
SUS
367



Encr~elic: Responses of S.lmon 10 Temperalure. A Slud)' of Some
Therm.1 Rel.li~ns in the PhysiolOllY .nd Frnh....ler Ec:oIOll)'

of Sockeye S.lmon (O"ctJrll.\'IfC'/"'s ",rlto)

.fum; R, BRErr

F;.hrr;c. Rc.,r"rch Bo"rd of CO'lndo Iliolo[!.icnl SIn Ii"",
.\"apwi",o. If.C.. Cnnnclu

5\ SOIOSIS Sludit-~ on Ihe ..dation of Irrnperawrr to to1t'1311C'r. prde'uollce. mctaholiC'
ute. prrrellmanu:. dltuiatiull. amI J,t'lo\\th of 5OC'kt·~(· !§;l)l1l(1n all puinl In a ph\5iolo~i.

cal optimum ill Iht· rL"f,don or I.;"c. :'\'alUral occun~nct: is lillliwc1 ill lillie OIml sl';tc(· at
tt"mpt~raluH's ilIhn\'(' IBt.C tlt.-spilc lJcillJ!. abk to tolcrah' ~.p"c. lnflll.!' of rll\~iol(lgi.-al

in;u1t.1:lu3n em 1M:' ..lc:nf(ll1lOll'alt,c1 "hilt! .. t.("flunl "11" lUCia It:.. trinioll" ill .1jo;(lilllllinn.

Pn'dini,(' PC'''' ('I 'Hr k""3tiuJ,:. ;uul :)du1InlinJ:: tnt l0f1(Cntl;1I1C11I;;; (II \1I111tt:, fi .. h ii,
therm.. lI) slr,uift.,.) I.,l.eos aplM.:'.tu..t If! pr(l\'id~ "proof"' for the> IHlltlOlling influentt" of
tht I'h\sioloJ:kal uplimlll1l InllpCTJllltC. Earl" litt'ralnr(" 011 Ihe ('(010).:\ of soc"'c'\{'
supported this \ie\\ kccent ~lllCllc'(, ""ill$: mid,,'aler Ir:,,\'15 ;and ~'II:lt el,'It'ltilHl rc\c;11 ;J

diurnal bch3\'jor pallc'rn which 1H..illl,; 10 a blort." $ullllC'" in11 r:lnihll lit hiOlir a litI
ahiotic facton. I;o\t'rtlill~ \l'rlic..1 di(II'it,lIlion in "'hich tlll' t.nntrHllinJ.! f ....ln· :lIJJM.':'I!' In
be b~ncrsctic t'fticiciln. 11 i!' c0l1chtfl{'(1 that a In('fll:lI1i;;:m of bc..h;1\ lur:.l 11l("rntflrc'~1l'

lation has rvoh'dt which f;1\or..hl~ balances dail}' metabolic t"I~'TUiillll('" in ordc.·) lO
ron5en't' rnerID' "'hcll food is limited,

IS11l00UC1'JOS

It is Ih(' purpose of this stlldy to exam
ine some of Ihe physiological and ecologoi
cal rdalion" or \(It1n~ snd;.C')'e ~allUon. (JII

(orh""chus tlrJ 1.;(1, rlu, ing- lake n"sitkllrc,

:lIld ·10 expl<11e Ihe (''''''111 10 ,,-hich lem
IK·n.lllrt°.dcpl'lull·n1 rt'''pollll,(', I an he plan'"
in hiol()l~ilal 10nl(':\1.

\'·irh rhe ex(C'priun of ~11111( H'III:1 ~ahle

Ilume'orhcnnic ad:lpl;ltinIl IO \\ hie 11 h:l\ C
It('('n r('porH'd for rill" pfKt.juH'nilc Sol<-tgc

nf a h-\\' largt'. fasi-swinlinillg fi,h (r:aH'~

all,1 T,·a1. l'I(j!IfIJ,), II,,· '01<1 m"joril~ of
fi",hel; arC' strict II1("rtnal t .mfnrnu'r.. (Fn,
I !11i~). Th," lIla~ he d,,->o('cl ,,- ohl i~",,'
lu-il.i)(,llll·lln, I_r ('nntll(,l.n~. lJt:ing Iljgl11\'
h('.11 n mdllel i \"I' \\' i I hOll1 prIM Jill i ng, ,"11th
I i( HI IIU"I:tbolit Ill"al (,\Tn \\'ht'lI ani\l·. 1o

O\('ltOnw r4lpitl I(K, Ihr01Ig,h Ihc' gill .. anrl

J :till ,nnillll.lt-h ilHh·1.1C"f1 111])1 " ,,'. "':Incr
f••: (':lrh rll'fI'''·ll'U- (Of Ihr Itl'....il.k h'I"'lht'''c·.
,.hiell ""I1I.l "111111111 to! fh,.. ~lCl.C·\l 1t{'h:"i"l,
~111I~ MlIIIU):tll·,1 Ihc' 1I..... ·:tTch pru~Tatn nl MI. R..
Hi"lIr \\h". Ilfllll·t lhe rlin'clic'll 0' Or (-;l.'n G"'11fl' lilt" J.k·parllll1'l1l of Z..IIIC1;';', ~illlU I ha...·· 1 Ill'
\ c·l"il\. , .. 1.'llItIlOIlI;: tht .-.t·:}H 11i'1).: 1·Il.tHin n", ,'..
",11\ 101 ClIl\ "lrim,11( plltj,L

hl/lill~ IIIf" 1"llllUI;lIiflfl "f IIli. p.lJ" 1 ~h I (,
\hl)I'IIO.1d II:, .. 1",t1 nu,.. r 11111,1111 ill d.,I'('I:tllll~ ftll

Ill! ",.llt nl' (,I "-1"- i."\t 1.• 11,,\ I'" .11111 I ,.lIl1i 11 ill"" II ..
i\ •• in, liltl" h"llllll;II,·(j

epid(:nnis, Since Ihey. like pr"-"nl-e1ay
homeolherllls. ha,e hael jml ;" leonl: to
e\'olvc adapli\'c 111(') Tna] llu'll,alli"l1". it j,

1101 stllpri,illg 10 'lIIil :t \;lri('I~ or )(·')t(lfl!!oC

!o~ Il'JlI" whiclt 1)I.'IIIIil 1"1I(';I'II)t'" 01 (,,,ape

frfllll !lit.' PlJl('lItiall~ )("" ie-liH illlltlt'IlIt' of
111Iuplt'I(' It'llIl'U.tlll1l d(II('utle'lllt, Tltt·,e
i'Hoh(' Idlll]:11 :IIHI .. , .. It Hili :"l.'i'l.ililllll;,

((IIIIIIIOnh (alll'l! 11 .. i"l.lllt I .,d'l] ILIIII 'II. ,If
Ilimalion. ""l1l1l1:lIillll. :111(1 (""11'\ 1I ... tli.tIl

'w.'(' u,\it,\", of HIIII(I(L. l~l:I:I: 1'1\. l!I."lfo:.

I!l(j~: l'n'cltl. l~fh;: BIf'Il. 1!1~1I"" Ih 111111'
l':ui..nll. 1111\\"1'\("r. 1111'''( ;lIt· WI 1l1.11( Ihall
limill'r) SH'p" low.lrdc. Ih(' ICll!Jlt'laflllt 11('1'

dum \\11i(!t 3 11111\ 1I·!..:lIblet!. hllllll"",I:lli(

'\tal(' I'IOVifh· .. -a" '"tau whit II k,.. he'en
;I,hit·\(,tll" ITI".. t fll.h ill u,l:tlillll Itl ,"lhli

ll1\iIOllllll'lIlal Lit 11t1C. ;., ... tlillil\. n~'~I"IL

I'll. alld h~c1,o"l;flil luunalln, It i .. tlo
\\"t.111kl tllt"1I Ihal :l1l1ollg Ihl" ahi"li, ('II\i
rOlltlu'lItal f.u 1111 .. Illlll't'1:lIl1h kt .. 1.1' II I::
Iwllerl I ht' I" ull1;: i< a1 1II:"U'1 Lin 01 .

:\ (IJ1Il}'ldH'U,i\t '"!Illh of 1h(llll.1I 11

l\IHHI"c', ill "'I( Lt·\( ,.dllllln 1t.1" h<,,, II Ctin

fltWlc·1! dill ill~ r1H ":"'1 '\\/1 IIt·c .HIt .. HI (1111

bl.lIl;l1(I]\, .. li'II11I.t1nl l.lft:" ", "'111I':"I~

It't)elliqllt. 1,1 (11\11/111111("11 :,1 IIl,dli!,tll:llillll

II", 111":11111 ~1"'\lh. :11 It) llllllll'l il\ 'h(
CIIIIIIII"11 11"(,11 1,1 111\.i1I.} 1t1111"I,tlllIl'"



IINI ' ....S R. ftllLTI

"""L£ 1. PIt.'If'io'fJ.q;('o' rCIfI'4JU€¥ of ;10,.1-; !I(' ""1,,.0,. It. i,.,.r.. ,.'IH!1 tV'-';"wli,,,. '(,""'~ 'tI'Mn (I;n". 1!':. _.
1.'1f;4. l!J;-Ocj JJ.rr" tu,d JI;f'!I.~. I9i(): Brrtt fIt al' l 1.~6rr .. ,"".;..... .1ff68 J.

Function No. Fip...
fllntilluuu~

itltfl·:I""4."

JIJfl,'C"h
.111"'11

UrJW"
p1:l1t'all

Uptimuill

Ternf'. ·f'
(± lOlj;
r("'rfOrl~I' I

:
----

Tolforut'c

Prderen4"c

I

3

1
I

I 8elef'h'd h'UlJlf'r:ltllfc

•

J
..... ,:
.1 _ ::

J r: -t::t
" - ..

l r: +1".J _ i

J .. -:~.. - ..

]5 :.~"

)5 .:. ~

)5 ± 2
15-+5 ± ~

n.5 ± 4

x

•

,

•

•

x
x
x

•

HI14fl ';;) H(;.fit;(1 1(.:1';;)

{

alll'\·'· );, .. (" = 1 (i';;
:It 1~\"(' = )1 (i!lif;'
1",111\\ 1;,:'(' = :! (H 'ic.

ing fUI \ t.:rl i, al IIligrat.uu dliriuJ.: lilt'
Illonth!) whl'1l lal('" an' Ihl·fln;·.lIy 5Iral.ht.:cl.

'Ilu' ,".riotl, 1'1t~"ioh~i('al 'l·~p4'ln.sc·~ 01
<ro.fk l('~(' ~"lnHm 14' illcn·;tsillg anlillla1ioll
1I'llll'l'rallllc' )101\\' LM'cll a ....(·lIIblt·tI ill .) a),lt
I III 111I Ill:till. 1,'C"C clt-al ",ilh ",hoh'
uq~:llli"l1l h'~I"Hl"C'" 1a1Jll'1 Iklll .flg:t11 ... , ...

It III .. , alld 1t.'lkn 111l' :111',1 ul gtc·alt·..1 iolt'l

I"ott. ph~ .. i"lo~..:ic,1 C" (I1ug~, II"" ('\t.1. ii

.·\dh·l' 1.1l.(,,11'r.·....urt·

RM:till~ t·;'nli ...· \.\ltI'1I1

."('th·,· (':lrdi:11 1,1Iq.UI

}(":;;1ill~ l·a,.li:ll· \\Ilr~

.0\1"1,,'" t':lnli:'f' \\I.rk

~'l·t:.bolif· 5("(.0)'"

J....'~ORllltor 1111 fllt"lli,- .If·n::11H1

02.~·g(,JI·dt·ht )(1:1.1

(irowfh r:l1C' ((')'('t'Sf'l r:ltiflll)
nro\\1ll rllt(· (r,".:11 id.·d r:tlion)
('nnn'rl;ioll dfidf'III','" (lin rutiom:)

Standard Rl(·.:&l.uli,· ru't'

,A<'tin: m"tabolh· I:ltt"

~f:lXiJIlUIlt ~ll~t;,illt'd :O:l"'f>d

:M:txiUlUUI ",.li'iNI:'! 1"1'('t'd
J'U!ilt·f:,Ugtl(, dt~:lth

--_._--------_._--------

R....tillJ,::: b('nr1 r:11.

..\f>ti\·,· 11t.':lr, r:lft·

R,~,illJ:' hll~d ))'('.... lIr··

2D

2C

2D

2A

2A

2B

2B

2C

7

8

4

5

)J"rforl1l:llU'(, 9

10
])

)Io.aholiom

---- --
Grown. 12 3.-\

13 SB
)4 5.'

AJ'I'<'Iitc ]5 ~C

-~--

1Jig('!"' iOIl 1£0 3D--
(,ir('ubtiflll Ii 4A

IP H

lP 4B

~fl 4R

21 4('
nn 4<:
23 HI

24 41'

~.-I f,r
---_. -----
TOTAL n-

-"

f:\·BT\lTAI. J'

(11)('1111:.1 pollall iOIl) antI illlt'1"i'CI iotl \\ illt
It" II \\ ;'''((':''1. (:nlllc.:lIIpm ;In ill \t·.. 1ig.11 iolt..

h.l\c· JlllHtTdt'd 011 thc' ht' .. I"\·;th'1 t"flli'~\

flf tlli .. "Itt'cit· ....lil1Hllalc·.I ill Ihi .. Ct .. t 11\ ;1

UtTd lor i1l1IHO\('t! IIlult>rM:uHling oj lilt
Il)'HIIIClioll ;11,,1 t'arl~ sllni\a! ur Ihi ..
n tilltlllli( ~tll~ ,"tluahle "11l.·( it·... :\ .. a u·... ult
il i .. pn...... il,ll 10 c,' :lJllillt~ ill ...01l1t tlqHIa lIlt,

pi" ... illlugif itl ;lIul ('e lllu.~i, al It I.lIitlll",
11,('..(· ,\'ill 1,<.: CIt,,.. idl'IC'c) ill Itl II.HI It'IIII'',

f"lIo\\t't..! IJ\ .1 HIOIl' clel;.ilnl C·':tllliltalioll
..I lilt p" .... iIJlt· cOtIl,alllll.'ch,lIli"'lI ... ;"(1111111



1111

•

II ~,. /'" .

I•

.. it-- ,,_....... ~
.'1(., I. ') fin",....nlt·r....n· ami plt~·ft·rrn' .nn'lrr
;IIUU' Hf 'HllUJ,: SOl Lt··\c· in rd..,iutl 10 itHlilll ... iull

IC'l1lpJll"OI' u ..·. (I:, ulll 81'1'11. I ~.·I:!).

11111<1 be admill(·d thai althnllgh the rhnin·
h;t> heen inllllcnced by the illleres.. nf
n'''HlI'U' In"lIa~t·,ncnl. it tunus .. "'irly ;11·
I)itr.. r~ ;I~...cl11hl;.t~t· J't'fI('nin~ pcr~nnal furi·
c~ih ,,,i.hullt an\ uthl'r hias in (..,ur of ;tln
f.arikillar phy!)iul~i(al ~~slcm. 'This i~
itl_,)C)rt3nt Ix'C;III,*, ~Olll(' si,nl.Je ~t:tli~ti(·.. 1
..uBlinling of the rall~ funClinns has h('('fl

1".' f"n"ed.
""'uu' ;truth/jug tht' (onlc.·nl~ of '-ahlt·

J. ,.mH' t,,,;tllli~.atiun ul thl' lUI.';' "t'IId.\ HI

"~'I"JlbC.· IU tcmpt.'ralllrt' is. dt'sirablc with·
nlll .Iwdlilll-; nil th(' ,I,,'ail-. "'ilb Ih(' ,·x·
(quiull ut toh-rann' anti p.-derenn- (Fig.
I). IIw ..Iher n'sl~ln,," h;I\·(· II<·..n 1I·l'<tllp,·d
,,'llt'n' ))(,..,il,lc: Ie_ assc:II,hlc' inte.dqtt·,ult·nl
;nul 0' 1iL.t' hillt ,inrh. t~.I!" l1lt'taholisllI
willo 1"'11orlll ,,,...,. IF·ig. :!). W..wlh wilh
f""I·i", ..I.,· allll dill('slinll ralt: (Fig. ~).

'1'"/,."",,,. (I/It! 1"'·/""'''0' (Fig. I). 1I0lh
Illl' "l'l'er ami I..",·, kl" ..1 In"II<·r;.lllrt:,
~II(JW ;t nml inuo..... incn'ft'C,' O\Tr 1I11t\1 or
tIll' ;udinlati'lfl rangt'o :\11 tipper plal('all
Itt f IIh fOI till' high )('Ihal ... , .. kitlun- "'hi( II
" 1101 lIuconllnon a'Hong fist ~ (fn.
I~")x I. l-hc,1t ;tppc·arlli. In i... .. (nfn''''pnnc'l
ing )UWl'l plau'au hu Ihe: 141\\ J,:lh;lh. iw"
Itdo\,' U"'C. an .11 l'a \\ hidl (;'11 t,c: (.~ rl()Jt~d

('III~ in lri.:tltw;.u'r·111k,'alll llptTil'f\..~IJ 1I11t·
C" '11 .. I:tillt'.l tllnceiult'- ( .. II uh\ iuu ..h I ...
H1:tllll •• iu.·c1 olih wiltllli lilt, ...h I.tlltt' IflUt

oJ Ju p,dtl"'d Ic:t11I"'I;tlllil li,c'" III a

"road optillJlIlII. i,,'h·... ing .Iil(htl~· d..,,·n·
w... ul ... ahu\e ;tn a('dimalinn teml.-ralun'
..I .,,<(;. P'efe.....·.1 ..·mll<·ralll....,. han'
IK't,n showII to Inllnw ;. ,·.. ri"I' of ,rencls
...adiltJ: to ;1 da"ifir.. ti..n ..I rt:Sl~msc, .
..nllIP!: "'hi"h Ih(' ..h....... is T,pc I (z:.hll.
I!tii~). III Ihi, •.;.... Ih(' "l'lilllllm h;'pl'ellS
I" be the '01111" as Ihe .. lIhim.. t.... prd('rrrd
I(·111 l'e"lIlIfl·. in Ihe scll'e nf Fr~" (I9H)
r..nrepl whe...· Ihe S1·...r1...1 temperalur..
(·'I"al. thr ardim.. linn lellJpera"'H'.

Mrlnbo/is11I ,,,,d IJI'ffor11l'"'U (Fi~. 2).
Sla'IlI,tr<I or re,linl: m"lal>oli,' rate .Iispla"s
the ;llmnSI unin'rs:ll d);tr;tcleti~tjc n' con·
tinllftll40 incH'asc with ICllIvrralure (In\\'l'St
.unt: in Fig. :!..\). 8, .omp;lfison the Ole·
Ii,,· rOIl .. re,,, hes all nplilllllm al 15°C dr
a .....inJ( Ihe..·.. ller in a .Inw c1cdinr to
2'. c.. Ih,· "pl'er lelh.. l ...mper.. tllre (FiJ(.
2..\). TIll' p' e>t'nn' nf an opt illlUIll and
(Iownw.....1 .Irllc... i..n i. mirrnred in thr
lIIelal>"lir '''''pe (Fi!,:. 2B) ;md per·
f"n" .. nre nil ,.(. (F·il-:. 20). ;md is somr·
wllal HJOrt· prOnOIlIl( e(' in Iht· lol("n,blt,
11'\.-1, nf "~~J("'Hld.t (l:ig. ~q.

A r;tlll('r surpri.. ing 1d:1I iflll i!'> ft." f'a 1('(1
hy Ihe (1:1101 (kpj('lillg h.h om"1ol 1Ilt"lahnlic
nl't~ (Fi,.:. 21\), 1~1lf'~(· (·X)HJIl(·1I1ial nl1"\"t'~,

u·laling ralc' flf o:\ygc·n (On""ll1)Jlion Iu ac
eHlllariun h'l1l)Jc'r;t1l1H, .I"f 1(';1"'(' ill slope'
wilh ineu·:t .. ing ",\\'illlllling '1H::'l'c1. ap·
pro:t(hing 1('1 It ,\]Upl :t a ",)('(·cl uf ;..1.... 11 ,1
1. 'M'( ((-!,r, =- 1\ 'rlli .. IlIl'all'" IIlal IHII'i1

"1M.'(·d ... aH' \ illuall~ lIul"ju'lIth'nt or 1t'llI

p«:r'tlllll', N.api«li1~ uf (· ...(';IIK· oJ ;'11;IIL i ...
II...It·lun· Ilul :. ,lilt,. I tll"niull ul ICIIIIH.·r;t,
II1H.',;t hinlugital .il('IIn1".:llIn· nf (un~idc-I

;,hk signific ;utn _
(;rlJwlh, 1(",d-illl,lI,(. nJltl (lip('.~Iioti )""".

(rig. :~). Yuullg. Mllall .. tH-Ll'\(· !-tum :t

sharp glo\\-Ih opt iUllIlII al 1.~1C'r:: Ih(~

J!IU\'·lh curn' .blll'1 ... willi inClt'asing Sil'
anel ;t~t' (Fig. ~,\l, , IHl)g,t· ..\,i\c ...hill In a
)O\H'I 1("IIII'C.'I:lIIIIC' t 1:,' III :-1((:) fHI 1IJ"!ll ill

Iht J,:,ltt\\'lh 0IHillllll11 .f' .Ill (IWIlllif\" flf
1,,(,,1 j- r('<lric"'c1 IFie:. ~B·I.

!\'a:\illllllil IrwtCl-jlllal... :.1"(1 sh,,\,-.. all np
lillllllll hlllac1h ll'l:IInJ ;11 Cllll ,,1 :tll apt:\' ;11

ahllu1 17:<: (l.jJ.! ::C •. 'I'I 1l'1 iu' j .. Nun
1,1'·lc"h illIJihilt·d :11 ~ I (

Hige,.. IIII!' I.IIt lilt 1111),1, .. ,.1 "I litlh III

;t ~i\I'1l .. 1,11( fl! !!,I,,1111 l',ltn:llillll, (:tli III
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I H. '} ~kl;'''"1il 1:111', .tlld I,,'donualllt" ill fda
'1111,1,1 :1l111l1l.lIillll fnllJ'tl"llllt',.r !'oil"", ,olal
11"~I'11 t '"1"111111'1 11111 ;11 '.ililll'" "hiftlltlillj:. sl'c't'd ..
t h .. 11 It'II~1 II ....,', ,. I: ..1.1'"'' I'>i 1'11101411 IIlt'lal."lir

dC'lIt,l:ll! • (It/I •.1 I"illll' "1.JllIL'ltl, 41IHI 1I1l'1:.'M,lif

:"f0Il1 \;H Ii\(' lIIillllo; sl;lIubllh: f: j .. 'ltl' loh'r;I"lc
11'\'gt'lI-tldll all.l ('''h'ut of p41li"I,I.tli!.:lIl· Ih':lIh: "
"hO\\~ IU:I,\iIlIUIII SU"I;tilu-d ~,""... l 01001 itl j :1I1t1 HIli·
1;011:11 ''IN't:'' 1(lolln!) (hom 'hd:, I!"i-I)

"c.'t'll Itig. :~1l/10 iWJ('a'l ltH'1 1IU,.,,1 01 Ih('
telltl'l'I.lIIlH' :"talt... "ilh:, "1I~t:,t·.. ti(1II 0111:1(·
It 'II i •• :..' ofi al lltt iliglic.·.. l h~lIlJt1,'rallllt·

.. llullnl {2:;c (:).

(.'11 "I"tllm (tig. II. Ill-alt lall' aud
Locli,lI UUIfJlIl lUI Il-·"Iill.~ ("Hlliltll".. (:1111')

I:..' I'llt"" i" a U'''l'il l lllll"It'l IlIht,. nOI
," ill.llli";.:.l ;IIItI IJI.n,i1l11111l "lIi"lailll'd at li\·

it\ 1.11111 ,,"q\~ .1 llllllillllllil" ill(Jc·:, ..t \,jlll

Il·IIIIIt"I.lIl1lt' II·i~. ·l.'\,t.1. I Iii .. j .. ill 41111·

11.1'1 III the JIll"IIJ lJI1l1lt.l 1',l·.... 'Ut·'. aJld 4:11·

('lIhurd cardia( wor),. ",hit'll shn\\' h'lnlK'fa·

Hlft' (-.ptinl" al I:,oC 01" sJightl~ ltig'lIt'l (a5i
illll·rp...·,cd hv n. .J. Ralulal!. pc"'. ""111111.:
}·il(. -1B.))). Cardiac "'nrk (erg./lllill) "':0,
«akulatl"11 'IS .he prndnci nl IIlItl'lIt
(lid min) tinl('~ lUt':I1I 1)l1·.... ul(· (111m I-igi.

Cardiac oU'put 'Xii!' applied ratht,t than
'It'art rate as ic;; ul-l·LI {Ol cah Ilblillg (:lIoiar
\"(1).. ill lIlitllUllal .. ,d,ic II. lIuliLt- fJ"h_ h;l\l'

01 .dali\t-h 101l"I:tlll ..n"Lt' \0111111( (Hillg,

1%'.).
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fl( •. ~ C.w",".h. t.......1·illl..l(· (~lfI'..·liIC). and JaU'
nt 1/::.'11 i. r, .. t "ilI,iu" ill n,la. "fll to :tt·dima,"'''
It'llllM'latun'. A rd:th~ If. C·M .....S r;t1iutl OIl '''(1 a;.:,'·...
I; It I .·,u~.. :md r.~lri.lt·cl raliolf!l. ,: It, dOlih
~.I'I;lli')1l 11I1""(" and 1) !tihfmS lilt-· liml' ""luilt"Cl If!

Tl...._h,l.-~

IIij.:f ....1 I'dl<'ll'it h"II-111t' "',il"'tt;tl (I l1UtI) '".uIe1
~i\t· Ihc' JIlt,.. "itll lin' li,It·. IH,n'pllll! ,,!. th.
~r....1.. (holll 1\"'11. ,., ,d.. I!Ni!': 1'..,.. ;...,1 Itl~lo:'"

1!lilll.

1"",,.dcpl.'lIdelll nlld 1)'/'" ,.C'/"''''''·' (Fi/:.
5,. "'hell r.nion an,' Rfowll, ral<, all' tH,I',
Int ;,,111 ...1. ~ros.", (fll1\('I~if)n ("'h.'i..,u\ (".
Ik.... hom lood can ht: calcul",,·,' "lui
1,1""1·.1 as i§OI''''lh, (Fi~. 5A). Th... le!:o
lion ItlU\ iclt~ .. n'nltT of nlaxin)Unl (·HI·

• i.",tc \ intJic";tt inA thC' tICS' u nnhination ut
uowIJC'r..,uTr and r~tiCt1J-an .oin,eraelinll
ol'liulllI""''''"Linl: al IJ.5 e C.

}h (·,a'lIiuiuJ:. lIu' (ulnhinatiol1 01' ron·
'l'rsi. ,n t>fhcic..·nc ~. glol\'lh I·ille. luaxiwulll
Iltt·;t1 ~ill_.•1n(l dis.:t'~1 jCtJl I;' Ie IF ig. :,8). t h(

suppu',,,illl-: C'fl<-•• of low "'lIIIK'r;'lurc: i\':
a»»'"C'1I1 ill all c;,,~,. Ahholl~h ..alt· 01 .Ii·
J,:1·:\tiIUJ t...unlinlll·)\ to illcrctt"C ..huu· 1:)0(:,
'"II\('I"iuli ('Hu jelln hc~in, lu d.... linc. 10111·
ill~ nil Itlt" il'itoll~iy ;.t,.,u· ~'UoC.•1'10 duc'S
ap' .... li.". Tlti' II'snlL< ill 'I £on....po...liul:
declin" of J:w"'lh which is "omp/"Idl
blocL..d at 2·/'(; (1\)('11 '!fI,1 HiJ:l(\, l!liU .

TIlt' p;lralkl inl~"lq"'ndt'II11' "I lle"
IUfJU.Hlfc..·. nWI.lhnli, ~UI.M, ;Incl .·;I"li.IC
!Wofx' i.. ttl I~' (·" ...·l"l\'cl (.·ig. :'C). ~i ..n'
thl' dr;l~ :,,,,,, i;'!{,d ,,';111 ,\\'il1ulling i ..·
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H(.. -1 It, .tli 1 ..1(' ("). 11 .. -. ..1 .IU"S~lt· (B).
t:tuh;u ffWpll! 4l1. :11 ...1 .;H"tti... ...urL (fI...."'· X
1)'I"'.IIII'l III ill .d.• luIU I •• ,ullillli.liull h'mpcralUtL

I III t !lIlt'll '"'1111" iu IJ ". 2"0(: han' 1....·.·11

Itcua_ _ l'tl

Ilf,.i\C~1 'rum Iht· ul,~:r\t"tl \;,1 ...·" ill t: muhipli(',1
,.\ Ih.· illln"ul;.....t ,-.ful·' ill I:. (:\cl;'pIL..1 hUIII
U;u i•. 191;,1).

c u';e't:'\ a"" tlll~ !lo(IU;lft' Ht ,d.H·il~. tht' JMtinb
plnlh·.1 ;1" pt·.. clll ul" Jll.tXinllllll 1.)("1

tonu;ttu t· tit I nUl ri:ooe ... ' Slh'I'I~' as thl' ("flr·
Jt·"',Hulcli.ag pnWl:1 n'c'lllirl'lnenl' ,,·otdd.
'I hi .. ;UI.IIIIII .. 'hr ,he. .Iifl.:n.'nc(' of Haller
,j"lot'. .J I... ,kcJ illt, ill JII.'Iabolk "'ope
.. 1.0\(" J:."C i:" tllt.HI).:h. In Ix: n·.aled '0

lilllitir:;.: "~'~"II a\aila"ilil~' (8"'11, 1!If"')_
(.;-'1,11:1( 'tilllt' tlIa~ ht' fl'sJtundinJ: to thc:
...1II It' plWlhfllll 11011. \,'h.. I4.'\'('" tht, reasun,
Ih,-.,' ~""nti,,1 '''1'''' iii", lal1 011 alxl\"{'
IT) C. '1 Jtt debilil:tliug enl'CI 01 hi::h 1"'ul'

IIC'nllll't"' i, IIll1hipll"
flun 1'pt ,·,!",."<oot·.. ;'lIl' illll~lIa1t'd ill

"I~ :Il. hilll tI,t·il ~iOpt·' and lellllinal
I'0lllb ):l1wlkd ;'Ilcultliug lit F.~·~ (1~·Jj)

IUlIlI"l"LllloIl1 III t'U\ illHlllu'lIl;11 tal In,... It

i, IN""iblt, '" supcriml""'" a ~~n{'fal "","..
uf ..:ffi.'iclt( ~ .• ,,·ilhi.. the thcrllI.11 Inll'rall( l'
r;",~". baSt-d 011 Ih.. d..pr"",ill~ ..",'rt o' I""
u'mIN:raUlr..,. (IN-Inw 4°C). Ih,· Iimilin:.:
and inhibilin~ t-"..rt. al hi~1o leml>t',allm-s
(ab",'" Itl"l:). and Ihe 'pan 01 clli. i"1lI

'fl4MI n)f'\"('r~iun O~ft'all"r th;ln 2W;(. rlom
"DC lu lioC)_

RI'llIInill~ h. Tahlt- I. 110,· 1t"IN"....'•

ha\(- hct'll IIlIalkd at...,ltli"l; ." IHJC- Th,'
JHajo..il~ Clfi',;) slum ;1 dU\\'Jlw;ud ddk....
tiull. abo\(., il)) nplilUum 1t.:IUIM'ralurt:.
Wilhin Ihi. 1\ I'" _ i!f'.; 01 11,,- ,,,,,,. di.pb~

;10 0plillluni -., ttl ....1I1 F.'"C. 'rhl' pu,tliniull
hOIl. ,lull 1-'«'\\l'l"llil ph~!'li ..I(,.,!i(.,1 ,Iati:;ti• .,
\\t'uld 1M' Ih.1I ,olin;.: "o1t4L.t·\(· '\lIl1lel til'
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CI'IC.'III this tlU'nnal tt'}..doll ul ;1 bL.c. ;.1 "',u II
linu- it ... Mo.-i.MUla) tClIIl)(::I;,lllIt: '4ht' '1' lhi ..

Ic·n·1 .11141 ah.nc. -rile: olll~ ptl\ ..jtllu~iod
"An'lil/(nl.\ to thc' 1.;'(: Up,illltllll tN(1I1

\\I-Clt" rnftrnl " ,n/,i,I,'/. I(· ...ulling ill ;.

du\,'nw.ud cli"'p);Ul'l1tt'l1t flt thl "p1i1l11l1l1.

;lIul ,.0111(' ilitlicaliull ..,1 IWlll') apJwI111 itl

It. tlIl't.'r"fl.lle~ a tlq~H-r' fl1" two cet.U\( Ih,
1I""cr~J optimum.

F.w" FiurJilll!.\

tIll J' ,f( If It

.. ,.111I011. 11:, ... t,\tlh,'d ;, 1Il1ll1hl'l 01 t'i\'t"I~t'lIl

('( ulu',.:i. al palteill" wililin til(" ll1ajUi I"'...·
'1:l\iulal pitllt:ln 01 IIli~I.llillg Iu !Ilt'a :II ;111

t·:" h SI.I~t 011'.1 1l'llIruillg ;I~ .111 it.lult III

~p:e,,"11 ill h t'~II\\ ,un ~IIt',tlll". t .pun l'l1ll'l g

1I1,~ hUll. Iht· Io:la\(:1 a .. II~. IWft uf lilt' flH

..',11111 Anu,:rit";nl :-.IN·. it,.. (0, 1:,'ltI ;lflll (J,

;""JrlIIUrlW IlIiJ!,rah' jlllllU:(liald~ IV l't'a,

1\\ v "IIl'Lit,.. (U. ki.\lIld, alltl O. 1.• /",.
.,",/\tIUl) rt"1l1aill tUI ,i~ IIInntll, ul InUit·

:1"1 ~11C..alll .I\\'t'lich. ;lIul 0111 1'1a("( i.·.. (t).

'11 ,-/,(1) SPt'IIt1~ nllt 10 IWI, \l';H~ ill Ilu,
off~"un' walt'l~ uf la ... (· .... \11 :11\ pl:lnlloll
t .lliug ill 11.(·ir 1';11 h Iih-. I\\(' (fJ. ,&.:III
""~/"fl ~tI(1 O. lI,d.o} lI'lIlaill 1I1.t1illl



plankton ft.c,krs while Illl'l' olhcl tluC('
be,ome fish-e;'linj;".

" is Ihe lake·llwellinj:, pbnkton.
ft.elli"l?, ....hoolinJ( sockcye that has I)('('n
the ohjeci of gl'eah..t study-llll' mo<1
c'conomieall" "aluable 01 tht fi\'(' salmOils.
and a hiJ:hl" "nlnc'rable spccies which 111I,

fortnnately is declininJ: in ahllncl:lIl«'
thmn!!holll its filII ranKe ([xtensi,'dy .....
"ic'wed hy foersler, 1968). On the a"el'a/:e
finly 6 If) 8(;;, of anyone )'ear-dass sun i\'cs
lake n'si,le,u-e to head seaward. mllalh- as
4·(, J:Tam smnlts in early spring. Ry COli'
Irast wilh the ease 01 procllrement ",hen
lllnvin~ clnwlI~lreanl as (TV or snlnlt. the
,Ii II" nlti,·s snrmllnlling captur(' ill the \'aSI
b1.,· ('xl'anse Ilefied SIlCC('SS IIntil 1!155
whell r;tpiclly lowed. mid-wafer trawls ',"(TC
fi,st c'mplo\'cd (lohnson. 1956. 1958).

I\nowlellJ(e of the lac.ISIrine habits was.
howe'er. far from lacking prior to thaI
dale. There is sOJnelhing to be said lor
1. nnwing wh.., e and when fish cmmat he
fOlln,l. Also, sockey(' predators cOllld bc'
(;'"ehl. On occasion fresh ~'OIl1lg socke\'c
\,'cre {li ... n\('I"c'cJ in the stomachs, 1\·hich in
IlIrn W('IC ("xanlined (OT thr;r !itomach con

1("11". By (ombining lnowlt°dge of .... 700

p1.,"klon al","dance altCl clistriblltion.
I WIlt'tI;tling" !iipt'clIlation on ,11(' niche rda
Ii, "1" flf CO('( lor"' (" W;11i; possihk (}~O(··rst(·r.

1!1:;r,. I!Ir,f;: Rick('r. 19~7), It ap!'c·a ...·cl thill
ii' ,h,· "'I.,. I,ccilm(' therman" ~tralifi('(1 th,'
"oll(,\(· lIlIckr-\('arling!\ r~ngrc'g;lt('rl in
lIlt, ,if inil\ of the thcnnndine ",11(')"('
71 1(11,1:1111..1'11; :ll)lllldance prn\'ideci {"ilSC of
(.11'1\11 (. and where rool !ouhlii.lIrfac(' '\'~If'r~

""r ,I\·ilil:th1c. Both at Illlsk anll at da,,'n
(''\ tcnlii.i\ c' 'surL,n·.dinlpling re\lc..led a (OT

"ein1' patteln "hich could nol be ascribed
Ii' an' olllcr species 01 younJ( fish. Furrher.
,lit' 1('ll1lin:1t illlt of smnh emi..,rration from
lilt b1..(' in ~pring war;; llighh' concTaled
\, iIlt tlu dt'\t l"]Jllllnt or ;'1 'stalJk Ihrll11o

t jill(" wl&idl FocIsu'r (l!t~i) ron.. idc1('d
IJlOf'lt·d (til tllU C'xodus 1)\, crc;ltillg OJ 11.(',-
111;11 "hl;III}"" I." .

,rid1 tlh .1 ('\"(:1 npnlC' 111 nf Ilw IhW'
11<l1i1l:": IJllt(ctlorc. ..;t1l1ple' of HHIIlR fi'\h
((I J1d I.l,. ',},Llilll'c1 111101lcl101l1 tll(' ~Unllll(·J.

l'('nnilting Ck1.lilrrl stlldil'~ un ('h·n.. it, .Hld
.-li,ll·itlltioll (Jr,hll""'. J9;R. 1%]). Thi'

led 10 confirmalory SllppOTl lor Ihe earli"1
indin"'1 findinJ(s. addin!; fllrther h,·li,·1 tl!:11
th(' n>:,ss 01 )'01111I;" fish remainc·d n('at Ihc'
sllrla,,' (ab",'(' " III) in company wilh
Iheir prelened 700pl3nkl"n 1'>OlI. :\Iid·
summ(:r surface IClnl'eralllre~ ,,'cn' lI~Halh

aboll I 15° t" 17°C in BahillC' Lake IBrili,h
Colllmbia). 11ll' sccne 01 most in"'",i,,,
st IIdy.

In Ihe light of tlte ph\'Siolngical ,',i,len,,'
on similar 0plimllm lemper:t1l1res for tIll'
lnajorily or tJ:tl\ir rctilponsl's. the strength of
the temperalllre correlalion mllM b,·
ascribed a callsc·and·cffc-C1 relation Wilh
ralher more than sli!:ht juslification. AI
tltis point 01 arri"al it mil:ht "'ell han
heell cunsidered a clost·d hook-considcrable
physiological e,'id('nce sllpporling extensh'e
('cological findings.

Despile Ihe wealtlt of seilson31 inlorma·
tion. both McDonald (1%9. 1971) an,1
Nan'CT (19iO) poinl('d 0111 thai ('\'I'n
Johnson's adsances did not pI'''' i,!<- ,Ii,ecl
," iflcnce for olhcT titan tltc' !'{'I i'Mls 01 da'
,dlcn low-nellin~ W;ttil SIUTcsdlll. mUliiilh ill
laiC ('H'ning, ;uul sOllu·time·... OIl (loHnl. '-11('
itdn.'nl of high-fn'qlll'lIcy echn !-IIUIIClt-I"

and th(' inlrodllftion of dt·t p seiu(' lWI'" (It!

1(, m) ",ith till' slipI'm 1 of fa'"'' to,,·
nellin:.: aJluwt"d ;UOlllld-l)Il'-( Ittf'\" "alii
pIing. The pookcl oh"CI"\.lIion.. ;lIld Ji1lln,,
logical rcc'urd:'l Jl·\t:'a]t,t1 an eXIt:'nliij'l' «Jilll
naT ,'er,iea] lllig-falino. ()n a I~ pil ;.1 «1:1\ in
litl£' August in Rahine 1.:lkt. ~ollng I;,OC}..('\t

n-main dll1ing d'I~light hOllr~ at l1eptl.
(30 to 4" m) in the rold h'·poJilllnion.

risin/( rapid" al dllsk thlollgh t)1<' ,hernH>·
cline 10 f{'cd aCli"e" ncar and al Ihe Sill·
face. By millnight Ih,' majority descend to
the IIppcr "rallltli "I Ihc' tlwl1l1oclin(' (10
10 12 ""I) ri~in. slowh '\'itll d.I\\·u 10 ked
;Igain. fo]Jow('d h, :1 rapid dC"ot elll ))(.
Iwcen 1)ll' hour.. nf ft ;uul ~ ."'1 to dCl'lh.
i\-' it f('~lIlt. Iheil daih 1crnpl:l;lIl1rC p:tl1t:rn

'n))"\\",, a Clint' n ...cillalillg lw1w('('n r~c ltl1d
17°C (Fig. Ii\. 'rhi~ clyn;lIl1i, '-1:11(' ill\lth
ing W,ll1l1l"l\ 1t.:11 II't raT lilt t ),auge' .. (If \II)

to I::? Ccnlil";Hi(~ c'1t-~It·('lii. '\'it}, lharh (iOr;
of cad. ctl\ al Itlll}I\'Ullll1f'" l'l:'\C('n .1'
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ll(;. (i, ":lIlt'HI nf .lilll ..;.) Wllil:ll miJ.,:r:tlilln of
~H ....·\c· ill lllifl'!>UIIIIlWI \\ jIll I til H·~I"'"l1hll}.:. II.'IllIH"·

.. 11I1t·... Ic,·dlllJ,: IW:lf 1111 ,tll'I;l/t "(Cillo. (1'1" ;i tult'

~J1d 61.>C. ~Jh\ iUll .. l~ tll"~IIU~!" all\ h~ P(ltlH:~j~

:u t.ollllting tUI Ja ....< di~trjhulion b:l~c.'d UII
!'Ii nglc. ex pC:I i111(.'11 t aII ~ -<It'llT! II i I H'c! 1)1 C'·

If'llnl auel/ol optilllulH h'IIIPCI:ll 1I1 I' ...

Silln' Ihe JnilllfJ Imil (',;ullin,llion oj
1t:n1pl'rallllt: .d;t1iuw; d,w.. not karl In an\

Itad~ CXpbll.tlioll oj tht 1I1"t:I\I'd eli l.If1l;1 I
Illiglation. it i .. Jt('(t':"o~:t1\ C,illl('l Ifl 'tTl.. a
IOlall} Itt'\\ b.l~i ... 0' 111 H'-l'X:lIl1iIW tt.<
Il-IJI)"" I:llull H·~POII...t· .. till !"lIl1U' 1I10)t' ","1.
lit· i lilt II d.1I iOIl II! ;111 ada 1'1 1\ t 11 it 1111 t ,

\\'hal )l\j.fll1ll·... i .. (all II~' 1"'''1111.tll'd II.

(;:\ph.in lht \t'nit;t! lJiigl:lIillll (If ~ud,t·~t,:

C:llrrcllt1~ Illt·lt· :1Il' :1 IHIlllbt I jlJ \1f~1Jt',

11;1111(·1\ :

~ II . I "'iIi (J1fj/~/t ('1,111 1I1111f1 1 "'1It/w,t.
Iu,,',. rbi .. 11:1', ahtiHh h((11 di ..(II ...... I·r1 ill

pall. Rd.lli'I'h Iti}.:h It'lljlll,tlllll''' t:d,O\(
~u CI ;llt <It hiljl;'iilt~ ~:tl\l:' tl~j;U)

III 1\\'(,11(,1111 .K·liu.1 ;0 ftU';),. ;IIHI fl.'UIi. I)HIII'I! lilw!!>
illlJicalt' Ihl ).:1'111'1.11 1111111" t" Ih.lll,.oI "\JIit.'I'i.
t'IIU·. I ,o\c!ilplt.. l hlOlIl ~ItUol1a1c1. )!';Il .

nOh'd that in ,,'arm ] .ttl-t' ,r:I,hingloll.
Soc l..('~(' lindy a"'((.'lIti abo\(' a Ikpt" uf 1:)
nl. :\,'oill;lnn' 01 Mld:'1 I' walt'l .. \,·a .. t onliiid·
('n'd chalal 1t.·1 istit of lal.. ..·.. in llll' ...IHlIJU'11I

r;lnge 01 till' "'1"'1 it·... ,,-IIl'It' MllIIlIlt" t'pililll'
Ilion 1t.'IIIj'CI;l1III t'''' flt·tl"t'IIII} Ji,t· allll\1

~(Ir C,

~'Hh ;11l h~IH'lht' ... i .. 111.1) be di~llli""t'd lUI

bkc... lil-l Hill,ilH \dli( Ii ral('J~ gl'l atu.\(·
Ix'(:, }urlht'l. d"il~ H.:IJTal til grc.11 tll'fHh
audio" h·m)tIT;IIIIIt.':'! i ... WII ilitOlllllt:d I(u.
',hith. troJll Jndt'nt.'1! It'IIII_'l'r:1I 1I1l' It'·

!o>1t('tl ...t·~ (Fig, J), "'uuld he ct\oidt'd 10 lilt,
~allll t'}.I(-'1I1 ;1 ... Jdgll 1t·ltlp<':lallllt'~,

(~) Lip,I'1 (f,"t! IJIt·t!f1lur) m1oitlulln'.
'fIH·lt· i ... ;11) III)\ioll~, sirollg, 1l'J11IHllal (01·

Jd:Hiftll hid. Ji!..:IlI in 1))(' \('nical 1I11'H"

Tllt'lIb ".Ill h liI:11 e:\jtthliit 10 bri~ht light i ..
;l\pidt·d (~,II\(,I. J9iUJ 'J hL' (Il""l.. :111(1
tlftWII In·t1ill~ Vltll.'fli i ... Jl·tlliui .... Ull 01 (II'

1'11"'1111;11 ,1111111.11 .. \, I. it J1 .IJ'J~·;II- I,. t'''1 ~II'~'
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pH'dati"lI I)~ .o'nillJ,: .n" Iu h-c:' I in .1It'
Iwilil(hl I'c·ri•• I,. ~"I'11011 •• " Ihi, hYI..'lhe-·
,i, i, I~, king sincc' Ihe pn:dalor p"I",lalion
is sUfJ.risillgl~· scanl in Babine- Lak,'
dcsl'il~ Ihe I,rc:domillanl ablllld:III("(: 01
)"oulIg SCJ('ke~'e (l'I:~ne-l, 19i(l). III ge-lIer~l.

il is hnder 10 lonllulale ~n ~cce-plab'"

~d"ptalion hypothesis gO\ernillg lIumbc:...
ul animals 011 prt'dlllur-de-l>entient bc:h",
iur p~lIerns ove:t pr,')"-depc:ndem relalioll'.
:\bllllclanl pn'y arc mOre likely to govern
I'n'''atur bc:ha\'wr than \'ice \·er.:l.

But more importanl in this case, Ihe
vertical mO\'ernenl bc:com«:s clearly «:Slab
lishec.l on/)" as lhe: Ihc:mtal strl.lificalioll de·
wlops. disaPI>earing at the time of the fa II
Iurnonr, Ahhough lighl may act as a cue
or ti,ning dC\'jc'c it docs nol oHe. a s;uisl.u.
1U1~' ,'alls,,1 expl"nalioll.

(3) Respollse to 1'1',,)', Zooplanklon arc
nOled for their diel vertical migraliolls.
:\:11'\ .... (1!170) lIa"e Ihis "sl'c'[\ parlit'lIl"r
:tUellt ion in Babine Lake. While most
loopl:mklers are con,entrated lIear Ihe 511r·
f"ce. of 110.. eight m"jor species ollly IWo
(l1dCO'Owp" J/'pICII/I';"'Ullis and 80SIII;1I0

CuI t'Jp",i) displa}' ,'c·ni(';.1 nIO\'t:nlcnt, and
Ihne arc in uPllOSile dire-C1iolls. The spe·
,i," (11..ICP'CIII,·;urUlIi-,) Ih"l dOt's ,'orre-
'I'ulld with Ihe 5Otkt'}'" lIIigrat iUII is 1101

tlollliuani in tht: !\.'nlllachs al flTdill~ time,
bill ;tpJK'itiS in gn:atcl reb'he ahunllanc('
till ,allll'les ,a"/thl ,,' ,Ie,.th ,llIrin~ Ihe
d;ty. 111.'I,-,ul.u/". is a J;IIJ.tl· ;111(1 tOIl-.I:(I'I('III.

I~ \ "hK'rabl,' Jl>opl:tIlklOIl. Th.. 'aCl Ih..1 il
i) OUc of Ihe It·ssc'.. CUltIl'tJlu.·nl~ 01 .ht' diet
H'ml ... 10 t1hpc:1 !'eh-( tin' JI)C~ n'~I~n\(' as
thl' IJa~i~ to) the fi~h lH..·ha\ ;01. Rnnaining
'1('.11" the ~lIrJitce durinJ,! tht, d;t~, a, Juhll.
,,," (1%1) bdic·\l·d, \H... I.. Il,aj",,,i ..
')11,(:1 .elatiun "'illl 'ht, I'n·dcl11uu:ulI
IOl)l'l,lIfLtun lJiulUa.'t~. ~illC(' tht· it\:tibbiJil\
I" (tHl.l'llllat;ulI raillt.'r than till' a\l'laJ!~
:tlHIU.Ia)U(' 01 1IIl' J-'n'~ j~ iU1Ix,rI4t11f in rltt
I 1It'I c.' II:II.H)( t' "I (aplUl C "'It.1 n'\\,anl. i. i ..
Ilt·lt·....al~ 10 'I;f\(' fa. tnnn: intunndlion fUI
11'lIphtllklfHl l.wha\'jur before final as'C~:.·

111\'111 of Ihi, h"llOlllt'si, ;. I'0ssibl,·. The
t"\ iell'lh t' fa (1111 II. WHlf!." , ... 'p)anL.lull abun·
ditUl c.~ dt"-,~ nol ""p)JOri il-

HI JJHWIi("j!"lu 1'."110111".\";.\. Full(,wiug
die' t"I""1 illlC.'lll:ll ",uIL 011 '-O(L.f'\(: growth

and rnelabolism in relation to temperature
and ralion (8""11, ,'I III.. 1!l6!I: 8""11.
19iOll) il appeared quile possibl,' Ih"t Ih..
,lid 1''1'''''''' ..uuld Ix' rclale,1 10 I"'lSI efli·
d.'nt «nn\'crsinn of .ht· 6t" ... il ••1Jlc fuoc.l into
K"O"'I h. a bc:h:I\'iur ha,..·,1 011 e'l<'rg' " ...""r·
\alion. Hi~h f(MMI fun\'t=r~iun t'fficit'n('~' is
m:tintainc-d belwec:n 5' ..n,1 I iCC (Fi~.

51»: also, m.. illl..nan.... met"holism i, It··

dun~! by 'II Ie"" olle·hall lI"iu~ tWill ) i'
10 :;oC. MeI,....en (196!1) lormulate') such
an hypothe'Sis 10 3c....llnl for nrti",,1 mi
graliollS of l<X.planktoll. 51'KI;CSlinl: Ih ...
gt'owth com'ersi"n eflid"lIc~' would I... illl·
prm'ed in lhe:rmall~' stralified w:llers b\
fc:c-dillg near the surfau' and ,Iige.lin!: in
dt:tper colder "·at..r. If lemper:ltllre ;" ill·
\·ol\·ed. Ihe records of sil\nific",lt'.. in T"ble
I would han' 10 be dr:twn 1II0re from the
exceplion Ihall Ihe rule-from growlh re... ·
lions IInder r..slri.lt·d ..."ions (Fig. 38).

Sin...~ the h\TJ/llhesis slallds or falls on
Ihe basis of fCKlll·lillliling cOlldilions, it is
necessary 10 forlllllial .. tilt' ,:'1«' by ....ili,·,,1
t:xamination of a IHllnhe.. 01 piece", of ('\ j.

deuce.

KIO.";\tk(•• I H. 11\ I'.n IU:..b

In a stud)' uf ;t\ian hif~lIergt"'li(... Zilll
IIllTllIan (l!lfi5) t':\lue".·d tltt' (',,,c:lle l" ul
tht' bioluJ.:j(·al arhlllllt:11I tlnl': "Tllt, "tlH.• ''''

ul .1 SPC( ics ;:"1 n'e..~IIr<·d hy it, Mil vival.
..ntl to ~lIr\'i\'c i~ to wnrL.. 141 (-'IN:lleI ('IWI
J.:). Silltx cconollli(;11 utili,ali.l.t 01 ('Bcrg\
j~ intirnaldy atrroStK"i;l1c(t ,dlh adaptation 10
OJ panicu);tr en,itonl1lt.'lll. tht, hiue.'Ot'I1-!t'lil'
ul a spe.'cic, j~ ;t ba"j( .ff"lt'llI1illollll uJ ih
nil III JTl'lfill-lIlt'lIh_ _ _ It Ila, tUTI!

eh'lIlonSU;i1C't..! Iltat Iltl' 11I.liuu'U;lIllt' oJ ;1

trroati,laetnn c:nt'fR' ha IaliCe.' i~ H'lte-ned ill
Iflt dislrihillioll ;.f "lxTit"s, in Iht' "diu"1
IIIt.'il I to lilt' anllual 11I:I1Ch ul IelHpt'rallln
;I1HJ pllOlOIK'1 ilHI. and ill thc' ,Ii"panill"
r.lngc· of IlJi~lalo,,~ ~I'c..rie .. , f"unllt'nIlOIl:,
;'Hililabiljl~ of Mlthe iel1l eHt-I~~ lor Iht,
~ounK has l.ccII MIAA't:SICd it.'o Ihe uhilll:lu'
tacrul in Ihl' C\'ulUlioll of SIK"dtlt IJI""clill:':'
~('a~on .. '-- fu whiclt cnulel IIntlllllhll'clh IH'
aflth-cl. !\opc:tih(' hn-t'ding 11ft IIj,

.-\ .. ,e"l'lnt'nl nl Iht· (O,,,t::lllial t'IW)g\ ,dot
lillll~ tor "(I(lc'\(' i .. )Hh .. ill!( IIIHII iiII' \;111-
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t'lIu',1 dlllill).: \('nit..II lIli).:laliuu.

oil" "",UII'(C'.. Ilc·aliug wilh Jr,:,IUWlh ;....1 lIU'ta

IH.li. lilU' ill ....I;lliulI • ., ~i/c. 1l'1III'er;tlUft=.

-'lItl kt'Clill~ illll'lI:\il\ CI ;tbh· I). Suthdt'lli'
h ;u" III all" ('..1illlalt~ .. CII. IN .11" iH'd fot .k·
t;'1 JIIinill~ ..Ulit .11( t'Xl('llI In whil.h Inutl i~
;t Jitlliting tat lOt ill .h.lhiflC L.aL.(·. :nu-t tht·
111l"1:.l.olir lalt-" :t""f~j;Ilt;(l wilh Iht; fbil~'

p;lllt:rn ur ItTding,

II) "/'('1111"'ltll",, ";(f""~l

b ""I .'1(" 8;,"int' I.al.. Ii11m",,,!: i,;, I
.. ludi(;!" .1I1f1 H'furd... ttl !'loUCL..·\l' \'t·....cal di ..·
II ilmlin... 111t' annual nde 01 It''lIlp<:'ralUll"''

at lilt. Ci:llrl.lC l. IIl'a. Ih(' bol1olll. aile I lilt.

;t\('I.t~l (·xlK.·Jit.'lHCd b~ s'Nk('~(,l h;I" I"'CII

1«111>'111111'-\ .l~ .l..ih ,. t"I.IJ.,:n" IJIUIIl'r111l1lt."d h\
tl""'~ ,"'OIl1hll~ I .. Ill' 111111" 1.IIUIt' ,II .Iq.;ll-.l~ III

Il~ hiit' \1I:"I1~

1"""",1 ill tigln.· I (n;o ... lrom 1\I.-I)on
;.1,1. I!'i')... n,," I..· ""..·.1 .ha. 10' ahonl
:I.;',; 01 .h.· war Ihe I;,l.· i' i.·.·<c"·.·,,,tI; for
~OI~I(' :.(t~;. oi I ill' 'ink' il is 011 .foe or below;
;"", .1... s",lan' h.., ;111 nrral:c hillh "'111

,.·I;,ln,,· "I ;oholll li'e in la..• .\"g"s..
(:!) Ob"'rllt't/ f!,l'OlI'lh 'tilt'
In .hc· war. Iflf.r. anti 196i. McDonald

(I'li J I n·;o....... ' II ... wc·i~hl "I }'o"nl: Ii,h
"""l'lnl ;" In (;olK'"1 fl.:! g) "nlc,i"l: .h,·
I;,~«· ('arh In .'un(~ hum spawning Sln·.lIn~.

IUlotgillg a.. !lo1ll:t1J hngt=ding' dllrinp. ,Ill'
,UIIIIIU'. alltl lall (;.huill :~.:. ).!. h~' (}fl, E.).
and "1f'11 ;, .. nliJ!..atiu"~ ',nuhs (ahoul :1 g)
Ic-;l\ in::, lilt" lo,l.c· ,1.1Ir11~ ;du', it (' hn.·;tL.-up
and "PII1I~ tlllllp\t"J iii ~'a~, 'fh(,Oo( 41n·

..10Ih'.1 111 "i~1I1t ~.

I:: Jlv.. ildt ,elf": /Ii ,aIr

"J \\11 cd.lIbti"II" ,.j illiCIt·.. ! cm bc
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old lintk.,\(, "lIIull~ from LILt' lla11ln.:, tI.:ullfhalka.
i .. inrlu.lt.fl hi' tl11llpalisc11I.

••.
10II..

"'... ,
TIME 

nc... R. Omcr\('(1 glu,,'lh r31f' of luckt"yc in Ra·
hinc' LaLt· (flom !\hUullald. 1971). P"~5ihlc'

"rtl" II, 1;11~ tnllll'UIl-c1 IHT ~lIi.uion ,"..Iiun at . ;,\ .
•'IOlJi:" ~I(Lc·~(··· 1t·IllJ....taluu... and tor ~urfa'-e (em

made of the !l"lowlh which mighl ha,"C
bt-(-n achie"<:d il ralion were not li",ilin!:.
fars." al the a'('{'rage H:mpc:ralure experi·
cnCl·d. ;lIld second. tloat which ruuld 1><
att;.illt,.J at .ht· lnaxinwm annual ICIlII.Jt:I.it·
lUI t' t ~(It'o 'J lu' S\.'. UHf) o"\'jnll~l~ iHll'lit·~

no did \t·nica) nlQ\l'1tu:nt .... pru\iding .al1

""lIi",al<'" (ourse ''''ailahlt- to the 1i,1o.
T/I(" ('xllt"'im<:mal dala 011 gTowlh ralc X

Sill' >. ll:ml"'raluIC >: full ratioll ,n're pro·
g'alll".... ) ofl malrix lables and rOlllp"Il'"
to pro- i.lc tIl(· "'cighl ('s,;males 1')01.10><1 ill
Figlllc 8. )I,. Ih<: middle of Onol,,-r Ihl'
ol,~,rJ""f tl \\'ci~ht \\';'t~ itl'prox in-t;lIeh 3.:1 g.
tIn" IJtluilJl,' vt\('rttgc- 1C'lIlperalUIC) WCiS i.~

g. and .ht' Jlll""alr (~lll (au" lclII}t(:r;.tllJll"

WilS Ed, 1(. II i apparcIII lhal o"s('",o'<I
wl"igtll~ weI'{' hOJ1l ]U:-';; lu 350';; I('~' than
rI'l: (OIl,/,ul<:d Ill.:..sil,l, wci!!h". Ikea,,,,
J.:IUS" foC)rI"n,1\CrSaoll "fhcil'Jlc,' \\(."Id lilt:·
i~ clt-Llt'as(' widl ilU..rca!'ljll~ "i7C', tilt" dOllh.
ling of l\'(·jgJII would H'fluirf' }HOlt: than
, ... ilt· thc f,oOd illla~c. Thi, "dd' 1IIIIIwI

conlinnaliun lor. and o «·Ilds. Iht' sllspel ,.
(:.1 ItH Hl·lilllilt·tI ~t;eh' which \\':1 f llih lud.,tt
b~' John,oll ()'I(jl) lro", a sllld~ of 1'0,,,1·
ahundance a'1(1 .ll-:niilil)-(kpt'IHIl'lIl I(');t

lion.. in \aliou!! Ila:,,>ill~ ttl lite laLt.". II j .. 01
illll."H'~1 lh:H lIlt, \"Ti~hl uJ lilt' !"llIolr ..

",hid) (~n\lld 1)(' l'~I.eCIt·tI flom (011111111:.

tiffH.. UI' IM ...... ihh- ~i/(, to) m'rlll,!!.. " /1''''1'''''''
'.IITe " .... ' a11l101ri,1 (":1{ II~ I Itt· s=tlUc ;15 tilt
lucan sil(' 01 ,he nll('·~'t':u-(Jld so L('yr
smoh~ (Hi.!,,,O whidl l·luigl.tlt· from hj~1J

ly P'Odlllli\,c l.ake U"II'l:('. l\all,c1,alb
(}"ig. 8) (I\no!:ill> ,mel I\r,,~hill. I'H~: 1'.1
bl(· G!J ill Foel>lcr. 1!lhl'). 'J hi_ la~l' j, ill a
fairh cold dirn:tlic 7nnc, wh<:l"f J~L(+ .. hCl."ll'

uvt'r Itl1 ;1 Jlllnl1Jt:I ot IlIn.Hh'l. 11"1 tJlllilt
Ua billtc I.a~~.

It (all be eOllclllclt-d Ihal lh" lIIaj01
hill~l of lilt' f'IU'lg('lil II~polJll"~i.. i .. ~ul'

JJ()llt~(J-('ll('lg\ inl;,L.· i .. (Ie i.kdl~ !"lIh

llI;t,ill1:tl.
(-I \ in (lit,!. "'HI Il,t't -II"" JI/lr.

J Itt btl 111:11 il1l.ll.t i .. bl-Io\\ Illl pl ....
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fit, !). ~clll'lII",M. rc'••re>;(·flI3Iiofl of dail) n.id·
"'lIlllfH('! tlll'l."M,lic r,llt·~ ui ~I("',,\C lompa1t:d with
sjlll:l~r IfllIlpil:llinll~ for Ihl' l.illll· blo\\u IJ.II alld
thc' _~1I1'1I humlUilll! IiiI'd (The kltl{"1 two ,,,"ell
t"wm G1lnlon. 1!1tlPl,1.
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come. anel \"hale"er Ihe final resolution.
Ihe heha' ioral phenome'non inducing daily
oscillaliom in body lemperalure musl in
duce a corresponding oscillalion in meta·
bolic rale. coupl..d with Ih~ phased mela·
holic el~manel. im~d by periodic leMing
anel diR("tin~. 11 is pos.ible 10 compule
lht Ji~('h pal1ern. u,iug prt'limina'l' data
fnml (.'''-1 ~'r intent ... on fllclaholic Tales ac·
4olllpal1\ iug \ a ri 011 Ii: fl'('din~ Ic\rds and
1t'IIII",lil11Ilt'" (lirf'tt. 19iUI'I). Thi .. ~chCluat

ic t'1l· ...I·nl.llilll1 i'" rnlHpan-t1 (Fi1o!. 9) wirh
,illlil:u (nlllpi1:l1ic.ul" fUI Ihe l.illk hrnwn
lUI allf! '\lIen hlllllming--hiul. h0111 uf

\\hi()t 1111t11'1g.O fl:iih 100ItlU I'criu(t:... ap
p:.n"nth 10('4111..\1\\ C'Ulq,' (f"lo1n Gon)fUl

I.III\\J(lk\l llllk\loklf.n ~TII.'·

... lu' \'itlidit~ of th( lliltl'IIt"lg(·,if 11,·
I'0tltni .. Jl,:1I1:,i'h Iu h(' H:lilu'd_ a la ...~ whit I,
j .. nUll'nlh undcn\'(t" \\,11;,11-\(.'1 III( Oll!-

~ lilt fi ..h iI' u:HlIlt" :,rt JiJ..-h 1101 "lli;t11·.! "
f•• 'I"!lli"l .. 'I.lll.,(1t \,,111111(' j. 1.·1(11\ I If, 111 .• '111111111

.11'1'1111' \\ill 11'111111 ""('J'"tli.,nakh 1....1('1 (I\let,
1":1 1

sible !e,.t1 don not armally rnt:an Ihal
f....d mas< i, lillli.in~. hUI ralht'r Ihal f.....d
io nor lalt'n I.. Ihe " ..illl ..f dail,· 5<~liali~

(full ra.i..n). ..\n illlJnen'K' hioma.. of
rooplanlloll (al ,·~ 1M IMrmocline) ;..
oh"iOlKh' 'IiII "r m al allY Oft(' linK'.
Tit<' d('n,i" ..lependf'nl nllSenali"", ..f
.J..hn..... (1%1). h.....I'\{·r...ron!!I,· ,u~I
Ihal lhe a'ailahilil\' i. ,utlirit'nlh' rMured
... male lhe n"'ani ..I further cr~l'ilfl!: an
in..llid('nl C'lt'r!:" in\'C'SllIl('nl.

Th('n' r('lIIai.... Ihl' obvi..us que.. ion Ihal
if lhe e'lt"rll" di"ipal£-d by' "xIll'n.;'·C'
maim~nallN' IIl('lah"li,m al hillh lempera·
IUft'S ran I... s......d al I....· lemprrallJrc"
"'h,' d.. Ihe fi.h uol rc·trnl 10 d..plh durinl!'
Ih" darl Iloms of nillhl ...hen I"~" ,'i.ihil·
i,,· i. a ...rilll" handicap 10 further reedinR'
A wrlical dis.anr.. of 40 m onl" repn"<'nts
aOOul 5 minUlt'S ....immilfl!: (for a !i cm
fi.h al !I I.lsec). Thi. noclurn;.r bchnior
appu... '0 .upp0rt Ihe Ih~j r predallll
a'oidancc b,' (O\'n- or darlnt .

The ('nerR"'ic anal...i. d..r;.·... hnm
s,"di,.. of "ohllllan lo..d inlale. ralC 01
diR...li..n. and remr;, 01 appe.il(· whi, hare
each di'l inet i,'e1y lempt'r" '"rc-tl'-!""I(knt
(I\rell. 1'Ii I: I\rell and H iI(R'. 19iO). AI a

sinJ.:lo- "'edillR the S10mach 01 sm,,11 Ii.h
"an h..1<1 aIHIl'I ollt··half II,e aTIIOllnt whkh
.. an 1"' lon"lIl1wd ill a da~' on luuhiplC'
f,·('(li,,;.:' .. I ",ee Gnn'med by ral(' of di·
R,·"i"". lilt· appelile "' "'Iial~d' Ii.h bllild.
III' r"pillh lollowi",.; a 6 10 8 hr diRe'li"e
"a '''('. AI f,"C Ihc' eqll;"alenl pau... would
,,... nf Ihe order 01 20 10 !l0 hrs. Conse·
'I"enl h'. d,,'celll below Ihe Ihermodine
,,'olll,l de1;" Ihe processinJ.: or Ihe hca"icr.
elus!. leeding blocking Ihe refttdinJ! oppor.
lunil' which is apparentl,· presented al
n;"m. :\ comprom;'.. h Iherelore impo.ed
ill .h,' illl"reSI of increa"',l ela;h ener/!,
illla~t:"
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1968}. Th(' rnt"laholi< reoemhlaun' i<
slrikillJl:. If Ihe lorcgoin~ h~'p"lhesis is <.....
reel. Ihc= "ondusion is int.·snpahle Ih'lI
sork~ hne e\'Oh'ed a pallern of Ih(,I"
mOI'~lIJalion pn-uliarl~' adapled 10 max·
imizi"lt ~O>"lh. Ihrough lhe se!to<lin pre-·
sure or bioener~elic dlicien~'. Whereas
<:erlain endolherm. haw had 10 c"l1Il)rc~

mise Ihc= daily' costs of complell' hom....lh,·I'·
my "'ilh Mlerotherrnic periods. a mmp'tra·
bJco lorm 01 melabolic pacing has appal"
ently ('\'oh'eel in Ihis aqualir Hlolherm. an
e'('IOlherrn "'hich is denied Ihe diren ratli,
ant source 01 heal s.. effeni\'l'h' exploile,1
hl reptile'S hUI has. imlead. ulilized Ihe
'I\'ailable means 01 heal flo....

r.ONCI.1'DISC. COMMEST

It mi~hl ...<"11 he '\'nnderm "'hal is Ihe
significance 01 the pl'edominently oplimllm
lemperaluTC of 1!j°C derh'ed lrom Ihe
physiol(~ical sludi('s. This r"mains a \,en'
mC'lIIillJl:ful p,trameter fol' all c"ses sllch as
p....fonnance. nlt'labolic MOpe. ami c"rdiac
IlIuClion aud ...iIl apph' with as much
physiol(~ieal siguificanc(' in th(' nalural
('m'iromnent as iu Ihe laooralol')" Sus'
(;,in('d Ilf'rl..nnann· can confi,lenlh' h(' ex,
J"'Cl('tl 10 b... m"xi",um in Ih(' ,'icinil" of
!:i°C no matlcr ...her(' Ih,' animal is. The
field ,'oudilion which dinal('s so much of
Ih,' ..n('r!le-lic phvsiol,,,,~· of youu:.; sockey('
is "l''',';ell'd mlion. Rebl;'''''y r.-w ('x£H'ri,
IIIt'UI< han' been Il<'rfonnetl wh('re llli. hi·
olic faelor has I)('"n ('(IlIplt·,1 wilh an abiot·
i, "ariabl,' SIIch as lemp,'ralurc' (or lil:hl.
0' Si,linil" '·Ie). C:ons'quenth'. fro", Ih"
,ol1lpil"liou in Ta"lt- J. it IUrnt:') oul I"al
it wa.. nt·ccs";I1·~· to J,tO In tIlt, except innal
("!t(' ..... lIt'T Ihan llt(~ J,:t'licral ca~e. If \\';1\

thc' .~l,,,,,/ ill nptimunl tcmpcralUl(' for
g-' 1'\",11 It I ~lU ce",j, ,,1\ lowcr lc\'C"h.. 'f' I a·
tion Wit.. IHltt":U·I\.. hcly limitt·(l. whidl
IHO\ idt'(1 tIlt" lahor:uor\ illsigllt for .. pel'-
•ihk .. 'plallalion 01 " fit·", ,,,ndilioll. Fur·
Ih.., ;1 i- .hl· l'('lcl,i,," 01 " hij.:h 1"",1
CfUI\('I,ittO dflrit'nc\ On:r the- f.,ll rangt· flf
III(' daih H·llllj{·tatult·... (·'I.JCrit·llff'(f ,dli<h
LeconH:, mn\t meallillgful.

Fillalh. il must he 'Hlmitlt'd. il is inlH'r·
,",,,h diffi 1111 to (',alllill" nistillf: lUlldi

lio,,< and dedlue Ih" imp"l'Ialll biologic,'
faClors which h3\'t: ("'('uned in Ihe pasI 10

cxplain the presenl. \\'hile a m"jor force
in e"oh';ng Ihe diurnal pallcrn can tx' aI,
Iribllled If...ner~elics. holh Iht: prey "r
sorkey.. and lhe predalors 01 soc","y.. ,tn· in
a dl"namic Slale of balann' ...ilh Ilw;r 1(>

lal em'ironmenl. The present stalt: of Ih..
socley'c populalion is a proollCl of a COIll

plcx inleraClion of all Ihc "hioli,- an,1 hiol,
ie laclors.

l\Iallchlinc and f'isher (1!Ifi!l) h""e n-,
"iewed informal ion on III(' diurnal 1lI0\('.

'lien IS of ('uphallsiid_ and ,onelmled Ih"l
"enic,,1 millralion probably conlers a 11I1111

her of ben('fils on Ihe organisms.
11 w01l1d he hard 10 argile Ihal Ih...

phY'siologicallyo p<lS§ible "energ)' bonu,"
lrom ,-enkal migralion was nol a ,'ery
lII(-anin!\,flll segmelll in Ihe o\'erall lx'nf'fit
conff'rred.
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