n a n d on t he ei ght e enth showed that a ve r y
h e av y Be t oc cu r red i n Faugh ' s cr e e k o n Ju l y 15 a nd 16 but fewer
at t he laboratory . Thi s i s re fle c t ed in t ab l e III. A f ew spat
were s t ill settling o n t h e 181 o r e now a t t h e l abora tory.
E.'tB.min ti on of aoe ll s on t h e 2 0"' showed n o s pat wh i c h h ad s e t t l ed
on t h t day , b u t ex cmi na t i ons o n th e 24t'sh owe d a few whi ch h ad
s e t tl e d i n the pas t t wo o r t hr e e da ys, es p cinlly in Pau gh ' s
cre ek. Exam in t i ODS on th e 2 7<"showed a n o t her h ea vy s e t on that
day an d Lmmedd e t e Ly p rev i ously, uu c n h en v f e r a t the Labo r a t o ry
t h a n t !-nu eh ' cr e ek . Th i s was the heav iest list a t the
labora t ory a s was tha t of July 15 a nd 16 a t t h e cr e e k. Af t er
that obse r va tio ns we re v e r y s ca n t y bu t , c omb i ne d wi th tabl e I I I,
t he y show t hat some s e t t lement occurre as l ate as August 22 .

The " smnl l" sp at o f t ab Le u I a nd II includ ecl a ll
below 0 . 5 1Ill!l . and c ons e qu e nt l . d o not i n d ica te ne c eae a r i Iy u set
on the d a t e of examt ns.t t n , hay ure , howe v e r , very i n t e r e s t ing
in t h Ht t h eJ· o c cu r e v en o n t h e f i r t ba gs put ou t and in c on -

Ud~~a~6 eo~~:~~~~ · ab~~~sl~a~~~~~ ta~u;a~; ;~~ t Ifg~~~i~Pi ~nO~~~berJ



s thos e pu t ou t with in a week o f examinati on i n u gu s t , but
wh en examin ed t h e y hud 6 .5/~ " 1JI~,, 1 1 " pat which mu s t have se ttled
in th"t week . Th u s t h ey show r. h igh r proportion of "e ma l L"
spat t ha n the tota l s e t e sugge a t , be aring mi mi , of cou r ue , tha t
no a l l Owa n c e is made for mortality. In view of t he f'a c t; t h at
t~bl e I II indi cates thu t there is a c on siderable deterio r a ti on
in the effi ciency of c u Lt ch (high e st totA. s e ts on ba gs pu t ou t
just before hea vy e e t s the data suggest Ii he avy lllo r tn li t y of
spa t as t he only exp lanation in v i ew. The y d o indicat e, to o,
t h at, altilou gh the efficiency u e c r euu ed , it w..s in 1931 s t i l l
considerable after many dave in the wa t e r . This i s co rr ob or ated
by t h e cc curre nce o f hea vy se ts on shello which we re put ou t
on Sh a ll OW b ed o in the fir Bt we e k of July but on which n o s e t
c oul d be found un til t h e 15<."-

To e u mar t se , there was c e r t aL n Ly a v e ry h e av y e e t o n
J uly 1 5 a n d 16 especially t Paugh 's c reek , an d just b efore Ju l y
2 7 eupecially at the labor' tory. Other p eaks re not a o p la i n l y
ev ident from the r ec orda . So e octo co n t i nued u n t i l l a t e i n
August .

Discussion . I'he a ove da t « a re limi t ed bu t h av e valu e ,
eo pecl nl1 y"ViiiliilCOriBidered with datu o f o t h er ye ars. nome p o i n t s
o f i nterent are nummar ized be Loe ,

l.~gfl'rval~.. ,lilepot uccurntcor
e ntire ly c ouc Lua r v e by tnem e Lv e n t e 1 9:n dat a a r e 1.1 a cc o rd
wi th a larval period o f a bout 25 days . There re two cnne a
supporting t h i s period.

Spawni ng a pparently occurred a b ou t Juno 2 0 wlle n t emp e r ,, ­
t u r eu s u I tab ly high e re preoeded and a uc c e ed ed by mu c I Low e r
levele. Obn e r va t t ona of oysters t nd ic ted Li, i t e d ap a wn l ng t~l en .

There WI e undoubtedly a ve r y he avy u e t , eSj eciully i n rc.ugll ' e
c r e e k, o n J u l y 15 , and 16.

Be t wue n June :oS a J uly 3 the r e waz a rapid i nc r ea oe
i n t empe r-vtu r e fro m below 15 de grees to ove r 23 d greee. Surface
temperatures rose fi rs t . Acti ve epa wni n "as obu e rv d nea r th e
l a b o r at o r y on July 2 a nd exa. i ue t Lo na of oy s te r s t hat d".:I ah owe d
t.h z I. c cu s i d er ab Le ap a wn i n g na d occurred b ot t he re and in Gz a nt. "a
cr e e k , a l t h ough later ob s e r va t i on s ind icatod that Le aa h ad

occu rr e d in de e per wa t e r . A he avy oe t oc cur red on J u l y ' 7 a nd
immed iately before , especially ne ar the Labo r o t o r y , "rh e
occurr e nc e 0 e ome set on July 24 - 2 5 da y s aft er t empers t u r e s
bel ow 15 de greea - t nd t c ot ec that for some larvae a t least the
p e.r i od is Le a s than ,, 5 day s , bu t only s li gh t l y so . Th e h ea v i eo t
se t oc curr ed nc r t h e l a bo r a t or y 25 da y s a f te r a c t i ve spawni n g
was seen there ."

Th ese two Lna t a n c e a ar e clear . Other t ns t a nc e a mny be
au ap e c t ed , such a s the app rent increase in Bet ugu s t 3 and 4 .
(ta b l e III) r elat ed with t h e t e mpe r n t u r e p ea k of July 11. 1'h e
data c o r r obo ra t e the f i.n d i ng of Mr . cdcof i n l a t e r y ea r e of a
l "rval period of ab ou t 25 day s •

• ~l!!~~.2.f~~ Th e
dstl'. t nd t cs t that there wa h e vy e pawn i n g in t h e cr eeks ab ou t
Jun l~ ~O h 1 ch rlid not ext e nd to deep er water . ' Tt. s e t s i n tab l e
II I a r c 1n g e n e ra l l at er Rt the labo r a to ry wi th the l a r g e s t s e t
a bo u t J uly 2 7 ins t ea d of 1 5 to 16 . Th e fi gureo f or ::ihipyard
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Table III. Spat on exp e rimental b a gs of ahe L La , Bidoforu r I v e r ,

1 9 31 . Total numb er e of ap a t on the ba ,a i ll October.

July 14th
16 th
17th
1 8 t h
~Oth

21at
2 2nd
2 3r d
24th
25th
2 7 t h
28 th
29 th
30 t h
3 J s t

Au g . 1 s t
3rli
4 th
6th
7th
8 th

11 th
14th
18 th
2 0 t h

'72 80
4463
4 723
3897
33 16
3106
4 6 31
2 942
4159
264 2
2682
25 57

556
198
346
949

1307
4 14
336
29 1
1 23

71
lIone ~u t ou t

2 9 5 5
4376
5 :58 0
5 1 61
:H 17
4 0 611
4 827
3971
5 277
66 5'7
4 32 9
149 9
2 84
1147

764
324
623
5 35
241
318
28 2
164
120
113

49

1
2
3
4
5
6
7
8
9

10
11
12
1 3
14
1 5
1 6
17
18
1 9
20
21
22
2 3
24
25

Put out July 31 s t . at Clau de Williams' creek 30 34
Put out J u l y 31st . at Cooper bed . 12 0 3
Fu t out July 31s t . at Shipy~rd point . 2 5 6 8
Put ou t J uly 31s t at Ellis cove. 13 62
Put out J uly 31st . at 1L<~cY.aY'8 p o i n t 9 76



po ipt . Cland.e illi ams ' creek a nd Coop er b ed su ggest t h- t the
set was . on the wilDI e , ev en l ater n r ther se a a r d , 1'he l a t e r
occ urr e nce 0; t h e e t f' r t h e r 0 n t ne t n l e t i i ".J i ll t ...n t
point t o be borne in mi nu in predicti on of sets. fre icti on s
a p l' l y "DI y t o limi t a ar a s .

Z. Decre"Be in e f f ic i enc y .2f c u l t ch. Table III
ind ic t ea t n"t t h " r e BS in 1931 a con i d or l<ol dec r a tI i
t h e e f fi c i e n cy of c uI t ch wi thin a f ew days after placing in t he

tel' . At t h e l,.bo r" to r y the bUfs put ou t o n J uly 25 n nd 2 6
ob t a i ned mo r e apa t , p r esumably f r om the h ea vy set on Ju ly 2 7,
th en <li d t o e pu t ou t s f w d y a ea r lie r . the b ig t o t a l,
set s occurred on ba ge n La c ed in the wat r iimlediately be fo re
th e h e vy seta . Th i s is i n a c c or d wi th the r e su l c e i 19 :10
when v~riations in tne to t !'l s e ts o bta i ne d on bags, a t t;la u d e

i U i a ms' sh o -e especia l ly, clos l y p ralleled va riation.. i n
t h e nu mbe r of l arvae rt: .,d y to settle t the t i me the bag s er e
p Lac ed i n th e a t e r ,

Bu t the de crease in ef'f'Lc Lency waC not def i nitely
a1.0 n to be s o gr sa t t u .. t be s p I cell i ll t h e .. tel' ( e. g. 'It
Labc rr ry Jul 20 0 23) a fe ~ da y s be f or e hc'lvy s e t u did not
c a t c .. g ood paying nu b e r , Ba ,I ... ... ~ uu t s" 1'1 .1 B uly
14 s til l ob tained a co ne t rte rn b Le nu mber of e t j u s t b e f o r e
Au Jet l ~ to 14 . 'ab Ies 1 n I I do not In 1C I,C a IlL'es
decr ease in effici ency . The ch an e in eff ic i ency is p r cbubLy
not a s imp le dec rease bu t the e f'f' Lc i n ..:y ;;ay TRry i! "uo h irect i on s .
t h e change s in effici en cy a Lao pr ob ably differ f r om p La ce to

l a c e an d 'Jea on to a eus o n , ~Ior" i nf orm F.lti vn i s ne ed e d on this
s ub j e c t and.it is not possibl e to ex plain th e conflicting evidenc e
a bc v e 0 11 t he ba a t e of U. c ev t de rrc whic}. i o ava i La b I •

4 . "pawning ill!. sho wn by examinati on 2! oya t e r s. h e
11/ t, ti o na of ~ in tio n of 0 e t e r e as n i nd i ca tion o f t,
proportion of ap Wilin g 'h i ch has taken lace r d t s cu Bed 'In
pa g e I, and th ere LS no n ed to r ... t t e d i a cu aa Lon u er e , I t
i s e v iden t . however . th t to et 11 c l ea r pi cture it ould be
ne c e ur ry t v x a min e oys te r s fro a grea t v i ety c s i t uc t i on e
and t ho t e ' en t h e n it auld b Lmp o sn I b l to gv'itge the relat i vs
i mpo r nee o, [) n Lng tu e tu a c cu r: t ly . II 1 9 31 t h e ob e e r va t f cna
did uo t Ln d i,c te , fo r exarr.p l , t he relative impo rt nc e of t he
JUI1e 2C s a m iug u st .

SUI'lmRr y . The cl""te on sp a ni ng an d s e t t li ng of sp < t f or
19 31 i n ll i de f o r d river ar c re c o r d ed for c omp s rieon \l i t h mora
co mpl et e i nf or ' t ion a vailable fo r o tner yo r a . .i e data upp or t
a l arval p eriod of aoo ut %5 lIlayo. they indicate t h e d i f f e r enc e
i n s pn .ru ng time b e tween d iffe r n t de}ths a nd r t of t h l n l e t .
Th ey p e a e nt conflicting evidence on t n e fo ull n o f cu l t.cn ,
SO~ , I)f t e n p e c t s of the e ne r 1 pr oblen. il l'S <li s cu .sed i n a
ve r y curso ry anue r , Time did no t permi t ex u I ne t i vn of tr. n
data in a b Lua I and II in c nm. c t i o n it~ g rowth ra t e a ,

:: l ler:;lie , :t . s . J.
rc h, 193 8.
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