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~ Wl.ueoo. of tellp4W&turt on the ld.<llhOilios of M;tnwt (l;b.y!gpay) 

JQ.ol>OIM, mseMm »tNtts ~ t.pgae eW!B!Y baa bee 
at~.a. both in the laboratory~ oontrou..ct con4itians and in 

the t1.4ll4 ~ ~ --~ t.nnumou. Field atu11ea ....ere 
.m.a out U1 two ctUt.-t l ocalit!ea, ca.e a aeai•perllanelt pQll! 

aZ1d the oth• a~ atcrboaJ. For this p\tt'pOIIe a eaapling 

illpl .-.nt -.. 4..-.lop-'• 'the reaul:ta 8how the. aeuonal progrea• 
a1c.'D ot the• lJO.pUl.a. Ucca both with reapeot to •tU&ted nulllbera 

and the a1n 4ia~ut1c:a ot the ana:Ua. The rate ot actual 

J.rJ.cNa•• at autcrtnt • ._.,. aa caleulat.a tor the th.'H4l ~­

.._.. d&k wre I!Uft'"icict. ln the labOft.-t"Y the anaila 1Rinl 

alnta!ned at .noua t.pen.turea. other oon41t1cne being kept 

etandud. DaUy reooria ot JIOrial1 ty ana teo\bti. 'fiy ot "tartGua 

cobar'ta ~ f'rE)a the esg ai:qe .-bled the OOilpUatiern of 

lite tabl• tor ~e apedea and b-Oll theee data were caleulatod 

the intriuic -.te ot natural inQreue and other pQl"Uletere. 

Ettecrte of~! SA aquaria,.... atutied. Free the data 

obtained in the laborator,y it .. poaa:tble to pz-eaiet the ats• 
tributi.an ana populatibn potential. ~fh each epeci.ea ot ana.il 

tor variQUS «J.v:irCIRIDental con4iti.ana. these precU.ctions were, 

in tact:. contil.'med. by field ob$el"Yat1on. 



The ~uat1c anaU hbata ot the blood fluke §phi!toaomo. occur in 

a vnriety of watft.bodioe widespread throughout Rhodesia. These 

babtta.t• a.l'e in a conttnuo.l state ot ohtlnp and. are subjected to 

bath cU:umal and see.eonal -.ar1atiOI'U5 ill the pbyaical. tactors a£feo­

ting the en~t. In $Uibller they are heated by inten.ae sunlight 

and periotical)¥ are flueheCl out a. a a. reaul t of heavy raina'boraa. As 

the .-..cmaJ. rains end conditione beooae ata'bUued tw a short perioa 

but thia is tonowea by a. aharp 4rop in tsaperatun. with the onset ot 
Winter. Tbe winter a,euon ia .no:-t, las'ting two to three 110r1tha, and 

the aubaequen.t wara, ctr.Y spring period is characterised by rising 

teaperaturea and e. hi&h nLte of e'ft.poration which otten reaul ta in the 

drying out of the w. tel"bocU.... This iapeaea ~ anere obstacle to the 

inhabitant. C1£ the biotope. Af'ter a. per1.od ot fteying duration the 

normal seasonal re.Ul8 ••' in M4 the • terbQ41es are onoe zao,re repleu• 

iahod. 

!rbe coapl• eoolog1oe.l. stq~ 'Wh1ch oceur ln the biotopes are 

therefore clomtnatecl by a nriea ot ennta euob u clilution and nooding, 

conoentrat1on 8.1'.14 ctutooation, ~~ eur.feit or scarcity ot 
tood, and great "'U'iatiolla in temperature. These are beat analysed 

in4i.Vidually and in stagee. It is the ptll'pC)ae of this work to inves­

tiga:te the etTecta of t~ture on the b10l'lCM"1ca of' the planorbid 

boat& of ~to110a, ~:inua (fb,yS()PJ!i\1} &l:obQaua (liorelet) and 

Di.9J!Rh!l&l'ia. pfeitfer1 (Krause), and then to atteapt to validate ~e 

clata. obta:tned by tield observations. This mt.USt involve a consider­

ation of other aquatic flora. and ftt:una, but for the purposes of this 

enquiry, cmJ.y these other species o'f snails, Minus (~inua) 

tropious (Krtluss), "Bulinus (Pulinus) f'2;1!pJ.1i {Ehrenberg) and 

LY!!l!!! nato.l~s!I!J (Kra\lSS) have been included. This will not provide 

a oom:plete eoologiee.l picture but if it helps to clarity one single 



~ ot ~ p:!Obl•• the ob.jeOUW Of tbia ~ w1U haw 'b.­

aCibA •-'• 
~the ~tiw ~or t~a~e ~ 

taotan 1dWIIb ft811&• ttae ut. r4 ., ...... _. pulaelnate .. n., 
j.t 1D1J1.4 ... ti.Jn ........... -- ... tboH IIOit !Dtlue-
tW. no .... , it 1i ..w. .. , t•l*&tGN aloDt lJatta ta:. 
~- flit a ~. tor .- la the m.tonl. ~~ t ........,... 
~ ..sll h a lbal~ JIO*lticlD ... ~~la om .. ..,. 
~ 'tilionl1tlt.ala. (1t32) hd ibolli that enm :m 4eMria 
..... t.bAill!j .... _., ~ ~ ot ,., .. ture and b1.8£d1t;y 

• q ••at looaUoci~Da, libel~ ailbii cdat 11bae ooali~ are 
~- ..... -~to ll.h. 

lD - t~~t•* ~-- u.DePt ...,. tbe habitat ... ~ 
oo, S.t 1a MlA1ca tta~ •'dwa t1 LM8_._ 9U1 w arq 41net 
~ 41iMM1• c tt1e Mll'IIIIJID JaMbs..-.-. (~ All1 ,_,.), 
abl\ ~ ill tbA ~ __. ot Rho4-.da t_t W0\44 be a .oat 

....... P..••• it~ ...... J,n -~"*tO ...... 1!lhUlh 
1ICliQ14 po. ~"'-1 the ..._..._ li'dD& ... 

ahilit¥ o1 .. s1a 1:0 w.t.ttw WSda -~~ ~t1c.. hU, 
bt an ••, "- .nU.OOel Ml1l1 ...--. in Sa ft.~ COr6oo .tl ail. (1,,..,_... . (i,..). -.., (1950, 19.58), ~-. (1,50) 

d (1958) .U -.. att.tSIB to the ~ tt.ptature J"an&ee 

wtd.oh 000\1l" Ill ..u ........ b\4 all ... -~ qQOk --- w.-
pcta'tur'e ~ n- OI'Je 1eft1 CID18· ~~ ~ eJ14 
z~ (1954}, m a P'l*' <l•il\Qid to in4i te t~ture nnaea 
.S.tldn • ~ West«\ Oeaal. Sll ~~ ..cte all ~ at caw 
Uptb. !helele WCII'81:a'"l•enta do not Sn taot retleet tho~ C)Ob-

41U:ctl 1d.th1n ea.d'l beld:tat. the ~e •t_.. becoM heated 

durins 1:he &q, theN om be .nre4 th~ etraUfic&UGD, ~ ocn­
.,_u.an ia iluN:f't1cieat to al.l.olf tor the 414-tributian ct t.bia hea.t. 

ao that a Yf11:3 l»t ~ •te:r a.t a cleptb ot 25 • 'lf1U ~ 

bo 1t. .. 5°C. ooolGr thAn the $ai'aae tw. ~e.J, (1 ~), 
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in &bc\.w.-ing the Ut.portstt.oe of t.-penture, atreeaea the ~aenoe 

etf ~1tate in whioh anial.a .ay seek refuge :rn. OYWaU oon-

41ti.Goa.. It i.e thwJ hi.gbly probable that the apparently wide 

toJ.erance abown 'by then aq"tat~ ane.Ua ia not due to an.;r abnoral 
~ioloai.oal aecbaniau, but to their ability to aelect t he 110re 

aut table lliorohabita.. lfatiiGn' ( i 958) 4~ing with u am 
(NJ.pw!) J!moaSue (.l\llloin) ~ the Micldle But. atatea that tbia 

speo:lM ia oapable of bree41ng within the range o-r 1 sOc. to 8 Dear 

blood hea..t". itown'er, reeulta pnaente4 l &'ter 1fill show that 
altboup tbe:1 uy auniw nob extraea ot teaperature 1 the oapeoity 

tar increue ot tne *J*Jiea ! · (!h. ) rcl9boQI and~· ptSttm 1a 

~tly lntl'*''*' by tellp4tftt.Qre ana that tMa oa.pao1ty tor increase 

will be •ri,.d only~ nab~ tellpC"Ilture rana••· 
l't ia c~ tha.t lethal t.-pera~ are not ~t Wlder 

these O'U'ouMtanoea. th• it wu telt 'that the-~KHJt a~f'ioant 

intonatim. could be o'btdned traa a atu4¥ or lite tablea 1lbich a.ro 

a reoori ot JIOrtali ty and tecun4tty throughout the life apan of a 

gro1.1p ot 1.ndi"ri.d.\la1a. A prertquiait. tor the 4etertdn&tlon ot lite 

table aata aa to culture etnUna ot the Fel~t ..n epeoiea 

under controlled CQDIU.tiEna 1n the UbQfttory and then to inveati.g,ate 

the trn.ou ot ~~ aDd .;Lao ot CJI'OWIIU.na ~ growth ana egg pz"O• 

duot:lA:ID. The a..ta 'U.ta4 to co.pUe the lite tablea were obta.in.S. 

troll J• (&.) sJ.c*g!M, !· R<tUtFi and It• !!ftN.py, keeping aU 
oondi1d.CJM eou1:ant or ·u.ilu', an4 •l')1.na Cllly ttapenWl"e and 

crowding, Daily' reocxrda of egg production and ~ity were Mde 

O"!!ffr a period ot }0 IIOJl-tbs in orcle;r tQ determine theae clata. 1d. th 

cr1 tical e.ocuraey. Thu. it -.a poesible to oalcula te the intrinsic 

rate ot natural incre&ee, a. JDeaa\ll"e Qt the reaction ot tho species 

to a aet of conditiona, opt1MJ. or otherwise. In conjunction with 

this, the rate ot srowt11 ot !· {Jb..) &l<teuw. ! · pte1fl!P1 ana 
e• P!!al.tM!• was measured mder ~oua conditions ot taperature 
in Ot"der to be able to mke an eatiaate d the rate of gtOirth under 



\ 
ft.~ OODISt.i.OQa. It .. 1n the ephere ot t:t...\4 ~~ana 

U1e ._,.u.an to t.bU or 1M ocnuone& labat&wey aata. that the 

.... -t.~ ~ta ..... ~. £heft pJ"'Wc1 t.) be - hi&h 
«...- ot CICll.ta-., ill t.bl wo ....._ ot WOI'It. uanti.ta.U.w 

IINip1 loa ot rat~ oc:NJcSW~taa ..U papd•U.. owr a ~ ot 
<tU.. bu -..bl.e4 tbe .. u.u. o1 aat\al tiUIIIbenl ot .. n a e:s:lnW& 
witbila. Ule Mbltata. Md.U'ble teabafq.._. it bM bee _poealble 

to ..U.te tbe ap ·~ ol a popllAUQA. .a thue• by' •tclbSng 

U. --~<I a~ w&'tb.ia ibai ~tun. to.eRSa'k i.u a-1b 

•'- .,. t•..U\Y tDOAw -~ oooK~ ~ to ctw1w iw •t• 
ol ~ ........ the ~SAlt. 

\ 



-s-

n. 

v...s.o. ~ f4 oulti•Una t.be Snw••ttiate ~ .. u. r~ 
~ bilmt beE~ OowJ*' (1Sft6) ~ 

D9&aalt (lf:lWUIW -·· DrUM· (•Dft-'r£11:) "'"Yi 
( u.t U4 )f1.lerbeul) _. DPI"!'t 11•• ~ &I <......,u 
JlelntMI (aq)) .._. oaalitloDa 'ltd.oh ~ OOllUawtl un.tiol.. 

!tJe .. u ..... r.a • ~ UbboUal ~ 1 ...... a.~ 
the ilp4 ... ol 'botJtila .. _,_ ... ton the equuU. to ll'fOi4 the 

~ ~,., 1llhWt .................. how...-- :tM 8&11112A 4S4 

DOt al-..va ~- -.u in UUa ...... --· s (1 ~) 
noo.r«ea the ..0011111\4 4Nl ~ ., ...... t .. , ... prOMtJ'IelQCbiftl,te 

~ ot ..... (JlOU....,) aDA ~ .. .. 
!fAIIP' (~) el~ he 4MB not ..u. ~ 60\ual. •tld 
..a.. 5~ (i91.9) ~ "''fJt7 M1:r .. ~ to li!U.ilt&Sn 

J. lt'W' anA .D· 'avftHI ~ lJf.Qlos«•ll¥ ~ aq:cae.d.a. 
tiM ~. a'Uratltl¥ ..u.Ael ia ~ to the ~ttan ot the 

tOQCl# ... ~ie4 ~ io .. oult\ft ot ~· &k*-
DM ( 19,_). 

filia l&t'Ur ~ appa1'IJ to~ ~ to 
~tcr.Y OOIIIISUona an4 bu tbua beoaile tba 1II01"t bio:I!:M ot 
~ ~. ~ tbo pUt t• y-.. auch ..-J.Uible 

WOil"k baa been ouri.td. out Cll1 !· tltli:!W both m iob.e labolat.oz7 
.m iAJtbo tield. hr~~ (1958) )'U ~ ill 
4etaU 011 the bS«<QQdca o£ the ~ ~ CQDi:rollbl ~~ 

oond.t.Uoca, 4eeoz1.b.tna teounalt.y, pcoth rates Gnd SUl"'¥'1~ 411 
wr1oua O<lebinat:t.ona ot QtOIIliUna, ~ture and tec.Uag. 
( 1958) bM 4eecu:.1.b & •tlliXl ot Jllt.8a QUl.tiw.tion ueing large 

equa.ria in 1lh1oh are~ 2\J'l.Clft mesh har.Gocke. t.th• ...Ua 
aw en4 'bree4 in the.M u.4 can be~ • aue with eue. 
the eftGCt• ot ~ on roa.te and fecuntit)t ~ a,m.,_t 



te.,..-.. OQDCii~,..,... atuaie4 b.Y ~ an4 ~ 

{1'~• b). ~ani. tbe looaUoa f4 atu.~tora hila 

~W. tf1lr 'thU lp01,•, cbiliJOO { 1960), u haw the 

.rteota f# _,_Ucrl. au.u. (19:56). 01tfMr aD4 ~ (1956) • 

.b a ftnal l:rwHattG1 ol ttie ~ oe tiOrk cble CD 'tho ~ 

ClpiiO;lw ot iibaila .. ratflnlllOO ia .....w to Ol'l4 ilaltb Orsmi•tt.oo 
··:o~ • biJ,llariUeia -up to 1956· lD tbi• ...-~ 

:J.e ~ .. tbe .... ot 98 i*Jjlen 'tlbUe ia Nparto4 

18 UMid iJtJDmw'•l k ~ QDl.J tour u... 
lD ~ .S.ib all tbU WoraUan. on -~ llf1r<!:t\1l 

tn .. ill a ....t.~ leu1ih ot ka?iOwlef&e an the ~oa ani ecolos.Y 

or tbi ~· b»t .. ,1• or ~ Afri.oa, 
• (Dr) tOa.. iD4 ;rmg:w1r. ~-o tM.a om ~· bo uc:ribed 

4ii"ftcnnlttee wb:1oh b&w 'Me ~~ m ~ ~ •'"*'- baw 

··~ to ~ ~ ..-ol• ..... ~u.t ~to.T.Y txmasUona. 
Tbil ttN-t ~ ~t .... Q1 ~ 8\l)~t .. ~ ~ 

~ ... CJ.u ... (1~) 

~ Mllli-. aa.-aa. 
tar.Y QOQU~. 
tbatf;lf:~. 

~~~~~--(~)~----
~ ~ or oult\ri ot tat. 

tiCI'UI ... beil!ll1 ioallXlelt pel"'taiDS.ns •inl.Y to the 

~ ot ~ ~ 4Ul4 'f~it.J. &bi14 sJ.¥8 
llelaaria are aa the 'breecUlla tankaJ ~_.. 8hou'14 be no aeta1 

in acntacrt wiih the •te:r nar ~ ccrnero to b14e the 

pr•rnoe ~ enp. 'D1e tanka an or tm ~. 1 .t. x 24 ca,. x 
15 • deep 17 X 2lt. •• X 16.,5 • ~ tm'lJt:r tanka 

1lbtn ~ t.il:rve U._.. r:4 •'tc atm ret4in sul't"icial-t ail" 

OOWil'' abd1Ar.tr 1d.th tho l«rpr ~ fillo' 



C.ih tCIUI" Utne or •t•• 
llD4 4D ~ .:U c-or 
eq, ............ 

l.ar8t IJA• • a I tel ot 
IISQI\ybottcMaplaa.MI 

~ 
aq~ .~, ol ..... tbMe \Mia ..... ,.,.... 

~~-1~ ~ ot ttt. Ml-4l'dMil 'tM$ .. nt11.W 

tete taw b.- r.mt!d. 

ab'IIID~ ..,.....,... 

&«l1M1Wes&C811 ... 
tb1a d'QII~~~ to tlM Br."&.v.A .... 
1at4 Ql tbe d4• t4 

~~lftall:tal. atoQk has 

fiJ8Cb!ri :yeo 

..... laf.pt 411 

taU.v .rate 

IIIIWIIIMID U ~ 

to to tht.ia a ~. ·!'tWa 

¢. to altco ~17 b·fttl!W)fft the oa 



- .. 

i ., ... • .. , :S .~,..., 

., ., .1 7.8 

.o , •• o 

.o .o -
2.0 1.0 a.o ~0 

•• 36,0 "-
,o.o .o 

.o 6.0 '· ,JZ.o ,Jti.o .o 
• ? • '· 0.14 0.1 ,2\ 0.10, 

r 
.to : 

I 
o.a, 0.1 .,, I 

30.0 .. o .• o 
12.0 12.0 14.0 .o 10 .. 0 10.0 
?.J.a " ·' 1 ·' 

17., ;· 
I .o 11.0 '2.~ a. I 

.1s 0.1 0.1 .2:> I • I 

l 
' ) ' l 

) 14..7 14.2. 5.8 1,., "'·' i2.~ 

1 



_,_ 



-10 .. 

1t ~ aclUlt ..U a.t the___.. temp«atufta, 11h1l• a~ loww 

~·w ~wtr 500 a1. p~~r a&ll~ aoau wu ....rr~~. 
U oanli~U. ._.. IICII"e ~ ~ ~ to be 

J."'iic1UiMii ili:i4 n.te 6.1' growth .. att~. ·~ troll ~~ 
•ter t J ,.....~ ...... ~t. I4AI. OODti.'Uala ~ 

to M •" • ~ ~-~ture fd 2S
0o. M tne -tla ~'Nit 

'l*tc. ~the t-..-.~.., ~· or 
aub~ to ~ ~ 'Ul4 ,,,.,..1 ~iems. veraae es.s 
pro4:QDti.an lor a ~ ot ~ ..U. kept at 2~C. owa-' a ldx wek 

pexiAMt -.. 83.,... pe ..U ~ Wllll, ilh1lA ror a bawb ot 2S 
SMile JeeP tt:r a e:Jidlar peW at roc. t.~tunt (19 • 22°0. } 

~ ~ .. 20.4. .... pC" ltlaU ... 

1'be aq\IU'JA ¢l«<n04 <Nt &.U3', taecea o.hd uneaten fOOd 

~ by ot ~ ti.tted v:S.th rubl1«" tea~. aft«" 

WbiCb food att&oa. ~ tood 118:ter1al .u lettuoo 
~ aoc. to cl,ausber (1$160). !reah lettuoo leaves 

boUttd ~ two ~ ao4 ~ ~ in COld ter tor a. 
~ fw lldmltea. '!he 1•._ wr. t.11en apread out CIO slNa 
aheeta ana. ~ 4r;Y ~ 1lhiOh the thin t1~J~Nea ot 1~ 
leaf ooul4 b• peillAild Ott the ...,._. and apt tor l.<mg ~ ol 

tille. In tiQD. thia. \bm all or raw oarrot ted to 

• ft1U tOQd -.. takm ~culArlJ' well "by 

tbe . ~ aoa2.1a but 1.n lftl.nl ccQtiU. it 4~ l"l\piaJ3 ODd 

to be t'81IO\T troD tbie aqua:riA wi thili 48 llO\XNJ. 

1'he aquarila •t ohncnll;y oont!itianed by th4 ~ticm 
ew>e a ot a. t ~ ot a .5; ~ ot ca.lciur;:~. eAl."bcate. 
itbQut tb1IJ tne Bhell.s ~ GCtt ~ ortan baa1.Y 

t«<hd. •ter oompl.eteJ.y ~ Um ttl time when 
:tt ~~~ ~ or wh«l tbo al.0ll gt'O'Wtb -.. too 
ase.. 11.-J.tbJ.cat CC>UliUcl'ls obtained 4th the ter QJ7otal 



•11 -

a. 

~ .._. Ulili4 tln4 ..-. ttUe4 Wi atus. ~ -~. 
abcld.Ot, ~ Ue dU ~ lilt QQ. tbe t1au ..ue f4 th• ~~ 

but ~..net ~ i4 ~" ft•Una nea:r :\he eurftoe. 'I'bia 1'act 

.. Do't4l4.,. (19t.9) -- 014~ • owww, .. 
fflft 4118 ••••• ...._ 4~te4 CD the 8).ua ...U. of the ..... and 

.... 001114 be .. £ale4 .. ...,. to --l.Ub ool..., .... ol k'DoiiiD • 
c~~ ot tb.e ~-~ ~~y ,,•~a~U~~~EIKI!Gtt;a. sda~1! ta.ali t'l'oa ~ - ~ 
~ uNd 1n tq;ua:t'U.. P.f'iOr to their Sn~ ~ 

aoUe4 :Ia a ~ ot W. (etb1l ~te) for )0 

~ Aal4 '*P •t• 
ura.:.~~...~a~.~• 

~ maila N feel with U. aaM too4 U ;&. ~ 
~qvuia OU'W1 tor in .a. 14•tlcal. 5.'he treat. 

t or maUa -.a clit:l'_..t ill ~t ., 4l: not r$lUU. 

~ta but ntA\17 too.\t ~ boil or ~*' 
l.ettuc:e. bo aetb ~ the ll,t• ~ <.\a~ ( Qh. VII) l:d.P 
surv:ival. rates haft bee~ both a.t ~ Qn.d at 

25°C. AU $ -· p£~ Ul. tJU.a ~iea ~f ta -.re 
a.u:n:· .... -- b'OD ldnale batoh aolloot trto tM looality u the 

,;. • ) al9Rss ,..t1ocea ~ •• 
A ~ty 'tl'llicb baa bee ~ 4urinn the l.abar&tQr.Y 

oul.turo o!" thia ~- that aoaU in.olmecl to 
crawl out o the ter axl4 aiibere to t he S)au si ar licl the 

\lU'iua. ~el.la repl.aoe4 t.he.y would ~ out of tbe tor mtU 

f1mlll.Y they • CAlce tho Us :1a All uari1 exhtbi'ted 

:tier ttwq ol4 continuat pereitl't«ltly no 

'3 Wl!'e ~eel arul durin& this po.rl.od. 
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1lhiGb coul4 1aet to:l' Mtii."Al , would not t at all 

pOrib b•• ""Cl1s:l'hl•• AtW a ~ ot ttlle -.a -.. to -.mllll" 

WOU14 a.... an4 - ..us --
anoe ...... ~~ 
~ .. r:.o annuw!l't ~"*a te ~ ~. n tas 

char• .. iO with ( 1aD ' 1Sit.6) 

an ...,_...-. ocaU.uar. 

ulad;y -- t ;cr« .. CQII&'I:mt t ate.n 
eqy ~ NUICII\- ~"-a .. 
-. 'tblt ..Ula .- Uh1;r to be atteiO 
~-6-.~td.&o • 

~~ama~.~ 

~.ma ~thout 

OOil!Cil~~ ~ DOW 
tbOee cU:btn 

J!. ~-...~ *PPeiQ!"llll2 to be le t1w to than 

( ) MA Ocral.d Wlemta kli1Uira up to 

cr U.tn 111 ~ ~· ot ~ C.th 
d't'Ct tb 

tOll! 'the ~ tlpi!O*· 
!WC:e,880/1:7 ... m 1;be ot iho ~ bt;-=no-... -.-....I.IJ 
~ ~ wau14 DO' •t J'#el~IG tc:>Qcl8 bQ't ~~ a aut of 
~m~~ 

G.ll~Dl• 'befOxv a bMoh 
ctl0l"U81ta·tha r.~~~ 

... C0\44 be rii!IIIIIIO'\ft!d 

• 0 ~ 1081ltt -..uld take DO '"'P.PA\1IIIrilll 

WltU ~ - 3 •• ltli:\s, at\er they IQl r, 
~ .. "" .. or lettw .. 

fliOirth nap1d 0 111o'vt..I,;I.U. 0:~::10 

l> 9cn410 • 1 • 
~ ld.tea a1.11\0urt\ sn tne llbemtao at tboH the 



_,,-

.,.llfHIII. •~na 1o be Vfl/!1 ~· to ongooa•UD!t. 
~llliii~N in at 
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1· f.QA!. 

:royle ara Ues ao~~~e flft ailea to the n ort~t of lla&oe, 

17° ~. s. ; 'j!J0 .58'!.* an4 1• 1n the drd.nage vat. o£ the Littl• 

IIasoe ll:lW!l". In a-eral, ao1l ~ <m the f'&nl la poor an4 

th•• are l.8.r Uacta ot praoUcall;Y tlat l.all4 1fh1c)h ten« to 'b$ 

Mnlhy dUring the ra.tn;y aeuan. 'tbeM 4eD;p regiana are lcnciJin ool­
lo:t~ aa ay}ela .. , an4 1n a larse· Tl.:l near the Little laeoe ri'ftr 

a. aer.ld err two <lepreu10Da in close ~ty to eadl othel' be.'Ve b.en 

ex<:& 'fated. Origj:oeJ J;y, clay' t~ the ~Malltacture at brick& -.e X eaovecl 

but for a~ yeus the holes ba'\l'e been neglected end ~•e beooee 

~ .at8rbodiea holtin& w.tcr t'roll the anaet of the ra1na ~ uaually 

1n Oftllllber until the 1BJ"'Il ary ...ther ot Auauat. Aquatic and aeti­

aquatio pl.ant:a ~'"become &etabl1ahed in the pcn4a 11h1dl now tore a 

aatia£aotary habitat tar !!I),M!J! (H3U21l!H) Jtl.o!?s!!e and!· c-a,aaa> 
f0£!Plii. 

The upper JCind 1a l.ceg and Mn'O'IJ (l'1f!. m .1) with steep ata. 
and is between 50 an4 80 ca. deep 1li'lel Ml. The bottoa is eott aDd 

muclc\'Y with a tew broken fl-a.gilinta ot brioks aoatter«l A'l'OUft4. The 

low.- pone:\ ia ~· ~ in shape with the apex ~ the 

uppt.r pOl\4 an4 the base formed a.t a road orose!ng below the pcmd. 

a ere too the eides are steep and the bottom is au6C!y , while the depth, 

u before, ftriee between 50 and ao aa. men full. '.tho ponds lie in 

the natural drainage liM ot ttt. Vlei1 and throughc>ut the~ 

a-.acln there 1a a coo.atant tlow ot • ter into t he upper pond ro'l4 

~) through a .aries o-r grassy nmnole, to the lONr pond and 

out aoro&B the road. 
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:tbo 't'lel )lQ Q. Ju· t .-, ~ l"attl. 4ft 

tlooiSbS ot the •Wbo«Jt.• but &a taw d 1a 'bi.ot 

tu tloo'lhae u t!'..,_..,. ~ h.1l1 lwelia ~ OODeSa-
tct. • pDia ee ~ tc1r -*" 011 :t 
mo.,..ba"_ • .Apnl), t.b«t an W.W4 Sal ~ u • ~ 
1fb01e bllft -- *'1111'1., U CDI -~~ the 

. mel ,_,.. NU t.a ltl-' eq • ..-. and a.riaa ih4t ~ 

~ GoN~~a.-ts.c:A Ole .a NU trc. to , 1%2, 
ll'OII • 'l ) . ., 1.eft1 in 

July 4&\t'~ AU8Uft ~ lt.J ~~ Mtl• ot •te 10- 11 011. 

a..p .... left. 'J'bla IIOCil ariel ancl b .tab1-.t 1#:1 
\D'Ul.~~ ~....,... ~ • 

JIQDIIa QCI!IIp)eieq hU Mrl.T tn • 
ftlj \b~IDN,. ..U in e ha'bs.to• _. • ) ASil-11 W1 

• (lY an a~eU IUlllbcmt ear)¥ m 
.. ,., 5··--~ 

.wlilliiiiiiii&O lo!iWI:IIfiiiiU& .. ~. 
lRftLY <le.ttle ~ 

&'l"'tmtl· 1bo • 

'l¥!f"~~ to -.p, • nx . ., . .. 
ter part ot tho 'ftiS rtua aaeaosaw with 

-~- ~le ~ 1IIIJf:ft 1ll 
loft d tharefOJ"' Cll\l.y UlCil tl JCil4 -.a Mls b' 

the t ~ tbe , , to deaiCill;oee 

ott. 1r.l.th ftl--tou. • Ani tlcatJ.na tne-
.. ta ~ , c.tbeF UY!na • , v. ~t fXIIl-

atit:&wtt ot ~ pi'0¥1c1e a auba:t.a'\8 tre:J...m.l 
b3' anaJa. ibe • ~ an ~ or 
- .in abiiLl.lowis ..... the Ai4 Got ~ tS*=eid 

l\'<*• It_. not ~13' ~~- the_,,, fit 
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litt.lo ~·· tbie •• not tbe QUe lfith the blu'd 8itelleted 

~s· ~u. < .) · ... 1N.ob ~t.a ~ 1o1rw po01 

u4,..,. well •tUl~ In th4t paDil. 'lbe tlat llic1.- of the 

~ ~ ...... t~ b7 .D• .) .. lo¥in& 
aitea OODMqu.ntJy ._.. the •IWI'Mri4ll• '~fa tb1a lft*Si•· 
-.1JIO ~ .,.. albelt er ft'OII ' e ~ ~ ot n.ooa tee, 
t.tw. pro~ ... limtJ.le froll bdD£ wuh*1 ~· 

th.e're .. , ........... , .. bnJaa ... l&ted tlal.t plont. 

S!Jll11f2~ lcbb. c.wlmtb, wb1ch ~a. ~ eiad.lv to 

tM ~ or gra.-~ t o w.re ottm take on 

tbia t thAi leaWIIt UNd ~ly ~. 

~"a· 

A conatant reeont1M. ~ 

bulb, ~;;n 

~t nw -. QCW:Rr t Gtll"taoo. 

to ~ ao4 ld.n.ia 

In this ta~ t tuzoe .reoor&t 'tflel'l8 .. ._ 

ia tmt OOZXU.t~ were ~ With 1"'00r'4e4 at 
Vl'borouel'l ana. and i tcpe:l'a~ at a do.ptb or 2~ • 

ua~tlrU tJoeDaa 8'\aUv to. tho• ~ trl the o 

bo41ea wre reoor4ed 1Jl ~ • Al~1 ~ no'ts m·loote4 
in f'igure- •u•• t -....-tun. ea. JO~. co t110 occuicna 
durint the ear. evert.beliiH, t.ur. hiP wtU 
eul,J m tbe the!' b«1Ue ool4. lh J\me a. . uenoe ot -.na 
~ l"• kept tne .. ., •• ~ aboote :JJ/Io. ~ a tho 

oo1d nighta t I ~turq chopped U low U "fc. In eorJ;f A t 

4lq t.._...tuno started to n- bu-. by the 12th Au&uet the -~ 
-.aame 417 no fUrther ~ ~ wt.til. tho laat week in 

~ 1th.o the pcmd8 tUl up ance --.. ~ tuN aur.tr. 



i . 

I 
~ 
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Deo ~ Janllltr3• P~ and w.dnod f"cd:r1y ; .,.,. 

tl.uotlat.JD.a betwMn 2' au4 ~0c. and ldnt• ~ 10 ZJ°C. 
~ .. •'e11Ar to t ~ ~ aDd April ot 

~year-

a .. l. 

~ 1*'4 u ..S.tuated ~ tto!'th cl ~ 
~ 0 18. )Ott • t 1 7' 44' 20" s ... """ 1a in the '-- (# 

the CWl:d. !0 the p:a4 t., }JOIWWW~ U1 t of a113 •tw-o 
ooune an4 ta m an o14 bon'OIIJ p,i.t traa 1fbich ~ we ~••c"wa ~ 
the r4 bnollll. Apart eeepa.ee1 wa~ la 

"P~ ~ b7 tllat ~ 11h1Gh Ml.s 1n 
As the ~ o£ the le.n4 1s ~ hwJ p!t., Wt11!Y U'"l• 

I'Url-.oN' -ate- tmda ita.,. :ln. ~ aotua1 pit~ alaoat ~ 

aotl'Uiilnl ~ the pt.~ but ca tbe otller n14e& m8er'OU abel 

~ cut in1:o -~. and at the watem. tGt are oballo. tfb.1ob 
~ to1 cnl,y the pond 1e .u. tUlfl4. 

For tho ~ ~ o:m•sa "'-• :q thne, 1961 - 3' , 

19G2. the pc;m&-. at ..-teet~ ~. ana Apl'U, 

an4 4urinc tn.e 11011tba there wu no ~t ¢: ~ the ~ 

area or u.. -~ 'IIIWth ._. twnc1 to ~ 16lt.O ~··· At tbia tme 
tbb &\V«rage at the~-. IJPFad•tel.J 1.5 •· n tb a Frt-l 
..,.,. ot 2.5 • · Sa a ~ edemdinn eome a:s m. ecrroaa the paa4 near 
the _.t4:1rn bt!Dk. ! he teat abanse 1zl tiUl'tace ana Gl the -.ter-
bciM\1 @ll plaoe ~ tba tacntba uawrt' an4 ~ 'fdlcn 

~~ .._.. !:'d8l ana ~u.cm -.'t tta ........ Durin& tht.a 

pet'lg4 ttbe area ot tbe JODI ~ n:ua 1296 .«11•• · to 807 eq.a. 
with tbe ~ clept.b chopping troll ~'tel.y 1.0 • 1n us»t 
to ~~ 0.4 •• in OOtdber. 



e. ~ t ol br1Gk ni>b\e soa\tere& 

• d tb:le .. t:Nt~ in 

cb:DJ~l& lq in -.ta ~ tile ~. 
•ter ("l'P!.:n1Mtel.Y 0.7 &.) • doatna I 

&tllll:t'WIIIl W1: it .. wb1lo ~ 4n 1\h-- rlllflil.l~ amall 

q titiea of Uiai:SlirD. 
eddct aa tt. 
~~ ana o,'INIII:Dfll"· 

'l'tl.- thl-ee atotch ~ mu.-." tbe., t:t.oaal a ana top.-
O£til!~ ar tbe .. me p tQr J~ ( • m. 3) tho 

zd;tlaUcln ~:In the~ pmd ._. tuu, OCtober (ns.m.,.) 
-- 1nol r mel ~ (:r~. m .. ,) 
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LEGEND 

VARIOUS GRASSES 
POLYGONUM SP. 
PHRAGMITES MAURITIANA 
TYPHA SP. 

SANDBANK 

Hal-lboroqgb pona ebowing outlille ot 'tlllter l.~ 
au4 41atributtal ot -..getaUco An Jul3, 1961 • 



nG. nt.J.. 

•22-

24 OCT 

lborourJl poo.4 showing outl1ne of w.ter leftl 
and d1atribut1on Of YegetatiQil in Ootober, '\ 96'\. 
Symbola as fer Pig. UI. J 



9 
99 

-~ -

20 FEB 



reo01'6!1d bam throe 
~bl:'IM t ..,s.xea t tbef-

--~... ~ troa a tloo.t ~ 1n a l'eQiOrl ot c1-.r 

~ --~ the ~ ~ to bori.st.;a 

~w:.J ot 5, 25 90 • 11'1th the 'bU1ha ahielaed 

USJt• ware .a. at •*lY in~ ~1: tbe ~ 
tbe resuli~ o.re ltbMl iml )3 1n fta• I Il•6• lfbe 'd4e G#• 

teNrJOe ~t:auc a!ll!M aa4 •v• m the .urtace ltWele -.a a 

~ ot 1101r11&1 41um~J. wriationa, 2n una pert o1 

~ l>eotWM - tbo 1ntf!Qae aaur iMola~. t tbe ~ l-.1 

It 
~ at ill three lftela Wft 'ft!Jt7 aild.lar ~ bm aa 1Jirlt«r' ~ 

~ ta.rJ8 , coldaa' :t1cma were ~ m a.,p 
•ter t 1~ ... tbtt -~ " ~ aesreea 
lorMII:' then t th4tr or the ~ ~. 

It :t.a poaaDle to eri"iw at ~ ~te <xlnelUai«u:l fd:tn the 
help ot thie ...S.. ot t..J•atur-o · • 

( a) . ~a hot 1~ wltb 4.11~ JQeola •..U. 

roM ~ et;Oo ". ~ ~ t at the ~ • 1o9e1 toJ. .. 

lowed t.1a pa'"-m ea ttet ~ Cl'b • leftl., 
WN"--D ~IDPPUf.ures WI'G OOft.r jn ot 25 • and dur1ng 

ta botteat per:lod fti'O ~ in the ~ ot 22 ... 23°C, 
(b). :tbout;;b t.pms.turea t4 ~levels Jeot 

to wide .nati.cD, at a 44p1:b ot 25 ca. 4n't:r¥r~ OOD41ticoa 

~ buttered Wl\Ue t a ct.pth of 90 =· .... ......,;J\i .. 

8t'C lower. 
(o). t tar , .. ld.nt per1o4 tell 

tbeN woul4 ~ be a w1c1e e fd a~lo to al'\7 

ewf tio e.a:lll"l piblc ot 41~ to & dep'th ol 25 -. 



... s 410 

'\ ,·-· 
' , -..' 

' ' ' 
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(d). t tuN reoorc1s ut the !)() • le¥el to 

ret'leot tbe SDOir.l'lt ~ lule.t within thO -un of •tor, a point 

llhich ia " out ~ oona14er!na the w:lntc' - apr!De ...... 

b,y tho •dn1a;ua ~pe~:ature i'eOOl"Cla eat the ot'ber l.,..l.JI. 

· iDal17 J s.t t be thft.t a depth or 90 • 1a 

..u within the ~ ~t 6l tio mtiDates the 

ftrlod CboJ.oe t.pesuture <Clditione aw.Slable Y4tht.n th boCI3 
ot the S.ta.t, 

:L ~ 8fm4 q~ lie tour ll1lee aotJth~ of 

aau.llbur7 an4 4n1r te:r pU.u tna a pcmd £< 'by 
W:1P tw:ra'O .. llllall ~. 

•terboq £~ ~ ~ but u ~ populAti«l ot all apOCiM 

-. aeagro t.be e.1w..,. 4ieclu'd.e4.. 1-.A'Pftt~ ~ 

m terboa.Y £or cne ct. 70/U are ci.tc bee tor oc.-
pui.IIQD w!l.th tho• .-..un4 &t ts•lbcii'O'IIlllh an4 a o.y,lo. 

eU1y ~ ~ n rec10n!latl h-. two 
lllftla 1n the • 'I'wo • Siua • tbel'IDDIM't --~a.l tl"CCl 
a tl.cla~ ..aog a tue ataod • Uliea •·). • 
~tero Mjuatod. to r-..tn boriSODtal fd.th the bulbe 

ebiel troa :S.addeDt •mltaht at a ~th ot 5 ca. Qn4 25 ca. bela. 

The l"tQQt'(}a an ~~hom in 1&· m c]• \l tbo tbeee 

tor 41ff--.t 80lUIOn trom tho• •• ~ 

te r4 tn. U4:lc oontr in the ~ pan4. 

thtre a ~ aiatJarity botuecn .-.~ ~ tell-

ture ta :!11 tbe two localitJita. lt con theret'cr be 

inter.rocl t.Ntt t 41satptklrl end ctm'OCticn are not .noJSl.l3 htn­

aerea by~ ~tkn. and :lt is probable tho.t ai!!dlar po.~tenla 

ot t ture obenBe ooour in all er -~ 1ft this regtan 

ot Atl1tla.. 
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'UaJ. ~ ~ ..... 

!IbrM ~ will be Cli.GICUP:aecl 

thk4 L"WJ..u. taser ._..,""''WBI ~-ero•~ Cantl1 t1c..mo. 

o 1Mt ~:lOG 1 a net~*'=inl'J ~im 

v= 
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1 • b M$1MJQ J[aH o£ ·Mtlal J.ns'!!M• 
lt '-a r-.t'tu'e of .ad•l Ute to tcxl tcMa:da 

UD).jldt ~ but ~ m!tur'al bon41tion8 thU iDcreue becKIJM!le 

~.. Pw: 8'11¥ ~ Mt ot en~tal c~tnnoea 
an ardaalldll u.,. ~to a Ute pe.tt«n. It W. edJtt tor 
• perioc1 ~ u.. cturiJlg ~it au pro4uce a maber 0~ offs.pring. I' Will probablY Uw ~ tm4 IIO're Oiftaprina \CJer 
tA"fQUrable Cc!mcliti«aa tban 1lb4n o~ ant .avene. , 

we ~"..m u not «*Pl.etel_y ~t c.1 ~tal. ~.ao1;on but 

u $lao aneo-w 1:>3 ~ :1ribo%n attrilnlte r4 the ord:ml it.elt. ~ 

tlbole p.ttem toma the baaU ot tt. ~ o1 the m~ r'llte ot 
natural ~ 1lb1ob ita DOJ.Will3' torl b:f • r t ~ .. • 
"the •x1ul rate o~ ~· at at ~ COIIb~ 
ot ... ,.. , aoistuft, qusli ot fbad and 80 en, 1llbell ct~ \v 
ot tood. other IU'tima.la o~ the ld.nd largt at en 

opu.a. and other o U.. ~ 4ttreren'l the 

~"· ( Mid • • 195ft.) . 
ln the putt. JDOll.Y ....... haft cc.aoerned :vea with popu-

l.Atlim arowth· 'l"be ' thtaadau COJ:aCept ot populat.!On 1n 

a 1i*tt"1ctoa ~t .a~ by ('\930) ift ot 
biotic poteo'tJal. 81)4 ~tal 8ft ttweB . 

tMepenamt and ~ entiti.ea but it ia DOt ~ poae1blo to 

IM,PGftW tal om.ctiU.ona on tho oae Jtte c4 4e¥elop-

t, J,cnprlty and feewJ41t;.T en part ot ~ 011 tbc other 
bancl. (1925), WOl'idn8 ill the 1'11114 of h 4~ has 

~ ~1bing tbe 'true' OJ" •iMfirent' 01' 'tn~• I'& .. f'4 

rw.WI'al. :5.nattaae., thla .b ei,ai)or to Vol.t~:rt•eht (192) ~t 

rd ~. ~c lntrlnaio rate ot Mtural 1DoreeLM ,.. tirat 
appaea 1n the tteld ot ~ eooloQ b1 toelie ana lbmecll (1 ~} 

~ ath 'tho wle, fA9Ftt.!!t !S!It!l• (1 ,.a. , 9530-, b), 

hc:J~We (19.5') ~ a.ncl (195ft.) el.Almated ml4 etreaae4 
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Aa the 4et'Wt t of Mtun.l 

.!.ftt!tr"ttl!lJ:.A i"'rt"l.eotoS intS.ta in~ut*JICIAIDI:e ~ the ~mtial ~or 

...l.lli.Oi~- ot in41~ Wi t tutea of 1t8 

both biotic ond plo,)J~I,jCIU. 

factoTe but 

ntal atatiaUca &a .AUIJ~V'Irt/A 

1n tbia 1• 1a ·~ 
roa18taace. ~ .. 

Q..J..tlii.&. • .u~wate blter­

#/tf 

!Dd1ir14ual. 

~nrc:DD~C:nW 

Unl... J. 1a at rate tN::'Otll!Zftoio 

QUi :t.t. lUe 1a cr;poaot to t rbk of c\11ng aa it ~IIPB 
ol4c, te ~ car:oo" ~ bo con.e14el-

tb.e -a• ot' "the .. In pQint ~ tact, tc'!: ieular Bot 

at c , a per~ t:lan Ul exh1b1 t t.a po.ttcrn 
~!"'r:J'\ ra1t:l'!!l and t"CClmdi t;y f~ each £!'01.: , can 

en ere tomed t 11'ic life edul ' • ( 1925) M.a 

~ that • population t, lill()Se 

birth th 111'\n tor a ~t, 1d.U aaeuao 

a 'atahlo ~' and ita :mte ~ w.Ul bO taot. 
!b1a 1 th• 1ntrin4io :ra <4 na; it can be -.WIUlr-.a 

tor 'ft.1"io ot c1rcuii1S lOOB an l.aDg u ia no m..CLDa 

ettect. 

- : (b.- cl) R 
t 

ot a t1on ot a~le o di tribUt 

by 

OQii: ta 
im"lniteai• 
:th tea~ 

1a the nwDOr 
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NOif the birth nte ll1nu8 tbc cleatn rut. 1a the 1'8.te r4 tnc.reose. 

'~· · ua 

~ ntaber ot AA.1oMla at 'ti.iDe mero 

t Nt u m.1i6ber ~ a At tiM ~ 
ll er• 

t = o "• = irJtrin.&io ra r:d natw..l tnar..ase 
e II: baM or nat. l.Ggaw 

Aa thh ~ 1a ~~ the rel&Uorulbtp bet••• 1os x t 
t. & atraJght Uno the ~ ot 1ib1ob. -. tbe WJ.ue ~ r.. ~a 

ie int11litu1vl n~to ot ~ AQil fJ:aa ~ ~ be de.ri'Md 
t.he ~te !*W ~ ~ R. ..'.ht.G 1a tbe aotual 1"U'Qber t4 

1n4i.'Y1&•l by a popul.Atian ~a h pc: tm.t tU., 
GD4 it 1o tt in followina relati :-

.. t • R v e'rm -
0 

ao R = a.ntJ.l.OS. rm• 

A ae help to QlAr11'y ~ 

or ete.'bl.c ego rlictribu:td.on · nul tlplleo t 

but n c 

t 

los, 10 

2 



- -

(•)• 



(b). 

a 1a giwn by a 'sche4ule of~, laid per \Dit 

U.. a t..U.• ot age •x• • tho purpoeea ot oalculatiaa l"• ~ 
f'-.1• birtha per faale aft nq\Jit'ei. Aa are liMn w l Jng with 

~-~the 'ltbQle popU..ation u • 
or .ah -a- aroap ~~ 1'raDt1on is 814t~od by tM 

l#Qd'UO'UQ} pel" t~ and tht.. 1e in ~ Yz ool,. • 
.A. ... 7 t iao or tbia lJ&x stw. UpliO&ti.Ql. per t1.Qn 01 the 

net~ ra-t• 1a te4 b7 o• !hia nett~ reDI"'O~ 

t1?e rate ia neces.,.,.,. tor 'the oalOUJ.at..t.aD ot r tho rela't.1c:ln-

abi.p 

l Jt 
I S 
~ 

where ~ :b -tho f.ID&"a. tiQJ. u... 
f -:s be det1ned a~~ aa 

! = I_ xlx•x 

• of oourse, u ftOt eo an lt b neou to 1ntroc1uoe 

ocn.oeDt <4 the atabl e «1et:ribu'tioft to t he caleulati<m. Aa a 
popul.at1an 15: 'I.Dler ccmditiooa t to~ a le 

41.$ ian, i.t!\ rate ot ~ ten4ll t~ a o:m.atant, and 

th1a 1. e intr!1Udc ate c4 natural ill~ tf:tr those oonaittcma. 
A04~CUZ:tl!.: to d , ( 1 954) preeUe ue far 

tro t."'te f'oUOJD..ns et U<Xt: 

~.- o - ot.. ia the lire 
apan or 'the r~ve 
~nat.Ja. 



....... ~ haVo bee b7 

'!'he ot th 18 to etitute 
.... Uen ~ w . .. ut tqr a;wtaUtq 

f"~=<iiy are...,....., to app.\Y to the ID14oopoint o oad1. t4m4t 
~.blr..U. 

t.ha1J thia ~rrax~tion 1a juaptitSobl atcnt~~-

-.:1. ern-or ~ thin th ol> DOt ·;t tlut;b 

intria&te -.n!pulatiat as th A tQrth 

~tian introcblOed wbid1 roe~Uooes ~ c4l.c"~ i~ to 

JQ.IIpl• &l"i.tbMt1o aDA briAtee tho neceasit)r ua1na aatural lQ&t.• 
rittila. 

' 
tWte 

1 

A. 'ftll.ue tal! • iJs ob~ by tr.tn1 

tall .alue, r,,l is the naturallogari 

pe~rtlcD\\1 Um.) 

'l'he intril'lak r&to or r£tul:'Ql :i!"..all"t!r.iJ\A 

uith a e lc ~o Ciotribution and is t]. 

·o tu:ral. ulation na.e b 

to a pcpuJAUcwl 

tro.c~ 

~l'.l:!nt.rA'r:Aa to htwe 

~~ • IS'table ·rrr..-.... , th• ~t 40011 atnea 
ci&e 

il'Oillllir!lll'\ a!Yeo 

r6CUnCU.v 1\Y. Out 
. t'ao'Wr on 

thO result 

~11"-L ot tu1-Atian, 

cnt on an inbam 

Lnrlt:l"'!!l~tha. and 

mn~, { 19Stt-) mtt'Sntdc mto of tura1 inCrc:l t.Jnd.er 1~ ocm-

<U.U~ is aa Ol• ~~~~ia of tho axoo u 8¥13' Giat.inct.t 

~ . ture. 



r• can be oalo.da:tal f, 

, .J)ellrJXlP: An 

aanti~u.. 'tc!f't tbea 

~retera~to·~ ~. 

i.t oan ..,.. a "' OQI!tJIU'UC)Il ~ Qllu of ~so ~ 

l~aol qui.UU. auooSatal w11h ~ ,_.._!11 ~ •i•l• 
bei~l'l m:~a ~ 

It OM be ~ ea tbe 11101111~~ 
\llar' ~tal , tl 

<d tntr.Sr~ ~R.:L ~i.e t 

UlalDa~ ~ tb.a ~~tW.of' ~-
lncrn:~ tlnt:!l!r' cortaitl ~ .......... ,... lt te,) ... 

a, i't ie ~ln-~rAn 

ttwtrovJ.o ~~:=cra1: 
~...,... In t'1nlt ~ 

:tUx 

ll~iC.e:s to 

CMl't cttic tl3 t 
~a.~le to 1... 

• be e drrustic to • · 
- • ~buu. u~ Tm)"'fll!li~!r .... 

~te 

the~-~-

th• h.til4tfit 1 bQ1b, 

,_,ercc~• llr:J 

t l ch oa a\... QCOUl' ~ ~ 

t a. ve....-;; lorr laval. 

ld popuJ.a.tioDe it 1A nant to UOUnautah 
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tra.ctial u.ch al---.... it ia ot biol~ olaDlt• 
• and •r• the 

• lioh to oc::o;r in f ~ 

•• rnte r4 actual ot po,pul&tim t. 
gt'Q\UJ$ ot wtUCh a.tteet the birtb 

l'kte and f t.r or ctteot .th 

te ~ty. 

In the f'irat ect • birth l'O. 

e&\JOG ei ti. obnDgo in the rate o~ trftll'h~ucn or n in the 

!'erii.Jj.V o the e • bel.iwe ( dhdlrwl ... 

U'tba :1'rch2 19.51.) '*- both 

llUIIIbGI:"a or other tlO'lhtmi ot t !t 

~~ of intre.specif'i.c ~t1cn 'fthicb tnkc:J ~o. 

u;.-...o...r.!'J ·id that 

~a~ti.oni It 
oen { lol.~- ut:ll. 1 19587 - -if'd t, "91l0, 
~11 d n:.:ru1 toG) · t c:oin ., con 
mx~:':t ~ viable otr.op.rlr..g.. On the it uld o.wee.r to be 
a. m!lllM'f!!..l. !'tllc 1n bj,o.~ ( 

..n.&..I-II<;IIIJ 11 !1· 
1 91.91 a!J4 atJu!rr q iJt AnJ.tr~~ti't& 

:!.dlel.rsan, 1 9.57a, b. end ) t has ~ 
..,.,...,.,.._ em f'ec:Dti t,'. ~ !14 or ty 

of aro lllao .ta.etoro ldlioh will Clftect the t"~i v ot 11d.l.o--

• 
·cuo.~ Q'O d tactora 'f.'hich re--.uate Ule rote~ aot 

1il~I'WJ.JII,U Q.Ot Ql lan m.t;r. inwl tntl\ or ptsruiU. 

cut m."'I!!'CI&'t: which, -rCir the t rt, are oon& nt.ly t 
;.,Q ... ~ cmntlel.a1!1!• .A choioe c4 t ~ us · a.Ve.Uable ill 

hsbi t and Within llOrC.\l • nrze:s, t Grnture baa Uttlo dt t 
l~ty. . ~ty ott t influ o Burtiw.l.tin a 1(7\0pe 

• 
t conni here """""'- 1'ood 13 Q.bunl5ant, 1.~ 

etnnot be ot llUCh Gi~ • ~33 t 1nfl t!&l 
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ntgul&tor.r taotcr :An thia Oil~ 1a U.t relating to ca~c 
alt_..tkm o# the itat. e1~ tl.ooMna or ~. tbia a 

D'ii:»UP whicB ia ~ble o:£ • b~ rate ot ucUoh t~ tb 

reatn.ctia1 of ~ 4l"Q8tt :tert.Uua~. t otrective 
metb:xl ot 4eoreu1ng 1 riity iUld be by etLtast~o 

In tMM ~ta:aoea it weul4 tbllt. ~ f'raa clre.atic alter-

ation ot tho habitat, the t Ukel)' n&turnl ot :tins tb 

atfr ot actual 1R~ woul4 be b.7 those con41tiona *1-ch alter tb 

birth te.. i. t this ia the w1ll be ~t latn 

the en ot t.-pen.tun <X1 lonaevity an4 tocundit:r are • 

It 1d.ll be 8hoc iiat egg ~- 1a IIOr'O aenaitJ:te to t ture 
than 1e la\geri.ty &Jr1nD tho ~ produoti'ft ~ ot lite. 

Zhe rate ol actual ;l.nc)ree.ae wni._ab ia e ec:rved in a 

natural. populatioc .Ul. '¥4.1:7 contimJall7. lt will or 

~ a i'eaW.t ot t ox- relAted taotare., but 

~ ~ population au1'f'era aa th• resul.t ot ither naturo.l or 
tural. eat&at1'opblo ewnt~ the potentW 1lb1c::b !a B1 

ttmas of tbe intrinsic J:ate cd •tur&l ~ Ut41o:1te the 

apidity with 1dl1Dh the speolea -.y re-eetabueh 1taell. 

or t.he detend.Datlon of tho lntrina1c " ot se 
1t ia ':1 to araw u.p CQI:Ipt'Obfrlaift lite tables (111 recordoil 

data obtained tro actutll tDtperl..menta. 4e hila stated li.er • 

the t.er ra 1a oal<mtatcd ao aa to applY to er:dmla ltYin& \mA 

OEX"'Lll.CCln :preacxrlbo4 and ~ controlled ~--1al'le. I:t the 

c:oad.1Uons, the d\oioe of em- 1ta1 ~loa l!.Uat relate 

oloae ae }'0Sa1ble to t ho ait-uatial in the t1eld. 

OrJd.i1a 1d.th .IJ.C~ ati.&, Lealie &n4 :anliCI'l (1940) 4rew 

at ial to '\.h1a :taot \'Jhen they JD~1tioncd t \D5. tal 

con41t~ t.he volG could roproclucO ~'lout they , mereaa 1Q 
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tM tield ~ ~ took pl.lot -ror Clll.3' AP',.1l"Q2diM.t 

........ ~ the 1fi!U• ':'bU !Dellllt t tar • .l ~ 

oo.et 1!IOUld be U'rina 4CIDdl'Uana 

-- ot ~~ ~, 1lbllo aub~ 
.DC.II~~t1 t 

the......,.., ........ I t U t"'---~- ~IIIOII~S~Ua to ~ 

tb1a ~ r• tar a tull"'ll.dA ot cexlditicna Will ~- to 

Cii'Gtll•t~• in nature. 
OCillddl.-:SJl& the ttqtatl.O ~ w$48 ~ 

P\l~~ ~ are Sft9o1 • ~ ~ ~ 4\saol w.ta, 
tn. or w, tta tat., q ot 
Cl~aaol or ~ tt_. al34 t«rl*:'A' 

ot the ~ ....,. intl~ 

_....,,.,.llil~ of tJ1e ~l4liii!LY 

'WOU14 " f.lmm"ttafi't 

-- labol'Gtory oan4it~ u ~ 
~ rw o~ ratuftl ~ 'lh18 LW&I'Uolotii 

aU t'actQra ocgiaut an4 uai'S 

- .ae1l 1:8bitat. 0 cr f'utal"a 

tho ~ oaflpoai ot 
t\1t' tb.h put~tlar .me ttw,y not iliVII1!rt. 

~ t DOt aU3 bin aetrit 1 

utnvaelb~ 

ltat ot t.beae CtlD8'U; ' tooc1 
tfnmtbe~~UIOf ~ 

oU.ao~ baa ~ 
to OOI'J'el.&t l'aQt.cn w1 Etdl 

J'i.u-4 m pOid.Uft i'eaulta. .,.. ( 1958) 

baw ~ of ne.tUI'Cll •t«re s.n ~;outbet'n ana in 

~m ~ but haft no aatiGtnc OO-~t.icl\ be:t.Ju• theao 
ldl. itu.t. u 1n 'wt work~ by el• 

-- (-t958) m the man. 



81'\Y an••l la ree.re4 111 a ree~ ~t u 
an aqlariua , .-oe••lw CJ'1'GIIIIiltns or ~UDa 1a a cta:na-. 
~ ~ be ~tal. ~ it U ~l"t&tl.t to ODM~ the 

--- ot ~ Wh1ch can 'be tol :tea. w .,,.,. berow pliO-

~~~~ Ithaa ~W riabt 
(t960) t (P'altH> t9D!!Jai u ~ n:trwti4 both m 
powth ate ana ~by .. Nl~le ~ ot ito ~ 
~ llibe kept in o~ oetlait1QM. lm:Uarl.J, ~ 
04 t.ebalac:n (1CJS1a, b) cl.aSa to ba'te U.t ~ ~ 

both ~ ~ ot --~EJj • ID the 

p~ .ark, the~ to~ bu ~t.a tor 

llp8Cd.- en J.aboretor.r at'l11Uea ha.-.. betiri OU'ri.e4 wt. lata ~ 

tbe oaapU$na ~ lU'e tGb1a 'Web the oollttoW ftoOII ..u. li..tq 

-- ·~I'd «DU-tiaDa ot ~ 1lb$Qh ~ f). ~---
OpUMl «<P41t-.k!M tor- tbtJ ~na.tle 14able ~ Pl'Q-

oeaure. A~ pomt to be t.n tbe oolleotico ot tbHe 

a 1.Dl«r ~tol7 QM41u.:an. is Cbe ~ ot otl.r •ot•la 
Y.t'&hto the Gil-*'• ~ ~ ..u oul~ 1di1cb baa 'been 

tOUQ4 MtWactolq to. the pa'!,..rl~ ~-~ \JM ot 
«aaitk1Det4 ter. lt .U tesp•!'•ible to \14e nx. th1e bOth 

~ anA , bUt ~ C!!!'jiQ-

~~1 • · baa be«l t to ltat.t theee OOI'ltalltrJent.. it tU4 
not to be ~ ~ Ulc ...u.~ 4eliber-
at.fl3 ~ !nto all aq~ .. 

WOI'k. ia the g~ tiM~ It to a ~ted eat$1RUm 

or the ttlle ~ n-o. birth at pu"'t!l'l'ti8 to tb8 M.nh ot oft'apr!.na 

(~azl4 • 1~) . 

AU the JOd1a ot a t.S. aft not bOrA at. !natant ill 

tiao ~ birtb 1s ~ spread out tot- a cond4atahl.. pert ot the 

ute of the .other. YO\Ilg U9 bom ~ tbe8 



pro__. ~ ~ a.p ~· fm4 th~n .it 1$ titftoult to 

~.,. &t a t.tue lDW! ~Utlo tae. :tn a Ute tabl4 --~ 
_.. ~w tn tn. 1• aot,. u 1

0 
d add up to 1 .oooo. fhMte 

.... Ule .. ot ~ ~- !A 4llob ot \'IJlJ.Oh 1a ~ f:rroflt 

putW~to o1 a.ue s. tho e.~ aae wew1ted b8 ~!on t.a a 

near ea .... tq ot thQ ~ 'dae tl"(D e to • the enem~ 

tlae ... 
9ue the ... ~~ tilao I.e Old.OUlatecl ti'OIIl ut-e -Mbl-e clata 

aaloUoa:• 

{ ~tioln1 aince R Sa 
~b.Y~tho-­
~ -a11l1 to i.) 

(nt-, N • .t~1 pet-....3. ~U<*l) ... 

~ $9 o1: ~owth 1fJ st. o. ~~ ~ ~ li u a. 
..ru1 tool l.1l tb. ~ "' ~~ 41Q0log* An 4·~ powt,b 
~ Or.lrlpUed ~ aata ~ ~ ~ C<alaWlt OO!liU~i.CIR$ 

~- •ttates to be a4e Of thO aa- &Ouoture Qt ftel4 popuil«t:l.ona. 

and~ a~ powth cunu '--~~-tor )PHI• 
~> ~. lle:bW'!2&llturs *11.9MM ~-

fttb tho op1n4 ahellJI* the ..... held.L-t tr-cm tho baDe <>t the 

a.pe:rturo to the ~ bQ.e bee ~ .. and. With the d1acoi4al GbeU 

ot !!• lfJJ.Uitj -.. .-d.lltlD ~ -.. meaa\lftK!. 
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• 

\ ~ EdW'!!ft B1Q'Ir!Q... 

OQU.~ ot ltf'e table 4e.ta at ~ t4111pe1-at~ 

""tuiJ'od ~ •m~ ot _,...s,. aqWia at tJv>se ~~ 

tw 1~ p&"1oda ~ tAM. "'f:1r lAmtla 4\lraft I'OOD te.peratus., a 

bOt :rootL or •ter 'bt.'tb.a COull 0. -.4- bot ~ :Lower t-.pasaturee 

refri&CI'atton. .. reau1rvd IW4 ~ ~ oa1>tn~ we::re 
'UM4. ()(llbet;ant '-Jl«ttltu:N C*b:i'l)llita wre 'bcYje4 on a Aetd.-
of l)r.• ~ an4 tllt1"e ~ • 'ill iNI J'a#lat Lt4. 

ot ~· ... aw. Uable 1d.tbin tho Oebinet .a1~11111 

61 ca. s ~ em.. a 61 • ana the MC"'Il!'Y abOl ~ea ~1.ate 
~' tal tquarJA. OQt'l.ftant ~ Cblt.l:llber b84 a t6lM 

~ btJneldb 'Wbich .. ...U JOO • haatine pad, a ~r 
oomeote4 to a ratrigez.oatiQc unit 'tlhiCih .. m th. baao o1 t.t. 

... , ao4 a oon ~ opemtizJa tla.l\ to ~te hot 

Dl' cool td.r tbo Ul cballber wae zooote4 witb a 

1e ~- I# slue with a1l" ~ tho aheeta An to 
abd•iae bt$t • Aboft tba 1n8'tilll04 a 61 011. 

qo •" n~t tube 1lb:l.d1 u 1'mnated th4 , aoc1 

• Wp eoo1 ctb a~ UA. 
trol.l.il4 by JlelVlS Of a: ~te:t dtw.LW. 

\fit.hin the e: • ~~ ~tina ~ • hot W'i.N ~ 

~~ ~t: Uti ei tbe i/6 h.p. ~tlUJ \llit or itbe 

beatins pa4. .m this WI tbe tvre 1d:t.b.tn tho CoUl4 

be zoegW.atel'With»l a range at~ o.~o. ~ th:b1 the aq~ tb.ell-

Mlv. th tUl'IJ tluat\at:l«lliiU ~in _. c4 0.1°0. 



2. vJee fa' Sl'f.!!P~D I!EW 9( f9M anPa J!!N.\Ill!• 
Ul eallp).• wb1cb tGbn eitber m t~ Q.Y1e paaa. or Sn the 

~ pCIQ4 W8l'e collected wltb a :mDcU.fie4 :ckuan ~ (aee 
J'1.a. v, ). ,.., CWY' .... t ~ ft'l'e • both ot eitall»" climlo-

alona en4 ilwol~ DimiJa:r ~· 

~ ..... l¥l.ncl opcaatA4, ~ ~ be£ne cloaed 

an4 blp-t &hUt b.Y tbe 0pe1ator p\ll.Una an a w:t.r. cablo. !bla -.. 

late ~ the ~tioo ot a uall. ~ to t«W-m 

cab~ the ~ ·~- .. loe4ed ••Ser to ~-
t..L"Ma latter ~tua ... ~ G.nd .an~ 'tw • x.blan. 
ot cam.t.e M;4. , ~. It .. a aa~ ~ 
ooa.~ ot 1., . .teel.91&te n a c:roea-aooUCnaJ. area or 
1/20th ~· ~ • 

...,. Ql.o.e4 by •se~ of t-.o ~ -~ t1.ap1a .ob pl'0-

¥1de4 Wl.tb a o w4....ntlolr to tJJ.otr .,,__... tozo.. D1ataU.Y tho 

bc:ar ._. provl4e4 with hit1ge4 3bS ~~ '1lbe ; Ill owed Ul'l.l"D'" 

tricted $QCOQ8 to tho bo4e rm4 

~~t~~t ~-

clale4, pro9'14ad an ~ 

u-.. .... ~ w.l. thin the box. 

~Jntllrl"'lllllll w:l.n4Ga 'in ~ ~ CD two a:i4a C¥f 

MCa of tDtWa& '*' 4\lrtna ~ ~tl< • '!he Jan 
csprinS-loaBed an4 were hel.d m ~ ttcn by oo11 sprl.np set 

~ on side the R*'ttitl• ua or 
\J-IIbaped bl'aekcrt -.a ~ by ot .. vo1 1int.ap 

~w. ~ ~ ot' the U atiaohocl to a ateel. ro4 1llb1ch 

oculd be w pQ1l a JnwQ t t.bo aotion t ~. 
or to Jaw .ut ~. 

tS'tecl. rod to lO'ftU'. tul.t.n;ouQ d 1lh1cll W~Aa a J~C1e 
ot 2.4 CD. c:c.a4u1t pipill6 which~ u tt.e ~ ba.Qdle 

of the~· 

~the jaws. the Qpl!l"'.tina lever pulled~· 'l'h1s 

~back the Jaw (aeo 1g. v.2) n.pinot tho~ r:4 tho ~· 
U t.n. ~ re opened id.erltly for tho to abo'fe 



- ,.,, -



-44-

liG. 



the pi-vot {sec rJ.a- V-2), the.y· \10Ul4 t.t:..n s.-.t eorn.~ ana 
hold ope th .1a•• fhe boX woul4 be lot~U"04 gentl)t a-.. 
tho area to be 0Uiple4, the bru5o bo1ng ~ ~ llith tbe 

•t.r eut'ftce, and Whe1 i\ ha4 •ettle4 oo. the 'bottoa, the llrfex' 

would be pull.ecl ~ thus t~ the ~- pan tbt boriaaon• 
tGl poeJ.Uap ao al1awina the tellD1al or tb.e ~ and 1.,..... 
em tbe bM4J.e to etteot cl.oaun. the Jawa _... being cl.He4, 

tho aotia1 ot the ~ ~ be ~ bJ the ;tor b..n.ng 

ao. em. the lftel'. In 1iMa wq ~l.e ;proeaa-u:re OOUl4 be 

~1U4 to the llbACh wre ob-~e to eever h-.v.r ~ ot .-..... .... 
en4 ~ tmll ~e liNd to 4 degth Qf' -..Gftl Cl)elltJMtree. 

'.i:he 1ttGle appara~ .. then U:t't« ana tbe aaiiJPlo tm. obtUno4 

1IIIIUJheCl !Ato an .._,l buS.n. ~erred to a l.a1"ge ~· ~ 

and. nturncd to 'l.h* ]J)l)ore.toll'y tor 4ot4Ue4 m:nmSM.t~. ~e 

~.-.• were tiBilhe4 and llinutel.:v nard:ne in lar e white ~pb.ie 

dishes (.30 X it-S =·}. '1b 

t~ tbroc !lWl houra. 
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n . 

.-.~e.e Wl1SIIIJ GQJ!ala Sa WSU1.Y Wtrtbu.tel ~ 

tllhl«• en ~umt 
f.nttr.nletia-t« bo81 

, _ _. __ ... , • .:'!,... .... • 

t'll~llh. ~ill~ 

IQI'\~ 

of blo04 tlub. 

ft BCD.U mhobit. • ~ ot 
, an4 as ~ .. no JCOeUtu1 wton 

----tatre~lll 

U lt <>c:>oun 4n :scu~m 

~new 

on ,U !l ( 1 ""') c:l.-te III.CCNQQIR 

t _. ) aeJeem• ~~IMl 

£LrmJlT m to the Jg;llla;U=zr, 

bee. 1'0Ul4 in nla­
~'lflllll- , botb al.\laa.tllo:l 

ton t 

Of .u tbl ~oal ~. ~ lite wtth!n a 'bod¥ or 
1"l"etb ter' t ~ ~ the .o.t 
'DZ'(afoqR etreota, both in ~W MOM M lild. ~ 

atatrUiutitll in ~ Wi\'ibl .. e.tt"eot Uo pl"Q-

oea.... ot •w t tlh5dl ~ 
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cool'fieient ot 'tho tcr alcng ~ th other tAO'ton GiYeoting tho 

micro ana. babitau m tho b~. 

Fl1rtti , in trQp1otU ma 1t 1& tbo.t a®ight 

b in abori auppl.;r, td'lp«t•tuz-e h8a a 4t&-oC:t errect Gn 'the growth ~ 

~tmttcm. us 'tllben ina with ~tar pllwmatoa 1!Moh 

~ inhabit ata,po.nt P9C)la ar lllov ~ , 1 t w:Nld 

e.w-r tl'Jlt ~'lure, by ~both 4iroo't e%14 in4inot 

intluencea, Will pzoa.romA aa.ue in tho lite 
pat f4 the u.. 

In ~. tho loc.litiea 

anaile to be clear e,tpen ter more or lea& 

OQYe:r:'e<l wi tb -.quatie Uon bu't 1r1 tbcut IIIUCh OYe:t'hea4 $hade. In 

tl1ttGo oaxli 1ta.t w.Ul be • tee! to da1l3 i:tlac)latt.l 

and ~ tho tbia tall roault 1n 1r14e d1uma.l ~tun 

.nuatmtioDa in tho~ levels. At n!E)lt. With nonW. ~-

ture ~ te'dala plaoo, tsperat=-o ot ~ -~ w111 

J:)CCQD8 Btablo at • lid.n~mol fiaut"'• 

In Cbapkr III tbe t-eoordJI 

~ ' 1bOI'CIIU&b1 

tr to QU tboae --~. 

t tlwoe habitata, oyle, 

g1v.n. t,1he f'ollowi.na COIIHilta 

~ period o-f Ootober to April fll.U'faoe •'d• 
hi , W«1 ell eettina }(Po,. - 'With eido clitf~ be'blteen 

c1iurna1 a.o4 &dniM" t a. dtpth o:t 2~ • avu:1• f'or the 

pen.o4 alao 1'\igh, Ill~ in esc ot 22Qc., 'but here tho 

t.aG)CJ:-atm-e d1tf enti&l btl~ ~ and mtti.I!Jla J~U tar 1 , 

~ ot tho a ot two or ~ ~- 'nlcrtt WG little 
d1.tr lee bettreen ~ roonr4e4 ail the ~G.Qe axul J!d.ni.ma at the 

lclv a.gt'b.'" tun.ne the wlnt$1' pcriDct of J!ay to All[wst ~ 

•rl me. b :rogrcasiftl,J lower un.tU 1JCW1t. At'ter thio ~ 

a aharp ~e u t1U1IIIIO:r con4it1QD.:S ~"ted. ~out tho 

winter, aur.f'nce ~ t'airloy' reproae:n.ta.U~ of tl c1ni118 

within the TJbole tel'~,. th~ beins little <U.t.f'CI'fJl"lCe betw;een 
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~- &' .. de;til ot 2;:1 Qllla 

-~ tbe'tt 1 t J\11¥ ona .Aueust. 

:ta' -t~llel'll't'UX'ea 

tha~u..· .... ~ 

'U be 

J::IU;~ riM 'WZt'1 f~ 

~ 
_ .. ,._ a.t • ~ ~ 25 

I'Wrilll!.l:V 1;1) t 

.. f'a'i!OUll"Gb" 

... . 81 tUmia aa:lilnml&' 

C<lrUU.tiona 

~)a:r¢tUJ" ~ ft:'CII 

rtr.:l.1l"8BBIt1'ta.t1w ~ ot 

p(lnl:la 1ft 

ter tu:re al~, if lGil'l arusta.inCd, 
~=-· l C;l 1 tt 113 hltbl¥ prol'labl t t 

• t eir t 4ir«:rt itins tell:r>el'tl-

• 
r ~i\. • ~ 

til'lS t ~ ti> ita etleotlt 
~,. 8NlilJI ..u4 to t 

Z'WilliiZI'I ot 

tiM 
u.s be'l~lft 
~latifXl to :c;rc~)l.e C~I'I!JZII!III 

~ihl'n'\le t tn ~ *"3low 

111111::r1., be 



G'Ub~o4 w.uld be aeye:raJ. ~Ofl in a.cus or ~0c. ..\ range ~ 
1"\ .. 30°0. sboul4 ~the~ t ture. to dl t.'lut arAila 

~ -would bo subjectod. ·.ho ~a ot t~tures 'ld.t.hin 

'Ul.ftj!la ~ Clll tho snAil =t tona tho ~ COMidC'ati.oD.e of theao 
~tory~ta. 

.. ohoJt) fJf locaU'V tor tile ~t t10G ot the ~ti.Qn 

~aod.os ot I• C_. ) ~ bu been irl!'l.UODCecl, or neoessi\Y~ b7 
t1to t ~, tb 1~ o~ 18J:'1le nuit>«ra rYt anoJJ..e,. ana the au:Lta.-

bUit,- ot ua.te ~ p%'000dl.tto.. ln the firat !xJ:)tance tbo 

ohi'Yi fJt c.b.oacD boctUlN 0 tho Jr~ or 1"011cmeble 

JnDbera o1" GZ"a5le ana beoauao it ~ a ~ oautaot point 

lleb-1~t ~ ~ tJ'I!!nBJ:d.lmicn ~. 

the C1IUl. poptll.AdJ:m steeMJy a. aft 

neo.v fl.ood. ao ttm u oould be collectea 
dincr"mtinued in fn.wur of the JIU."'e t:lot®tory nite on 

In Cbo.ptcr lV the :laua.. ~ ~a!WeiAted ith the popu-

~ ~1\iea 1lt.tVe been iid«t'ed. !he will be oalculatecl t• 
~. ) a}9bg!M riJa.l"o4 tmaer ~clat'd oontU.t1ons at ditterct 

ou1 t4ble tet:~De~:<at\lnt tor 
~e Md the tcnt tal un4 tho eond:ittme. 

~i.oe l:li111 eggs 1n elut<Ne or ot up to 40 
e .... ,ga per MaS, thua i~ oonvad.errt. to COJltJider the J"r''!"'\Y 

ot • aingle e ~ ..- al with ~ .t"r'ooD other 

1:be Wtilal oo..~ of an&Ua 1l'at ~the llt'o tab1e aata. wore 

obtain • rh cbotJCm at ran4an ~ tho only 1"\'Jq~ 

t.e 1>ems ~le eis•, t'ro:l e:lght to 30 e • and thD.t thq 

had naohoel a atase or 4ftnl.OJaent ~ it c.a poaudble to 

au~ infertile ~ eol~ e .. reJIC)!Jecl 

f'rall the :parent aq~ it pl.aco4 in a ...U oon.t1:J..ne!r Mil kept 

o.t the ~t&l ~pe:raturo. ':be brood ~ throuGh 
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..re approxiately tour DilU.-tx·ea Sn lecth they -.ere ~erred 

to the lup aqtllll't tanka. bepeoa!ng Oft the rtUJ ot ~-.on 
'troll aaas. Clfte two or lAt'P aquaria ~ uaed for 

~. It .. ~t to enaure t the smil.a were not 
~ (tnnSla ,._..kept at a dcW.ty or 1 • 1 . 5 anA1la per 
lltre, tb nft'ffl' than •u a4ulta tn .. tank}. atcr 1n th 

-..~ ._. « toly trr'f!1I:Y two IDQ!ltha er i:t 

~ to be t 1M aqtN'ta Rre 4a11y food 

.... oheg«l# dol!\ reaar4e4 QDd e llllll"bl4 SUld co'UJltetl.. As t 

• deftloped, thoee !ntenile wen reccnded tU1d the ~ 

:trt. the tAnk. !be ~ta ......, ~ m4 theso ~ can-
cUUofte ~or- aa 1f:lna a. poaatbl•, ws. th a or i 6 tortDS.ghta. by 

'lllh1ch tJ.M at or the~ 4ata tor th ~oulat1en. ot the 

mtriDa1o rate ot turoJ. increase 1lll!f"e -llftUable. In aomtt caeea 

coharte kept under' the eet condit1ocfl until e.ll tho anc.Ua 1llVe 

<!.a ao to be able to Ue a ive 111"e table 1'or the 

ISpeo1. • ~yield int ttna ~Ucn on thQ ab$0l.ute 

JZI'D::ua• lite ~ ~ dan41tiona the actual 
pattom of ucUon th respeCt to . e .. 

J.O · ~t tnto the '\o t tur-e ot a ttel4 

popul.Aticn, ~of' ca.Ua ~~at 16.0! o.~ 0o. , 
22. 5 : o.'.fc. , 25 ! 0 , 5°0 •• 2.1 ! 0.1 °o. ana I."'Ca tti'Jip«<U-ture. ~a 
troa theoe were WJeit\ to aalculA population 'ar aet 

ot oondi ti.clna. 

(a). wa~lt i ~ ; .o.f .. 
'lhe intUal sue o~ the Cohort rcuru1 ut thi.5 tu.ra 

114. tndiv.!&ml a , all ~ eh ~ ~or the c:ollecti.an ol 

cortaliw dataJ teouadity rccord:s i~Xf.de troD 34- o£ these antdl.a. 

AS an enaU. is caiA le of ~ , th6 &\.tA mould be a44q,ue.te 

· Wtd ooa~ive. itt\! rem.Uta oro ~t~ 1n Table n:., 1ll 

!'is• VI.1 
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TABLE n .... 
t J 1" • .... f • • l_. 

% r lx Egg I ~ 
{Pivots.l I !rotQl (Suni~- Total :ta_v·tng k Ms/5M.il) 1-x~ 

Age) ! Sod.le ahip) Egp ana.Ua I I 

0 114 1 . 0000 
.. 5 81 0.7105 

1.5 60 0.526' i 
2 .. 5 60 0.5263 

. I 
I 

i I 

3.5 59 0.5'\ 75 I I 
4>.5 59 0 • .9175 115 314- 3. 3£12 1 •. /50 
5.; 5lf. 0.4.7}7 674 33 I 20.~ 9.67s 1 l 

I 6.5 52 0.4-.561 ~ 06.3 I 31 I 34,.290 1 5.~ j 

7-5 " O.Jt4.74 20\8 1 31 I 65.097 Z9.12lt. 
' 8.5 51 0.44.74 22!;\ " l 72. 613 32.4.87 

9.5 50 0.4386 
I 

2052 I 31 66 .. 19} 29.0'2 
. 10. 5 50 0.4396 

I 
2230 31 71.935 

I 
}1 . 5!11 

11 a5 50 0.1.,386 2-\.03 31 • 67. 839 29.751. 
12.5 49 0.4,2~8 ~45 I ;o I 7·\ .500 }0.731 I 

1,.5 49 O.lt,298 I 1976 30 I 65.867 2.8. }1 0 
Ht-.,5 4~ 0.42~ 2755 29 I 95 .. 000 40.8)1 
15.5 47 0.412:5 2398 29 I 81.}10 33· 524 I 

"'·' 46 0.40,, '\S,2 2.7 I 67.c~ 27.}78 
17.5 45 0.}947 1295 27 i 47 • . } 19.-060 
1#3 .5 44 0. 3360 1528 2.7 I 56 .. 593 ~ .81..!) 
19.5 40 0 .. 3509 1249 . 25 49. 960 17.531 l 
20.5 39 0.342'1 H60 25 46.400 15.£rl' I 
21 .5 35 o.mo 1051 e4 4.3. 7':1J. 13.444 
22.5 34 0.2982 111 0 23 I 48.261 14.}9'\ 
23.5 32 0.2807 265 22 j 12.~5 , .JS, 
24.!} 30 0.2.6~2 ~ I 

20 I 19.950 5. 2!)t 
25.5 26 0.2281 17 I 20. 3.5} !l·2!tl 
26.5 23 0.2018 199 . 17 1i .706 I 4.55.206 j 
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At tb!.u tempomture there a~ init.ial.IIO!"tAUty <ma 
the mnr1.1 hatched ~. but &ott.- ~tel3 one ill, the 

death rtl~e deorcued en4 reaa1n fair~ statiDJ there waa aoJ.T 
ten per oe:"lt~ 1~ or the popul&.tian be-two the third and tifte~atb 

fortnights. Af'ter thin the mortallty ratG 4F1n inereaaecl ctb. 

e 2 ot the ~ caborl ~'Yin a Odl:;plote ~· 1he 

l.Ue table ~ e:rlende4 tor 2:8 tbrtD.i"'ta 'fd.th ~ ~the ;populaticn 

a·ta'ri:ri.ng.. '!he l~t ~c!l!l llte ~ tor ,D. <.!hJ pQ,0bo1u1 &t 

2;0o.-.. 4.90 ~s. 'Jho e l~ pattern far thia GpeQiea ONl be 

apla:1ne4 -.oat clearly with ret~ to th¢ ibt M.c· VI •1 • ~ 

the lx e.n4 .. data are plotted ~at time. T'SB p:l'Oduotimt cc:e­

CtJnocd &ur...na tho i'uth fQrt.niah t Cld cxmt:lnu$l tlu:oughout the periocl 

at obsennticn. &lt}J:)uch during t.;e l.Mt tffff interval: J1 ""' 

proctucoci t a eoc! mto. lllitlAl.l;f prOd.u.aU.au '()M atoepl3' 

troll 3 • .)B o p U 1n the ~ourl.h :t'o~tt to AI~tel.y' 70 

per tmtU.l in the neYeDth tartn.iaht. o loYel m&\J.nta1necl 

until th 13th in~ after . SAl truiro a tio ~ to 
p¥'0dt£tian. followed by decline to a level llhiah for 

ab fcrtniabta t'l.ucttated ar"OUnC1 4.J per .sntdl.. ..:inall7, another 

~ tn <toe 22o4 artn.1tJ'l't pt'O(}.liCtiGn to a l-.1 ot 
"we 1 0 20 .¥*' et'lllll. 

In bJ.e vx.1 and aubaequcm:t lito ~loa, t. data have 'b~ 

rae a.t mid-points at ech intexval.. ttbi.a 

for the cahrulA t1on of the intrl.Daio nL"t& .M:turo..l tncr.ue., as tt 
o=blec3 the tian b:om 4nt t:1~ to a Uon tc 'be tlilale. 

FOr the ca.'lculatiorl. ot t-
11 

an4. other pa.rasetens th datn. ~•ua:tecl 

u_y to 'ln.e 16t t igllt hAw been «l. 

('b) • We }jgl?l; .. ..i a.!Z 1 0.1°C • 

.An ini.tw. . ot }7 ~of' three ...... 
T"mD.rtB..I. in 'l~ t in a. - te:J'be.th t b t~ N&Ulatll4 

to 2-fo. ludecl the UM at a larger ot 
anaila~ ~l.;cy- tore ~ty da.t&.. I awe'VOJ:', the W<lraattorl 
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- taSned tl'OIIl tho ~ ~. 
1bt qe &tWill m Table n.2 ua 1g. vx.2 It Y.lll be 

...,. tbllt the ,pe.~ ol aarial1tq -. tor the ll08't pari "'ffW!7 ai•Uar 
to tmt ahibt:t.a b1 2!fc. ocbori. A1"t«t- tho 18th t~• tno 

a..1ih rate. ot m ooboi'ta te~ b1Gber ~t\1 ~ 
~ a.t WI Wl.l'l:le t__.tuJ!oo. td7 1 ~~ of the 

~ WI'Vl~ a M1 ,.r flll4 lW tM )\ et ~t <me 

..u l'tllillalnea. fitda ladi~ INI"'Wift4 4St ~- tte:n 
ot• ~a.trfc.-.. It~: ~ to 
be~ m,tlB ot t:roosb W ~tho~ 
ti• lite ol . cohort. at. So the eq~ -.a ed ta4dy 

~~. 'but want ..u. the .... 6I'&J.ne4 and ftd'U1e4 •• 

tt.ae; 1 b ~ that eyQUb pa.ttem ... e. NSpQr18e to 
~ :t1Cmcs. :tuJ!oe the o aatut'e4 
~ ~no tl\otet' at at/'c. t.autW p~~tt;ern or 

l.il!l!lar to that at SJ5°C. af'tut' 'til:t.dl the ~-.r 
~· t tJao l'e.te Of 

anx:n:aac:J.h thfl l.eNls l'OCIJil"dod ~t 25~. i'na 

tour ~.. p.-oduotkm tl~ bot. .u aDI1 25 
..-..... lmtil the 29th t liab no 110n la.t4. 

(o). Wt t94e , .aa~ ~ ,g,fR. 

~ t:1 tour , tAlJJ.n6 4ft indt~ls, 
,.... ~ 1l'l ~Qa.r.ta qpt in a ~tioall-1 oont:rolled tent 
~ture inei. lll••Sna~ proyi,W b:1 ot 40 •tt 
tluoweomt tube OCIOtNll.ed 'by ....-ns of tllle aitob. 'lbe anoUa 

,_.. nJIU"e4 ~ a tOtal ot 20 t~ , tNt 4a being glWD An 
t u v:t.3 i,S. vz.5 

lt 1e Wlf"orttak'te tba.t V1e o'Nel'e au rot ~ 

dutratien r4 ~ 1.2,1>. ~ tb cao4i , bu.t t~ ~ 'I'V1P'~ 

OO"''eJ''J4., i· •) a OCI'l81at«ttl¥ ~~. i4 the 



' lx .,_ 
X • 

{1'1-.oW I (~~ 'J'otal ( D.\11) . lx~ 
AaJ) abiJ;} 

0 17 't . O(X)O 
.s .36 .V/y:J 

1.5 2S .6757 
a.s 2~ .67$1 
}.5 19 l .51,5 
4.5 19 ·")5 100 s.t63 2.70' ,_, 17 .~ J93 23.-11 '\0. 62) 
6,!) 17 .4.-595 !@ 3().588 14.055 
1·5 .,6 ·'+321. 22, "'·"8 6. 027 
a.s 16 .4J21,. 257 16.061 6 . gr.6 
~., 16 .~ 226 1~ .. 125 .1ae 

10.5 16 .4,_. .31+9 ~ . ' 9 .. 43a 
11 .5 16 .4324 40t 25.06} 10 .. 37 
1 2.~ 16 .~ J71 23.1 . '\0.026 

""·' 16 .~24 144 .. $.892 
14.. , 16 .. ,,. ~ \4-. 6.25 6.~ 
15. , ,, .4~ 1<». 6.sa> 2. 9\1 
16. 5 16 ( .4.'524 22\ 1.h8t3 5.~, 
17. , '\4 .. }7fJ4. 2~, 18.766 7.109 
10. 5 13 ·'"4 &.. 6 .. 46,2 2.271 
., 9-.S 10 .270' 293 29.,00 7.920 
20.5 10 . 27Q) 22, 2i.= . 020 
at .!) 9 · 2452 62 '· 1 . '7!) 
aa.,s 7 .1692 t) 1.).ae6 2. !1\lt. 
2). , 7 .1692 2.62 40.286 1·-'22 
21..~ 7 .1nn H1 1 s.as1 $.000 
~5.5 6 .1622 1n 29. SOO ~.785 
26.5 ' ·13S. 1lil ,,.ltt!O bl • .... •• 

2J.; 4 .1oe, .Q 1,S. 60t 28., 4 . Hl6• 21 5.2SO 
29.5 :; .OBt'\ 0 
30·5 2 . ()54.i 0 
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VI., 

I a la (~.nAil) i (A.'JOW { UI'VJ.wr- '.lotal ~ l.J'x ) llhi,p) ..UI!J I 

0 4t8 'l.OOOO 
.; 44 o.~67 

1.5 }0 0 . 62!5() 
2.!) }0 0 . 625() 
3·S so 0.~50 
~..., ;50 0.6250 s., QJ 0.60ft2 
6.!) 27 0.,562~ ,:! 31 1.677 .91.,3 
7.5 26 o.~7 189 I }0 6. }00 J.¥} 
a.s 26 0.51.17 626 l 30 20.0Gl H.30fe. 
9.5 26 0*~7 H56 30 :;8.5}; 20. 07} 

10 .. 5 26 0.~7 1.230 30 41 . (X)O 22.210 
H.S 26 0.51.17 1)27 .)0 44..~,, 2, .. 96'\ 
12.s 26 0.54.17 1273 30 42.4,3 22.~ 
1).$ 26 (),5it17 '\062. .30 3~~400 19.176 
14.-5 26 0.,..17 116) 30 }8.767 2\.000 
15.' 26 0.~1 107} 30 55-167 19.}75 

I 16.5 ~ 0.5a00 117.S 29 .I,O.S\1 21.10\ 
17.S 24 o.sooo ,., 28 }}.679 16.839 
10. , ~ o.sooo 1181.. 28 ~-286 21.14.} 
19 • .5 24. o.sooo 1198 28 #.t2. 106 2t .,9, 
20.5 2} O.Jiroi 11 08 27 41,037 19.66.5 
~ .,5 2} c.z..m 900 I 27 3}.;5}} 1!).,.,, 
22. 5 23 0.4-792 864 . 27 )2.000 1,.,,. 
2$.S 2t 0.4J75 o,a 25 }}.!$20 i .\..665 
24.5 20 0.4.167 76J 24- }1.792 1}.248 
2!.f.s 1~ 0.)958 629 22 26.5'91 11 . }16 

315.916 



·58-

100 

90 

eo 

70 

X X X 
60 

X 
X 

-" ,.so 
e 

Q. 

xxxxxxxxx 
X 

X X X 

x 
>- "' !: 40 ~ 0 .4 
0 
z ~ 
::> > u Q: 
UJ :> ... 30 "'o.J 

20 

10 

0 0 

AGE IN FORT NIGHTS 



. oNe~" oe ten per cent. better than tnat of the sr.Ua lca:pfi at 25°0. 
nat pattern <:d e. ptQC)Uot~ .. ~1: auterent h'o1a that 

~ at both 25 ~. ~ CflMt of' turi.t,- aa ~ 
tor two tort:niahte 1:or tho~ t pens.ture, the tiNt beklc 
lA14 ~ the ~~ tortniaht. the teath tort:niaht 
p1'04uct~ had 2!'0QCbed th•· lMft1 ot agpro.rl•tel7 t.O pel" onaU 

e.nd 1 t tlllC'twlto4 uomd thio tte;u:re ft# the <lurat!on o-r ~ obaer-

•ttou. EGa~'~ p4r 8ll8J.l at thta telr,pclflture-. in 

m ezo ot ~t ~ t"or ~ a-t a-fc. 
(a). wt! t&blt-' 3ft! 2·1°£· 

An ~ f#t 40 &rim. troll tbreo ... 

-.. MintaiDea 1n aq\l~U"JA t~t in ll oonatant 1 tun oob~t set 
at 1aoc. O!la4it1ona o£ W.\allnlltion ~ to tboao 1n tho 

22-.tflc. cab t. n Ob~'tiona Jllt.$ntid.ne4 ror oal;r 11 tart-

n! ta an4 4i4 not~ tor the Ute epm of the cabcn'"t1 ho•9wr1 

th pAt ot tSUr't'iwl and ~00. cl-.r tf¥r 

~With the oth.er' 8l'Oup&, a4eauate tbr oa~zlation ot 
tho populati«l ere. 

As be NOn hal the «a.ta aman in le VI.,._ · ·ie· vt.4 
the W.tUl ~ty at tbie te,entwe \ lDaw 'thlm 

that ob...,..a WIU"Ml" oCDUtiGMJ b7 th.1ra f'~t aa11e 

1 of the initial populatiA31\ 1fC%'e atUl alift. ~ ~· na.t 
tto ~ tho flm\il.B aun a. h1t#'l ~v but a.t'te the 

81atb ~~\ tbe aurd..o~a were better abl.e to csurri.ft the cool 
eacdJ.tl<ma an4 ao ~ d the n'JOOJ'(\ecl the 4ure.ttcr1 ot 
obfl«l"'9atiaul. 

At th'1 ture the onoe't ot t.urtty tq ~.a, 
no ep pt"OAUC*l mttl the 12th f~t. pi'04uctic 

pro at a low lfttll lW1 at no tim 4urlna U1c iod ot obeel-

tton 41d !l.t ~ ~ 2 ·. p4lll' INlil. pw fortnight. I t 1a Cle¥" # 

hm:eYOr, that al.tbaue)l the speciea ooul.d ~ amtain it ~ 

at ~'rl. ~turc, gona4 d ~ t ~t lnbibit by the oo:t.a. 
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X ls =x 
(PJ.wtal rota1 (~~ t'otal I < 

l:J~x 
A,ge) a ~p) 

0 Ita '\ .0000 
.s '' .91,c> 

1.~ 30 .7!#) 
2.5 30 .7St.X> I l ·S Xl .6750 I 

4.5 2'1 .;aso I 
I 

S-.7 't9 .. 4750 I 

6.S 17 .. 425() I 
7.5 17 .lt2.50 I s .. s 17 ..4250 
9-5 17 .~aso 

10. !) 17 ·4250 
11 .5 17 .42J;O 65 ,.S21. 1.6iS 
12 .. .5 17 .. 4,2!}0 111t 6,.706 2.aso 
13·' 17 ..J.250 136 e.ooo 3·~ 
14-~ 17 ..42,0 75 4-.lt-12 1.975 
15.!) 17 .. ..t.2SO 16 o.~ o.z.oo 
16., 17 . 4250 J 0 .. ~16 0.07f, 
17.5 17 .4.2!;10 ~ 4-. ()SJ 1.725 
18., 17 .~5() 67 ,.941 1.675 

13 .. 62S ... -
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( ) • Wt! ~lt ; ~ . t.Mll1!!!\sl. I~· 19!?J ts Jg. 1 S· 
~ tuft O<Dli~ 1D n I'OOe OND)t cluplicate the 

pattem of extreMa 'flhi<lh oocu:r in tumJ. 

ldll. foU.ow <the ••~~CJMJ. ~ whio'b ooour ou• ot' aaor... To ~ 

a ~ with the tow .-~ ~ da. aU tbCf'eel under 

QODtittca.e of ~• ~ .. a lUe table tar . ) alatmaM 
wna ~.a traa aata ~ i:Cl ._ aeri.e ot ~qmria kept in an 

~·- %'0011 .tJo(e 1 1 ~ 1 ~. iniUt.l Uj) ~ 8_5 

4eriw4 tra1 four ~.- ~ elailar -. -..c~. The ta are 

pvm in ! able VI • .5 aDd in Yl•s-• ~ •xt•n adni•• t.-
pentures ~ ~ 1n a;_-.rlta an4 

tbe1Je val.~ are 1ncluiled in • i. • VI. 5 
1'be aortal.1tyt"ttte of the ana:na tDler th oon41Uona-. ~ 

aimilar to that reool'ded at 22.5°C. wbich uus" be oloH to o;t41ua 

tor ourtiwl.. snAils Qi" ~cohort haw eholrl an~ 1 ut 

ISp!Gl, t"our ot: th.e ~ 8.5 ln.l.nivod t'#O y re, al ~ they hA4 

J.ona aineo C*ta«l ~· Aliloet ~ fit the CRJR1la JNl"Y.l'NCi 

~ :/'ffl&r, 1#dl me the ~t ~Wl te.'k reoortocS in this • 

~u :sbo1le4 en in~ts.na pattem. enact ot t\lrit;y 

app«U"'<1 to be~«\ by winter camiti.cma; :tures ~,pel .jt1at 

be:f"onJ tbe eraila 00\lld haft 1>em ~ to lay • e ~ 

d14 l10t cacc to u:r ..n t ~u Wre8 to ri.ae in tbe 

eu--1.1 .~. ~ r~v to .. lWM!" ..., ~ w f'lU~CJtmtod 

m reJA~ to t ~per&tul:'e 111t1en this alte.a oanaiderab.ly. 

The a1£n1fiaance c4 tb.ia Ute table 1a not to ~ te 

potent:l.al. o£ the ~- to a1at Gl4er ~ ~tv.re ~Uone 
but w erbow now proJ.Cinged ocmcU:tiDG& euch aa w.ln~ -.v attect tM 

~e ~i..,. pa.ttem. ot the apeciee, although oor.a41ttana tor 
JtUrri..-l reaBin good. It dr6ft att ll'!t1on to the tact tha-t th1a 

~ 1• "fW3 aeoatti-.o to ~ ~ en4 oe.n to~te ~ 
a rqtnctod nmQJ• !he ~ potential at t ""*'e.tut-. lower ~ 

tM optiaQl. l'lfllSO ~- nn ~t to winter aon41\icna ond 
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1._.. the ;populatian n~ well ~~ to aury.i:ve the hot 

pre-l'dn l\1«!181!1100. ~· Wo~Wtti:On 1a Uable to be ~loolc.S 1fhen 

aalY ocmat«nt t•• uoe OOI'US14e:red. 

ta 151\a!l&'IM! f1 Ill U(e tMl!l• 
e lite bl• 111 for 

the oal.CulaUc:a\ ~the$ :lntrinaicl raU. bt ~tuml ~tor 

aet ot oc;pliti«aa. ...eru- in 1d.D4 the &.tinit1an ot :r. * it 1dl.l 

thua :be ~'tbl• to ~ the opUMl. ~ can41t10na ~OS' 

th• flP'C:S•· ~baa ooaloeloel w.l .use, witb the hel.}' ot 
thia pat'UNit•, tho :pot4a'lt.ial 1nareue ot the apeo:ies 4~ the 

~ aeaac:me b-. }'N4lote4. 4 ~ or tho n.te or ~ 
tor .. ~ ell ttDpOI'•t\lre ocm41tioaa al80 ~ ~~tiCil Clb tho 

uait!n .rt.U fiJt these oon41tiona with repra tQ di~ at 
the apeo:1.88. 

:rn :.~. l.e VI •6 are ~ the C4lOQ]ete4 ftluea o£ var.1oua 

popu:tat1on tors ~or_. (J!l. ) ~the w.rtcn.. -
ture ooalditiona. .In :Pia. n. u the rel.&~ betweeu the 

ftldt~ ate r4 in.cl"eue (R) anA tun. At e. tUN at 
1 ff'o.. the 8ped. Ci'm (lll].;y ~ aain:taa i~lt. . 1.8 al tl¥ m 
nceM Oft lmiv. Th1.e 1$ p.uoe:cy en ~tot t\a'e .en tecuadit) 

Mc;auao• u can be...,_ trca the lite table W!a· VI.4 ), tho llpeeli• 

~ .uni-.e quit. ftll at 1lfc. ~ 1a not ~ted but 

tho ~ ~ u.turity 1e eana~b.ly 4el&yed, ana the ~ 

'tfbJ.ah aoea 000\Jf' is hAr<Uy •utrlcie'lt to taJn the apeoi• ~ 1n 

the ab~e cr ~.biotic 1ntluenaoa. 'Ihus it 1& ~that 

the e;pecloa -.ould ed.$t um\er na1;ux$1 eondi tione 1llhen •xtael ....,... 
~tur'ea c1o nQt uoeed1eOc. thro~ut the yeaz. jJowwrt·, it oen 
tel U ooncU t~ 1\bere t t tall to ttd.a l .:1. ~ part 

ot tb 'TfJA%'• 
en te~~~Pera1.-we oonait.tua~ a:r in1a1ned at 12.sec. tl~ &s.te 

rat. ot inel'ttA$1! tOY!! ll• (.&.} ll2\12!YI u 1 • 599 per rortnlght. 'lh1a 

~erature is au1table t« the opeciee aJ.tbauab the rate ot ~ 
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:J.ntini tM:IMl or in'trinaic rate ot 
na~ increue 

CenRtltion .d • (fo~ta) 

B = birth n.te 
D = d th mt .. 

r-;-----;- - - -··-----.------1 

.! ~iQC.---~~-.. 21.:1- - --0.2208 --- - ~2~~ 
1.0079 

1 .599 j o./t695 

1. 9}5 I o.6oat 

1 .8217 1 0.6026 
~- ·-- ·------·------

9.86 1 .. 5931 

7 .oo l 2.;0\ s 
, .. , 7 1 .9.501. 
--·· - --

D 

' 
0.10.33 1 

0.14.74. 

o.n.s~ 

0.1592 
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u. not Yfl%11 hi&b· Ul4er th.$06 labore.to17 ocac11UG2a. :m ten £crt• 
~ each 1DM'ri4ual 'WO\ll4 potatJ.ally a;lft rise to i 09 $»Ul•• 
Sl#'ri...-1 ia ~ at 22.'J°C. aDd there u ~ thaia the 

J,tp!lil~~ would JJ....S Wid theae CIOild:t.tkaa. A Z'0$1lt ot 
~~ nett ~VC~ to, 

0
, ~ o. lQQ& pet1od of 

l!ht!!lftt mert.l ~turee 4b no• maai:MM\ ~. t'c. but rela'Sn 
clOH to that le9el, the 8,p001. SUI"'f'1'ft well 4 1ncrewM a.t a 

al.ow rate; in a IS'tabl ~t ~ ~ io llkel,r to be ot 

1'8111$ to the ~-· 
t a constant tt~ape~atut. ot 21'c. the ap«dea extd])ita a •xt,Ml 

rAte ot' ~~ ll a 1 .~;3. ture con4itiona are Uleal tW' 

rapid ~ ana producUQa aocm r.1aoa to a his#lleftl 1lb1oh 

ia 1141nteine4 for t1ena tor at.D"Yi'fal , ..,_,iltlll' 
tlul1.ng tbc ei'teotiv. re~tive ~,are al~ •xt•l. 
U:e ~ u l ur. oooJ..cr Cl%lClition:J (He • VI. S). 
At thi.a ture tbe ~tmtial. ot Ql ill4ivi&.l woul4 be to 81ft 
l'~ to 7~9 ~ 1n t to.t"tni(;lt&. will be #Mn 1'rx:a the 

rocox1ie or - -. ntW.n 1-h• ~ t (a.pter m) ~ 
25°0. ia no-t t all \l'U.I8UIU ill nAture ~Wl¥ Jn the l-.1• 
an4 at tboee tir..ell o.r 7.-r ~ ..,.ci• be ~~ 

freD ~:taa~ ~ in - populaticll. In early .-filer 
-.terbodlea ba ~ t]Jr in Gize or enm dried 

ou\ ~- 'tba"eforo a. re.w ~ ~ 111 necesaaey 
the t1rit raina tall. the at af'tGr 'b t1ooda 

.fl.UIIb.Sna ro.1Da CXliiiCm in ~, tba ..-thcr 4u:r'J.nS EM"'i!lb 

an4 AprU anoe pi'O'rirlct i<leal. ~~ ~ar ~· 

.At ()()Mtoot ~tun or zt>c. tho xe.te ot ~ to:r the 

1ea u ' 1owr than t ~c. optimal t :tUl'O 
l been ~fleded al.thou;h the r&tc t4 ~ 1a atUl :hla:b, 

= 1 .827.. Under ~ atablo condtttcms, in a period ot tfll ~ 

~- cme indivSAual 'fiOUld give rise to 414 sntlUD. .Aa oan be aeen 
t:raa the ltle table ( • VX •2), tbe ftte ~ dewl.opent :1a c1uot u 



'l'he p1otun o1 mrtaJ..i\1 t1~ i.be ~ 1a ~ e1•'ler to 
that or tM d.oB reered at 2~0. aa ia the ma%1•1 ~ 
4\D.!atian err ute. • 1a ~' u t :1n 
d.uD't.im b; two rise in 't«<t:De!~n"e 

,. 
the p:-.oe41na oa i t u clear vat there u a ~w 

~ tf'tpetatul'e within the i C)a.n both «d.at aAC1 

~ 1n ~. Under natazal OOlJIU.UOM , a-pltio 

aM~l• wU1 ba.e tol.-te, tt# 1ndetWte , 'telt;M:a:"a'tl~ 

wr"!At icaa ~ tb:ta ran&O• It 1e 'lDltJt)eaM.r,y tO det lite 

ta:bl• tor \heae w14er oanditiaoa ~0111, m aU pi'Obftb;Jllt.y, 

1dl.l not au:rvive ~ 8DOUSh tor d~l&te «l&tll to be uaaatl4, 

~t be inbibi.'toS. ooul4 not llw 

iD babitat in ah extr ~ ot 
• hat J.s ~t to lr::rlalr J.a the et1'ect tbo ~ ot ...... 
ture es ot short duraUQih e:retore the toll eeri. 

or ta Wl'ro U\Cltl'tak«l atuitr th1&. 

(n). ~.e~~~~~~~~~~mm· 
lfiiGC)l'()a ot .. ~ 

. ) allow an ~ 

Auc7Uon. i&· vx.7 a: ena11 
hQia tift 41tf t eq~, 26th JlUlUar;y,. hu bee nr'f!lliii.Slw 

t.e4. Do.:1l;J' turea ~ rccor4e4 or a. ' .;:;bee • thez-

PCI~:l4Dt.l-Y :!.n aq n . • oa r4 .u;~ 

an4 inoJ.uded in the~. lt will be that 1..hero 

_. a t.U-otf' m ~ aa tures dro,ppe4 'bol091 
ava~.e figure at' 20° • (.;Q:T , rose 

~ 20°C. at'tcr 1.he in pe.r1ocl, . ,prodllo'tks:l iru:r ed. An 

~ or these .t.sura haa b c:u-ried out by tho • t-w-;y Unit 

ot Agricul:t~.n'Ql R~ COtZO.U of ~ 'yaseJ•n4. who 

~18lte4 tbe o ti&ton ot tho Ol'088 a 1al oan:elAUcln 
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ao«lTicicmt. (.,.. r1a. n.6) . nte aa: wh1 preaentea in 

~l• n.7 anA • vz.7 • ._ b~ ctorS:m t:rcc 1n41Yidual recorda 

o1 .t5W8N1 ~uarie.· F -.cb ~te otuari,_. the ~ili:UII!wt •.-tt 
correlA ~ tM la14 per ..u in a ~ 
1a plottett ~~ the +1 to -1, and tur. obht ft4 

O¥W a ~ tour to ~UIUDa week ol' 

proau.cttarl. '!he ..Us ot \.IU'!lua wwe ot the ... but 

... CQl,1 be MC:!n b-oa le n.7, tM 'Yal"1ou8 ~qUEU'ia ot 41n'enut 

ap • Ill All ilulfMoM aero aa the enolla tn 

the ~\laJ'ia were ot a aid&'\ which procSuotJ.oa would DOl'tlall7 
~. .Aqllll".ba 1 _. !oitiatea SA JsUI\17 ~ \ai"itia 12 w.a 

at aa- aero in JUM_. ~\alia 11 a.n4 ••• both ~ed suo iA Ju17 
Aquan• •o• tft ear)3" A:uau•'· !hi.& tat aq partical.er 

title, the~ 1:ure was WJ.•,.,sna e ~ 1.Sria 

, as.ttertet asea. tt be Mel -"'- • vz.8 that within ee.ab 

~uari there 1a a 1aaced tepemtur. etleot.a 1\qua.!'U • ', 11 enc1. 

' 0' sbow a poaitive oorrelat!Dn 'betaa111 produatian aD4 t -
t\&re ane, two ao4 ~ woeta prenouQ7. 1'tb ~uarl\812 then is 

a 41attnot tift oorrelAUon with eratures tour ~ 
to ecg produo't!ol but the 001'ftlAticiD poaiUve -

turea on1y two wets prlDr to t1 ~. an 00t':US1a....a.. rue 
1a not with the olden~. Aquariull 1, it U1.d 

appear that the M1n «ffeot Of 1nc:reuecl ~us t ~- wouJ.a 
be to ~ produotiaD, and · turea n.nr the 'ftJek at 
~ ~ to ha.1le Uttle etf'eot Cll tbe sna:U. 

Cl.eu-)3 ia intlumoecl DOt anJ3' bJ' tu.re fS, 

but a1ao b7 a ~ reJ.atma t ture to t of tbe aoaila, 

the -i'•, tM .. ~ poaiti~ ia tbo cortti&UG'l 

beuwen ~ produc:Jti.an an4 ~. ~ 'WOul4 ilzfer 

tbl.t 1ft the~ SM!la, tuze OCB41tiul both in the preaent 

ana ~ ~ WGelm betore, ~ the dftel.O t aD4 tumticn 

ot crtQ and the l'Q.te ot OYipoeitton.. but in oJ.cl.cr :m!la nth ctl't'O 
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TABLB, ~:J 

Ell production ot ~ (U~!9P!*f) &J.s?R2fua at l'OOtl t~ture, 26th JunUtU7 to .4th votobor, 1961. Atf.e eero 
was t.a.k.a when the a 1ll't\rO of an average aize of 8 •· and thm-efOl"(t oapo.ble o~ egg pX'04\3Ction. 

w..u t.roa 
26th Jan. 

1 
2 
3 

I 
4. 
5 
6 
7 a 
9 

10 
I 
I 11 

12 
I 1' 11,. 

15 
16 

I 
17 
19 

I 
1 19 
I 20 

i 21 

I ~ 
2) 
2l,. 
25 
26 
27 
28 
29 
)0 
31 
)2 

'' )4. 

'~ )6 

.Aquari111 1 

Srlaila 

I 0 21 
0 a; 
0 21 

Aso Zero 
66 

162 
1lt.7 
130 

80 
. 16t I ,, 

I 

I 
! 

a, 
2.} 
14 
0 
0 
0 

35 n 
a, 
17 

)8 
36 

46 
Z...J 
45 so 

I 1J8 
111t. 
;08 
2-\6 
21.1 

: 4.37 
24-5 
231+-
229 
1.5 

2'\ 
21 
21 
21 
21 
21 
~ 
21 
21 
21 
21 
21 
21 
21 
2t 

21 
21 

21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
2'\ 

Egp/ 
~l 

'·" 7.7 
7.0 
6 .. 2 
}.8 
7-7 
2.6 
4.0 
1 .i 
0.7 
0 
0 
0 
1.7 
?J.7 

~t,.O 
o.a 
1.8 
1.8 

2.2 
2.0 
2.2 
2.4 
6 .. 6 
5-lt. ,.1 

'\0.} 
11·5 
20.8 
11·7 
1 \ .1 
10.9 

0.6 

I 
I 

I 
' I 
I 
I 
I 

l 

I 
! 

I 

' 

Aq llAri.UIIl 12 

SIP/ 
~ &le.U. &1&11 

I 
.~ zero 

Q 15 
0 15 

0 15 
0 15 

0 t!t 
0 15 
0 .,~ 

0 15 
0 '~ 0 15 

26 15 1., 
96 15 6J., I 

I 

60 15 4·5 i 

"23 1.5 a.2 ' 
243 1.5 16.2 
159 15 .o.6 
1~ 1$ 6.9 

.35 15 2.} 

- ... Jl -

~ 

Aquariull 11 AqUt\dt1tl H Aqwn"1'UJI 0 --
= lmro Egp/; Xsga/ ..... ~. 

~ ~'E-EaP Sno.11& ~a 6n.alla ane.u '~ell.P· 
' ! 
I 22.8 
• 2).1 I 

I 22.6 
! I 
I I 22.1 

24..2 

I I 23.9 
! ~2.8 

I I l 23.2 
I ' 22.9 I 

I I 22.7 
I 22.2 . 
l 2}.2 

21.7 I 

I I 2\.9 
I ! l 21.} 
I I 

2t .1 I i 
i l I I 

21., 
! 

t 20.7 ' I I 

: 

Age ZOI'O All• zero 
0 12 a 12 0.6 17.} 
0 •\2 0 12 0 17.,3 

Ago zero 
0 12 0 12 0 0 11 17.8 
0 11 10 ·t:l 0.8 I 0 H 16.6 
0 11 0 12 0 0 11 17-9 
0 11 0 12 0 0 11 17.7 
0 11 0 12 0 0 11 19., 

}5 11 .}.2 • 53 12 l;..lp 0 11 18.9 
0 11 0 I 0 ·ta 0 0 l1 16., 

-tZ. 11 1.) ' 30 12 2.S 100 11 '·1 17.8 ' . 
36 11 ).2 ' 0 12 0 ·t5 H 1.4 19.1 
4b 11 4.2 as 1~ 7.'j 0 11 0 20.9 

122 H 12.2 180 "12 15.0 1.50 11 1.3.6 21.!} 
189 H 17.2 145 12 12.0 21.-' 11 22.1 22.2 
97 11 6.3 166 12 1}.6 }57 11 }2.5 22.3 
85 11 7.7 481 11 4}.7 2~ 11 20 .. 8 22 ..... 

Av.~ i 
I 

Ttap. i 

I 21.9 I 22 .. } 
2\ .,8 

I 
21 .0 ! 

I 
22.7 i 

I 2}.0 l 

21.9 
22.) ! 

22.0 
I 2t .6 J 

21.} I I 22., 

I 
20.9 I 20.7 
20.5 I 20 ... 0 
20.} I 

19.} 

' 16 .. 4. 
16.1 

I 17.0 

f 

15·5 
16.5 

j 16.5 
18 .. 0 

I 17.9 
i 

15.$ I 

I 16.8 I 
I 17·7 

I 
H>.S 
20.2 
~ .6 

I 21.6 

I 21.7 



and tul~ 4evol.O,S*i 1 the lntlueoe ~ riaill& Wll~~ro 
~!t"bb a ~ etreot Gil pro&\\»tb. 

turihoJ' kl:9eatl,pUt.Da into the WlUI!InC18 Q~ ~turc 

proc!uotic11, two ~ ot ttw • • } ...-o ~ tor 

8eNI."Gl wee.kt8 at a oora. tl tie t\lN ot 2.5°C. Tho · :ture 

-.theft Nt'luoe4 ab~ to 11fc.. ~at th1ta lftel tor 
n.. art.. the ttft ... apsn to 2'J'o. 
~ l"e8Ulta 11ft s!wn m :1e n .. 8 In bOth ~ua.ria pood'uctton 

~ th4lt W'UAJ. pcitXt td 2fto. ~tea ~; but 

the-.... 

pent1.'ul'e tell. lt la intennl~ to note t 1lheft lliJUiaq.ticna· 

.retu.rned to 2.5°0. og prc4uc~ roae ~. It~ appea:t" 

tim~ tho in toaperatoft tree 18 to 25°0. an U11 U.U 

took p'l a.ce. 

( ) • .Yaitk!a ![~mi. PL !!!11!!!.\.\D. em !&r J?li2duqtaqq. 
u..1ng a tb t1call;r eon'b'olle4 COllll t ~ 

oabinot • obael'W.Uona wre Ql'l the JJ.rQ.tina etteot ~ ~ 

on · ~· aeri: were~ oUt, the tlrat ~ 

10110 t turee ana the aeomd, .h1gt1Cr • Dlo t-l'Nt 

-- a rer:.ge or t turoe btttfeCft 14 29°c. 
~o«~:n:turtt ._. 2~0. 1lb1ch -. •i.n't:Un«l f(lf: a tm?t-

nlaht after 1&b1ch the t ture .ro4uce4 to a 0c. nu m"C~C«Hse 
ot re4uc'ti«4 .. c;rac1ual, ~tel;y twO pC' atep. 

Al.lowin8 1lt. 41.\Y• a.t tepelat\lre1 •• oont1nued to 
the o:t a~td,;y 14.

0
0. f'ter thi.a, t tuNa were 

~ a~ at a •1~~:Ual" rate to 2f'c. • with a. tmu ~ 
to erfo. U10 ~ lAa 11 fortll13lte. 

\V-.ix turo ~& tel.Y &U IIIOrltha ol went 

in the t. 
at · partkular ttaDera hi. 

•"h " wllioh did not ~ e ~ after 1\':rur ~- at the 



:boftJ.na t.ho ettec;ts at drasti tea 
cnthe ~ot~{ 
'P1ft -.u • .in eaoh aq~ • 

.Aquu::i.ua t 6q~2 

total Total -~~'turc Date &laU 

14/8 - }(¥8 f4 

1 

-u;.a H a.! 25 
~;a .... CV9 1~.6 7 ,., 25 

7/9 .. 13/9 95 i 19.0 22 4..4. 25 

114/9 .. 20/9 25 s.o ,a 7.6 25 

t '21/9 -27/9 7 1!5.6 6' 1}.0 25 
2&/9 .. 1./10 

I 
160 )2.0 13 ~4.4. 25 

!¥10 ... 11110 I 27 , ... 10 2.0 18 
j 11/iO • 1fV10 29 5.8 t2 2.Jt. 18 
I 

119/10- 25/10 Z7 S,..ft. 1,. o.a 16 
26/10 • 1/H 28 s.6 0 18 

2/11 - S/1~ () 9 ., . 18 

I 9/11 • ~5/H " 6.~ i>9 1}.8 25 
116/11 • 22/H 26!; ,,.0 1"t .2).6 25 
' 
!21111 • ~H ilt.J 2fJ.6 00 17.6 as 
i )q/11 - 6/12 72 14-.4. 101 20~2 25 
7/12 ... 1~12 '' 19.2 1 1 ~ 22.8 2.5 
1lw'12 - 2{V"12 118 23.6 203 41J.6 25 



nma tellll**tu;t"e ~ ~ t<> be li\T~tiol0Sicall3 ~ 

an4 were no~ iltol.ule4 in the e¥p*ria«lt ~ th11 tille of 1heir laat 

ega 4~tJ.«t. 1hl• :1a t.be ~ tor the abu"p arop ott in the 

nullbero ot an!Ul• t~ th• end ot tba Mli,ea. 'ihe raults are 

emrn m le n.9 w atoe a.naJ¥ae4 £NPU.oallf f.n PJ.ga. n.9 ona 
VI'10 

'.the aeaon.d Hl"1ea !nT•\ip-W ~ ~ ~ 

11. s to $4.1/'c. iD.:t.tW. tun .a ~0c. whioh aift.. 

taiDoc1 ror two .n.. -.b1ch tbe ~ was ~ 
to i7.flc. 8104 kept at t lwel totr a.~ t~t. 1£he toe-

.,._tut:e then in;:r ~~to '!JI+.lt.0 0. \ll1s ~tuN 
-.. mointA!nei <Xl.17 f~ ~ \leek 'bec&ueo ot the otm.oue 41ai:reea ot 
the ona.Ua. Th te~rtp«t'f)tllro .. tinalJq ~o! to 25°0. to:¥: a 

tour~ "~ ~s.oa. 

~~e tlM.Ua throe to four -=:aUla ol4 lnttia'ted the ~-
meat. asnaile laiil ff!IRtr e tben tboae uaod in tho t"irn Mrl.oaJ 

haRV'Or, the data u t~eon in Table VI"iO and • VI.H aD4 VI.12 
.l&bQ\r :ti'lilAr tr~. A drop in ~turc t'ra:l 25 to 17.5°0. aoft 

tbatl halved the rat. ot pro4utatioB 1lhich. -. Nt-ea llabe4 u the 
~ture torso to 20~~. at .9 ani· 24-.1 °u. tun ot .)1 .~t-0c. 
oauaed c1:rop in egg~. ;dtb a rise to ~Jt.0c., 
duoti.Qn .. <lOGiiPlotel¥ inb.ibited.. 

A ~ti<JD ot tbeso dato. Wj~toa tllat J. ( . ) 
fi22sEI u oa:peble ot prodl'Oins \111;.hjn. • W1 ot t--
pera.~ ~ some t~ 'ttol.o.- t J,..z.Oo. to c. t ture in eJ.'!OeSe 
o , .4.00, but loa tJ: ~.4°0. 

nto t~ thnt in tbe ~ clata ~t baa that ibe 
epeo1 1a oapable o-r p%'Oduc1na e£D1 over a. 'rido t ·tare ran.Jite 

not ccnruct wit11 the lJto t4'ble· ~ • 9\l.a latter ~ticlll 
is Q£ JP.dl ter w.J.ue tor it rcl.a.t to the abUi ty of the GDtdl 

to~ ita numbera. !he con-elation or ~turc ana 
pt"CCdUO'UI.m aa ~a. tot tn Ftt=s. n.6, vt.1 0 atl4 VI.12 indico.-. 
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f Total 'total t~ 

a.i1.s sna.U perl' .. 
'lletk 

i 2).i 11,. 26 
2 2.5.1 1085 .26 .e.,,.oo 
J a1.1 83, 25 
4. ~ ., 924. 26 3:5.9\ 

i ~>.1 6o8 
1 ,.1 4~ 24 21. 

7 17.0 184. 24. 
8 ·7-0 2tt1 a 8.1,4. 

' i4..2 S9 2' 10 \~2 ,, 22 2.76 
11 16.9 101. 4.2 
·t2 16.9 ., 21 6.81.. 
1} 20.2 an 20 
1lt. 20. I+TI 20 1a.as 1' 2l .. i 28, 20 
16 21.1 3n 16.65 
'\1 a~.SI 265 19 
18 a,., 464. "' 24.82 
~9 29.7 98 10 
20 29.7 69 10 ..., . .,, 
2t 25.0 259 10 
22 25.0 2!)\ a 2 .6, 
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25.0 
2S. O 
<t 7.5 
17.5 
20.4 
20.4 

2\ ·' 21.9 
4.1 
a.<t 
25.1 
.2!1. '\ 
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;4-lt­
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the i • tolererace can be obta~ea. In to.ct • th& ~ intiate 

popu.l&tk1n have deae;rj,b tho lJ.Ditatiouu or ture 

~ p%'eCUely. 

ilUll~i4k· (1958) hu W~ that :tor smUa are~, 
tbia ia J.lltmt o~ \'d.Ao 1'B'&'ige8 o£ ccncl:f. t1Cllla. "'hi• ia not the 

w.ith • (ih. } iln t to ~'t\2%'0~ ~. in 
nature, turea do ~ OQWI148rabJ3 bo't a s,lAnce at the ~l"CJ:s 

ot t~ture t'luctuaU.cnd ~ w.rl.cNa lowla 'Within -.te.r'boc\1 
Gh011ft1 tM.t then 1a ~ a w14e ot tiona a'faUa'ble ~or 

~-

boQiea b vr:zt3 nho.ll~ there in Uttlo ~ 

ditiO'tlD. d.u:tine, the d.fcy. but ~ lrottl ~l.r ~ abcrt dunlt1«l 

prior to ti tion in the llur1ca ;Lltct-, the \1bole t~ 

cwol.G 4cwn 'tl ::-. uno e ;pe f'l"u the cold ~t Q'l a~ 

'Wlum th• \WP~ t l.qe:t"o ot tar rlll be· alith1.}3 • At tb.1a 

t,_ tile poai.ea, Al tboua'h unubl.G to illcX'ec:..tO eN'octivelJ' • 1a Mll 
®ld with • low rtality. 

ln ~ to hlterpl"et popA tian c1a 
Uf.J"'.UU"'te thct 8,t'Wtb Q~ e mae. 

In ~j tho ll ieht or t:ao ahcll in ua imd th th4l it is 

poulble to ·t:t.at ot r.-turo.J. population# von '-" ruo 
4iatri.but1A:Ia o:r Uiia obAnt.oter. ¢;....'\l.U.J ( 1 ~) 1il"e4 t.J:-.e l"'.to 

ot c£ ~~ (toll.) by ~ the 110<1ee f:4 

B\'IC(~i"nt eilse ~ llfJl' c .. £l ( 19.58) end ebbo 
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(i 9E2) haw • Uer.t thia teohn!c~uo; IMQIII,M-1:ilip;•u 

ob u.on, to ~ the t"NJ.t.h 

theM~~~~ 

of tb . ~ o:r MRaan.. 

t.b a Gl:llltll1 ---
a llatlil 1IIUdl IZrllllllll 

VIII) . 

The .rat• ot Jl. 
l,aborrl~ ~ WU!'UnJS ~SPII!t:l' 

toor a~ ho.ft 

• v.I .1' CIUl b$ Atao.. 
&"f'ttl"Qp thD ~ the t'aa £rll;lltllllll ......... log Ull ... 

aet or iti.ono ia Si'f'tD• '1hU ia to ~~~ 
t1&l ~ srowt,h un4er t.hoae ccndi:UOtl~.. ln. 

1a a le 1114t~ 

a ~- &ttlatciCl UlAt"lihle ~ 1nf'.1uGnoe tbA --:te 
~ ~ ~ at.. In S.t 1a • U.att 

1DU.ri.&ale 1D.Ild :w 1 atM1 atm'al ElNWtb 

p.iot • In <*'4• to i'el.eftDt 4Ata 

are nn • hblt' v.t.H 
atea haft 'b4Ml oaa~tc~ 
CP\5 1,. t 1:0DftJLr 

tM lllllila o.U moalotiU'Irec :to or at e::rllctl':l 

1 ~ ~t to ~&m ~ mea~limfln.te at 
~ m ~ to CGlc..&law efcBl~L'G wr: ...... .ua. .. 
• GeriAUOn.a haft ~,. 'for 0\ 

growth ~. It Gllottl.-4 be tb.\t !Q 0C111e !notaooes 

ftlue cd ~. ,oJAt in th4 tabJ.e (n • ., 
1

) Mt ~'!J'fUI~I4 

ann~r.IA/te. 9alw on tbe q\:lftfl. ~ ia u.t a 
t:l.&lDell" at .-ilG 

e'talrlt!ol~ ~t:\Cn • 

~ tatlcla. cf tM td.$e of a lNI 

.. 
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IT turo 4n lietu1 1$•! 
Daviatial I -Uiiber 6t 

oc. n.,a .. I bpl.icatee 

22.5 :: o., .t.4 2.45 o.,74 17 
60 ;s.at 1.}2t 30 

95 6 .. 26 1.428 1 

1)5 9.69 1-~ 26 

25 ! 0 .. 5 's ,(.OS 0 .. 503 18 

54 !).62 1.2~3 19 

62 7.00 1 ,25, 27 
106 11.24 1.447 22 

123 11.76 1.t~ 15 
i 6} 12.,, 1 .4,54- 18 
200 12.80 1.,397 15 

Z1 .;. 0.1 20 1 .76 0 .. 3)1 19 
!>5 I 4.64. i . 6~ 17 

I 
17 7.50 2.248 17 I 

I 
·15 '\0.0) .7}8 16 l 
·4-5 11 .OS 1 .. ~0 16 I 

I ' 
l 
~ 11.9Cl 1 .. 5.}6 16 

... J l 
-Ill 

I .. ... " .... '. ·-·-.!LB . ;..- &al · I I IJIIt J -, l I 1"ffiMM W 5 II • H ......... ::4 E''IUl r• 
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~e (II4W8 hll9e been ~W to • t oo~ 

with tho ~ ot the , and tM aVC"Cl8e inol;ibtlt.tal period a't 

ch t-.pc•~ :La at b.Y tl'lo mteroe;p\ at o.a •1 'the ·~ 

J..ene1:h ot {Ia.) at hat0b4ni .. 
:£be~ pattern (Mg. VI.15) o£ the~- at 1rfc,. 1U 

abDorma.l, W:t~tift o.t rat r uitabl.o ca-adi:t.iana, IWlu &-

COl1Dtecl. Ql tho ~ arau. nlwl:Y o.t 22.~lc. than 

at zfc., 'but at 2!/11c, the 'bC~~St a~ t6 ot aolf'th 

~is aituatiaft ~~ ~ U3 val ror intr1na1c 

rate o-r natm.lkl ~dl:'eUe ~ al:XIve. lt mul.d e.p;ear to b9 
~t, b::Jw¥C~ tl:at o.t aJ.1 tbree i:ure:s, the~ 

ot the tu~t ~ mails .U tn or the awtra.ge ant 
t there a •iJl11QJ"iW ~ th pat · o~ ~~ 

'botl a' 25 2'f>o.. .At a ~c a:: 22.5°C. e,rowth. 1.9 to 
OPi''J'O.):iu:t.el,y the 1 OOth day .. alow, but after tl.in t., alt'bouah 

littl c~ 

apt:ll"'OII.Ol"'..:il~ t ue of." tho .,_t the other tc..; ;<.: • 

!t ia ~"blnt to carrel.Ato thue Gt'QW'th curves with ~tteme 

of s,rowth the ~- m4or nn..tunl condi iDtw to 4 ermine 
..,~tth••Y" a il~ a~ 9"QWth _r4lt. e'l'h vril1 J.'iee to .,.ile 

ia tbe 1'1 1d. t:hrc the 'Wbolo ~ OJ" ther powth 

ourvea t 'be OCC¥1.11!'1 t·or ~ *~ ~· 

U would ~ t'.roa ~ 'WOrk t the P.,it"'Orth nte 
o1' M&nu! (~au) Qdlgm:s is t on the ~Uq 
t t-txre and u with the inti':h'Le1-e rate of' tu:m1 ~. 

poowth ia optim.l a t 25°0. ~ere it 1e 1ntande4 to uac the rate 

Qf Sl'QWth ot $110.il as a ~ of reapcliUlO to tr.lowt ~ d 

~* t.ure being kept at the optkurll¥ hia 'Will not 
tw 4:S.rect appl1oa.tiM to N.el.Cl CG141tiona because sndla $e1b 

OCXNZ" MtuNll;r at thiJ 4tlnZJit1ea \'lhiQh arc C~:Dsiderecl hei'C. 



Ita ~ 1ie8 in det~ the a.t~ ot ~ which the 
s,peOI.es cxm to-lerate 4n the oont'inoa of a aa1l aquartua. Chemin 

on4 ~ ( 195'7•, b) and t ( 1 %0) c1.i8cNsaed the 

relAtianab:ip ~ c:ro1111: and (.;l"CJWth~ i.n4ioat~ that atm.ting 

occara oontU. ~ beccmo over~. tn tbits \10t'k thft 

~ or • .} ~ 11v1ng jn one litre pe.oS.t)" equadA at 
c!cnsitiea um, 1a ~ !the 

opt t :t't.icms tor the 

-.pecta. 
All o'beerw.ticlla wre carried out at er. cxm.stont en.~ ot 

2S ;t o.d'c. All aquaria -.re the ea.me aic• {one litre~ 
gt.Na d.:18hee 1Z..S • 1n ~) therat'~ aurtace aree. ana art~a 
c4 bOt'to£1 wre co.natant car oach set of coodit:icno. A.;.'Xlrt fb:a 

the o~tioruJ At e. denaity of on · ion 500 Ill. , aU · 
uariA ~e t f ull. Yo-ung ~a o£ nppra<.dcato~ the 

auc were taU=.~ atoek tanka tU1d ~ un4er the denned oon-

41ticna. ·!.l.l 9.qUill:'ia wcro dt~e4 and refill with co.n41.tia:led 

e tor ft'let:3 three WDOka. 

i reml~ OYer a period ot 97 4a$a w1 tb o 4<Wiat1ona 

are D. V«L 1n 1a'blo VI •12 J.a c:.tm be Han .f%'CII tho ro u1 tu there 
-. a o~ trend t ~d .growth rate and ~ inti-

vii 111U"iation 1n 81&~ aa tJw Us ~ J!OX"e crowded, in~Uca\~ 

th&", ot tho con41 ttooa teete4, one sna.U ;p«r lltM optiael.. 
QWYC , at a. dcns:1ty of a1e U in .500 al.. , ~. muah 

1"~ than at a dena1ty ot two an.a.Ua 1n oo U:tre. ~lia 'WO\Il4 

a t thAt &pU't ~ aat:ua1. ty in relatton to tho VQ.lume ot 
-.tc, the n o'f 8Mi1D ~t 1n th aquartm 1a ot ~· 
Thia not bo true 1n lar&e tanks, but th 1::pl1 tion8 O'aN'lDt bfJ 

4W.ed 1'lhs1 s~ a.1 1a. ~ eoMi ~ ~iti ot lou th& 

one :snaJl. ll tre w not 1nv U to4 beoa e it is anall7 
nQt reaa~ to uch cmdi't-iona. in a l.aborotory ~ Ql\4 

atmu.i'tue t\JIO Uaitecl.. In fMt it .found .necc311UY to koep 
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.. 
J;lan&tty 

u. .... l10- u. .... 1 pe- U.tre 1 per 500 a].. 2 p!!lr' li 

0 l·l7 4..00 4-46 }.40 '·'1 (0. ,5} (0.246) (1 .114) {O.SitO) (O.C!o2) , 6- 6 5 10' 

20 IJ.;47 7.12 6.96 !.!4 5.1.} 
(0 .. 666) {0.1 71) (' .034) (1 .. H9) (1 .187) ,. 6 6• ,. 10. 

~ 8.40 8.46 6.8) 7.3') 6!00) 
(0.200} (G.:sn) (0."700) h .J.Bj) ( .7H) 

6• ~· 10 ;r 

62 1i..OO ,o.so 8.78 7.28 
{0."9) (0.825) (0.6!$0) (0,.0.J9) 

3 6• 6 10 

81. 12.0) ·t'\ .. 60 9.88 5.3, 8.C/l 
(0.709) (0 .. 828) (o .. sa..:s> (0.76J) (0.81,4) 

' 6 6 5 10" 

97 1 1].10 1:2.16 10. 20 9.75 a • .w 
(0.656 (0.,22) (0.162) (0.97i) (1.03)) 

' 6• 6 ,. 1 



•90-

JUSR9!Jil at a dalal '¥ ot \be oz&r ot 1 E. -
Ut.re ai.x f.D'ila ln. & 

tb.18 II01il4 in a Rotor ot Ollllltrelll"'OIdlru:r. 

~ 4*-!!l'.t.:blld ~ta. 

,_ 
A .-. .. Ia..... pOJ)UlAtl.on ot- • 

(aoo Cbll~a:-

-11!1...-, ~ 1.z1 m.tnt'.ll!.r y, a ...s. of _.....~ 

fl. to au apiri. 

open ater \ t.ne ~ a _..,_. .. ._ 

WOQl4 ~at aMtl• IQ.~PMJ 

c:ll'e~JjfB ~....ad ~lly Gu1W 1rJ 

11 t .b!ill:-t!ld. aroUD&t. .u~~~ 'OClti!OlA~ DOt 

or ~ ~II'W.t.i.al~ lNt ot a q\arltltq ot 
the 

tabn Cl1 

ot 

the -t..m'~IV .... 4eJt~IBitl8 

OQOU~, 20 ~ 

~ t., ganCl$ 

......... ~ ~. 
lt ., be poaa'lble to ~ta tM --- P:~~ 1tb ro:iij;)IK~ 

'WOlli.e ~ • t UWl 41tfieu1 ty at --~~I.Q& the 

1101\- ~ ftgetatif:Jn t,Jpelt -!lfMoiiii-
OOOVPe awUal• WOQl4 W 
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cebl to o1uator in oet'ta.1ll wu a~ : to -..plc Ulel:~e 

alooe or to lq _.. 1lbi 11113 attzoac't t~Mllo 1'or 6epoaitJal 

or ..rel.Y u a zwtina pl.aco, 1IOUld 'be biueCI an4 likely w -.P.Pl~ 
au ~ ~ f•tun ot tno popllilat'ial. 

~ \be b•t 1eaat eoU..'M al ihv p011Ula.tJ.oo 

18 e:iapl.J w :nll.ato U. ana actuaU7 111'tll tn. to tbe 

total aurtaot ot the •ter'boV, 1H•apeottn ~ wr.\.oQIJ ~~· 

tioft t¥.rMt, ..al-. or cleptb. t:.'rftn &te SA Wa but W0\1.1,4 

be etmabtclt aa l tiaD ~ 

ope water ~ hirl,y ete11atan~ ~~. 

lD hot, uu. u the JIMttbo4 u.o4 m ~uent •u.tiontot :Po.Pul&· 
,.~ .. 

tcMm4 ... ~ tho ~t 0.1 -· t"'i'aaa baaj 110 ...,., ~ 
band oalJ.pcrrla for large GM-il• or ~ f"i'tt& 1d.th an ..-

piece tor ..n GM!ltl. All 1n ao•• ot s.o •· 
~eel f'or treM.~ int'ectiat\ tor CIJ)OGII.JI"C to ._..~ ....... !!Jiolt9 

111 ~Cien tut>o. .,. thiiJ all armSla e to ~ 

-~· taken were ~ eo u to cUtt..-
eat1ate be tenu e awl mtertu.e eaga,. 

'!'be babita't .u ~ popul.ato4 with~~- ~-..::atSJ 

bet__. a.aeea or •"[.'IIIII~~ and tbcM ot • -
bUt U Jeep• in lebo~t.Qr7 •t.U JOl»& tmail• are ADD tab, 

tbe • ~ii ~ beCC*e ole&l' tdentiti.GO.Uon ia 

.a.ple. 

it&t i& 

1,...,~\Ate. It ._. :t•lt that it waa 110r0 i11port4\ilt to~ tbAt 

er,vti,l. m"C~tl..Y to bahttat than to a.t~ to " 
:r.n. t 
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ts.an of* the -.ue tJOJ.lect.a.. A total o~ 16 w.otea ana·U s wren 
.foun4 o~ WW:h i 5 e aneaa:u,g 

n.4 b7 to 

•ttbG! 1'f:l8l,ia an4 te.roi.U1 other soU 
intectiCIIl. 

4a 1D all uatic babt • tory , bt& ~ 

th(t t ttoo no inatance or ac:tual nrec:ra·tion ot the 

~tJ..e~ nth!& sm J81pt. 

a can be ~ tr<a p •t ( .• m .. 1 ) 

~ $1JRC014el OCOW'J'e4 in c1 ... in both panda. !lbia pl.aat 

aa ~ b7 .. (lh. ) ilol!!M u an lqina •1te. OQCaeianllJ.l3 
-sea e£,centhfr! 9!l;Ut2U! or ClO vert ~..,. 
~oU'PB & • ana 8Cae't~• OQ atidca ~ta ~ pua. 'l!ho 

..,... whiot 1nun4Ate4 tar a abort whUo the p::DU 

tull were netw uud for clepoa1t1on. o£ t.hia 4iatr1b\:it!bn 

ot cgg,a. 7Qunpr snoU• wero u~ tound on 01r ear c1uatera ot 
2.• al l.aqer aneUa tur'tbor' at"W4 

aA7 :flot.t~ \!an. In tho tbtr 

al&A1 ~h -. r!Oh, QP&i 1• .re t to bG .,....__ qlr.l'lg tho t: .. 

toua pa4tJ. On hot ~~ ~ f.lllAil4a Clft'Wlin8 on the bottca 

aD4 .......U. u taken Oftr o.pc •ter 1t.lthoat ~tioa, oollec­
t414 aoaUs 1lbicb thcref' we.t no.w been on the, bottaa. Prcita April. 

to Ju:q ..U. wve ~seen, at. f'U\Y t.ae Oit ~~ aGt~ma 

to at. ot emergent y, IRAtim atWeral !tree abOve 

•terl.ftel.. 1 water turea l ow. oo ~ , 1.arae 

n ~ o:>Ul4 '" twn4 o1 Q.t the ~. ~ 
~~~~~ . 

pel'iod a.l"Qh, 1962 to 1, 1963 the :pulation ot 
pt'O~ ot tl\ICt\lati wh1ch help 



_,_ 
~ Uaht on the biGDaa.lca (If 'l'here -. a ·~ 
Ollft'el.atial betttem tn.se tluctuat1one Mel the~ sm"lu• 

ellOIII· In the oold weath• 'breec1ing .as to vutta1 

inhlbiti.oll o~ t.J.,ooatna, 1 ot ...u1a ware 
l.QA. ~ .. el.e to ut.Ut.M the re~ti~ abort ta~ 
able peri.a(la ot OAl.* wathe to ~ 1n to an ate~ 

aa to :urri.w tbt 111'\Utlu. aea80Dil n.ucrtuau.an or the 

pcllMlatial U abom ill fts· •14 can 'k ~ ~ with 

rt~t~• to •eucoa.l t~~~p~at~, raintal1 tnt. aiM au~ 

or the popuJ.t.ti<m ( • n •1 5 a.oG n •1 6>. xn both • 196a ana 
lfu'Gb, 1 96} th. -.11 a..Dai111 .. low, nth a 1azop llUIIib«' ut 
~ pt'041~ ~0\JIJ a.. groups ...... Nlatlw13' ~ 

4Uatl1.buted t~ ~ powlats.on. aUght 4ittartDce 1lb. 

«id.ned prob6bl1 be uarJbe4 to tba facn t in 1962 tlooM:ac 
rdniJ mtec1 early t 11benu. in 1 96l hea.y z.1n t4ll 4 the ti:nt 

tc 4a7a o£ ~""-""" 

In April t ter t becee. ~Yit ri:th teltne~~tlll'88 I.AOW!Sj'U 

:uleliJC oond1 iDa wre t~lo t'br ani anUla ~ 

with an ontl:JuNt or proaucuca. 
ba4 ~ there wn.s 

tor tho .twu:p deol'M bi e , w11h tSoM tor 
.INI"''iwl. .. ~1.')" ~ the anall popUlAtk:ID et1ll ~ Sal 

m.bera. col4 condiuem... Jtne ~ ~ 1t1 

~ or troD habitAt u. rate ot ~~ u 
i.1.14Uated lV tho pro ot tho co:bo.rt ct (aee teble vt.20) • 
.An interea~Un ~ be l84e ~ tboso daia II.IXl the l.t1'o 

table •• CQllec:rtecl tn tho lnborator.Y· ere it bu beeD aboC that 
the aarn~p o.t 22..5° • Uia· VI.,> or at roca ~tuzoe 
(116. n.5) wa b than that at 25 o.r ~c. (1-'iga. VI.1 - VI.2). 
e.imUa.rlJ ega prociuotion in tnc labol"atccey dOO]Jned with t=-D 

l*OW ~~. 
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4a'lseat r•t ~ bu.\ bra CGWI"4a er ~ .a intl.u-

..,..oi.U.t\ ta. ..u ~- rra. . '- ocro4it10C8. the 

- .. ~ • raul.Wd til-~ ot pgpu-

l.&Ucrl rlurift8 JUR' end in ~ . t tho t•t tt.DA117 

"t.ial .. Cry' 1 .-it. Wft .traaiM Cll1 .urta08 8UIIlCUI!bel. 

El'UDI,_.. f1C at. ( Oftdo&411• z "UDIAaltit1e4) rou..l tho 

at 1.hia UM,. dt te.rlins • 
~ thoeo W'&fl• .td.d:l bad p~Debtt.-ttai 

ill • pold.UGil to tiQD. 

~ouxl Sn tNa bab.J.t&t ~s.na 

12 aa. deeg lln l:lo-ttc. l!opae1ta .. 

~eM .. Sla. 

beelr.- ...a.e« ott 

tO to 

feU in --. toerda U. td&lle ot mr.NIIilbel' but it -. 

DOt 1lrtJ.1 tlM!t 22.ad t t tat - t1U. 
talhm oo e 27Ul ~ tbat ~ 

tea 1 ,459 W ene:11a ~ 
prO(bCICI a~le xu.lbel:oa the •tct--

-~~ OCJepl.e'tcl7 fUU., ti1o - ... DO tlooding 
ba4 oocU't'hd. ti-CJCB ._.. 14-.1 tor bn~IJ:la th1IJ -. pro.. 

oaeting at a .l"eell.riibl.y h1&b n.te. no'lf ..-:"-'- •Ulna 

.&,020 ....U., all Wt"Yi-.on b-oa the Ji!l'ft'1Dua .-,..,... WlWCID hilA ~ 

m.,;~. at t'- ot • ~ WitbSn 

1lb1ah theN oau1d haw bem. lal4 _. ~ 2 

&DCUJ)at~ at 22.5° • ~ illp\,y t • wre beJnc 
llt'Oc:t\104111 at ft: t4 23 .. 6 per ..n per 4lq. 'rti1a 1a in 

.,.,._ of VJ3 ot thct a: n.aur. t.rQa ~ Uf'e tabl.4J 4ata ba'N 

'been in ~ --., e pl"'4ucU.on r:r1 ~ order 

'bee reoo 1n o labor&~ e.t 2-Jlo. 
ld4-J~, Althotaah ~ ba4 

.. atUl ~ to ~ic;ln S,nto tWl DOlle 

w riael to a. peek fte\lft in «rr"i!iU oE 9J, ~ 

~-, •ter- na-otf 

dw 8MU popul& 

qt lldn1y ot 
YOQ'l« ~Mile, tbe o~ the outlnalst r4 ~ 



d.eelincd 

to the 14 ceq~tic311 of oaa.ila 

lllbidl was C\Yin8 ott, but to a now eneratial wbl ~ tbia tiN b&4 

:tur1t7· Dur1na J~ d. ebrt1fkl7 .-,:eus.ve t'l.oodin8 
~. :a aD4 aa.turated ao11 ceo4itioDa reaultoA 

in IIIDS81W wl. O't *-" pouring th& bab'ltat. thia 

lllJSt be aac.nbe4 the t.ona~ at:uctJ.Cil\ of anaU UOn u 

~ted by the ~ «nc1 eupl.... OCP-

tinued at a 1'cdF]J ~t ~. he14 in ~ b!r 'the 

~- -=wt~~Bnt r4 •ter• ..U ~Ucn otro.\4 aurrift tbe 
t:1.oo41na cm13 b7 virtue ot lJU'ge lluabers pre.amt prS.c:Jr to the ~ 

.-1~. .Aa tlooaha GOba1 , DO ~t large or e 1KN14 

once aorct be produae4. 

lt -baa 1n Chapt IV that the ra. o~ ... Ub.J 
~ is &~t on t n.t\tt"e: ~Ql"e. 11d.th the ~ :l'I!U'.U:ra 

at t tuNa ~ cs::iet 1n the treabtBier biot9pe ~ 

out a • it ~d ~ ~lc to ~ •inslc a; a:rowtb 
CUI"f'' t 1:o appl;r to all ~ CCIS:l4itials. Sbe .,Uo 

diatributJ.On aata m .F'io· n.~ 5 tlmi u.,6 show the proax~··~ Of 

~~l cll diacem1blo 1n tho ~ aallpl.ee. e.ee 
ta (If ~ua Wi-thin t --_ploa to be 

~. 

!tho paUl ttrat SUtpled on the 6th ~~ '\ "2s when lt cxc ... 

t.o.illcil a. lar n\lt\~ o~ e.nd oon4i tiona ha4 beocae ~lll 

• q- the 1 Otb pr1l, tJ\e Ol"'1gtna.1:.b.g b"Ca thfi'OO 

~ 1 an4 } • lang. At the ttl t:d the neat C~~K~wg, 

tM 8th tlay • the am;.Ua had to 6 to 8 • 1.on.s ~ l>y tho 

~ Jtme in the ~ 1 0 tQ 12 • ~ QOhort till. aJ..a.. 

CC!JI'niblc on tl10 }rd Jul::f h1 'fth1ch ti.~ the &na1l$ 'VIe1"e 12 to 14- -. 
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p1"04uct1al. ' 
6th • 1 to } • J 5th J~, 3 to 6 • i }nl JUly, 4 to 7 • I 
7th k. uat~ 8 10 • r;rowtb ~ 4c-1w4 from~ data 

~ ~..-en .t.n 1a· Vl," 1 It w:Ul be aeern t to. Wt~ rate or 
~ -.a &1Jiilar t011 the two ~ but the growth ~ 8CIOn 

ti a ~b.ia .. ~t ,FQbabl;y tbf1 retral t or faJJ,.;ina ;t.Ul'c!e 

.1n ..rteoted tbO ~ ot th4t )10 U n ot ..ua 
aon draatiol1l.ly tl the ~ laU'fi"ffN o ~ oObaort. ... 

~-_ _.....__ Oobori atunt .a by tll.e ccmUU.. in J~ axa t, aa 
414 tbe . OQ.b.ort al~ to • l9tJ8 ~. Io. • tmn~!l:lbl!lr" Meal 

oandttiOno t91: Rp14 ;rowt.h ~tea. tUl.t en 
a2n4 to ..... wh the ;f13t of now &Mora· 

~"lw tbto group dw,.~~ ll(IC~Ittr-

.rel.r1~L.Y mp,td1 tar in ~ of tho aftJ..th of 

Jalo.Jl\1:!1 m~:h ClChi.eve4 'b ~ 

• n '11>· 
s:tten._icJn to a poJnt h .:>Uld be .t"'aalem.e 

~PU:Ula ~~ ancl tield lata. 
<klri'ftd as1nl,y ~ -:i e4 oo • 

ot !lDdiYJ.au.J.a 11T.tn.s Sn a hishl.Y ~w erxr.1l"'O:I2lel:lt. ~be ~low' 

arJJ. poorly ltlll red the 

'""!181!:8 t'i~ ~t. ln nat. 

llOt Sl.C'9tn l ana thus field oo.m\1 Are ~, 

oa~~~~,;.a·.iean lh0ul4 e adlt with tn.. beet j,J).diY.i. rDOC)J:"4a ot 
labOX-ator.Y • In • oo.ae of • (lhr.) a.2!l21!!1 ~ tel\ 
~:1e.1a data 1n prollucticm ana ~lY'I'.Jil 

t ~ C!Aia. 

~~:oa.tul'ea 1D the habit~t.ta 4t.l:r.ine .. ~ ana 
DeCJellllt)er 1m'O ft%7 tda,.\lor to tboeo rooorded in th April 

~ the ~ td tho veaber colJ,ori 4\li"ir!.& tiae tv in 
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exx:eoe ot tho f4 U. oabort e.v a 1ar peri.od. 

t , w:t~ w ~tiM, 11Mle ~ a.~ 

tlt"fiOUJ"able 7et the ~- i!nnUe 1d'dch uist.i in tho :tn t!ow!d:lt!l" 

and la14 a. tar ter n t.hnn the lAir. 

n ot sna..Ua in the pc:b4 m Apnl. , 

perLoda .aarbd a- U.ai~ .ta'VDttNble uisteooe tart anailB, )'et 

the one am to be toz aero G:UC~,_,u.l t n tho oti. .. er. 

. str1Jd.UQ dli'!'enooe l .tta~ t~ tb t . per1odiJ 

the actual popu]At.iDn. l:n lber '9el7 t~ Ua 

~t~en't in ~ wl\JilO at ter fiN:Il'al(ll jl'1 ~ :ro 
anan a u~ m tho tor.v aa:ta m. 

pte:r IV mve sho7.n t! t ~ i& to ~ an4 it 

at.ive in "· tur-.U ~t!on. 

bel· m.s f"rc:lh, ,jl: ... ~-· 1n • eh pollution h ;y,e 

~i.'!llt. 

age pooit1¢ oori:Ality l•'llto. or its eonwrat~, th 

U'1c. tJUA'iw.l mte ot popul.at1.an u or tho \wO bruie 

COIIIUJUJ~ente r01111r«1 tor the tabl.iaht'l.ait ot the 1 to of naturol 

inoreA.M o t. pc>pu1o.tian (aCE~ Cbopte:r IV) . In QrUet' to c:alou-

:J,At thi.a aortGUt.J a t f'.roa ~ da , !mport.L'"li. ~J.oi:Lq 

• IQWJt b 

~tOl"a'• 

(1) 

(11) 

The inc~tica1 period £or - u.ai.~ 

~i:t..t~o 1a a1ail to t..'la-t obu in the 

labore.t.ory at 22.5°c .. , mt.MCl.J 12 dtQ'B .. 

""'~ of V-1 thin tho OCJbort at any 

part.1otller t wiU b 0 u e j,nc;u... 

· tia\ period or th , e.1so 12 wn. 
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t.r tuna ~ .tthin the aul'feee ~ td t.n 

blabitA\ tib8e a't u-. la¥l ab::N' a in 
~ 22.,~. \be ~ ..... 

'lbe oa110rt 1lbiob ~'kll m • ~ 96a eniM.t 
W'aiat ot 100,990 0 ~ 12 4ep 014 (oee t'4ble n.-u .. > ot 
theje -,.,060 ,._... hltile~ :rn April. 's _ at.er, the • ot 
<Uw cJ£Ihcn .. bet-- 29 aDA ltti -..... tho srowth CUI"9'* at 
h aota tr ( • n .. 17) ttJeee 1111:1w oct'lrec)Cbfl 

ll.iae t4 2. 0 to , . ' •• .. 'llb4oh .a:.n ~ ....... 
~ ot ..ua pt0e1mt at t11U uae, in41oate 

1},902 SD"Vi~. ill1).17,'. ot the 0~ lliD 

or a 8UJ'Yiwl or 0.\'!in.. 8~ t.bie "<*n be tcUowi4 
~ ; 3tiMf ... the othe Ori.dtat !u 

.cr.-r.MlY 'llhicb .at be ~.a. ~ 

--~!·• 1IC"e ~II'\ r4 hei.'Y t1004ina to be 

iM;OC)".JJ'!a • ... 
abal.low..... ~ 

,...... iaa4ectuatol3' ret:.rat&eft1ta4: 'n the a\arplee. n. Sn 1110111e ~~ 

lea .-il$ Sn , whkh .. 

~t. lr1 

J •• 

It oan be e..n .t.rca tbe ...-sw. lU 
~ Vl t.be ~I'Qal:)h 

.._.,. •tmlar ana hi.Sl IIUI"dm •'­
no.•..- 4D4 »eo a..-~ ('10~ n.1s>· 
.s.. .~uaw b:f ~t<r.r Awta ..,.. '' 
<~1.- vx.i to n.5} ~ SUr¥1-.t u ro.w 
penture h.Ue. 
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Undc:r 1 -· '.i .. ..o 
2.1 .... ;.o 
).1 • 4.0 

4.'\ • 5·0 
5.1 - 6.0 
6.1 .. 7.0 
7.1 • o .. o 
9.1 .. 9.0 

9.1 - 10.0 

10.1 - 11.0 

11.1 - 12 .. 0 

i2.1 - 1}.0 

1}.1 • 14.0 

14.1 - 1~.0 

15+ 

t00,990 

7S.060 
s-.~ 

}J''' ,,,.,.. 
4.o9 
269 
26!) 

,,a 
269 
2.7!) 

269 
t.OD 

9 
677 

1, 7 
1,75l 
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u.1 ,w,.o 
7 ,.,68 

10,752 
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J,504 
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1 ,161.. 

896 
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~ 
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1l 

11 
NU 
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1.()0t,. 
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ll 
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nu 
.u 

579,..,54 
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11.256 
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,.,,tO 

i}t,l46 
80,;,,6 

t,732 
2}t,) 2 

29,41.4 
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2 • .M 2 

1.1-52 

580 
2ll6 

52.52:S 
:.011102 

260 
2,295 
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2,.035 
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2.29' 
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"' 563 
26o 

111. 
260 
260 
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( 1.245 
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l 
llC lx 'Date b 

. l • I. to Siae .f: um~ ~ ·-- z 

I (~le VI.17) 
.. 

2?/11 o-12 32,240 1.0000 1€V12 ~~ Q-12 579,}9+ I 1.0000 I I 

l I ctl'til i }~CI I I 
' • 29,760 0.!)2}1 j 

l I 41.5,680 0.7115 i 
' :a8D 

! I I 
' 

1 .1 ... 2.6 1 
I i 

1W12 15-27 9,750 Q.3()27 l HV1 1 ~~- 1,...,5 22-34 59,3n I 0.1025 I 

l I I 

I 6.?- s.6 I 
l 

1 !.111 4}-!>5 2,627 Q.OC77 I 19/2 ! 10.()..11. 7 57-6~ I 3#4.74. I 0.0060 1 ... 86}. 
l l I 

1 l I, 
I 

""2 '\ 2.?-1 ,.6 78-90 1 1128 0.0)50 l 1,0.346 12/, 12.7-1..5.6 78-90 6)2 
I o .. eot1 I 69.62} I 

1~3 1'·9-tlhl ... ~-110 ~..I 0 . 0017 3}.9\0 

J I 

" I li •• ! .. .. .. ...... 
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,~;,1§ 

4.5 o.~ o.oo.-, () .. 002 

'·=> 0.}52 0.107 o.oao 

6.5 o.sso 0.178 0.1.5.} 

I 
\ 

?.s 0.335 0.250 

l 8.5 O.J74 o.m 

I. 
!l .. S 0.2!)5 

I li . , !11'1 .~ lfllilfNUMIIill ' lli ~IIIII !Ill ~. J. I I I ' • "in I . ~ •••' I .. ' ...... .l 



... 1(ff -

~ .. endla • ..Uet 2.452 

4.·5 • -.tla ),4,74- ' 7.!r. 
'\1 ,800 20\.492 : .ou. 

t . 15!) , .. , "9·®6 - no .. " '\ .526 • 

J ~ion wll• ; ~~0 

. Q91t ' • 4 

'·' A : • 
J 

~ -
10,574 J 

I 
1 o. •w.ilJU 56 

7·5 ' 18.760 

HI .o,~ 
I 

8.!) t~.....orUan I •• 0. llllaiJ.e t 2.0t 
\ 

.m ! !>rap: Tf/.}75 

\ 1 -~ItO 

9 • .5 _) 
) 
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0 '\ . (XX)() 

o.s 0.7'J2 .. , 0.41~ 

z .. s 0.1377 
.}.5 o.,C/5 ,._, 0 .. ~11\ 0.29') .0,5 
5-5 0.0680 -
6.5 o.ouo -
7.5 0. 01)0 - ' 
8.5 0..0()5 .... I 

I 9.5 u 
I 
( 



.. tot ... 

f.AaB Vl, ··~ ta!llbl H a ..... 

0 1 .. 0000 
0.5 0.,6)}9 ,_, 

o.~so 

a.s o.o7lttJ ,., o.o,so 
~t. s o • .olt4o 
,.s 0 .. 029S 
6,, 0.(0J5 .,.,, O.Ot7!J 
a.s 0.0\~ 

9.~ 

fO J ! "M! 4 ? . I eltuj-1 _t!i .• I! •1 •r•lllki!PI\tl-·tta• I!IJ! illi. IJit:fi't.il•· fllt 'U 'PP ••• 
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rtw-tal ap in ~abip 
toJ"tnlSbt 

X. a 
-

0 1.00(X) 

0.5 0.66" 
1·~ O..IMit 
2.5 0.}350 
,.~ 0.17~ 

4-.S O.i4.99 
s.e. 

I 
0.'\~30 

6.S o.cas 
?.s O.Oft.,S 



•111 ... 

~YOfth~ C)OlD}i\Y 
lx ' •.x 1h s 

-

0 ., .. oooo 
0.5 0. 92)1 

t .. ,!> 0.3021 
2 .. , 0.1950 

J • .S o.am 
lh.S o.066o 
~., o.~ I ~-OOt 1.~ 

' 6. !) I O. Q24.9 )S.f,OO 0.9.59 l ' 0.056 7.5 ' 0.00\7 ,, .. ~0 l 

l 0.!) I -
I 1 

:fmi.t. ra~ ot ~6. == 1 .. 1,2 

rate ot ~ iacreu , r = 0.1240 



Age 

2t 

0 

o.~ 

1·.5 
I 2., 

}.5 
. l,..5 

5·!1 
6.~ 

7-5 

- 1'12 ... 

I ~YOnhip ~Qt I 
I lx • l.k.mk X 

- -

't .0000 1 

I 0.717S 
0.~60 I o.OS4-0 
(}.()4.5() 

0 .. 0060 1 .. 86} o.011 

0.004$' 47 .. 250 0.2)2 

... I 

I -
I 

~te ot actual ~reA$e. r • (1.7405)) 
= -0.2.591 

1 
l 
I 

I 
l 
l 
I 
I 
I 

I 
I 
I 

I 
I 
I 
I 
I 
I 
i 



. ) a•• u ...... t ..-. OOIJ.Plicao::tea t.biB tho ~ta.an ,...,. 

..-taU .... ~ ~~ ~ be 4«:1; tn. lab-

Oiftlto&7 it1tm w:t in w.. f:6 critioal atteot of --pen•-twre, 
lt 1• lAM~ as to 1<th aet ot lldxn.tr:J:r:7 ttcci& 

cbOam .. ~· ~u. t$ 

&tuN t# 2~ • u o.pt.ial tor 
m.IWA.it.l. .• e:t 1)011~ 'ld.thin the habitat ~ 

l.&\TS1l8 •• .., (.~~elllb4tr 'tc) ) it I.e toM twe caaAt.Uce ol 

~. t~ c4the rt~~ 

2$1°c. u tho Aetfi~ ~ ~ :ta 

22.~. t are ~ -.1 
oraaot select ~ 1a optiltal, ~ t.114t 
~ b1L'ft to both ~let 60&\ unta~e tur.a, 
MHa~ M 'bettllr 

t • 

... ,....~.i.Qu t.re nec:euat:r to 4crri"M the 

(1) q i25°C. ~~~ 
tbe ~ fQrta:d.aht~ 

{11) .. t ~ 

toll t.h$ ... t_:6tt.nl u ob~ at 
2fo. (eee •s aol.lJM. table n., ). 

'lbe awn4bl.o at each M"'P1Sn8 t be ~ioned --~ 
~ ..u. ~ to the pattem i:1f' 

Ucmel 1ft the .teo<ln4 ~ 

latel ( 1e '(J.16) --~ thllt cl1 ap at"$ et~ 
z...-nt.e4 &'t .en ea~pUna. J.s ~ bOt cqual.l.J 
~. etwh ~ian t be iUltipll.etl by ~ 

amail.a jD the ~ 6l'-O\Ip• 01to llU1 etw · e 



~ ...... ""'ftiP poww- of each as ~ted tn the . • _.., '~ben ~ 

itt ~ mw pl'OllOrt1Ma, lt 1tUl tv. co~ ~- o£ 

~~ the ( le 11.17) (Dr. H. !ail'.tao. 

). 
~ ot ~UDD. -. .. tollolnl: '111e aata 1n !.• 

n.,7 ~t tbe lq.lDa powwr ot ~ ~ ~!lillilrt 
at a~ t.ilie • 

.. nttu.in4• :tati~ ~ other 

b\Jlqtl and • blo4 ~· ; 
aohori .. ~ tblt fourth a.1xttt ~t in .... 

m utlated total fit H ,828 ..Ue ot thia 

e. Mien ot 0.09\ o~ talfC!I"t.U• 

),5JO.S 11.820 BMUa,.... rel1Jpf,'JD41l 

,,,)D., ~ whi 

in tbi!Lt ~# tbia ia 

oa. ~ ata ~ar the ~BIIb4!Jr 
(eee !Able n:.1 ~). 

JUCOtftaOMI per anaU 
1e V1 .. 

1
4.}. MatlaJ:ly 

v.o~=r coho%'ta am be ~anlai*l 

(c). f a.et aftael:. .H!Sf!.M, 
itb l#e tabl• abordne 

a•Bl• 1t _. poJI&Ulle to a:rri.ve at-. ft£ut'e t1z18 ~- ~te 
at acrtual ~ (r) tar -.ob ~ ita eaat.-... the 

...... __.t ata en ss..c 1A 1.s n.18 to v:t.22 i.t wUl t. ... 
~ Sn ~ • m.~ fw tbe bir .oobQrt ('labl# V%.2\ ) at 
~ ~ <~• n.22) ~ a ..oabl tar 

tal• caloul.a-tb ot tW.a ~. •tU ~ ~ ~ 
a1w i$btUOn eta FOOuotlolt 4.ue: to tbt col4 <*uN4 an 
CObbrta to ~ .a tift r.'te of ~. 

A~G~t w.t.th tbe lOfl8 at -.t or the population 

~ «<lldated m 
the pa¥18 4ri.e4 

QUt. A ..U llWl fiE -.ill$ oucoaohd ln asurd:dns the 4r8 periD4 

m 'tlW 11'U4, .._.. ~ble tor an ou\bUr'ri ot egg procluot1~ 

CI:JIJe the -.w w aet f.A an4 ~ ftlline up-~ • 
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1'be COboH wdcb. 4ert · troD tt sb:Jwea a poai. \ive ate ot 
:lDclreUe bUt h~ ~ in Jan~ re:IOVf)4 • l.al'ge ~ 

~the popal.ation intl.UCleed t he aurvi;Wl. rat. of' ol&sr SMilD. 

proctuoticc 4ecreaae4 ana the popul&t.t.on ~.. ~ 1~~"-" 

caho:rt <sarriod t.bU i~ioture (t at.ap ~ showed a. n t:i~ 

111.:te ot ~. 
lD tb1a oue the Olillcu1At1oo ot th6 ~ r f'rOil lite table 

1a ld.alea.41fl&. I «)U.1.4 tne <Q• _.oa ftlt a w:.n stable 

popAaUon ~ a eat~ • but .n~ l;r'e;J: t MJtiiODal 

c:a:taatroflpes intliet a h1 mortAl!. • an be4e:a.uaw p1¢turo t. 
Qbtd.De4. 1'b.e atiae.ted PQPUlatic;ln 4ata t>OJ' tbe apeoi• in 011•• 
( ~. 1 .~4-) .a. tluotUilt~ 1d'4ch OlnMt be ~ wJ.tb 

alao&rt ataUc ocndi.time !r.utl.ca:ted by the caloulatiQOD 0"1 r 

buecl on tho Uto 1• ( lee V%.18 'to n.22}. ~. w.1th 

~ ICl'klitiea are le ot apl.Oai.,.. 

buruta of ~tilm by a. &mall number o~ aurwt..ans, another' mhio4 

of onl.eulatin« r i a ~· hia ia ~ co tbo ~~ 

(eee~n), 

'lltle:r 0 0 ~Uan .. , 
Uae aero 

t~, • popula~ t 
tUle t .. 

~ • ,, :rt 
0 

t, it 1a ;poaaible to ~te r. !he aetbod 

i.a c:ru4e Ql.t4 i~ beca.uao t t ia buo4 on an. 'iaa thl:lt tt'Je 

,POPUlAtion. at 'bOth :1n$t.Anta in ti.Jie, haas a .tAble 41e~t1Qn .. 

N~oaa, tort lituatioll in the J'o,ylo b&b.1 t, tbia motbod 'rill 

be doaoripti:ve of the orX.lA\1~ the uta.to o£ ~ 

1ncreaa or eo:ra.e withln the popul.At~Az. It tr.Ul neither be 

1nt'l'U41flCed by the lor\a bnl J4,oture m1ch aiaaea tho cqU.oai.e repro­

duo'tiQn and ~ OA the auooeaotul a.sU•ttn& i.tnA.Ue, aqr 

will it tend. too~ the nuctuGt.ton.a 'f1hich aru an !aportan't part 



I 0 - 7~;:-r~B/, ~ .. 1 15/4 _ 
-

t!l ... 0/4-- 5• ~6· Hl/2 ... 
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I 
~jjae ( } 55 28 21 3S I 2\ 

54.;,? .. ~,t too. ~' 67,J30 1 ., ,$B7 -'1 .14-7 440,6lt.O 0 ~ N.,7n 1 S9,0\9 

195,1()6 1 ~ 11.1 
I 
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calwl.a *CCOt"diJlg to 

far~~ 

C':QG~:'tt W1 tb JJZ'C0411a~ 

• H7 • 

~ 1n pUJ.atlsn, are et 
l, ~962 to m-ch• 1.9£,. oz;luo io 

tho ue ~\ iS ttno~dft. 
~~~~ .... in the '~u.\G. ..,.'IIOIIii,..Ji> to l.pi'U. ~ nd'leote4 

1n a ~u.,. -.J.ue tar r, 0.29'\1., 

ot cant ta ~UG\ 

,._,.""_ ror t-. 

til Ju.\Y • ., ptD."iid 

~or ......... -
·lmll."mf'!.ntt ....,.."..,..UDM 

t1W Wl.ue t'# ~ 
a'W41'Ut by htfr 

.noz. 
va:lllliltax.' 

th1a titM,. .. 
!.Mr.tatm c:m~~- but 

4e(~~ In 

a lowr :te 

~~eJB YJJ1EHIJ AW~I! a not. ~ to ~ -.ter-t 
¥oR....,~ 8Ail&t11CC to l.ih ill hablt.ata. t baa 

ebowl tbelt t.be b not tol.C'&nt ot ot t.urw. 
!A hot it 1\motiaw beet ri 'terV nanow l.Wta. ·et Vdu 

tiiQee lJ»!tll S.t 1a - 0 r4 ~ ~ ~UGii nrowtb· 
~ Wlidt u tbU hat been 

to occur- in the tmo~~~~~r 1~ ~ ~ ~ the 

GUI:IC!IIr ~IICIDt bitt h 
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a ar6 pl"'dnction dmndl and :tinoll,- t alto&ether. Cool 

cendit!Dr).a er, iU"e not o. ete ~ to the apecios. 

m.denoe :hU aboc t~t under theu tia1s tbe ISilails 

8\ll"f'i'ft well. '.r!.ma e. lArge po_pulatSQ do"telops t1.ttrl.ns 
the Wia'te.r i4 ~ tor aeati'A.tian tn the ~.. ~te 

~ ar,- ~ ~ 'beca'wwt so f'n auni.ft, 

yet UJ> to point '\he Ja.raer ana .... ature the ~tieD at tho 

QJlaet ~ the a4YerN «1'141\S.OO • the better the ot m4ift4• 

tala surt'i~ lfo evU«»e baa been tounl ot enaUa 1.- tl'an 

6 •· 1n l.en8th a.e~Jti.et1.ns ~. 
lt ta ~t ibat the ·tea n.:t\d.rea.,.,. atabl.ct CCan41t.ione 

tar optiall il:kareue. ~ ... C~anc!itiona 4U 000\ll" tor t• woe1ta 

after the mSrut b:rokb an4 bet'tmJ tloocU.Qs occurred. !\ring tbia 

U. tbe ano.Ua 'Which ho&W 8Ut"Wi..a hom tho preriowl aeuon pro4uoe4 

• 

~l.e to tbAt 1noreaae ...w.a ha.W ocn-~ at fUl ·~ 
t 10rial.l3' b1gh r&te \Jtltil IJU.d1 t · 40l1B1ty ~ taetor 
~ 0 pro4uot icrl. 'ibe &peoj. baa bee tlhown to bt .-ualtt'ft 
to ~ in 't>he labon.toxy d a JIU8pi.cic ~ tMa bee 

notea m the tiel where th& .-ila sw respcncJad to taotora otb• 

he rature .. 
~al'<la the end 0 the~ wb.e'1 4£..Snloh, a 800Dild 

--~ J*'i04 ~ oo.lll oecura. 'l'h.e rwul;t of th1a 1a a aocon4 

-.n::wn u.ri:~~-t 

J'~. 

April. c:Bl..O by those ana:ll:s 

tl.oo4 CQn41t..:icluJ ot Jcsi@U'!"3 

( uan. ~ 1ft smell tar pQn4a but fith the . 
abUi'Qr to reproduce ~ duling abort pe:rioda ot S.&.l OCDcliti.Ons~ 

tho l:mltnW antt.U, • (lh .. ) ~ 1-.. ~ a of 09'C'OOIIin8 
dift'io\U.t1oa .. 
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vn. 

UOln:.DIB'n Bbo4eaia I 

ct • the .m low-

.al4 _... to tho cool.- "Sian• ~ the .. b1gbl...wt.. 

eotee ia 8011i811h4t ~ 1lhen With ~IIIIIWa \lJllltal.lf!f) 
.Qsl!!lPJB,• It baa t10t ~ pouiblo, u ;vet. to ~tit¥._.. pret'C'4DOII 

tfJ/1'." portieula.'r •twbocU•: 
.u ... ~a., ift"1et\tica ~. 
POPIQ}a\iahtf 

•"•·•~, 

«oJ;>ea:~t"'& it.) tbl"1w in reaa wira, 
, poo44, cto.; 4eaae 
:th more t 

lk!I!Ur ill ~ ~· m tatu 
apart ~ pul'\9 are sui le ~ cma1la ottc 
~LDS touDd SA large nullbere nc 1n ~ljnect futNe. 

-· hU been tow4 !D pCiQ4 -
t tne ot a.m. 

Ptii~MD't -~ 1n tNt hldmt1 plateau, tbe mlt£0 ot ~ 

••ilable to ..u. tollowa pa.tt.nl out1ine4 1n .- n~ 

1 ~ -.-'ther 1a l.aa l.ikel:Y to inn~ the mails ~ ~ ooJA. 

• 'beoeUM at a th ot 25 •· Mxi .. ~~ Al"• .... Ill 

dAC!'re.lllla 1cMiir then '"'tJd• ttl aurtaoe l.ftela. liOWflftr, unl1k• 

• ) t ar t.h.U .. haft on. ooUeGt sn 
M.t ~ tM co14 winter ..nbl. ~ J#.!UtfF&. 

" t.rl ~ OCD11 ~ tbm • • ) ar.lobgpu!. 

clpr\ad,.. .._ 'b4Mirl tieeu...a. '!'heee c caloul.At:ell tor 1l• apeolea 

rean4 • cc.a4iUOl\a &' 41t~ terapl;ta'ttZN~~, 10* 25_. 27°0 .. 
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~"*•tun ~ a ~ ot cne year. 

aWl tb o ~. an lai4 1n cltrtchaa ~ up to 

00 , •••1 ~ 4rl t'l.oatint ~ticm or 000*.-inna'Uy en d4ee 

of tbt at~• • lJie table datA ~ rrc. cohlx'ta r4 

.,.il• a.nect traa the ~ or ••eraJ. 
a atook aq~. CDce atu~-e, ~ -era tis ~ 

1.1~ aquer.t.a at a 4cDAtJ OO't \JIG ..tla Pf11* Utre. 

~ ot the aMSl" tlhieb1 Ql 110me a ia'ted in 

~ t:n. tbl •tar t01t ~ peftodla ot t.-. ~ 8Qa11• 

uauaU;r .stlbited pattern~ prior ~'tl.oQ 

when -..ro 4 to ' ... ~ tor. ~ ctal c:Att of the 
._. to the ua.. or Uda or uirta and U 

~.aro.s m the •ter, 11hich -.a a. ~ ftM'U.Zle~ 1IOUl.d utea.tl.J 
cJtm out. N.• ~to lea.ve the -.te 

all ~tal oanditj.ona. t1ut to a lesser o:xtct at l'OCD t ture, 
yet no eYideDoe t t.t OCQUI'8 in tural ~Uaoo N8 tOlbl. 

Jf.UA,j ... ab.UdiiD8 ~ It N4 :r• UQl" 1 1t 

reaultetl in a ~ i:4 euepeuaecl ~t ba to be tate intO 

ooa:aet.a.ra."tial ~ tho lite t.Ablea Galpileeb e zooa tuN 

~~c. ~ tlb>w4 ~ tee....,. to ld&ft,.t.e . the •tar ~ 
~'I'UIU ~= t.hi& ball llffie 1nfl~ CD tho ~ 

ztt. the~~ for 

DIIU']¥ a ~th. 'Or 1iMae ~ 'bo life tables .Ul be :tecl. 
one abDwib8 the ~ recona and the otb aek'ng ~ tf# 

th-. of~~t. 

WI \*lt \It~ 0,1~.2.• 
Sld.tial. group ct .50 • ~ deriftd fro 

rearect ill eq,uar.La b,vt at a ture of 18 i 0.1°0. 

other ~~ th4lt ..Uii wre t &uJ.y w1 th lettuoe nr.!lll.'nm 

~'to Gla~her- {1960), w•k'Y W1ilh thm alto. ot ra• 
oa.rrot. 'l'ho ~ ~ oleanc4 M 1 laMia tood ADd tuoal 
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:ttcr klns r...wea by at ptpet:te~ In UArt the UM"lla 

ter- ,.. U. em weot b:f ih• a4ti tScm of a ~- f:4 a 

tift oct. ctalot ~ o~ ~ 5 • · 
!ft 4iaJ'Ieter 'tbe ..ua atarie4 1-..t.nc •tezo in tbe 4eeoribe4. 
Gild atter ~tely one mn\h tb1a ~ *~ o-...4 anA 

:aori!IB.l.. f'ee41ng~ behQiour ana. ~t -.a ... 18W11114.. 

t11o lil'e tabl• an -..-~ tho aeccad (b) .. ,.J.uete.e 

rn » m.
1 

~taof 

abQ~U. pari (b) Ulao1J.Y1ty becD tbia ~ 1a ns"'dt..h 

Gll 'be QOI\e~rec'l u ~ mare ttn"Cl COllllt'U..cDS. 
tura-tion _. deltl.veA b7 ool.4. tbe .tit'Wt · ~ 

4uJine 11 th ~. ~ por _ ' roee sl.~ 
tmtU 1 'tb t~ w3n ~tiGM l"taU~ VII~~ 

wt t.M waa lmr, 76.6 ot the oobor't aurti~ to •turi\T 
by 1~ ~ 13· •t.U3. 4;i..'9e. 

Jdts ~ 2-'.. ~. qst.9· 
SnJ:tiAl. U0\1P of 60 eas.a deri.wd trc. t"OU1' 

Peu"e4 1n a. oocetant tor 18 ~~.&.-··:L..L.Io= 
~ ~ U;t a'tan4arcl, u otcft. 

&n«re.l att.pta .-ro m4e to wltun bAtohees r4 .. ua ~ QJJ. 

theM, p.riioular s;roup abowed the leut tar pre-

• tiaD lld.pa'U(a out ot e ••· c.t'he b~ -. rctatn.cte4 

to a e•U I1\I7Jbc:- c~ ~· ana ti4 no~ ~t tor 1 
tual can be ~ the l'lOt"IZa1 Ute bl at i5°c. 

( • vn.1 ana. !able vn.2). 

~ the akth t~ and mae 
~ to ~ ltlftl ~ the tWdh t< t. .Utnou£h t-eo.DUv 
at th:l.a ~ w.a 1Dw. the l'*pi.d rate ~ :Wratum .a retleot.d 

in a bigb. int.rlrlaio rate tural ~ aa this ~ 1a 

pariWJs ~ Cl3. of c1eHl t. • the 
period ,_ l.<* ~ 4i.uib ~t ttw ago groupa. A 

total ot :3 . v am-d.,.,a to atur-ity 68. ot ~ ~ oobart 
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VII. 
at 1 .._. sru1 

• 
Ia -

(a) (b) 

VO'tal '~v · ~ VOl'"'o 
in . lfll 1n ab:1p 
ta l I ~ 

•• l a ~ • lJix X • 
0 1.0000 0 ., .0000 

0.5 o.?;-J} 0.5 O.!)}}J 

"·' o.OCXX> 1 .. ~ o .. 
a.s o.eooo 2.5 o.axx> 
) • .5 o .. ,.5 O.ibls7 

4.5 o.76G/ "'·'- 0.7667 
5.!} 0 .. 7667 ~.s 0 .. 7607 
6.5 o.76ii7 6 .. ,5 0.7667 

7-5 0.7667 7 .. 5 0.1667 
8.5 0.7667 8-S 0.7667 ,_, 0.7667 , .. ; o.76Gf 
0.5 0.7667 10.5 0.7607 .,, . ;soo 

11 .5 0-1 7 1t.5 0.76'7 1.4)5 1.100 

H!.!J 0.7667 ,.)9\ 12.~ 0.?667 }~,.S 2.567 
~,., 0-t~-7667 i •• ,, 1,.5 o. 16£il s .. OfJl ,.900 
1~5 .761;1 ).,.a 14-.!) 0.7667 S~870 ' ~t-.soo 
1S.!> 0 .. ~1 !}.097 15., 0.7667 11.78) 9.0)4. 

16.5 0.7667 5.870 1610, 0.7667 9-391 7. 200 

17.5 0.76ti7 H .78,5 17.5 0.13,.3 11.)18 8.)00 

i S.~ 0.7ftb7 9."' 18.5 0.733.3 23.600 

ct't~ :t fer 18 tortn1t)lta 

!10 • 36.~ 
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0 

Of5 .. . ~ 
2.5 
3-5 
4-.5 
;;.5 
6.5 
7-5 
8~5 

9.5 
10. s 

11 .5 

12., 

~,.!j 

14.A.5 
<t .5-S 
16. 5 
17,.§ 

- 1~-

:il I I ... 

•z 

60 1 . 0tr.OO 
i . 0000 

" o.osoo 

" o.asoo 
50 o. 33) 

~ o. 'J3 
50 4- 0 .. 8},35 .oao 
~9 287 o.&t67 5. 57 ,.,, 610 0.8\67 12.lt49 
49 56 o.Ot67 17.469 . 
1,.9 .,., 0.8167 1 s., 
49 723 G.&t67 1t...75' 
46 ,at 0.7667 6.696 
.. , 4.29 0.7500 ,_,, 
45 335 0-7500 7.44\. 
42 6,5 0. 7000 14..643 
u 621 O.?tXXl 1lf..9'9 ., lt-70 o_.68J) 11 .463 
ft;.1 676 0.68,, 16.488 

r ett ~iw te tor 18 ttori:n1e,hta 

R
0 

tor 1 11 .lt2.; 

, .. .. ...... 
I 

1~•s 

.<X? 
/f. .. ~ 0 

10.167 
14--267 
12~ 

12.05\ 

S. '\ 31. I 

7.1 !;() ,.,a, 
10. 250 ° 

10-4 

7.8)3 
11.266 



Mt r!SJ.! ¥J. : , £a1 ~§ • 
.An initial ot 19 ft4 tree • 

~at a, t ~ f4 Z1! 0.1° • A wateltlath waa UMd • 

ret)ll.a'te the t-ure ot tbe ~ .n4 thus ~ ot poe 

~1614 uae ot a. l.arpr ~. A :tuftticn pllf'iod of' 

~ .. tSDD troa tile ter ...., ddbiW b:J au tile anasJa. 'l1d..a 

lallted .tor ~~-t~ two an.- v.ih1<1h a alow rttturn to 
~ ~1:t.1v took pJ,aoe.. u.. ot tbA.a~ 1ab~ m., 

abOie uta Wblee and the aeoaDl (b) 1lb1 ~ 4'J to-l"tntPt 
Whfl:n •wdu peniatod in 1~ tbe •'te', will 'be ~ aa 

MD~ hOl'Ml 4~ (F'-&- YD.~). 
Ua.'ta1"a'Uan -. n;d4 at Ud8 ture, til-#\ b 

];'ll'OII!Uotid dur1n.8 the Sixth ~'. but 

J11&bta o~ ~im 80AfJW'hat A i«enbl• 

~ Sn ~e«Ul4ity oocunred 1 Ot.h tt'\tb r~ta 

~ClW'IS • 1en1 or ;roauction whiCh tluctuate4 betweC 15 
46 ftt:a peZ- ...U per t< t tDW the 21t.tb t, .rter- wtd.ob. 

rrciiiiUtM~ 4tMnllbl4. ~at tb4a ~·tun-.. bl&her 
tbrul der ttHt ooo~..- aona.tt1oruu 6S.W of' t~ ~ cohort 

.un1 to :tun.v F by the 19th ~ ~ WCft) aal1 
57.. allv•• Mt.r tM8 tbe JI:>Mal.l\v n.te ~ &t tho 

en4 ot the or ob...._UCc )6. _ wn lett. 

J¢?9! ts9t1£9, Jf!!!!!ZA 1!§1 iO,,a!~, .1fl§i• 

ate ~ture m aquariA in an - ted laboftl'ioey 

will • :J..-.l.•te m a. ~ · ~ tlhich oocar 
:tn ~. To ob~ Ute tnnuei'.C4t or da1l,r nuo~~ and 

·~*-tuN on riali r~v in 

were J"e61'eiS in *tUIZ'ia kept at 
t.tPe'l:-a·turo to:r- tull y.ar. ~ raul ta aro et.ve :in 

lo VII. 4. la• Vll. 3 
aa;pezetuHB...... tlurina Uw cu-ly ·~of 40¥elopr:Jent 
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(A) (b) 

::i'tOtal . :tor-in 
~' 

ebi.p 

z l lz .& Yx 
I 

0 1·0000 0 , .aooo 
o., 1 . 0000 o.s 1.0000 
1.5 o. 7 '\ . 5 0. 891.7 
2 • .S 0.7895 2 .. , o.ms 
} • .S 0.7~5 , .. , 0.78 ~ 
4-S 0.7~ ,..s 0.1368 
5·5 o.68ft2 5.5 0.6Sia .1,.. .1()5 
6.!) o.~ .154- 6.s 0. 6 2 .1 Sit. 1.4..11t. 
7.5 o.60U 2.1 St. 7.5 o.68Wt 6.000 .... ,05 
.s 0. 681.2 6. 000 e.s o.~ e.JSs !). 1}1 ,., o.~ .,as '·' 0.681.2 .1~ s.sn 

t0.5 0.6&.2 8. 151f. 1 0.!) 681.2 1 ,.(XX) 110. 26} 
'\'\ .~ 0. 6842 ~5.000 11 .5 0.6)\6 46. 25() 29. 2t2 
12.5 0. 6}16 46. 250 12.!) o.6Jt6 4't.9l7 I 28. )70 
13.!) o. ~6 44.9\7 '\ , • .s 0.5789 2 .... ~ 14.7 
'\4·5 0 • .5789 25.~ 1t...5 0.~709 23-~5 1,3.6)0 
15·' o.!)7(l 2:S.Slt.' 15.5 c.~ 1,.6. 8 'Z7 . 1 03 

"'·' 0.5799 ~.at a 16.5 0.5789 ,50. 455 1 7.6~ 
17 • .5 0.,5769 }0.455 1 7.~ 0. 5789 1:;.~ 8.736 
1A.5 0. !)769 15.~ 1 .. s 0 • .578 ... 4.,.09\ 
19.5 0.518 4.9.09t 19 • .5 0.5769 35.182 
20.!) 0.~789 35.182 20.~ 0.5789 34-27'3 
2\ . , 0.5'109 }4..273 2L5 0.4.737 19. 3'3 
22.5 0.4.737 ,,.,,} 22.,5 O.Jt:137 3().222 
23.5 0 . 4.7}7 3() .. ~ 23.5 0.47}7 20. 41.4 

·5 0.4737 20.41.4 24.' 0 • .560., 9.286 
25 .. 5 o.366tt- 9.2 
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vn.lt 

Pivotal 
ec&m41V Age in e.-..t~ ...._ ..... 

tJnaU 
~~ta 

lz ~ z 

0 '\ .0000 o.s 0.925? 

1·' o.B146 
2.!) 0.61ltJJ 
3-5 o.etltS 
4-.5 0-.8148 
5.5 048; t..8 .C47 
6.5 o.&&lt.B 1 .. 196 
1-5 o.&t48 . 837 
8.5 0 .. 8146 -..sao 
!).5 o.ma ~ .. oso 

10 .. ~ 0.74Ul 5'·1~ 
1 ·5 0.11J:Jl 46.cx:o 
12.5 0 .. 14111 ,,.too 
1,.~ 0.74tf/ 67.000 
14..5 0.7407 '\09.3~5 
1 , .. !} 0.70!17 ~.)}} 
16.~ 0.7031 99·451 
17.~ 0.70~ '17.462 
18.5 0.7037 102.6&. 
1 9.!) o.ton 60.~ 
20.5 0.7037 61.411 
21.~ 0.70'57 27.478 
22.~ 0.70)1 61.)16 2,., 0.6666 52.222 
214-.5 O.G296 G9.294 
2!> .. 5 0.5926 ~.8'\} 
26.S 0.55!56 l 413.000 

Nett reproduotive rate f« 18 t~ta 

tt
0 

= 423.169 

l 
1~% I 

.o;se 

.966 

.682 
3.661 
).92a 

40.8)1 
!A.CJ12 
24~~7 
.9.627 

.!In. 
..0.2~ 
70 .. 009 
G .. !)01. 
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1fh1Qb took place l'tlpi&y, the fint be1n Wit d~ tbe 8U1:h 

~Qr1nigbt. ~ ~ d.tu-:Lng the Mnoth$ th and 

nJ.nth ~ta ~~ to ~ duoUon bu't d.ur!nfs tho 

tenth tcrrtni&bt, thought ut'OS h stUl ~~ 
~ roao to a. leftl hr in ~ o A1\f ue et ~ 

tn l.abomtosoy oan41t4.aaa. th4:s time on 1' would appear that 

rooa ~ exerted UtUe 1nf'l.l81Ce QC ~ 

·ortaJJ.v owr the who1o pell'iod-. 1o•, 8t. ot tho original 

oohc:«>t B'I.II"Yiw4 to •turi.'\r or.- 61.1n'iW&\ QDO y..:r. lt uld 

~ that t.hue CQIUU.t10lJJ are ~ st.d.teci to • etAttm· 
iH ·~ ,J!k at eetst1 ,..... 
Varioua ~tion oalDul.e.Wcl trca the lito table 

a.ata a.r. given in Table vn .. ,. th S.t 1ICIUl4 .. that Qt aU 

~ ~ure contitiQl'US tmut ted.1 2,0c. ~ed to"- .,.t 
!'awurabl• e'nlll tho\d1 rwwr ~ ~ ... thta t4a~ture 
tmn at ~o. or et .ezoature. 11• i4 becawse at ~c. 
ma.t\lnl.Uon teak p.laoe ~u .. and ~ian rose rap1dly durin& 
the early ~· :tt 1a thiS ~ ~ has the t 112 .. ;rdf~t 

etteat oo ~ in.t:rirus:te rato ot •tual. ~.. ... l.e.r&e output 

ot -saa At 1"'Ca Wre .. of'l'Mt by the earl7 ~tUm Of" 

l.qing by ~ f'luct•Una tut'e~ ,yet in &ctta1 ta.ot 
tbo:so lA~ aonditiona are~ beat m.dtea. to thou~. 

A t t\zM ot all. tbo 1Ue tables 1a t ~ suni'Wl rate ot 
tt. ~ l.aboft~ OC\dit'Sana. at Zf

0 
• \1b1ch ia 

qloM to the li111:t tor p1"04uoticn, surn'ftl i&J gooa. lb 

ap1te ot thia, the intrlna:in rate Gt na'tt::Nl jno:nu:e aUJ. 
ooo41t~a in~ted ia low ~with ~ 

and • (a. ) a&21'9W!• !bie ia ~ ~'t ia rel&t1ve1J 

al¢W .onci ~~ J»t nwteh ~ mtU the ninth or 

tol\th~ta .. 



0 r 
~tllllp. o. ~. I a 

18! 0.1° I 0.2$74 1.~ 
i 
I 

0 2S :t o.s I o.t.m <\ .~6 
I 

27 ! 0.1° I o~z.J76 1-~9 

~J l 
O.lt£4, 1.591 

l 
l 

I. I 
I t to:t -w• ell Wlli •11 



- 1.32 • 

'· b. ~ 9l. -~\1Pt&.m 1&1 lb!PIWD&se· 
Vaing a ~ta.Uoll.l!r ~ OOilatant. ~-... oab:IBe-t 

obrlw taUcaa WOI't.J ~ on tho l.Wttna crt~ ot ~tun Cll1 

pz~ioa. M&"1ea ~ ~ 0\Jt, tlut tint im'tletipUJla 
.treota o£ lower ~..t~ the MOQDd ~ trlahc' ~ 
tur.. n. tint ...n• <IICllla'l~ ~UQQ per t~~ Sn 

the nDP t,.._2° to !/!!J0c. n. iniu-1 ~-- aa ~ .1 °o. wb!ch 

... ~ fol A t'os11zd.&ht afteJo *1oh '\.-._ t _, .. n4uoei4 
tc 19.1 °c. p~ or nidw:ttjon wu ~ to 1..,0c. aul the 

1,.._2°c. allQIIflna i4 _,.. at ~· th1a tel*•~• 
.... u•••ed ·~to 29-.,0c. with a t1Dal ~to 2'/'o. 
!be~· .... ~ 1d.th ~9 

~ tn Witn eq~. 
• ~ O'ftlr" ten 1 

le 'Vll.6 1g. vn.l.,· 
ih~ aecQnd ae-""ies ~t :Pl~ in ttc: 17,.f}'o. 

to $lho"-°C.. Wt».l t ~ -.a 2!l'a.. tlhicb ~4:14 for 
14-~ after tVlifllh 'the cr&'fd:ure 4rQwe4 ~tl.Y to 1 7 ~~o. and 

t at U.t l.O'ftd tor a turtber ~. '!h . t tunt ths1 

~ au* to ,..,..0c. tr;) 2~00. tor 14 &qa 

t~ to 20~. t'llf' a. ~ ttlo HCOM7• 
r.tU t~ $l&1la ~ ~ 1n tl' ~t aJ.tt 

.t~ woul4 hOlt tbeae da: that fal.Una hoe 

25° to be1Dw 2Q
0c. c.u.- a ~ ill ~ but there iiJ a. 

a ~ that -tt tu:res are h1lh (29.4°c. ) • tall. to aJ>c. 
:teauJ. to :1n .,_ ~· in ~uot • 'ibis :L• not thtl at\M it 
-sall>C3~~ ta" ~ ~ J4-4°C. , at 1ltd.ch not cml3 is ega pro4uo-

UOn. arneted. but tour ..eJklt reocmr17 s.t mQrO ~quitabl4t twi••turet. 

ra.u.d n-n.w ~· !A\low 22.
0
c •. , rlai.n8 ~-· AUOO 



•1.5) ... 

.. ~- Total 
oc. 

1 21.1 660 19 
2 2t .1 4: 't9 3Q.U 
3 1~.1 l~ 19 
4 19.i 25la. 't9 17.-tB 
~ 17 .. 0 ~ 18 
6 .7.0 2J 18 ) .25 
7 1'-'· 2 ~ 1 
8 14-.a 137 1 5.4.7 
9 16.9 , 7.5 1 

10 i 6.9 9Q 18 7.Jt 
H ~.2 u;.. Hl 
12 20.2 1~ 

,, ,9.!)1 
.. , 2).1 28a •1 
14. ~ .. 1 1,.7 '7 12.62 
15 ''·' 168 17 

"' 2,., 45 17 6.26 
17 29.7 ~ 16 
-.e a,.7 1 i6 -t .6, 
i9 as.o 1,7 "' 20 2!).0 6J 16 6.25 



.. 1-'4 .. 

2 3 4 5 6 7 8 9 10 II 

FORTNIGHTS 

.. 



~ .. 'l'ota1 
oc., a..tla 

1 25.0 l\8 ' 2 25.0 ~ 6 2 .67 
) 17., 1(11 6 
4 17 .. !) 26 6 H.OB 
5 20 • .&,. 112 6 
6 20.4 i?J,. 6 2J.6J 
1 21.9 208 ' 8 a.!} 202 5 M.OO 

' 24..1 200 ' iO 24,.1 •78 5 37.00 
11 25 .. 1 5 
12 2.5.1 tVZ 5 25. 00 
1) Jt.Jt. Jlt. 5 
14. )1.4- 0 5 J.ltQ 
15 -"'·4 0 s 
16 25 .. ·0 ·o 5 o.oo 
17 as~o 0 1,. 
18 20 .. 0 0 4 o.oo 
19 20.0 0 ,. 



2 3 4 5 6 7 8 9 10 II 

FORTNIGHTS 

PIG. nx., 



'ftft1~!111A.'ift 4xop in lqJna OQ(l'Qnl.. 

It 1.8 ~ to note tba~ t.be ~tr 114!_,.WG 

~· ~Jztn_ 
tbo.t Cor Jt. ( • ) clata also 1D41•te t 
_ t(t3tt!ri can •• (m. ) o.t ~ .. 
t.peraturea. ~tern 1ibtOh 

w,g~~ that J. • oool• t.iQrlft 

CaJ1 • (Bb) a Jd.tt..tJcm bonle out by tWA. oba•~,atS.on. 

It not .-.Sl>l.At to d~o the cpua.l tun f r tae 
lQII~- ft't8 4at4 but it mul4 *PlJ-.r to lie bebl& 

2.0° Q 0c .. altho a rv w1aar e, ,.._ 113° to uOc •• can be 

tol«'e.tea. ta 1a ~ m t 1n 'tdrlttlr, t•pe:Rt 

a ~- 1a11 wu below 1rfc. end~· baa ahOm 
0 ... 1,. c. • --..~ s.. OltlCIIU) 

-~ 
not bet able t 

... 6.Df!iSMII~211HrE~Mua!Yt!S~et Eiasew:aa at!#hdr· 
~~~pana(~ 

JIQn1tb «<taePt tor J~. 

1962. MlfPllna appan.tus ·l'.!rCiil~ ~,-,.. 

a:l'eCU!It ~ :La v t8ed 

llnocl tn ~ rm. aectt® J. 

r:.be llll1t1ea A:.*l­
mat::md Ma Pea out-

~ no UN ._. b popti]At:icn ot • denSe but 

c1UrSna tbo ~ tb<t wa er ~t..laO 1.1: l"eelletsn.Ml 

h.1rl8 OClDIItant, ~ be'ttlem an at 220•QJO 70,000 
...u.a. po,pulaU.C. wo.a a\ 1t& loftet Sn Scpttl!lber. (Jot.obe.r 

~ 1 whio ~ w1 te~~paratw;oo low ater .. 
fhree peat~ Aft o la t ~ ~ tho ~. 

ill ..... Dec d '.prll. ·~trail the pc!ri.04 J~ to~ 

bQth 1n 11'61 and .in '~, n la14 in low D'UIIbe:r'a tbrougbout 
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e 7~ with t p.tOduot!on 1n .AprU rr.n4 • th:J:I period 

oca",..PQ:a404 ..tth tol.lJna tu:rea a.t the eo4 ot the m• _., ana. 
with tM pc3l14 ~Ul oe&d¥ full after th. I"'WJa. oon.4.ittona ..... pro1>­

f)b~ 1a..l ~or ~· ru.a 1o --.t 'WOU1 be ~ted tx-o. 
labolt'tiQri.Y data .. 

~PPJiAtie nunaf4e11. 
lt 1..8 alaoet ~flb~ 4e4nce QJ\Y ~ 1n popul.a.UOn n.uo-

t\a't.iQD fr<al the clata awUable. ;~. ~ in the lQI'bena or -"il• 
~ 4o DDt tol.low a log1oU J*t'tem ..men ~ 6N liMe 1:4 

population nth nr....,. to.,... at.'\'.ri.bUtUn., ~t be..-. tmt 
~ IMftbi:Hl Of ~~e~~pU:aa ,.. ..., •• , ~te. ll1 a &tal'>le or in­

~ papulation ~ fOUDMl'" aD4 ~ w·ll• Sn41T.I4wtla .00..114 

be lliCII:'e ~ .S..e-41~ of the eau-t.t popul.a.UG\ 18 

llbelllh m t'abl.e vn.8• ~en toe GCJOilaana..,... .-llcr w• 
P'WPIII 110re ~t the l.ar&*' a an4 'tbe8e ~ wltb 

tho ~ ~ioM ~ an4 t.he 24th pri.L 

It would tbo.i tbe ~ ot itfa(t!Q Sn ~ 

pca.a 1'184 8Mll bl.lt t~l.¥ itable. In a l.lu'p 'tbl-.e ot 11tltch:- the 

.. tla ..... ~ di~ ~"to-~ ba.b1tat pret-
eft~ts, 4lll4 the f4 ....,lea 1-.4 188 :te to eeU.Iate 

AQtual pQ,PQla't~ 'flitb NV a.. or ~. ~ 1IOUl4 not appear 

'to be t.be OQM w:tth ~ lal~!IEII. 
null,.. (Chapter vnx) or DQ&mm wbiGb,.. a1ao llb\aa4aM w 
She~~ dOl'Wl1 -.~ .m the •"Pled populAtion. 

tt or lll'dla ta.kfll 1n ttze ~· !lU ~ 
bJr cUatributidn o-t a __. ~tian iA the hatdtat, 'the aituaUon 1a 

~ neetnsaril3 the ... 'lith re to .,.... - eae lt.ft ld4 an plAD.ta 

U all ~UGn. ~ 1n tho -~~ ue au.pled, ~ rel&U'fe 
abUil&wMa of 0 wrioua aboul4 be ~ted in the ... 

there were tOQI' olMr peab uf ega ~iau the tuat ._. Sn 

Au.guat and ._. ~ a ~ to riAAe t-s-atw:oea ldter winter 



•• II -
Size ot pOnd ~ 

.,l· 
EaP 
i7n4er 1 

1.1 - 2.0 
2.1 .. ,3.0 

}.'l - Jt..o 
4·1 - s.o 
5.1 .. 6.0 
6.1 - 7.0 
7.1 - a.o 
8.1 - 9.0 
9 •. 1 - ;o.o 

10 .. 

Total ) 
SI'V\ila } 

- ·~. 

UELE VII.8 

Est:lmated popul.atial. of' .. ~~ pfeit:feri in J:arlborough pQrld 
during the period June, 1961 to J~, 1962. Diueter ot mo.Ua 
gi.Yen in Jlill.Uietrca. 

..... ,, , .. .... .. 1 1: .. ...... , • r • tlllr-.... , t 6 f • t 

j 
( 

27/6/61 24/7/C1 22/0/6\ 26/9/61 .24/'1 0/61 28/11/61 20/12/61 20/2/62 27/3/62 . 2.414/62 
1,415 1 ,4.15 1,296 988 007 1,020 1 ,}6.5 1 ,644> 1,640 l ,640 
A' ll lfU 43,.740 10,900 11 ,540 30,600 0 ,;:so 26,240 11 ,480 1)9,400 

lil "lU Nil Nil ·:u NU 1,706 1li-, 76o 1 .. 61+0 6,560 
,;~~38 Jril 1,620 t:il ;"U .5,100 2S ,002 8,200 i4,760 37,720 

26,5}5 19,4.59 11 ,340 .il. 2,3ot 5,100 35,826 16,400 8,200 37,720 
28,}01.. 22,991 24.,300 ttil 2,308 7,650 20J472 11,480 1,640 27,880 

40,607 !;1,}0\ 48,600 7,686 ... al 6,375 10,236 }4.,44.0 3,280 16,400 

,0,07} 4.7,763 8!),100 24-.1.56 15,002 6,:S7~ ·i G, 766 21 ,.:520 1 u,or..o 26,240 

7;076 5,YJ7 25.920 ,~,136 40,390 19,12.5 35,826 1lh760 16,400 1 i ,480 
1,769 llU 14-,.580 7,686 9-232 1 ~,125 11,~ NU 11,.480 1 ),120 

JfU 5,307 3,240 1,098 1 ,1 ,5it. 1,275 Nil Nil 1,640 11,480 
ll NU •l ,620 IfU ··u Hll .. a.1 NU 1 ,6lt,O u 

't ,769 ~ il if:U NU Ull .Hll Nil Nil nu td.l 

1.)9,.75\ 152,134- 220,,520 75,762. 70,,94 70;t:.05 163,776 121,360 78,720 108,600 

30/W62 26/6/62 
~ ,;y,. 1,400 

219,362 67,200 

NU Nil 
6;136 8:;400 

1!),)4.0 ~5,400 

12,272 0,400 
13,006 8,400 
18,lt08 1 !:>,400 

}9,004 16,800 

23,0\0 12,600 

~,20lt. 5,600 
6,1~ '\ ,400 

l il Nil 

144,196 92,400 

--= ~- - ~----
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atPim. t th18 tt..ao ~tbl tr<a the -~ iw end 

a ~ :1.n tdae or the habitat ,_, ba..., oa...a ~ &e:luent r-au-
QN m ~toa. rain tanen ana a 'b'urat 

01 · Uca fat.lque4 tM 4Ut1Uao. ot -~· • 
'With Ol::ln:Uaueli ra1G m a larp ot tl\41 t1aD beoUle 

-.: p.ro4uotlae doa1..tn.a. ~ ~,.,. thent -.. inlmt .. 

.urtaoe to ~ uat la.Yin8 at:t•• 
&lit .&on 4owl;r tl.v.riDa ~ an4 1 al~ sut'ftllce 

~..... • ... mtl.UI!ItMM4 ~Jon~-

• aJCCr ~t tQ ~-~ 4uring tM late 8WIItC' 

pui.OCl 01 PllW.ll \V hWt lmtil J"se. 

Ulillbian at • pftufflVI. wr. tnt.est d.th tl'Oit&tode pu"Mitee 

altl Jl -~, • ot theA ..,. Qf tbe gmua .USIM!21S ... 
l'l\lrl.r. the pe:rt.o4 Juoe, 1 'to ~, 1962, ot the 1: ,a.a .. u.a ot this 

~ "WCe ~rdnecl ttr.t- paruitlo J.nhotian, " ~ Wectecl. 
ot thou 84. ,... hMtw ot ,.ou-topboroue" ~tae, probablJ 2II:Maa 
Wl• .N.D., 12 .._.. IMI1ture ~toc!e 41t4 three._.. • 

~Natodtl $Uteot!.Qlla --~ dur1n! the ~ JuJ3'. 
I-t u oot r.uclA to at ua~ abOUt 

populo;tien ot _.. fn tbDM reten-.4 
abdte ~ t ~. ao:l tha~ population -. aeall 

And ~ ... le. he.~ 14 not ~ to be mv ~ t:l.tlriuatial 

~ ~ the perlo4 o't ~ti«L 

!1: ia poeelb1• tb&t the fina.Ua hzt.ft .omo o~ ~our 
pa.ttorna WhiAh ~ ~~~\Wive wif.b ~ 

to t.b1a ~t ,,., .... ol.r ~ t ~- IIUJ)l.tng ~ ..U«r OJ" .... 

4clM1¥ lJGPUla1e4 bQ.bttats --~ be t.:IU"l1.ecl out H#o~ tho t\V!'Nd'* f4 
tl~U.• ot i • p£~ in •torbodi on the h.tshwld ,Plat-.u of 

aoutbem Joichsta aan Ul14etoatoo4. 
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VIII. 

ft ftdely aiatr.Uattea 

1\llQCMe:t.e., clegree t4 a4ap'tab1ll tJ' 
baa •talJ.abed. i taeU 1n a t vcr1.et1 ot •tetbocUes ~ t1'oa 

~ lakee t» ..U OJDUMDtal pcDla. ftm aca.r.n { 1 ~), 'IIICII"k1'Qa 
Sn ;t, ~. ha6 ~ tbe babttata ana tol.-..no. ranps of 

L• seW!!¥'1, fJft1oh ta ~ ~ ~ aaas,pecw.o with L• m1el&&t 
(Ccnlo~~ 19)9). Oortainly tbf in ia OO<Np1ee habl.tata 

~to tholle 4eSGt"'lbo4 t01r L• a!lll!MSi• It would._. that both 

ali ecd.eas aro beet nuited tn Ql-.r, slow ~ ter er in Y-l!1J or 

streaM. e o: pool& m r1•erbob, cr Ill ea:oe.va'Uct:la al.IIO 

---.~;rwwa-lkft~~at Ute u poitl~o4 cut 1:0':-~' C19l6) 

tbeae -~ [ptU"G4 wi tb al.ow II0?1ng 8 in that "th• 
ettect1ft 000Uple4 (~ ..Ue) '90l.~ c4 _. .. !a tn eqa.t.tiJIOt ~tb a 

l.ariW' "ffl,.._ ~ '~ •ter' tin.& o1.elmlJ.nMa MA 41lut!Da the 

~ ~ O.OUv1\Y GDCl 4eoq .. .... • Nil1ttu.r 

es.w ~illl.Y n...tns •w :tloocl ~ttona, mel L.• 0!'11AP" ta 
~ b.1 ~ . u IJO~ ooourrma u aballa. • .._, ate 1n 

1lll.ich there .-e llea'f1 re4 tloooul.C!ftt pnroi,PltatcNa oE U.. ~. 

:t'ltU 1 ~the. oase nth k• Mt!JS''I but~~ tbia 
~- baa bee ooUeot.ed troa •uob •"- bocu .... 

It• BIH~ti• na. bee oolltfl\414 h'ca the thfte localJ.U. a... 
Oribe4 earlier but baa .ftl>t beet tQc in l8:tge n\lllbenJ at ~1•- 'llhereu 

.In 'both the ~~~bin ft1r pool anA the ~ PJP4 the apecd.ee 

ba.i1 beGn .U ~tecl, upecdally !n tile lat*-" habitat. Ml, 

theM t.o -~~~~ fU"e fda~lv 1n tm.t th.-. 1a em~ ot al.ecm 
:wr an4 ta....rore are ~1-o to ent1:r ~ au..-. .101e,.,, 



- 1ltJ • 

~ poc4 :la aubjeo"W to annu.1 tl.liOtuat!ona. ~ ClurSD& 
e t1Wla ~ t&llina 4ut'tai th 4r.Y I .. IIQil. At tho lt;lw leTel wbi 

~ OOOUl'1l '\owa.r4 tbe eo4 ot to'bet', -~ becGaea ~ 

a.alle:r d clutte.nd 5111 denete t,r'Oftha f\11 ~uatic plant. ('trgb&, 

emf!~). 

Ae t.he )eOlel 1a so ~ it 1a hJI'*Iiblo tC) Hn4 a atn,rlA 

~ 1:• P!WSfit Wtat. thus tt: wae clec14e4 to uttliae the 

~~ pGD4 MNl.v beol.uae or ~, an USl11'8nOa 1'l'oa the 

looal ~ty tho.t it woul4 not be 1Jlth,. I.UJ4 beca\lle tW! 

the periOd under ~1dtrrntica. i-t ~ A large ftUII!ber (1/ .-U&. 
2. 

other a 41Gl88ed , a ~ p.-eJ'etU1• 

aii.e to invea Uon ot t'iel.t\ ~ti«t ~- ia tbo OC*-

p.Ua.tj,m ~Ute tablAO der l.&\b0r4tary 00Ddit10D8.. Thie plftits 

th oal.C\&l&Ucs ot \Jaaio ~tion ~. lV4Ul.7 tb.e ~ 

:ra" ~ ~e, the Uon ~ aa4 btrth and ~fob 

tee tmiler e.pea1t1 oonditiooL filouee o..n ~~with 
OIS.l.Cul&ted ~ baeed en. t'S.el4 4a aolJ.eoted at 11U'iowt &tapa 

01 populatial tluotlat.t.on 4, 1t 1a harped_. ..Ul pi'Q'f14e ... 14A ot 
<UJ:e ticoa llb1 an ~l• o:r ~ ~le t or ~. the 

tb~ ~tlitiea ut t he - to .inox toe ostent to 
'ti!U.oh th!e ao.., ~ unae:r- na:t.l.anl o.1..rcuutanoea~ or t.be aue 
reaan. u ld.th ~ <>ilh di. , tbe labo.rtlltory wark baa 

boeR oaat'jned to ~ llrfeatipttco. ot tho •ta of ~-

~ o'tiha" n.ti.U: sud\ a. ~-~~ • ~ other 
•nilll'la, ~ta&lt ~ut ~ ~t~ ~ ot .-baa 
ratr:lot tb:S.o cl'k to two uta ot ctlD41tions. one at :room ~tuTe 
h'dD ' ~ 1962 to J , 1963, the othor £or a~ ot ten. 

if.ba at a t t.e:rpcatur(IJ of 2S°C. 

Wlt Wt1 t A I"'01ll t~V£L, !Nba 1~ !e Jtm!!l2'• l2fil• 

An initiAl batoh ot SJ e la.U b1 gt'O\lp or ana11a ooll ted 
n-oc the ~ p004 arc reare4 uncler ~ ~t~ ot 



rc~ C\4 CI1'\0'Iding e.t . tepe:ra:tw. .. f'rom lOJ"Qh. 1%2 to Ja•"ltlUY. 

1965 ( "~lo nn.1). ~ ~ ot ~ &D4 Jlinia* ta~-
pf.l.'t'&tura a\de troA -. • su-• ~ to .sn u 

aq;aerJ.UD. eekq &Y fAre in® xate4 ia &g. mt.
1 

wbi U.0 

abQw tho lito to.ble or cdlon ~~~a p«rtod ot 22 ton-
111 a . 

~ re ~ a ~ l f n~ hD.Wb ~ 'but after the shtb 
t~t ftC hrthor ~t)' 00~ fat" ilbt ~ ~ th• peri.o4 

ot ~~. ~on durina the sinh tortloiabt 
and QJ.O!ldy inCreUed 1;o ~ tp.lt ~ ttw 15th ~t. 

ancr 1lbioh 

or the~. 
a -.a pointed 0\lt 1n 

lnt1m or tbt 'ktri:naic :'Qt. ot natun:tl. lncreo.M are u0\al]3 :ta.Uablo 

b.7 the 16th ~ortni(rJlt. thi. i.e the ith tllla cdtori,. tho 

.utt r~Uve rate been et or '\ 6 ortnigbta ~. !he 
'ftl tor intrinai rat~ of' ~in=-- (r.), tM finite n:te 
or~- (a)~ aa well aa the. eration tw, thO b1rih :rato 

4-.th m te ~ CXiDili tl.ona e;pecitt.a abcr9e are an 
1 VIU. ,. lf1tb .tMil Ar p&l- ed oelovlAt«l !W the a ea 

IIM!Wltained at 2flo. 

~Atf.,l@k : 22 : "-1~· 
• lOJ'tqjt oi" ~· 1n the oanatant t ~ r-o~ ~ua-4 the 

\lee lo..rge zue'bt:nJ of Us, howne:r. the ~t.i.on obtained t.r'ta 

tb eultul"o ot tho .. «a ~ «n J.llitilll betoh ot 11 •sss pl."''riAe. an 

inte:rostin.tt coJipQ.ri.JSCn td.tb thAt obtaintcl froiJ anaU liVitlc •• 1'00il 

tAIIPC'St~. :ata were collectod over n pctrl.o4 or 22 tortn1Q1ta CU\4 

aro Pftn ln .., :u. VIII.2 w ic· vm .. 2• a l>et'ore~ the nett l'Opl'O-

duetiw Jl'f.te beon oalaW.a.ted ~Up to the 16th f'~t. 

At thu t the ~ ene.ila ._. oot 

a.• h1$.tl u .u ~~ a.t rooa t ~~. 'but by th~ Stn to~il • 
a~'t'al ot the or4c" as t :r-ecorded undo:~:' cooler 
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~l· 
lx .. l..a• • s 

' 
0 5) 1.0000 
o.s 50 .~}4. 
1·.5 ;50 .56'0 
1' .. 5 JO .~ 

'·' )0 .t)660 
4 ... 5 JO .5660 
5.5 44 .5283 1.5?\ 0.8;50 6., 379 .~ 1) .. 536 7.1" I 

7.S ~17 28 .,528, 17.0}6 9.000 
0.5 693 ~ .!)20) :4.. 750 1.3.075 g.s ;~ 28 .528, 19.~ 10._lt-9() 

10 .. ) -. 28 .~ ~9.429 "s.Slt7 
H.~ 06.3 .S2Q) lO-.u~ Hi.283 
1t.S 1,178 28 .!)28) 42 .. 011 22~226 
1 ).~ 1-.423 .528, .5() .. 821 26.81t9 
14.5 2.026 2 .~, n.~ ,)8.226 
15., 1 ,819 28 .528~ 64.. ,...)20 
16., 1 ,86, .!)26} 66.7~ 
17.5 2.1n as .!)28) 77.750 
16.5 2,00. 28 .. fJ2f); 11,461.-
19.~ ~ ,9tS ~a _.526} 68.5(]0 
20.5 2,~&) 28 . !\28J 77 .. 250 
21 • .5 1 ,.)86 28 .~ 4$.,00 
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Lite h tor' ;ijlle::!~ fl~~~~-r.!!ll"l'l'f~ 
etanaard CJODUtkn& ~ •' 
NCa ~taro , 1962 
t.o P , t 963. !It t l!lrn::r«i"tL.tulrea given are 
~ &Wit'a£08 ot urla anA lda>'M aa Dell~~ 
il'A A ... plo llq\N'S.la. 



- "14-7 -

' 
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~ I • I :1 •z l.J&z 2 I 
f 

0 17 1.0000 
o.s 17 1. 0000 

1·' 16 O.Sift.12 
I 2.5 1 0.,.12 

3.5 12 0.7059 I 
4.5 275 ~2 -1059 22.917 16.177 1 
5.5 J)S 12 0.7059 .i67 19. 3 1 

6.5 314. 12 0.7059 26.167 18 .. 4.71 I 
7.5 IJ...5 . 10 0 .. 5002 44-500 26.175 l 
a.~ 2'19 10 o~ J2 21.900 12. I 

~.5 l63 10 0.5002 26.300 15.4-70 I 
'\0.5 Bit. 10 o.ssaa 8.400 4..9'..1 . 
11.~ .}82 10 0 • .5882 }0.200 ~.469 1 
12.5 2$., ~0 0.!)002 28.~ 16.705 . 
13.5 339 10 0.5&)2 }}.900 1 ~~-~,. I 
11t..5 soe 0 0 , 5tla2 .50. 000 29. 00, 
15·5 309 10 o.~ }0 .. !)00 18e't75 
~6.5 391 10 0 • .5882 .59. '700 
't 7.5 310 10 o.5CQ2 j1 . 000 
., 0.5 247 10 0 • .5882 24.700 
19·5 269 10 o.soo2 26. 9(X) 
20.!,1 137 o.~t-706 17.125 
:!1 .. 5 36 6 0 • .)529 6.000 
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ca1dit1ono. A l.ona per:1od ole.~ durlns whic:' no 1110x1;a.U.ty ~ 

but '47 the 20th fortnidlt tbC COllOf't beptl to die ott. n.r. -.. a 
great rd.c~r:l.t,' b4rt ti twO aur:'Y1wru.~ ;pattanaJ it 

WQUl4 tba.t tho~ mtlinJ 1184 UtUe etfect on the IN'l"-

vbtll or indJ.TUual.a 4ur1ng t t'irat m r~w. ~ -.a 
tliOI~CS:i&t d.Urerct 'rith to ea JI'OI!urlt.iar4 %.e f1re'l ...... 

~cid durin& tho tiftb £Qt"~t" JX!'ter mi.dl tho e~.US laiil 
a:t a. talrl¥ oonatant Nte \Dt1l th., %0\h .tol~isJ'J:,, after -.td..d1 t"~ 

diV ot th ~Us d~. produott<ID nenr ~ed the 
h1dt 1\Wel. ~r444 c.t rooa ~ture, 71tt 4ue to · xap14 te at 

t:1.oll, ~nett ~t1v. rattt t"(t 16 f~ta-. b.isb• at 

~S0c. t'twl at i'OC8 ~turt.. tbea~e :ta. and 'l.hG popula~ 
~on m le vnr.,. it~ b• tltHl1 that OJ.ttlougb tben ... no 
tttri.ld.na ~e 1n. ea; pro4UCUCil nth ~ ..:U ria• l.n ~~. 

i.he nni.te te of 1nerca. :t"Oat". tre:a 1 .66 t n4l t.pc'ature to 2.11 

at 2; 0 
• ~ ~ t J.CID t ic:o r e4nced trom 0.5 t~te to 

5·'t !"orttd.(.h:t:s. 

t1n4er tb.o:ie ~'tal OQnd.i"o:J~t· • :ne.t!6s3:• t• oo 1e or 

Vf!II!'Y hi,fJ1 ~ ot Snorea.ile. t '25°<;. thta ill tv iD of the 

otl'.er apeciea • Ueal 001141ti~ one OmaU woul4 

itt t he CCli2He or ts. ~ta, Slw riDe to 2.• 710 or 2,m il'l41...U­

uala t the obaerVed m~ ot ~. !he~ ihtrlbaiQ 1'1\- ot 
natural tncreae ia l.Y an ~t W\Y tho opecios u ao 

wiiltlltPI'GIL\4• 

'lne ,.. 1~ pond b\.8 been d.eaCXi.b 1n Cl~t III, anA tat: 
U 10 perio4 June, 19£1 to Jun•, 1 %2, • tt> to QQO e. J.Rge 

flUQtuo.t~ populatlc.on or ~· 9J\'.l!;lJ!!JQt. liur.ln& this tiDe, uain& 
~":Lcatial of' U: ~ ~ wtli•~ in ~-- v, the pcm4 

aaQ,pled once ~ aanth exoe;:->t tor J 1U1.U7, 1962 \\'ben tbo 

~tua clof.'!k ~- c alol)a teo trenaoote. one 
at to west thti ¢tllOX' nortb to aouth, ~ ~ l.v 



_.non• ~. ca OOUI'M 

raae4ec1 
1;\ 

Nl;~_,_. at ~XJe .-ua _,.,.,. 
\DI.O. ... U7 ~lliPoi4;JV the -;nn 

1oue W1!1D'e'tll 

......... in nlA: 

~10be&.OI~.-. 

&1'111 iWta 
..,~ be pcail\W 

!11~ ~~~~~ ~~ ....... the 

~UU~J~tll 

Q;l..'11'a.Qjlill& into ;my~ .. -L~·- tl.fll\~-

.. ~~.le to OOCiouto a ............,._ repreaen-

nnalle'td.~ 

aalleaAID!Gift't .oul4 bo bev'tWI4 

., Jl'llt. .. , ~. be~ 1• 

# but 1e 

OOil~D&t• of th 

U«l CIGIIVO 



- 1 :;:'! -

on. the populatiOi't aen.tty ~ tzrl:t 1eh take& 1ntc canatdera.ttoo 

~rJ&l.IIG ~ of" tho :pon4. It 1a m.4.ent bt 1 un1eU 

thare 1s ~ h1 ~ as the pOnd de in eue • 
.,.._,.... 11Ul biCOile JJCre CD'OWI4e4 e c!cnee !"Cl'-" ~ t .. ~ 

ay th• acm..t a t. o:r popul.&Uon, that eat~tiM 

pQpulatitm .-t • lnto (.':r).n:i14eratian the ty ol --.llil 

to-tal pend. 'l'h1• 1lq not 

tmiUl., •aU lldined 

. lbo t a-. ~lo to the ila 

aU tiM. 'J'he:r. ia no feoUVe bal"rier batwem • 

l t ,.,- bi argued that the or es taken too 

bu~ -.re ptqist.cal 4ittieul ty ot .mo ta ve 

~~~l ~ ·~o ~-... -t1C!1 

the oollec'\ieln t1t IAUIIpl • 

to e:p:J.C\00 aim'l'll~ 

,.......~,lolo."' l"or to4o in:t ti.:m. 0 

e to id.cntity the eral t;ypes. 

petriocl. Jme, 1961 to l...cu;'IIOKJ. , 1962 m.'bera at l!• ~=« 
pond in ~both~ •• 

~ruJA 1on 4eQ.litiad timUy. o 

~-.u..A& ~ 

•tabllity L· ~~~ 
.uwuan it Aill~t..v. 

ODC~:U oocurre4 ISp'\smoGiOAJ'l.y a t 

u In 114110-



- 1.5} -

pa1"'4$i.tj.o Wes tion: l4- or tM lh331 enaSla a»•'\fsed e tO'tild. 

to .ha-ft tnsa~ Wect~, of dd tm:tr :ture trcr::at:Qae 

:tn1'eot1c.tna, a1x QIIJJ,A· ..... stau Ult~iane:r tbre~ w:l th Xi~~ 

aDd oae waa 'lith Cdbbol.d. 

~ te WOJ'II • c . t . J..t!aM1l 
QCt:\lt'rOd = illlitoat &U or the JSI'J&U.• ~ an.1 ill ~ ~ 

l at tbeae prntut 1n -.dl u .. 

a"-,pt wu .... t o 14flntU) the ~ tood pretereacoa 
ot L.· •wmee but tJoa tbo cntaldng:e Oln'ie4 out on tbe -..:l.la 
~ fol.lowin8 poSnta are ~ noUG~ In o.U ..Ua the @it 

~to be cn.t.lrlGled tuU with l!ft.d. sraina ot quat"ts M4 ..,er.y 

frequently spore ~ -.!AW+!\· :"1."01:1 thin !t ~;seee tbat 
altlb.out;h tbe Us brows$ m pl.ad1t •t~r1al the,y coo. e e i.(IOd 

c! . • 1 c4 'bot toft detl"itus i1J, ~ eour~. rich 1n M\trl~t 

anrl al plentUW.. 

J)?r#lat.tqn GM2Ee!:!fa!t. 

aoel!lea to be ideal !"or !:.· ~- .. ar:- moat -or 
~turea wre ~ low anA los o.t w:ter 

by t:'P«.,.)Qft'ticn waa ld:nttnal. 'l'be of the pana. dia not ~e 

td{ltli.N;Qehtly Ul'J\U lli.d-A~t e.t llhiab t'l.ce ~ t* ~ 
to n.eo. 3u.t1e mtU ~ugu.tt the &· ~6! p¢pW.ntJ.cm, 

incl.lllltng both and mana. a~, {ae4 ;_g. VIII.>) r.t.ad.ns 
Sn A\lgUat to a l*Jt ot ~ four I'IUl:lCtl, at wbtch 2. 8 Aill W1 

• !.tbi.a. peek doclinod Ab~ly \'lltU octQber, cn4 'th.-e-

after tll 

'llds croa:t populat.:..on i'-ll!'.J"'e 1a so~ t OVC'l"' 8i 3.:1:tied, a 

poin'ti 1lb.1eh a cl.ott en the popt11.ati.O.n ~ are broJt.o 

a.o.m Jn'to 6.ld Ul1&1la t oly. ~e nt..u popul t:ton as 

diotinet fl-oc the e~ roae t\!:otold tro 4-95.040 in June to 1 ,0.5,, 5(;() 
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.... ,,-

til the habitat at the begiming ~ 1ibt ~MeliOr), nn4 al~ 

tho ana.U ~tion raU.t.d ~t tA , sdbMtuentl¥ a 

~ cleel.~ in took tlbW\ by ApU be81Q at.feot!ng 

"'- ot Sot\ the habitat. !hi~ 4eol.1ne _. tol.low4 z'\U 

the C&4 ot tM ot obMrftticD in Jme. 1962. Ae 't. 

in • vxn.~t 1lb1ch lbOa the ~tton in ~tion to tt. 
~ ~ r4 ID1la pNMnt. tM ~ in • tft1ll ~.:..~~· ~J. 

to Jw.. 1 - not •tdle4 by 4 p in ... ot the total 

ena11 ~u.an, thus 1t c:an be ConQ1 t a-liNt tn L.• lJIS!J. .. 
mw popuJ.aUon ,.. .. , ture ~ t on:q-. 

rf•• ~;o 14"* Ill 1Zpi?Sil.!J$JSS. !!lith 1az f!i!!!1b.· 
:Por oJ.ose ~ ~ tbe popUla:Uan tnlnda c1Urin( the period 

'llCler ~ti , ..ua were IIIUUI"ed to tne t 0 .. 1 •· ao 

t atae atruotu:t'O or tM Jl0Plll4U=. th b:l ~~an:th, C0\1lA 'be 

inYeatf.9a.ted. '1bne ata are to4 .m ~ ot ~ 
(n.aa. vnt .. 4 an4 vtn.5) d abow t.he aiae ~at i.O •· Ult_... 
"IG.la. Aa 1l1l.1 be eeen lAter, tbie ~ ade:J.tate tar 4et the 
ot tho po.pulat-b. !he aotQal n.sures ~ are ·~w 

popslat.14ne ol the paD4 baaed Cln tru.rfaoe 8.Miil ana .. tor the sake ol con-

-tmiOACe are ed in '\~. D\0 moat ~t lrstont~~t.U 
' be ac-1'\'ed t:rcG tbio ..n.. of ~ ta th eaU.aUon 

ot •t• ot ~ ot J:. ~ \Dler t1el4 CCD41Uclae. lt 
t.tWa ie touncl to reaftbl e ~ ot Ua cazort cnn in the 

~t.ol':f • then. it will ~ ~l.e tc a P'owth oune tr¥1- the 
~ to COD't'C't do ~uenqr 1.nto ~e, JIQntb b" 
IIIClll • "J'hia them be UMCl to lllllke tiat or aa 

apeo1t1o l!tOJ'talit7. t~t7, ttn4 zoate ~ tulll Jincr'eaao ln. t.h 

thl4. 
An OD~lA'tJ.Qa ot tlte hiato £.n laS~ VIII "J,. arJ4 VIII. 5 Gbows 

a. ~t ~ ot a peak ft'ola 24/1 o. ther a. mu~a 
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betwea 2.1 an4 s.o • • • to 2t\/11 tbi: had ....a to the , .1 to 

8 . 0 • • roap. I't -.s .till ~ en 2q/12 aa a peak ia t.be 

nnge 1 0 ,.1 to 12. 0 -. probablY the ~ts l'8 ~ tor 
~ ...u peak 1n the ranae 12. 1 to 13.o ~ 011 ac;v2. A Rri 

oen ba tol.l.otNG in • lesa 4eftDite -.nner 1'fta 27/7 1lhe:re the paUl: 

OCO\Il'niC1 in tbe ~ 2 .1 to .r...o •· 'rho~~ <11 

'22./ appeand. w be in tho ~ 4..~ to 1~0 •• 1'he ...._llna ao 2(:f9 
._. int11~ b7 Ue fJnOl'tJOUa nUIIIhon of~ areUe nl"tlt!leb: 

the prm.oue Ja\th ana it ia nn pouible to pojn't at t\l\1 ~ 

~ with ~v' ......... u ~ ba4 proofleded 1n a srr-
~jj!Oftlbl to the nrat ... 1. 01l't.1.ine4 then the ~ SJ'CII4> 1IOt2l4 

pi!'C:Ibab~ be represented bJ tbe ~o 6.1 to 11 . 0 • on 26/9 au~ 
11.1 to 12. 0 • • em ~10_. 

lt. f.s pasa1h1~ to to th l-'&te or ~ ot • pattl!l!llf. 
1n 'tbG fiel4 troa thea• cla.ta .nd then tc MJat . .. ~ bet.west 

tMs · resul ta obtained t'roD W14cr l.abclrator;y 

OOD411:lans. 

'throe sroupa o£ 1;. m~ were r..r.a labOn.tor.Y oon-
atti.ona an4 -.r."e ~-~~· !he 4etail.e Of ~ta 
and stMCiaJ"4 dftiaUdna vo 81~ in Table nn.,... !be~ sboana 
e."N!'&ge growth rate tor the tiff. t oon4J:ion~~ bo ~ t.n 
is· nn.6• :rt will be see~ the GU1"Wtt ~ en~ f',l"'Wth 

rt.te d 1"001'1 ~tunt 4uri.a& 4if'ftf1Wlt 11 n -.ou ere f'al" ..-e e111d lv 

than that tttz:. I:·~ at e. oorta i ~ture or 25°0 .. 

Fig. 1tii.7 lhowa tht &~• powth r&te frtr the mUla NU:'e4 

at temperature COIIpa.re4 with tho ..... tl'Oia ~ tor 'the 

,per.1a4 a./10 to 22./2 and tor ~~ rio4 27/6 to 2f\111, the Nnge or 

ta- aa o~ .fit, 1t 1a eleor tbat the poSnte are a.:aoc:Late4 with 

the e powth J"&te at X'OCII t :pertlture t tur 1n both eer1ea P 
18 enater t.lmft o.). !he a18001AUon 115 not ao strong W'len the t-iel4 

:k. are ~ with the ave:rage Sl'O"th rate at 2~C. ~ in e 
~ p io Qflly uli#ltlY ~tor~ o.~. 1t would app4U" 
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1n lepli-
4ap catea 

'2 ,.79 16 ,.ItS 11 2.28 19 
(• .2J) (0.57) (0.51.) 

... , 6.66 12 !j.20 
(2.28) (0-.98} 

11 4.95 
(1.88) 

1 

7-lt-S 12 6.24 H 6.77 18 
(i.59) (1.}}) (~.6\) 

65 10.6.5 
(2.83) 

'\2 9.40 
(1 .55) 

H 8.05 
(2. 62) 

18 

H.11 11 
(1.~) 

'\0.$:2 
{'l .44.) 

17 

105 12.02 11 12.)\ 17 
(1 .J,) (~ .03) 

'\50 tG.?O 10 13-.35 11 1,3.51f. 17 
(1 .17) (1.27) (0.85) 
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\~tun in the lAboratory repre&el'lta a h.1.l" 1n41 t1on. or 

tbe ;rowth ot the ~ t.\eld t~ , bOth 'tor the late 

winter the perio4. 

&ftlll"'lge sr<*'b rate t< &· nawn:i:! 
t.mCWrr tiel4 aon41t10Da u tbV a1 ~~ it iB pouihle 

to a=a14er the atruoture o;t tt. ~Uoo in that parld aa it 

Chel~ld. • .,ti'l etta- ..,.th, holt thh to ~w ~ 

•~<tal ol ~- aa• u tbe7 grew older. 
I!eOa.uae the raw ot ~ 011 • 1a 'ft%7 ro.pi4~ it ... 

~~"" tQ te tho Ucil Ul te ~· Aa DO at~ 

.. to ~ the •HoP oal.lectea. egp an4 10\m& U. to 1 .s •· 
1(1')8 were 1Aer.a. w be in the &rOUP 0 to 20 ~ olcl. nat 

group or sna11a between 1.6 a.n4 2.5 • lG1'1& £ell into th ace~ 

2\ so sold~ ., en u Wioato4 1n Table nu .. 5• 
are present 1n .. lier1ea t4 hi• in ~ nn.s nu., 
and r;i.ft p:apbtaa.l ~t!Dn or tho ohandns -~ at ~ 
~Jol._u.on t4 iboroagb paa4 .art by -.. It can be ISetl1 th& t 
tbe pos:W.&tlon b ro, tho od June to t 4 t 
apart traa tM ctrop 1-n. egp a.r¥1 yery ,-oung 1l.s (age 0 to 20 -.va) 
the popul&Ucc atl'UCtur'e tor A t, Scp _. OCtober ,.. td.rl3 
ejai]or. In ~ t'loodin& took p Md tlU. raul 1ft tbe 

loaa o£ ~ (21 to JtO ~) ol4er {111 -t) anaU... in 

11011e !na oee the ~ &fO ooatained 11are .,._tla than tb~ir 

"'..,_. pr~ li mean:s that the d~ reoorcle4 1n 

~ ._. probably the t'OSUl t ar el"%'0r not cc:wpletely 

c1uo to i. v ot snail a. It ia pxdMlble Ua t becau o1 

~1an to the 4Uuttila effect ot tbe tl.oodir. lfhich took plAce :1n 

O'falb , a ~ ot tho population ~ and ther«fox-. the 

t ove.t>er n.pa ...Ul be \laod to a ldnj-.. \tor IIOrtalit.y ~ 
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p ; ........... ····r . a 
'" f ' • ... ., I .. .., ... 4 I I . r-··· ... . I J I 

I 
I 0 

Ap $ize 27/6 21./1 22/0 2((t 20/12 20/2/62 27/3 3CV'5 in lqit in=· I 

o- 20 Erttll - ~ • .s 42,.,624 565.760 2,95},260 607.7.58 20\ .60o 197 .. 62.5 ;s1 o,492 . ~ .. oao 754.,400 82},280 2,'51..,090 13.},000 

21 - 30 1.6- 2.5 76"1024 12,,760 1~~aao 160.1 62 120,%0 1 6,57~ 107,4.73 34.;440 27,.800 59,040 }9,780 1 \ ,200 ,., ... 40 ... 6 "• ... 4..0 n,-,92 25\,056 272,.160 223,788 193,,,6 , ,tr75 167,-HlB &5,280 16,.400 45,}}20 .)2,i30 26,600 

4-1 .. 50 4.1 ... 6.0 114.,920 107,960 261..,060 198,~57 21a1+,224 H6,025 2t6,.Ei62 C0,,360 2lt.,'OO 2't .320 15,300 15.~ 

51 .. 60 6.1 .. 7.5 5) .~ 6,,64.8 1 0S.~ i04.,21 ~ 10,}.G80 105,825 87,006 3'\ .~ (.O 26~2.40 6,560 1 :>,890 7,000 
61 .. 70 7.6 .. 9.0 )1,824 ' 41 .. 7~ J7,260 6!),820 78,}'6 5ft.,82, 99,948 t 7,8SO 21 ,320 - t,5:SO 7,000 

71 ... eo 9.1 - ., o.o 1~,~ 22:9Glt. 24,.300 ~.ocn .}2,2!j6 22,950 27,296 1 },120 ,, ,480 ,,260 .. '\~ 
a, .. 90 10.1 .. 'l1 .o 10,608 ~ 2,376 12, 960 27 .. 1+25 24;1 ~2 17,850 ,~,2'8 1 },1~ 6,560 s .. aoo 4,590 t ,400 . 

9t .. 100 11 .-\ - H!.O 8,040 14~144 14,500 26 .. 328 2j,® 12,750 39,~38 4.920 8*200 tt..920 1,5}0 1,400 

'tO\ - 110 i 2.1 - 12 . ) 1 ~'760 ., ~5}6 - 6,532 4.,608 7 .6!i0 5,116 },2t10 4,920 - - ... 
111 .. 120 ·12.1t. - 1 2.7 .},S36 1.768 .... 4.~ 5,760 - 3,412 ),2f!O tt.,9'ZO 1,640 ... -
12\ •1}0 1 2.6 ... 12., ... .. 1 .. 620 5,485 1,152 .. },41 Z 3,2UO .... -
1}1 - 140 1}.0 - 1 ;5.2 ~;3C4 3 ~240 2,19lt- - - - ... 4-,920 ... - -
141 - 1.50 13.} .. 1.3.5 1J768 1,766 ... 

" 1097 1 2,~ - - - - -
151 ... 1,.6 + ~ 7 1680 5,301+ 30,780 4,)88 '\ 0,,368 1,275 - • - "i ,61..0 1,530 1,400 

- ...... Ill ~ ..... , ........ f 
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teca.nU.ta cxU.cul.At~. ·o 1 taJral in JI'JI;JUtU"3 by 

ebrdU7, Gp&rt t'rom ftl'Y :f0UD1 tnaU..s ( 0 to 20 4ao'a) the aticm 

-. beg1nn1ne to decliM with a t'lJDl"tal.J.t)' retloctea ~ ~~tl-

out all • A aa11M' picture 111 ...n ~ April Wi 

the populat.icll1 ~younger but ..,llex- Wlt.U .. J 

the cleclJno or a4ul t ooaU. to o a trop 1n the 

popW.atioa ot esga aod ~ eneila. 

It is poaalble to UN atJouoture ot the po;pulatiOa --~ .. 'k 

~Ul.Ation pa.rueten wCh aa 
IIOrlal1: , anc1 estimates ot the rate ot aotual int!N!III~•. 

• . 1f':lQ rialii\Y o~ a t1ol4 populAUclll ia not & G2"1lllt.8~n:t ti 

oan be appU.ed ~ to ~ populaUOil. lt refer ~icall3 
to tuatico •tuilie4 an4 ~~~.~., 

of the year it it 1a to ~" 411¥ -~~~~~ 
1lbi it ._. NU'Ql'el\. 

TM I£• Jl!S1!9f\t popalat!Gn in the baa been 

atu&U tar a tull year ctunng tbia t.t. 

a period ot 1ncreaae_. atab:lltt.y 4eclS~.w. !be • apeo1fto ll'llif"'I''•.A"~ 

J.ty n.te baa been CXlloul.at.a tar • 1 per.loda duzina the '3eu'· 'l'o 
do tb1• it. hu been neoeeaar.r w take 20 &q -a. aa t.h.U • 

tion o~ the youoeeat cat~ :1n the atru«Jture cl& • '1bua 

~ total bar oE 1D41..-:S.auo.le tallJD.s into tMa period t t11ae ~ero 

are tabn u or1s1n&tors ~ the to 1 auni-.1.. At 

the aeoc:rM •lp'lin&, wtdob DO~ woul4 be about one later, 
the emot \.s.e lapse ia • the ~ 

W3U14 " at i.e o&l.CUlatocl. Praa the ta in 

'tab~ Vlli•5• the DUD'ber ot BUnt in the t OO'Xftll.PC*dU~ 

perioda are • tbwl a perom t:J\U"tiftl tor th pe:t1o4 1a 

obtcUDeCl. !he u an sive 1n 'l'Abl• YII7.8 to vm.,2~ Table nn.8 
t'11ll be aa M ~·· At tho Mllpll.na CD. 27/6 there lt2t.G24 



(x) 5 6 

s.s 0. 020 0.01,5 

.. 5 0.17E 0.'\21) 

7.5 0 .. 222 0.160 

.,5 0. )23 0.2.}' 

g.s 0.2,, O.i87 

10.5 o.~Tl 
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t • q f .. , , ... , .... te~u • · •n;•••• •••t_.,.,, • tq .. • ISJ tit I ;t • I" "' I ,.~!'> .......... 1 PI ... IIWI I ' ..... 1 d f' • tb t' I ' llfW *I .... IF''Ib(l us IF ..... . ......... 

~ ~elate I 24/7 22/8 2f{9 21./10 2tV11 20/12 20/2 ~7/, 2W4. 30/5 26/o 
... ~ • I!!! UIU I ••• • . ... , . • 

170,560 l 
I , ... I J ... li I - •• tJl • • • . 

I : ,0,2001 F.gp 5l9,240 2,80),600 .54-t ,9\8 17J,lt00 a67 .81. 357.-5}0 71!',960 I 79J.760 22.5,,80 

Aae 
1n aq. X 

I ....... d .PJ & J f 

71 .. 84. 5.5 0.068 0.0.)4 o.oss 0.()55 0.089 0.056 0.069 O.Oftl.. 0.052 0.027 O.Ott4 

85-98 6., 0.3{18 0.19/+ O.lt,1Z. 0.$72 0.532 0.626 0.366 0.29'1 0.515 o.~ 0.576 

99-112 7.5 0.171. o.o)6 O.i80 0.146 o.-'08 0.196 0.20i. 0.261.. o.ose o.or.a ... 

113-12, 6.5 0.053 0.0\8 0.11+0 0.109 - o.~ o.m 0.200 0 .. 139 • -
127-140 9.5 - o.~s 0.07) 0.007 - 0.023 0.063 I 0.201 - - -
1lt0+ 10·5 0.)\7 0.66.} 0.1.3!) 0 • .3'\0 0.070 ... .. - 0.206 O,.ft-20 o.,ao 
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TAJLES tnt.B-12 1 A aeries 8hori.n8 pro~ ot "ftrious estimated population& d lAm!! na.Sf!e~a 
in ~ pan4. FQr expl.Ane.UQn of ap'p()rticl'lliiODta 80e tozt.. 

-rA.II.la ~·!l • 
................ . ' .... , ... 

I • .. .. . I .. I li ........ 
Actual Pe:'1o4 ' P1wtal 

~ ,.. trsecl lnti~ 1 SUI'Y1'fO:t'8bip Age ~ Pl'OpO~ Qt t.ue A'ftilAble Eat. lrsP J.fatul'e 
Date (l.li\Y•) <~·) 

P.reeent l_. ~t· 
ta14 at Sam.pU.nf' IA14 l ScAUa -

27/6 0.20 o-20 42?,624 
24/7 2D-4.7 l~·SO 4.19,016 0.975.3 
22/8 !>7·76 51-70 142;560 0.1)18 s.o o.o,.. 2,SS;s,600 98,0lta 29,41.8 } .. )29 
26/9 82-101 lit-tOO SJ,7'' 0.125' 7.0 0.180 ~,S\8 97,Sft5 12,725 7.666 
2lt/1 0 109-\~ 11, -1.)) 6,912 0.0\61 ,.o 0.007 178,.560 1,249 460 2.715 
2tV11 1~61... 14-5+ i,f75 O.OOJQ 

ftr!tl ~-2 .. 
2JVI o-20 o-20 565,760 
22/8 30-4-9 l1-SO s",22o o.~7a 
26/9 6~ 61-80 ~.827 0.1764. s.o o.osa 5ft.1 ,918 

'" ,451 
4.3,997 0.714 I 

24,110 9.}-112 ~....,10 rt,(48 O.C489 7.0 0.1lt6 178.360 26,069 10J!}06 2 .. ,,.. 
28/11 12fk47 1,-1.50 ... o.oooo 

?~ .. ~·lg 
22/8 o-20 Q-20 2,95),260 
26/9 )5-55 l'•SO 422,~ 0.14'0 
2lt/10 6)-8, 61-80 110,592 0.05]4- 5.0 0.()55 178,560 9,620 41 ,9,2 0.23lf, 
2f.V11 ~18 i0\-120 7,6!50 0.0026 7 .. S 0.3()8 171,400 53,4{)7 9,690 ,5.512 
2CV'12 120•\.1•0 121 .... 40 ,,At:\2 0.~2 9.5 0.02) 267,84.2 6,16o 1 ,,366 Q..,5t0 

~Alit~& ~:u. 
2.\(10 0.20 o-20 201 ~Goo 
2ll/U 3S..S5 )1-!50 147 ,9.'0 ~ 0.7}36 ? ~·OY«iiber rcaults ~ 
2qt12 57-77 6\...SO 126.,244. 0.6262 ;.o I 0.056 267 ,at..2 14.999 1,.2,~2 0.,..9 
2f¥2 119-il9 121-"140 3,260 0.016} 9.0 o.063 "5!il,S30 22,!)24. 1 ,.512 17.i68 
271, 1 ;tv-"\ 74. 150+ - -

VIII.i2 

2(f'12 0.20 Q-20 31 O,t,.~2 
2(l/2 62-82 61-80 41,000 0.1)20 ,.0 o.o&g ;57,530 24.669 18 • .368 't .,3lt.) 
27/, 97,..1\17 10.-t20 9,0lt0 o.oo~ a.o 0.264. 719,960 1~,069 7.544- 25.195 
24/lt- 125-14.5 121--tZ.O - -

-. ... ~ ··--
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WU VIII.,~ 

Age en4 ·~ alse at ODMt or •a pzocluotital 
in J..t!!!!ue naS!}!Pa!• in the laborator,y. 

I Age in da.18 
'fe.p. Mo.snaua I at 'lbicb Ay. Sis• 

t 
Ooaditicna I 1at .Appear 

• r • • h a u ill .... - I I ;, 

Aabimt 5) 89 9.70 
l!Arch ug. 

ient 17 ,.62 Aua.-Dec. 

Collat. Temp. 
17 60dq 9-~ 0 • 25 ! 0.5 o. 
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Wi'ridtala ot 0 to 20 aaaa 014 in the ~. ~ to the 

X'e000'$Md -'hod ot MIIIFl'n&· ~ paa4 ..aple4 21 -- later 

m ~ \JJ' 11b1ch time t.M aotUftl aae ot the aeleated oohatt td 11a 

WDU14 be bet•em 27 47 ~. Aa tbe ta stwo in le VIII.5 
t.U into 10 481' intenela the ~ .. ot be UM4, t.e. 
30 to so da.Ya, an4 (Ill 24/7 theft 419,016 ~ tbLtt len, 

91.S of the~ maber, ar a. GUI'9lftl o-t 0.9753 ~ U.t perJ.Od 

Qt Uae e.n4 t '!bus ~ the DlDDer 

~~ tt~£11 ~ tta 
~. it 1a poaa1ble to caloalato llp001f1o li\1I'Yl~ (lx), 
irdoratiml ch la ....,.t.ial tc:lll' oslGQlation or mort) iDtiaate 

po~Ucn atatuts.c.. 

be ~. thus aturt 

t.aai aDd each ..u 1a 

oou14...t u a potctial t ul•• 'twO ~Uce of the opec1e8 

~ to be a.~ ~tal «cKUtia:i.i, or abe 

at 1lbil egg ~ iUJd the ~ patte:m tit pro;-

~ in ~~ to • 1dll J*"id.i; the pOpUIA'tiOD u 
reoar4ed 1n the n.ea to be appoC"t'm•IIA ru~t"'IHHWI' 

spocifio &ecnm4tty r~ < 
ai&e t wbiab ~ reoora.4 frolll ~l 

tobea at Ua ~ £n the laborAtory (eee ~a vnx.
1
,). :tt 

woul4 t:nm ta t a • rather then u ~ted 
coaet o~ laTJna tMt -.m a~ e:ize ~ a 

I'ZZ'Oim d az:vU.l.e ia 9Jt. •· * 1~ ce. ThU 1s an 
a~te fi&l.u'e • lt a not tabl tv eeleot 
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a piU'U.OQlu' aiae or ana ce.~ atate that~ .ru thtt 

cii'JJieiti ot mt\irit.;r. I~ t. ~ aa~ to accept tba:t pn>-

a.t:kla. ~the aixth tortrliBbt (aoe r.blo nn.1), 

bet-- 70 84 Wq8 ot • 
uer m tb1e aeoticla it -.. t tho e.~ rate ot 

~ t:4 .,aSls ~at tur& .til tbe l&boratol')' wu in 

aar .... et nth oal.cNlatea rates or ,p'C'Itth C1or'be4 ti'Oil fibld ctata at 
.aeua ·U.. ot the year. me ot th1a it -.. to 

the pat-tan (4 ~ ot ~ SJ'OVF o£ .-ila w ~t. 
that 1lb1Qh OCNld teet traa a f1e14 ~:tlaal 'OD4et' ~ 

.....-1 teapex'atu:n OCDllUou. It-.. th81 neoeuary to apJ)Ortian 

the ..,.Slable at eadl the •ture aJM~.Ua ~ 
to the ~~&tt c:4 CID ~ til the l.&bOJoatoq (aee 

le rm.1' •J awon:iDiilMnt .. Cll.lculate4 •J•jlar \o 

tba'l tflr' .) ~ m n, that aU a:roupa 

were e;.t.allJ tel, ('le.blA m1.6). .AO the ap group& JlOt 

~ ~te4, PR»}iiQi"tioD wu ..:J.ttplied bT the mabel- ot 
.. u. 1n appropritlte ap • d giw tbe e l.a7iDa 
~liP td eub u Npl'eMG aD4 thia ...n be out into propor-

Uane Cl1Ch WOUl4 thm ~ oon-.ct ~~tot awilable 

-• tbo -. poupa <- 1e nn.7). 
apec1n0 t*":ruUty ate <•x> Si"ND b1 Tabl.ee nn.1 ,._ to 

nil •18 baa oalaula ~ f'J.elA :ta encl baa Cllli two 

UJM~l>tl.Qna;-

(i} ~ o-•eceo &r.~.n& the atx.th 

~~·· 
in tbe t1el4 1a a'Jill1lnr to that reoorded 

uncle!r- ~tox1 OCnAlt!aru& on4 is repre-­

aentect b.)' the •x Co111M1 in le m:t.1 
The ..tbo4 ~calculation .. as fbllowa: 1n Table vnx.8• the 

aurvi'fOrShip (lx) boa been calcul&ted ·~by the p;ro r:4 
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0 

0.5 
1·5 
2.5 
).S 
4..5 
5·5 
6.!) 

7.5 
6.5 
9 • .5 
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VIII.,, 

Sm-.1~ 

~ 

1.000 
0.995 
0.960 
o.m 
0.620 
o.l'Q 
0.215 ,.m 
0.125 5.500 
O,.Of.lt 7.£,66 
0.0\6 ,.ItO 

o.ooo 2.115 r • I 

f'1nite l'Ate r4 1DcreUe, R • 1 .'\ 00 

rate ot actual 1Da'rea.M, r = o.m 

l~x 

0."716 
0.688 

0.5)7 
0.08) 

0.022 



.. '\15 .. 

~ 

s 
lx •x Ys 

0 1.000 

o.& 0.711J 

"·" 0.1.00 
a .. , o.zzo 

'·' 0.119 

4-5 o .. 06t 

~-' o.o:n 0.2,.. 0.006 
6., O.OtO 2.898 0.(29 

7.5 o.oo, s.s;z 0.0\7 

8.~ 0,002 ,.025 o.o.o , .. ~ 0.00. 4.510 o.oos 
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-

~ SUrvi'fOnlblp ~ m 
~te 

~ ·- lh a 

0 ~.000 

o.s 0.945 
1.!} 0.860 

2.5 o.~ 

'·' 0.1\, 
.... s 0.61t5 
s.s o.~ o.~ 0.120 

6.5 0.15J 4.5115 0.,9.5 
1·5 0.067 8. 900 0.590 
6.5 0.()29 1,.ms 0.)78 

9 .. s 0.0\ .5 17.168 0.22J 

' 

tin\te rate ot inQrea.se, • 1 .~ 

te ot actual l:ncr$Ge, r • 0•*-• 



• l. •z a 

0 1 .000 

0.5 o.e.~ 

. .. s o.s~ 

2.5 o.,.,, 
3·5 0.255 
4.5 .172 

'·' 0 '.,., 0.107 
6.5 o.Ot J .. i o • 
1 .. s o.oos 25.1~ • 126 
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0 • 8alth b1 mg(I''-U 

Pl"CC81118 la .ere ~-· 
JAF.a.ns:t :DOWID' ~ 

• To t: out 

oou14 haw CD 22/8, tot4l 
4¥-ilAbla, 2, ~ .. 60o, la -.Jltiplied b.Y .o,. .. tbe 

.--.t ... 98.~. u. am l• biLve-- ,.. 
1e nn. 5 to tb ill~. ct tbo GCibori wbiCb 011.slmte4 

m 1 • ~ 21>~ tn .uth b3 22/B. 
~ thia into ape01ftc 

teiQliU.f\1 ,.. •• 

1tt4in1 ot epeoU1c t•DISty 
-..u:·- -...... ..... f¥, !.~ Sa Jl()e~le ai"n at a 

~IM"i~ ot ~ ...... ·~ 

not be lltiiD:10ltJDaa 

~' , it w1U to poS.nt et~t that ate 
~ actual in (.r) is an ~~Lion ot t tor a 

~~ occurr1aa pPJ>U1atiori. li: 4oea DOt ~ ton tDto 
~t1atl at ~ mto ct na 

:ia ~ tmdor tiQne, 

~~ ... lire tal>lea ltr L• •Wn9• mft b.- «1 
m.14- to rm.-18> with .-..oe to tbo8t it 1o petaible 
~ the Rlrte or a •1 ~ toh•.JOJ."UlAt:lao .S.tbin tho 
~ UN~~ tile u ~ tluat\atial c4 

IJ!EWE~~U (a.e • vm.~). oabort ~Uba m J~ 
:l!l:bm.. poli u.... te ~ ( 0. ()9,,) ....... the B'Otl8 

populatioo the por.ioCl tl\a\6, J't.1lN end t .. ~ 

~- .. ac«nllt t< a.t u '**lOrY to~- t 

tM 1Df1.1la 1lb1 contrtbut to UWt inCI'tiUe b7 ..utue ot 
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auou ~tea Sm- to the t1r•t aelllplina wb.i.eh.. 1a 

J e, 1 %i. U lt u ... lalld tba.t a «d.•ilar n\llber ~ -~ 

~ tn IQ" u occ'Un'114 m JUDO~ th0111t 1a poeat.ble to oat 

• bn0thetiae1 Ute table hit' oohol"t at lot. !!!"!l'r!H ori£1Da 
s.n , 1962. U tbe a•••iQI:l S. ~. Wlina tbe ta. ~ 

lea nz.5 .ad VIU.7, a ltte table baa been ~84, 
tt can be aeen \ tru. 40tUal rate ot ~ IW:' thia 

r- • 0.2}1:7,-. tar in~ ot tbat ot .S.thor 'tJa 

~ 11hich ori.gtoa 10. A a &eaatift wl.Wt £or r, thla 
-.. ~Oft ot ~ • laelrtaUty atntot 

'llbiCb W%'0 lAlc1 jn t. 

~ to DtJra1 ~ ~ a 4U.8td ~ U.. Ate C4 ~ • 

~. 0.09:56, bUl in the tQl.l.ow1.us oobOrta ~t$.DS ~ aad 

. ...__.. ........ tbe a.o~ 1n ~t1cn (oee 14· ttn.3) .a retl.ateA 
biah tiw n:tcia or 1Do:reiae ( , ...0.1118). 'J:h1a iiitUati«l 

WlS due to 'n!ll?7 h1Dl ~ v ft ~ OObOrti 

Wb1ch OOU14 DOt be att'set by JUab. tecuaill 

lll:rta1i v :In 

be8t sultecl to 
OOtl:)ber to d>-

%'\m7, b\a the J.&tw per1c4 ._.. tou.o.d tba o1 OCll~ 

U-.e doclino 11tiioh reaul.t-ed in a oona tb4J A ot 
thia ~J.ae wi~ ·i tat. ln e.l.linetanoes the W ~ 

atriJdnel¥ shart l:twd. ~ pJctgre -. one ot 

b191 eu.n"iwl ~ ~ ili, u they of 

.50 to 60 ~ the aurt'1'1Ql. rate 4roR;*1J b¥ 80 to 100 W. after their 

or~ onJ¥ lOw ot ana1la re•~ne4. 

~ h JUeett s: CliF0!!1iJw, m a ~ a SWMB•· 
'fbe poaaibill.t,:r r4 Una1ti7 ClepGXILaal tact • ope.r&'jJtg Oil the 

ll::aJ~lJ)(D'OI~ poo4 aei!HAG 
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snan• at a C*r1:ain deled ttY, but ~ • n be' or inti~· 
in p:roponu. with the -.ol ot •ter 1d.th!A the aq~. 

1b:ree eer1ea o£ ~u .,.... rl out • the t:lra-t, at a 
OQlW\ant t ture ot 22 .~ • , with aingle ile in o-. ltV. 

aquariA to~ the 'fU":S.abllit,y ct ~ion {Te.blo nu.19). 
~ o\ber two series Oon4uot at 1'0011 tal~ture. two 

d14 not run ooaa.D'S'mU, ~ ue not atriot33 OOISplU"l\ble 

other. 1'he ~ta oa.rrt«l out 4Ur: tbe .antbll 

aeJ;:U!Dl)eiJ" to ONI:IIber. ~t laatecl aewn •ulcw, <me ..eJt 
tal! accliatiaaUan «nd six •1tw tOr~. All ana.U8 were of 

oila:Jlar no rtalitiea OCaun'ed 4ur1n8 iu¥eatip.t1cma. 

Au ab~e tit trnh too4 ttu ~c 4a1l.y en ~\JB.rlA ~ cleaned 

em by -.na of a pipette. 4h1r1lla ee.cb. Gt!rri.ea a.U the aq,uar1a 

wre 4:raiDad and ref1l.le4 wi.tb. tr.b b1olor;1~ conaiUenea mter. 

"'-h1a .,enrect to haw li. ttle direct fdt pr«tuotioo. 

b:L nn.19 ::.ria.Uon ~iii We1cl.y 

t1011 40 J'epllc&tea ot ains.le iiMU.-nALv\le t at a. densit7 r4 Clle 

ana.U pe :U.tre fi Men n e.r Of ee;p par .nail 

week •e 57.~ ! 1 ~1lt-. In 'l'Q.ble nn. 20 the Z'e8lll. t& kuiiate 
that within abc;rn :range ot' ftriabiav an :lnorieae 1h 4enai t3 JJ:L 

II per liVe raul.Md Jn A dttcreue of ~tian. :here 

.. a le a1ailarJ.v 1n tho or the tbur repli-

oatoe ~ two .-w1l• in~ l1tnJ. ln. tbe eecortd eortea ('fable nn.21) 
a W'terct pa.t.Wl'l:l ._. .mild. t.a. In th1a ~t two l41Wla or 
~\.7 were ua.4, either m ..Us ~ Utl"e or ~ soaU pei' litre. 
~ .... ~ 0. ~iQn 'becetUMt tho nuaiber ot flrl3ila 8ll4 the 

~ o:t •ter ~ted to """ ~ populatj.oo& ~ con-
stant a1 ty-. Ct.mai4erina Ul•ae result. 0t1 their own, there ~ 

to be • 4 aa1nc et'toct en ~ion when the ot liDAUa 

in an a..,.uartta :Lno~. bTeapectiw ctt the actual Q' or 
tout" ar e t anailfl 



-1~ -



- 182-

vm.go 

Dewd.t7 • Vol. t.l ~~U/ 
&./UtN ~ Utre in6 .. 

'\ ' 3 1,® .5,.28 

2 2 1 369 30-75 

2 2 1 360 31.67 

2 2 1 443 J6.92 

2 2 1 lt29 ''·15 
3 6 2 735 20.42 

;s.66 11 3 745 11 ~29 
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bL I 

Deoa1V Vol. 
./Utre litre 

2 , .!50() 4SS 76.,, 
2 t ·500 ltfX) 66.()7 
2 1 .50() !566 94..3} 

2 2 1.000 475 ,,.sa 
2 • 2.000 '" 16.~ 

2 8 ..... 000 7rJJ 15.6.3 

1 .. 1.000 4-5!i 75. 5 
1 2 2.000 3J't. 27.S, 
1 2 2.000 m 27.25 

" ) 3.000 ~ ~67 

t 3 ,}.000 ;68 }\.55 



were Mintained in a aingle aquarim. l.'hts phenomenon baa been u .. 
ouased ~ Md haa been reported b;y other ner. using 

pg»nua (taU¥"!!!) f2£sMJ:i.! ( 1'1£)1t, 1 %0) and AYJkftle~bit fJ.Grstyt 
(Chemin a.n4 ~aliJQn, 1 !)57). '!'hun it wo'Ul.d ac thllt with 

~· pti!lgip tho n iber of enau. pre t u well aa the dcl&ity ot 
esnaila hD.a an Gffeot on og prodw:;tion. 

ihtll the L· ~t:a,lenat;a populatial in the :ar~ pond ia ecn­
aid«n"''l, the a.~t seneiti'Yi 'tJ or esg prodUction to n\llibers of 

1nd1vidual.a within th habitat~ rather than to the ~ 4«.W.ty per 
unit volm16 ot tor awilable, see!:W to tie in w1th obssnattona. 

It the estbated llUI01ba:' ot aature email& c.-.:Uable ia di'ri4ed 

into the ostia:cte4 mab-er ~ eap present 1n the pcm4 at tbilt tiu, a 

tigw:-o e: :sains the ·~ ega productim per turo enail can be 

o~ tor that plrtioulAr time. ~ tigureB ce.n then be plotted 

grapbJ.oel.ly ~t tho total eatimo.ted popuJAttoo ot &· mt!rlmtta 
:mail " pt"efJCnt at that tine, as hu btMn dtlDe 1n ptg. VIII •1 o. In 

th t :t14Ure the aoUd circl rotor to this rel4~ cd apart 

~ an iiwte:nce I'.W"ked. 'a. • ell the points t1 t remo.rkab}¥ well cc a 

regular curvo correlA'tint nl.llllber3 ar s.nailA to eg prodt.'Qtian per 

mature eaaU. :t.be pout • a • was the relat1aost~ calculated ~or 

August and ood'ellpc:I04ed with a pneml rt.e in ~turca at\C' the 

winter pa1.od. 

It is ot interest to reoord this AJiP.rf'fnt rolationab.ip between 

ntabers and egg produotiaft. ~ere 1a no doW>~ that U it were 

:poaalbl• to OOIIplH clen.ai\Y per unit volU~M with eas proit10ticn per 

aatur• ..U, acee oorrelatiClll 110uld be tod. but due to the la.r&e 
W~UIDG a£ -.ter a.u.ablo tor JIOlJt ot the year, it 18 unl~ that 
the flUIICricel. dmaity .PU" litre .ould be very great. C~ the 

d.elletty ~once attained tM figure ot ono 11 per litre. 

A routJl oe.loulation baaed. eo the ar«1 of the pcnc1 at lll1nilluD lwel 

in Octob~ sbowa that there were a.pproziatcly eoo cubic metres ot 
tor aftilable for 900 thou!l!uld anUJ.a, t no otbcr tiJDo Cludng the 

p$"1od as UU.s high deMi t.J achie-mt .. 
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Ia order to determine whether other anaila present cnttu'eC! into 

thia apparent eN'cct on the k• no.~ ega p.rocluoti.-1, Pi,&. Vlll.1 0 
oontaina pointa, hollolw oire1ea, llhorina 1:.he relAtionship between ega 

1*"04UO.C per mature lt• e1f1Nil, and the sro- IM.i1 popJl.at!Ql 

1nclwUng total eettmated turc ~&• !lf't91NV• pt.!li!JU! yop1p9!! ana 
- f!ll?h!l!rJ.! afeitfW. 

%n thia caM there aweara to be Yide ~ ot aoat ter 
auagea~ing thAt undel" the ooncU. tiona that prew.llecl 1n the lbOrougn 

pcft4 1'or the ~ UOW ooneideration, OtheJ' apeciO!t ot enaila ba4 

U ttl.e effect on the -a proCluct1on ot ~· na.tel!n!&• nen when thoae 

other speciee -.re pres«lt in. tt.Url.y large numbcra. 

5. Pirmwon· 
L• ryt.1f!.1P!MA 1.8 a moat adaptable anail 1ltd toluate a Wide 

wriety o~ condi tiona. It baa bee &hom to haw h1gb intr:ln&1o 

rate o£ natural increase aDd that m the f'iel4 when oon4it1aw are 

sui table, the a.peoi ea ia capable of a high rs. te of reproducti«!. 

evertbel eso, these outbu.rats of •a laying are ~ly followed 

by a high 80rlalit7 of the~~ which ftaul.ts 1n a very low nett 
rate ot actual increa.ae. 

It.• pe.ta.}.slAie grog veey r 1413' atld under -.uom ccmdi timis 

rea.~ aa.t urtty in o. vert aho!'t t ime. Eten 1n winter. the sna:lle 

can mture 1n l esa than 80 4e-Y•· !M production c'ioes not ~ 
build '4> ro.pt417 to a maxti!UI, the prooeaa 1a ~, nth peak pro-

duction bein reached after about aenn acnth .. Few anaUs, however, 

appear to aurrin aa l ens aa that 1n t he t1cl4 end tho• that do 

re.preaent a TC'Y Sll!lll proporticlft ot the crlg~ cohort. 
Its M.p. :Lntrinsi c rate or natural inCrease whether t 2';°C. or 

at rooe tsaperature r~ts an 14ea.l &Aapta\itfl to t terixxU.es 

in :Rhodesia ana jn t act, in central Atrioa. 
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It :1s well to ~r the reaulta obtained fioom the wrk 

reportei here m the light ot a pertinent statement made by Park (1955) 

to a SYIIPO$iWI on population nua'bers: "Restm"Ch in laboratoey popu­

lation toOlog abould take i te orienta tic:m trom 801le phenomer1on la1oll'l, 

or auapec;rted to oecur in nature and lal.own or auspectM to ha't'e eigni:fi• 

cant ecologtoal OCX18elq\lel'10ea. Its ob;ject is not to erect an UldDor 

ecol ogy but~ ft'ther, to ill~te ccru)~tually the general problCJJ~ to 

wbieh it ia adaresa.d. Th~ reaearch u thus the handat.dden ot ti.el.G 

inveatigaticnJ not the aubst1tute. • 
Sen:timenw such as these have 1JlQt1vatfJd the presMt :lnveatigatiQR 

becauae tho influence of temperature <m. the ecology Of tresh-.ter 

snails has not been erit:S.mlly atudied. l?'l'ftioue 1UOrk6!'8 have tccle4 

to lild.t their attention to the responaea ot snails at extrez;e.e of 

temperature; possiblY ill the hope of 4etermining whether or not these 

acted as l.iaiting ecolog1cal faet«e. 1hus G<mion,!!.!! (1,;slt.) t'ouml. 

that jn st...-ra Leene ~U ( *J1~91R!¥Q&i! ) PC!Ut!!:a 110Uld a11!'Vive 

tor a. f'ortnigbt or langer in aquaria maintained at 35°0. and tO':' llimthe 

at 15°0. Lonat ~th rates were ~ ovex- the range 25 ta -,3°0. 

They further obeerved that l'b.'y!gpty Qcb2!!!: oould li.-e for ~ IIKlllthe 

at 15°C. tmd could survi:ve exposures ot two houre to ~tna;peratuzoes as 
high u l.tl)

0 o. Since these teaperature elttremes were not encountered 

in the na:tural bal;):l.ta:ts~ theoe authors conclUl\ed tb.Qt t~ture we 

not a. llmit:tng factor in thn distribution ot ~ snnUe. Agajn, 

Moeu:J.l.ough (1957), wrldn.g 1n Ghlma, came to a t;Wail.sr conclusian 

since the t.eapera:ture of the. snctil babitt.\t& did not go JmCh outside 

the range ~ 2' te 27°C. 'Dle ea,me opinice~ but tor prea.seq the 
opposite l'e&.son, is wicecl b.Y k taon (1 fl58) in oonnecti.on. with 

BSYaua trgnoatua in Iraq. Uere he found the water tempere.turea of' 

anail J.nteatod canals to vary tram 18°c. to "near blood heat" and thia 

led him tc>- the View that temperature was of negUgible importance to 
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the snails. 

~• varying reaults suggest that temperature per ae is not a 
lilli ttng factor in the ecology at the snedls in any tirect ay. 
'l'be.t i.e, there wUl not be a simple correlatton betwe-en thenal 

tolennc• as determined in the laboratory tmd the teinperaturea 

1tbich occur within tho habitata of the snaUs. Nev~leas this 

4oea not illply that teaperature, by tleana d its influence Clll the 

rate of growth~ populations~ ~not be a &ignif:leant ecological 

factor. the preoent 1nvesUga.tiona strongly s~eat that tempera• 
ture doea .-rt a areo,ter intl~ Oft both the diatr.lbuticn and the 

elnm.danee of various apec1ea or freshwater snail& then had pre'ri.oualy 

bee tbGuaht• 

ab! .jnfl;gpa ot !teJat!Hurt on Jl9P'9.atipn Q1.111lbSJ• 

'l'h• :lntl'i.nsio nLte or na:tural inorea.$e, r•, ana the nett repro­
ductiye ft.te, R

0
• have been clUcuaaed .ul.i« in Chaptel" IV. Here 

1 t is neoeseary to mention CDly the ecologlcal signiticanee ot these 

pe.raaetera. It has been shown by Sl.obodld.n (1 ~2) that r• end a
0 

are associated in ter.me of the mean a.en.~tiOR title. This meana 

that u ~"• decreaMa w.ltb R
0 
~ CX'mJttant~ the DeM. gfne:ra.ti<m 

time aust haw 1ncreued. In the diecussion which follows, the 

t~ture at llhich r a ia MXIMl. will be ret erred to as the "optiDial .. 

t•peratuN- lt a population with e. high rm at optimal tempexoature 
11-.u ~ an en~t in whieb the prevailing temperature ~proaches 

thie· aptiaue tOJ> the spoci.•• the poptQ..atia1would ~d ~pidly \ntU 
auch tiae u other facton start restricting thia inoretlM. If 1 em 

the other band• temperature conditione were subq>timal. for r• with R
0 

the same in beth euea ~ and if' the populati«l wore to upend to the 

SI!Uile atablo ata:te aa in the :fOl"'ler s1tmt1on, the zaean gtnera.tion tiae 

li!Dula have to be lcmger. This .ould mean that the speeiea .ould be 

110re 'V'Ulnenble to change in the •'Vi:rQnmmt because ot the longer 

tiae ta,ke.n tar the population to build up in numbere~. It rm is lower, 

the nett r~ot1ve rate,, i 0 , J11aV be equally high but the poplila:t-ioo 



110Uld take longer to achieve thie. Selection ta9oUr& thoae members 

of any populati<m that leave the great est DUillber o;t eventual descelld• 

anta. '.thus a high ra is a.dftlltageoua to apeciea that live in 

t~rary en~ts 11here fawurable and untavourable conditions 

alten:Jate. 
~ hSpOtheUcal caae aeema to pply to l!• <Bl•) Slgl!etua which, 

1n Bbod~. aiata in two diatinct typea of habitat: temporary por1da 

aa exuplitieQ. by the Foyle habitat and permanent or semi~ent 

waterboc1iea suQh as lakea, reservoira or large pools in atreaas. 

It 1a extr 13' difficult to appreoi&te the full ecological 

tllplicats.ona of temperature with only reoordinga of the absolute 

Weekly II8.XiiRul ani Jlliniaua t•pera.turea. An &'t'e.t"ll.gO of these 'Y8J.uea 

will not give a true picture o~ the prnail1ng temperature con.di.tiona. 

lt ie iaportant to knOfl the duration of warm ooruli tion.s during the 

U3, whether brief' or lcmg lasting. !• (&h.) &J:Obo$\1& hae a high r
11 

at 2f/'O. It the reaaon for its aucceaa :in temporary en:rl.l"CCI'laenta 

ita b«:ause of thia feature. this teaapcra.ture suet occur at ac:ae clepth 

in the waterb~ tar aoee llinillal period to al.low the analla to 

real.ae the potential h.1e,h rate o~ incretlM. Records of tempc-ature 

in Foyle wwe made 'by a thereog,naph eet 5 om. below the surface of 

the water. Froa the&e clata i t baa been possible to oal.culate the 

av--.ge number o£ hours per~ during 'Which the teaperature a.t that 
0 

depth -.a in uoesa at 25 o. The data are gt.•en in Table n.
1

• 

It wi.ll be seen that this tsapera.ture occurrecl :1ft the •tetbody Qaily 

during the months March to April and Deo-.bor to J'an\JfU"Y• The exoea-

aive flOOding ot the b@ita.t in Febrtar,y depreaaed tsperaturea aome.­

wbat. 
There are no ~tive data tor JDOre permanent habitat. 'but it 

i a poaaible that in tlleee aituationa, high teuperatures may be of 

shorter dura.tion 'beca.uH of the greater buttering effect of the larger 

w.ter "VOlume. I£ this is the oase, longevity With JIOClorate but not 

aaxi•l •Si procluotic:m 110Uld comttituto a eatiafactacy a.cla.pta.tion to 
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Tea.perature recorda 5 em. deep 1n the F'Oyle habitat_ 
!!:a%'ch, 1 9(i2 to ~at'Ch, 1 96 3. Average n'UIIlber ot hours 
per dtq dur~ which t he prew..Uing t~ture 
exceecled 25 c. 

lla.te A-ve:rage Da.Uy 
Houra 

• f) if • ,. 

J(Qrch' 1 962 7.28 
April 4..4.1 
Hay 0.35 
June Nil 
July NU 
August 0.12 

Septeaber Dry, nor~ 

Octobc- D.Fy, no records 

November Dr.Y, no recorda 

Noved:>c- 27 
to December 4.17 
January )I 1 ~63 9.40 
Februa.ry 2.-t2 

lfarch 5.)7 
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the habitat. This is because the nett reprociluctive rate, R
0

, ot 
Wl in"-ividual am"Viving a long time ll1'1der conditions whieh are sub­

optial fer r• umy be aJ,mot,t as great as the reproductive oo.pe.city 

l'or individuals living at e. higher rate. Indeed a.t 22.5°0. , 
! • (lb. ) &l!lmn!! ~ a high nett reproduotlve J"Ate over the period 

of one year (see Fig. IX.1 ) t.bich is the resul.t of ~ high &$1l1"TJ.\'81 

•t• coupled with a raodorate rate or egg pro4u.ction o'fer a lt:Jng periocl 

of Ume. Thus t he species ia capable ot 8Ut"Yiv.lng aad rep:ro4ucing 

slowly in a • t.-bocly tn which mex:lwe teapera.M-ea J1J1J3 be low - o£ 

the order of 20 to 2}00 . In ~ponae to e. rtBe in prevailing tera­

pera.ture to 25°0. tor a. lldn1alal period each 4.a¥, tlle snail populat1m 

order generally prec«le auch ad'l'·«rS. a1tuat1Qna u flood.tng, 4eying 

out or the winter aeason, contlitione wUl be aatiafaotor,y tor the 

epecioe. 

Erlcmding this to BiC!?!!:ll?hgJ.!f4! pteifferi which~ under both cool 
or 1ICl'll ocmditlons.t has rathw o. l ow intrinsic rate ot natural 

:lncree.s~. Survival, however, is good and this coupled with a hiab 
r&.te of egg produetion. :1n older sr.w.Ua results in a high net~ re.pro­

duotive ra~, particularly at l'OOil temperature. A& with ,!. <1!1.) 
0 &lPllP•Ja! at 22. 5 o. • this pattern of life is auggestive ot an adap• 

tatim tor existence :in a stable type ot habitat. !• pteift¢ is 

not capable ot a large ~ in rm. ~ refi>Mn to a rise in tem• 
pel"& ture to 25°0.. and is therefore unlikely to be able to utiliae 

the short, l'Q.l"m, Qala periods .U.ch precede catastrophes • the &1 tu­

a.tion in t empGrary pw.ds.. Thi$ species 110uld the-refore appeer to be 

ailjuated to the pe.rmaneo.t or- selli .. ;p$Wment, but not to the tepora%7 

type of habitat. As well as. this, the species both at 1 sOc. and a.t 

room teuperature eeems to be able to i.nerense more rapidly unde:.r oool 

oonditiaaa than <ioes ]! .. (!!!.) ~and therefore may extend 

further into the cooler regions of the country before the nett repro­
ductive rate declines to eero. 
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?.'he w.rioua paraaetere for 1• (lh.) sJ.obp!U! and ! • pfoitferi 
are aumau-ised in Pig. IX.1 • !n Fig. IX.2 the distribution of mnter 
ieothcma in South~ Rhodesia. indicate the cooler end warmer regions 

of the country. 

The actual distrib-ution or these two species of" srulila fits well 

into :the predictions of habitat which can be ttade from a study of the 

infl~ of ~erature. l • (!!1•) HJ,~ i s found ally in the 

waraer areas in both temporary and permanent wa terbodies, whereas 

!· ~af!itt•1 ia :rouna in llU'm or cold wateri»diea, but only where they 

are fair)¥ pent!Wlent. ~a cwsooiation could be ascribed to the 

reJ.AtiTe ability o£ w two speoiea to survive the dry cmditions which 

ooour nnnuaUY in temporary panda. Yet Shit1' (i 960} has shown that 

tmder ~· ti-ve conditions, reltltive humidity~ and tempera't:ures 

betnm15 and 27.5°0. , 7CJ;, ot a &alllple of ~· J#!#'f!£1 survived out 

of VJ&ter for 50 day• wh~eaa in ! • (lib•) sJ:$!?0tus 5~ survived only 

30 a&.ya. It i e therefore unlikely that !• »feitf'FA ie absent :f'rolt 

te:qporary pool• because 1t cannot ae.sti'V&te ettectiv~. 

}g!Daee. pa.taltpeis ha.e a high intrinsic rate o£ natural increaae 

both at room temperature, whicl1 exemplitie& cool conditions, and at 

25°c. !'he nett reproductive rate for a period ot 16 fortnights ia 

ai•Uar W~der both these COJ'li&iaoa of t~ture, see Fig. n:.1 , 

but there is an in.clicatian tbat if average temperatures exceed 25°C., 

the ~ity for :increase w:>uld drop. 'l'his speoies by virtue or i't& 

high net~ Hprocluctive rate at roQG teapera.ture and ite hii)t intnnaio 
0 nte ot natural inereaae a.t 25 o.,. would appear to be n.d3Uated to 

existence in pcmDIUl«lt, semi-permanent or temponu'Y -.teroodiea. This 

i e cont:lrl'led by field obs$l"'Vatioo. 

the inter-rel.ation.sh1pa of the various population par~ters tor 
the three species given in Fig. IX.1 thws allotr cer..ain predictiona to 
be made about the distribution ot the ft.riOUS upecie3 tti th respect to 

temperature and -cype of babitat. Nevertheless, it is clear tho.t tem­

porature, although ~t, i& not the on]J" factor regulAting the 
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dietribution and abtmdenoe oi' these apeciea, 'thua Williama (\ll.p\i)• 

lillhed work) auggeata that chemiCAl ta.etora such aa bice.rbonate 1al8 

a.y a.N'eet certain ft-eeb.water epaila, 

,1'~tur· & •u ll95!t5»m· 
It ia now nee•~ to oonai.der another aapect of the :l.ntl.uence 

of ~emperature en tr~ter anaila. Within the range examined it 

ia clear that teaperature hal$ a peat.- eft«:t on tecundity than oo. 

longevity. At teperaturea ot the ¢trder ot 18°0. ! • (&.) Qoboept 
0 

lays ~ner egg.s than it cloea a.t 2' c. Th.i.s 1• a CODOD. pheDOMnm 

amcmg poikUothermal an;jMJe and appet.r8 '\o be due to an ef'f'ect of 

tempe:ra.ture 4:ll'l oogenesis. Preeht ( 1 '55) atates thAt 1n J!.anP£l?1a 
oome L. and k'f!!nH! ~tpla (MuU•) there ia a seasonal. 

periodicity in esg produetian afl4 that with the cneet o£ cold weather 

egg produotidl is :initial.ly umlb:i.ted by endOgenic :factors whidl are 

later superceded by the et.teet flit aere cold. In 2'2!! neearalie L. 

anlJr oooytea are tormecl in tbe hera:pbrodite gland when the telaperaturo 

:18 less than Z}00. Above this level, ape:l'l&togeneais oocure with pro-

zr;-eaeiw inhibition ot oog&eeia (Bouillan_ 1 !1.56). The anaJ.s'ale ot 
•u production or 11· <!!!. } Q:9b9f!!! at ~.teraperature in Chapter VI 
shfta that the potdtive tesperature etreet oo egg production ot 10\.ll&er 

snails (16 to 18 weeka) ia lagged by about two weelaa. Thia meana that 

in these snails an incr~ or t~ture wUl lea.ti to an increbe :1n 

•gg procluetion in two weeks tilaeJ ao tba t within the range oona14.-.d, 

tellpel"aturu were poaaibl.y intlU«lCing the ex-tent ot oogenceis w1 tJdn 

the herapbrodite gland a.nd not the act at egg l.qing. By oontraet, 

with eldf#' snaU. (33 weelce) an increase Ja tll\peftture ea.wted a 

redUC)ti<.m. :ln egg produetion 3 to 4. weeks later. This ia extrao~, 

but again ~icatea an AsaoGiation between oogenesis and 'temperature, 

depeocl.eut Qn the matux-ity fl4 the snaU. It ·-,y be that in olda- snails 

an iz10reaae of temper'ature indUces speratogenesia in fa'tOUr of oog.,nosia 

:b. & aanDS" &imi lar to tbat in g. n.aof!lis, reported ebov•• 
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Auto-lz;eh1b&t1cn (1£ eq woAct!an. 

1be phtnOiltrlOn of e.uto-inhibiUm ot ~and ~uctian 
bas 'be«l. 4.-onatratecl 1n a variety ot an:.t.Ele. Che.ndn and Michel• 

.en (19,7~t. b) r~ that ov~ clopreseed egg producttce. 
ud growth 1n AuatrA9rJ>M ~t:ua cUe Wript (1,SO), ~tnting 
a aSDd.JAr pbencaencn in »>Ym4f (JNlinpl) t"or!MJ.&j., shQW«\ tbat the 

1nhibitina factor-.. in the -.ter ot crowiecl. aq'UU'ia e.ncl that it QOulc\ 

be J:'COVed with actiw:ted ~. Both these a~ noted that the 

i.nhibll til,ng et'fttot ~eased not Clflly with tnorea•ed QrOWding in ane.ila 

per litre, but alao with absolute ~ed po.pulatiQ\ ev~ 1t the n.tio 

or anail.e per litre ... ~t QOl'1iStant, thua tin anaila j.n 2 • .$ litrea 

~ WDre per mit t:tae tb.en clid ten anaUs m tive Utree. Iiecently 
tfagtd.re (1962) ha.s d~.-trateci auto-inhibiticn ot rttprOduotion with 

in.er-.aeCl crowQins in a turbell.arian .2m f9£¥!\!3 i .ad Be.r.rie and Viu.­

(1963) ha.'N enraoted a. oherd.oal trom a natural pend overcrowdea with 

~6K!! suaan'ce· 1bia oheaied p.l"''t'ed toxic to lab~rator,y 
cuJ. ~s of the aaM apeciu. tn the present work a.uto-:lnhibitim of 

egg production naa been clearly ~ra;tecl wi.th Jmi!Mt.et gtaJ.•ud.a 

in tne laboratory both with re.tpecrt to increased Ol"'OId1ng and. increased 
poptll.atiOn in 8ingle aquar:t... What 1B interesting 1s the oorrelaticn 

betwetn .,.gg p;'oclueUm per matU2!'e snail and the total oat:Uae.ted 

If• pa;!4enait population m a. nat\waJ. pond (Chapter VIn, P.t,g. VXII.1 0). 
!lhe OQr.l"elate between the estillated &• 9!;tal.f9aia population and egg 

production per ma:ture snail is reel. Including the aberrant point 'a • 

(uaing the Spea;rawn rank correlatian teat), p is cmly ;Juat uee.ter 

than 0. 05. 
While it might be t hat thi& OOl"l'elation 'flU due purely to toriui­

Wua tactora. it ma:y also :lnd:Wa.te t~ presence ot soae tuctor 11hich is 

apec:i.t"ic tQ It• ~enats and dape'ldent 01'1 the ilize ot the I!• !!!'1!!1• 
J!lft! populatiOn at any puticul.ar u..e. Th third a:planaticc 

1Mioa.tea the possibility&£ C!IOmplteentar.Y intere.ctiOA b~ & 

~ specific factor aut&-inhibi tina egg producti~. &nd su• non• 



epecU"ie tactara aa weather, chelldstry, •t--o. • 'Which together ha"t'e 

procluoeci this :telat~p b~'iween •sa production :per indiv.ldual and 

the srlail popul.a~. 

a• trel!!!il£ bigtou. !OS eb-!!J!!2Uio . t2!B·· 
:u~, it is ftll to mentlen that these three apeciea o-t 

snail• u well u other J3aaccta~t$pbQra ~te, to a lat'ge extent. 
by eolt fertill.~Jatian.. Qopulation u :.lndi8CI"iJAinate, ~ 

aJ.moet at nwtcta between anai.l.b ot '9U'ie\J8 speoiea ot the same a•ua 
an4 eYa1 betwee.n apeoiu e£ 4tfterent tamUin (Ruben<ttek. 1 ':51t.). 
It is likely that in t~ poc4.a the 'V!U'ioua indiViduals wU.l be 

gmotn>i•llY •1Jdlar end beeauM &eshwat~ biotopea are, m general, 
tail"ly 'ftll isola,e4, 1'8rl.ous Jliorogeogr&x;h4c J:Uea ue Ukely to 

deft1op. Ywt t'IX1a time to time the ~erence of :indiv.tdu.Gla trom 

habita.' to habitat by $'looda cW other natural means auat re.Ut m 

genet~ tat~, theref<U"e this isolation is not~ 
auffloient to procluce Joeal geographiQ ~aces.. In this wq the lite 

tiJie of i$olated popule.tiona is too &hort for the developa•t of 

cUf'terent sub-specie.. R~, if some tom t:4 aeogapb.ic balrier 

doea ut.at, even though it •Y not be very ef':tectlve tor more ~i~ 

ona:turee, there is every likelihood that the popuJ.a:tians Qt .fresh• 

•ter .-ills on each side ot the barri~ W!lll deveJ.G;p different 

Cha.1'aett!l!r'iat1ca.. !be number Gt d1£ferent so.-eallecl ~~­

whi.eh have been 4ea~ribed. 'fd.thin the genera m.~a.ri.a and e 

~ '~!!} :ts inc1ic&tivo of thi& eituatitm. 

The aigflitieane~ o-t theae eoneideraU.Ula in the Ugllt of the 

ps'eatnt "SSrk i.e tbat the r etrul t$ reported here are baaed <Xl uta 
4eri.ftd f:rQm atlaUe takc from a single locality and. refer in parti~ 

u1ar to that population. Yet the 'broe.ar implication& of the 

panuaeters Which have been dieo'Wleed app~ in general to the apeciea. 

le~ial. 
Tbia work represent-a an attempt to uaesa tho 1nf'l\1.fiS'lee Qt 

teapet-ature. em populations o£ the three species or snails 

con.i4ered. fhis wu <lone by ke$J?:1ng ••~tal aquaria ~ 
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oonatt1cns which wel"e 4UJ oonatant and u near optimal. as posSible 

for aob epeoiea and 'V'a.rying <m1y tempera-ture. It is realued tbo.t 

ab.olute control Qf other -.riabl.es in the en'Yironmental factQre is 

iapo•a:Jl>le and they 1IJJ.IIt have influenced 'th• reaul ts obtained. 

NeyerthAal.41ea; the••· l&.'bcxtato~ experillenta baYe Yielded intomaticn 
llhtch can 'be appli~, With a. r~kably ~degree ot preclictiYe 

8\IOCeU, to conditionAl .... they uut jn the f1el 4. ~tis realind 

that the ~~ ot tee,perature en the QOIIple:x: inter-relationahips 
ot the en.vircmaent of f.Nahwater snaua is but a amall part at the 

ecology o£ these an1-la. !he coaplete pjDture Will be appa:rent 

~ • hm all th6 1nterd~t factors a.re reec1 'ftd, assessed 

Wependct]J' and final:cy CGmb1ne4 to i'ora an illtegralllhole. 



x. §Y!WJI. 

1. !his stuay attempts to assess the influence ot tearperature tl'l 

the ecoJ.OQ" ot 1n41Viduala and populations ot !W:P!P! (jhyeops1s) 

llgbgaua. M.-laW, J?I!W:# all4 li!!!e• natal!J!!i!h treah• 

-.ter anails ot ~ in SOuthern Rhodesia.., 

2. lhe techniques deYelopecl and used in~ me.int~ of these 

anaUa m the laboratory are discussed. 

,. Data were Qbtained both troa laberatory am field studies: 

sampl:lng Gt 8tlAil populations 'in the field presented initial 

~lema but these were OVet"'Ome by tbe kvelopment of e. 
..-pling isplellflit wbiob is deSCribed. 

4.. Te~~~p«raturw rtoorda are s:Lven trcm three localities. 
s. POpulations were atuditd tnm aevere.l local.ities but detail ed 

re$Ul. te are :preaented f'ro14 two ot thee, a a.ai-permrment pcm4 

and a t•pol'8%7 habitat. 'ltteee eta inClude the age st.ructul-e 

ana aise ot the snail po,pul.atiana in relation to seasonal 

i,ntluences • 

6. In th• laboratory the ma:Lla ~ ~tained at varioua teD­

J*-."&'tures• all other pbyaioal conditions being kept as near 

~ u poaaible. 
7. For each oohort of snails daily recorda were kept o£ ~ity, 

egg pi'Oduction and the fertllit7 of osgs la:l.a. ~ this it 

ia possible to determine the age specitio tecoodity and sunival. 

o£ each cohorl at difterent temperatures. PJ!'Oil these data were 

caloulated the m.een geneation time, the finite rate ot Wrera8e 

(l'i), and the intrinsic ate of natural increase (rm) for each 

aet of o=Qitians. The rate of grcwth -..a also estiaatecl a.t 

-.en t•pera.ture. 
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8. i'he effect of ~tng Qll grow1ih ot !· Wl•) rJo]?!g and an 
e.gg productica at L• Pe;te:leM! was· atu&U.ec!. 

9. From the uta Obtained in the J.a'bol'Qtoey it -.a poseible to 

;prediot the diatribution and propulatial potential ot eQCh 

apoctel of ana.il tor w.rious en~tal. conditions .. 

!heae predictions were, ~ tae~, oontinlod by field 
Qbaerw.tion.-
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