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"t. lflnlflC.rft', II !I9·II :'l (19i1).

E.r..tie Rnpon... of S.lmGft to Tempenture. A Study of Some
Thermal Rel••ic~,", in the PhYliiolo«y .nd F ......,,·••cr EeoIotty

of Sockeye Salmon (O.C'O,./t,..,.It•• • ,.,.jll )

.10.1..R. Bu:n

Fijh,.ricj R,·.\(·"rch Boord of Coru,tW BioloJ!.icnlSln, i"" •
.'""'mi",,,. B.C .. Cnrmdtl

Sl:liOnl' . Iud in on the , ..Ial ion 01 IrmpnalU", 10 lott, 't«. I" Ir rc·IHr. tne:'laholic
rail'. ..".UI.....II(t'. cilluial iuti. alld JOO'\lh of IOClf" salmun all ,•• int In a .. h, . •Ioj:i.
011 Of'limum ill IlIr Il-,;inn of I:' · e. X;llural occurrence is lim ited in lilll and 'I",n' al
Irm",TaIUI" ahm'.. I~ C dt: pit t' brinJ: abk In 10k-rail' :!.f C. form. 01 ph,~ologital

il14ldnfuan all h.. Ill'mUll'lralrd "hidl <Ku,uIII '0' Iud. It aricl ioll ' ill d i'"ihu'ion.
Pr"linh PO"t'1 lur Iflnliu~ aud a,lounlin!t 'UI tnncrll!J:tl ilt", Itt 'ltUII~ 11,11 ill
Iht'rmall> lualifM..1 la"" a.. ' ..·.lI l..1 III prO\'idr "prool" 11Ir Iht , I ..UlloJliIl \: inltllt'llu' ul
,he l.h~lio~iral o"l imulII 11'111pC'1.1IIII C'. uri,· liu-r"'IIrt' Oil Ihc' rclllcl!o:' 01 loUC"C'U'
SlIPJIOTIt'd 'his 'it'\\ RrlC'1ll ~I"dil" lI,illl: midwa't'r rr:m·l. and ""11 ;11 (IC'lnli..1I reveal :1

dilllnal bdInior pallt'rn " 'hith I-'ill'" to a murl' ~uhllt· inlll;luiull Itl biotic 01,"1
abiolic facto,,, 1C0\t'rnilll: \t'nical di arit"'lion in " 'bith IlIr tUnll"lIillL! IUIf(' a....t·:I'" III
be biornctJC'lic ~itll(,\. II i' collcltldcotl lhal a mt'Ch:mi III of brh:n u-ra l thrrm"Tt";:u ,
lation hal noh·ed ,, 'hiell f;,l\orahl~ balances dail~' mrtaboli, «"'1'C',,"iwll" in ordt'l 10
conten'~ encr~' " 'hen food i' 'imiled.

I. ;nOllt CTJOx

II i~ thc pu~ of this stud~' to exam­
ine some of the ph~siol~ic:al and t'colu~i.

cal relation' of 'olln~ S(t( keve salmon, 0,,·
rorhvnchus " ",len. dur in~ 1:I"c re: idcnre,
:md .to expku (' the exu-nt to which rem­
Ix·ratllrl."-dlllt·llIkllt n·'p"'''''t... I an Ix' 1'1:1("('(1
in hiol()~itOIl Ionrext .

" 'ith the exc(,pliun of !tlllllt 1('111:1 "; a"11­
homeothermic adaprarion "hil h h:l\c'
IK"'n reported for the Itt"l jll\ r-nile "I agl'
of :1 Ic'''' lar~I " fa!tl . ~",jnallling f1..h (C."J('~

and 1'('31. 196~IrI-" ). Ihc' \ 'a'l majmil' of
fi"ht" an' strict thl'rm:,1 t unfnrm~'r, (I:n .
J!",~ J. Thc'\ ma~ 1)(' l1a'...·d a.. olll ij.::llt,
I'llililnlhl'rlll' or l'Clothc·nm. IX'in~' higlll\'
1"'.11 CfltlllllClin' Wilhoul plfJ(llIdll~ "lI'h·
,i"nl 1I1('1 :t),'tlil hl 'al ('\'C'II wh.·n an i\l'. 1(1
(1\('" nnw r:tpid I, ..., through thc' gill .. and

I :1111 ,nn i( 1I1.lI h illll"h,n! ' " I tt I' \ '"' X..I\ r
,.. , (";Irh d l 11"'''''- (0' ,tHo ,_",. il." 11\, ....'111
"hieh ""111 .1 all 11111. 1 101 ' h .......(\ . hd l:1\ j", .
'1 1..• " IRIIII:ll.·11 ' I ll I .... . rell l"I .:J;t11l (II . I .. R .
l\ il"lIr ,,1>11. "'"... , IIof' " in-nillll (II Ilr G Il"" ( .... hfI' th(' 1."''''''''1('111 (II ;,••,1.",:, . im" " ..a.... I II"
\(., ,"' . j . 1••".11111 ill:: 1111 "";lId,ill:; " II'lll:r\ lit' , . ..

- .11 \ I", "'" IIh illl,II' p lI...!. .
Ilmill;! 1111' I III IIlIII;tli,," "I ,I ii. ""1"1 ~" I (.

\,.I1",,,,ld !la' hll h hi'''' 1,,11,'"1 ill 1'1.,1""1;'1 ' " :: 1111

I I " " ••1I1'r/l. " I .......· \ 1 , .. .. ., \ ,..: " lU I , , ,'lIl i. i ..:: II"
II. ..... Ii.. " " 'U f tI,ul :t.. -d

epidermis. Sincc rhev. like prt"('nl-da '
homeothermv, have had ill'.1 :t, I(t~ to
evolve adaptive thermal nu- h:mi'III". il i
not SUI prj,itl~ tll hnd a \'aTjC't~ nl J( ' !'lIIIloC

!t~ Stl·",' which I'c'llII i, 1I1f' :I'llJ"" 01 f ·... a!'c'

Irom IIlc' !'olC'nl ia 1I~ n -vn iet i\t iIIIlalt'III I ' 01
tlllllph·1t 1l'llIpl',.1111I1 Ilc 11l·'IlIr ·IIlI ·. TII('-'('
involvr- (..Jlllial a ru l " .h 'lII11 :,I. '1' I., l illll'
( 111111l10n" t:t)It·c1Il. i..I .ltIll ...1:'1'1.'1''''1. ;If '

.li'":llion. vunuu.u iu n . :1111) ('""I" ,....l l i,tll
(~C'l' J( ,\i, ·\ \, 0 1 811110t 1.. . )!I :,:I: h\ . I !I~. ·.

)9fi~ : Iln ·( Ill . I!/t ,; : HI( ·II . 1 ~1;1I/ · 1 . H, (111 11'

p:" i,nn. 1'lIwc·,,,, r. 1111''\ all ' 11 11 1I ...1l Ihall

limilt·(1 loll'p' Im\';tn) th t· " '1"111'1 alllll IIC'I "

dom \,'hid. a htlll J( ·CIlJaIt·.1. IIIIIIII""l alil
, Ia lt ' I'lm·i(k..- a . '1;111 ",hill l I,a. hC'("1
ad,il '\('d 11\ m""1 f...11 i'l ,d:llillli III ,"dl
tll,ill"lIJll'nl al lal'o, a' ":Ililli" . n~'''I·II .

I'll. :11IfI h~d,"..lalil IllIm :lIl(\ . It i .. lin
"'0111)( '1 tlll'lI Ihal :11111111;': Ih .. ahi" , i( ( '11\ i

rllllllU''' lal ' .11 '"I· I ' 1111Il'I:I I lilt l1a. I.. , " I::
hdh·llhl· c·( . tlo·~i( al 111 :1'11'1 ' .11'101.

:\ (I.IIII 'J(,IIl,,,..i \( '"11h n t ' hI 1111., 'I '

l -tII'I ' ill ... 'Clc·\( , .llmll" h.•• 11t'1 1I ('JIl ­

(lu(·lt'd dill ill~ 1111 l'a"l ", " ,h" .Id l" i ll " '"
1:.ltI' I"IIII ' . ' 1ill lld .•lnl 1.•1('" I., ("1 ,1 11: Ill::
,, ·(lll li'I'"- ..1 "11\ 11 '" 11 11'11 :' Ili.,lI i!' ld :ll i" lI
I', I IIhal"1 t·"",,·,,,. :11 111 1111 1111" 1.\ 11\
1 1111111.1111 11 '01.,1 " I I I," ." " ' !! III" '." ,11 ,"
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illg 101 u 'n il al JtIi~ratiuII tit.. iJlJ.: till '
lI:lItJ,h~ when laL.t'!l alt· lhl'm';llly slralihl'.1.

'111t' var iou-, I'h~ ..iu"~kal It'!l)JtltJ'oC''' til
, ' .. L.t'\t' !l;llmUII 10 iII("H,:...in;.: act Ii 111"1iuu
" ·IIIIII.·I;ltlllt· h;.\(· lx -en ;.'-.t·mhl."tI in ' I al,1t
I III til. ruaiu . tlll"t .It-:II witl. wll"It,
OI ~:lIIi'T1 1 1t"'1"'"'(" 10111"'1 Illall olga ll ,,-,
"'111'" ;II Il I H:II' Tt til.· alt·,. ul g l .·:tln l itll . ·,
("I. I'''~ ,iol.",.:ic"I •." ol .,.,.:~ . 11,, \\ I ' I " . it

l utl ...-r- , \\ Ill, ../, '" '11 111
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Jh .'I'():\'I' 01 S .\I .\lU:\ '10 Tt.\I ...·k·\ T l 1k r 111I

nt" I. '1hl'llIIal tolerance ami pll'fl'nnl temper­
;11111(' " ' \IIII11~ _ LI'~l" in rda,illll 10 Oil dirnal iull
11'11I1"' 1011111 e . [From Ihl'lI , 19~1:! ' ,

hroad 01'1imum. illfll'('1ill~ !\li/(htl~' down­
W:IId, aht)\(' ;,11 arclirnarion temperature
01 1:1 °<:' P,derrl'(1 It'mlx'raunt... han'
• tn'n shown 10 follow a \'aril~l~ 0' trends
1c" ';Il'in~ to a cla 'iifiratiun 01 re..IKm\(:lI,
an)(m~ which the aIK)\"(' i~ T~ 1)(: l (7.:1hn,
Hili:!), JII Ihi- I'a'it' the upl imum happen,
If) 1)(' the same a!\ the "ultimate" preferred
tc'mIJCr.Jlure.', in Ih !\t'Il\{, 01 F~', ()94i)
nm("epl where the !>t'h'ru'd lemperalure.'
c.'llua)s the arrlimation temperature.

M rta bolism (IUd /Jrr(on"n"rr (Fi~, ~).

Slallll;m) or n -..1ill~ mctabolk: ra te displa~'.

the ..lmost unive ....,,1 rhnrartet isric of ron­
tirmous inrreaw with u-mpcrarure (Iowcst
curve in Fi~, :!.-\). n~ r ompurison the ar­
rive rate re;1l hc', an optimum at 15°C de­
(n'asin~ then-alter in a slow decline to
2:,"C, thc.' IIpper lethal temperature (Fi~,

2:\), The pH'''I'nrc.' of an optimum and
downward deflcctiun i, mirrored in the
mel ilhu)jr !iCopt' (F iJ,: . 2B ) and per·
Iormanre nil ve (F i~ . :!Il ), and is some­
what more.' pronoumed in the rolerabh.
11'\"''' or (l:\~~en.dl,l" (.· i~ . :.!(:,.

.-\ rather surpi i..illg n -larion i.. H'\('i1Jc.otl
hy the d:lla cit-pilI in g lilt 1111I111111 nlt'laholir
, ·c ...I" (FiJ!. . :!}\). These I'XJII 1111'111 ia1 ("111\'('"
I"'alin~ t alc.' of n). ~ gt'n Clln"lIIlIl'linn IU ar ­
(Iillla,illn lI'IIIIK',al III I ' , e1I'II\';"I' ill ,lo}II'
with inr n -a..ing ..",illllllillg ~IN'l'd, OIl"
P'";Uhing 7('111 ..IIII'I' a a 'IIt'l'el ul a hnm ,I
1. '''1'( (-ll " I I. Thi tlll'all" Ihal Inll"l
"pl'I'd.. alt ' \ illll ;llI~ i l/(J,- / ,r ll(/I- ,, ' of 11'111
pt'ra IlIh'. Rapi(l il ~ III 1'''l"alK' oJ alia, L. i..
1I1I'll,IIIIl ' 11111 a d ill'I' hmn inn III 'eIllIK'ra·
1IIIl', ,I hinlogil al I irl'lllll ..lanCl' 01 (IImi,II'"
"hlt'signifu';IIIl"l' ,

(; rtl il'lh , ,,,,,,I·i ,,IIII:, , fl l/(I rl ipr.\l iml m l ,.
(F ig , ;) , Y",mg, ..lIlall ,ol('L.t'yt' ~11I)\\ a

sharI' /-:10\\,.h Ol',illllllll a l I :, C'(:: 1111'
VI""'1 h nlr\'(' flall l'n wi , II ill ('n';"in~ ,i'l '
:m el agl ' (F iJ.: ' ;1.\ ), , 111' '''':11'' i \ ..hih In ;,
111\\"(" lI'IIIIN" ;IIlIII ' tI :,' I II :l 'C) nee ",.. in
Iht glll\\'l h IIl'l ill llll li a••1... (I II:UlIi,," nl
Inotl i.. rf<"lriclt 'd (. ·ig. ::m.

l\'a:\iIllIlJII Inocl ·illl alc a l· o ~hll \\' '' all 01"
lilJllIJII IIIII;HI" It '!:o ll' tl ;111111 III I all a pt'" '"
..II"UI li -C c fi~ ::c ' I ,!"" ilt, i .. r um ·
1',,"11''' ill h ih j,c'c! :11 :.:

Il igl''''''''' '' '' l' 11 11 1, ." I, ,, ,t! lIl l ill ll Ic.
;, J,: i \l 'II ..1,110 o ! :,:" . 11 II I \ , II :1 :. 1iOIl. C III III

1•

.. .,
~ "...."" .-c

•

,.
~

11U1... hc.' ..dmitted rh ..1 although tilt' rhoir«
h"lI been influenced bv the interest 01
I(',ollrn' m,,"a~c.'mcnl, ii Iorn... a 'airly ;11 ·
hil r..r~ ;,'...c.'mhl"~I' f('f1c.-clinJ( personal ruri­
I...il\ without anv IIlhc.'1 hiav in [;1\01 01 ..11\

1'..1i icular ph~' !>i"l~ital !I~ su-m. This i~
important hc.'('..u,C.' sonu- simple 'Iali..tical
a( nmnlinJ: o[ lilt' rate Iunrtion.. h;I' been
IX'I IIJImed,

BduJ(' ;1IIa 1~/in~ tilt' IlInh'nh 01 T ..h,,"
J. '1ll11t' examination ul Iht, '111.\ ;' tirnd» ul
J('''IK)IN.' IU lempc.'ralUn' i, desirable with­
mil ("n'lIing un Ihc.' dc.,... il .., " 'ilh tht, I'X·
I ..plillll ul wkrann' ;lIul prdt'rc.~nn' (Fi~,

I , Ih( ' n.hc.-r n 'SINIIl'l'" h ..n ' hc.'c.'n ~101I1)('d

\dlc.'I'(' IK,....ihh' til "s!i(.'mhlt, intl'l dt'lK'nclt'nl
.. lId 'UI liL.t, 'mll:lion" ",~., mt,t:thuli\m
wilh I1I'r1nnllann' (Fig. 2 ), ){1uwlh wilh
11I(III·inlaL.t· ;tIId d igl'!Ilinll tale (F iJ.:' ~ ) ,

T"It'w7/(" 'lIId /11",,.,.,.,ur Fi~, I ), BllIh
.h( IIpper allli Im\"('1 1to,,,..1 h 'm,K'r"lllrc,
,hn\\" .. f lin ti nll1111' inrfl ';t-.(' n\Tr 11111' or
11 11" ;1( Jimal i'm r .. nJ.:c.- . :\11 uPI)('r plal eall
III1m, 101 Ih .. hiJ!.1t k.It".... " 'C.''''lIft· ,,'hif It
i.. 1111' tllICllIIl1nOn a'lIon/-: r.d ,t" ( Fr~,

I!Hi I, Thl'J( ;tPIK'ar.. In 11\ ;c t nrtl"IJlmtl.
illg 10\\"1" pl.. Ic.·..1I 1111 .ht, 111\\ 1l'lh..h, j"'l
),1,111\\' 11',(;, ;t11 ;III'a whi, h 1;11I hI' 1':\I"IIIt'tl
"n l ~ in ":IJ!w;IIc.'r·llll t'r anl '1)I'cil '.. . 11 1I.1t·
I " ,," .. ' :tilll'll Imlllilln.. ( ;111 nl"illll"" lit'
IlIa illl ,li'lt'd 1111" wi,1I1II Ihl' ,"11",11111' /1111I

'J llt" J'It 'Ic-IlI 'd h 'l\Illl' l a , li lt ' Ii ....·• II. ;1
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I II. " \It-l alH,l il 101:'" ;11 11 1 ,,, ·,111' mollll' ill n 'b·
II " u I .. ;11 ' 1I111. l li " .. 1" 11 '1" 1••1111" , . 1 , III"" Itll ;,1
"" :'=' ·11 1 ..1I ' lIllIltI " l" a t \.11 in u ' ' h inlillillJ.: ~IK"t·d ..

f 1t...1t 1r ' II ~ r h , ",•., L I: , I.. ,,· "" IUl ll ll lul eu nU"lilhuJ i.
011'1" ,. 111 11111.01 m iu u- , : .11111.1111, a rul 1I11'100 i".l i,

....,.. al ii ,,· 111 11111' ~I ;m&lall h : (: j. Ih , ' tllle'T:lhl,·
"" I-:"II ·<I,'!t1 ;11111 "''''111 III '"I'. ·I;ll i::II' 1"':ll h : 1J
,hu,,, 111:1 iuun u ~1I'1 ;, illl'd ~, ...... I .....l i. l , ;11111 vul i ­
rillllal",,'(,.1 1IIIIIIt'd) ili um HI. 'Il , Hllil )

.."t·1I I Fig. :~ J) III illdl'a'l 1I\l'1 Ill''''' fll Ihl '

1t'lIlJll'l,tlllll' ..I all' , w it h a '1I:!~I'..t ion nl 11011 ·

" 'lI ill:: oil :11 1111 11;:,111',1 1l'lIl pl 'I:1I1111'

'1lICli l'll (:!::' C '
(. " ,"/111111// (t- ig. ,I I, . 11-:11 1 1:111' :11111

, ;lIdi,1l 1111'1"11 1111 H ·'lill ).! tllllllililtll ' (a l ll ' l

I:: 11""1' ill : , H "l'il llllll'II '! I II Ill' . JIll I

" , i ll . lJI ill ;': ' aliI) m.o. inu u u ' 1I'la ilwd ar t iv-

i tv I llt ,h'l\\ :l l lI lI li ll ll ll U- illl"';"I ' w it h
ll·tlll III1Il ' ... j :.:, "·\ .L I, I II i, j- i ll 1111, -

1I.1" II. rln- 1111',111 bl....t1 I 'll' '1111 ", :llId I al -

ell lan-d cardia. wU11. which !ohn\\' It 'mpl'l a ·

um- optima a l l!') O(; HI !llighll~ "i~hl'l (:"
inn-rpn-ied hy D. .I. Randa ll. p 'l , romm.:
} 'il,t. 41\.1)), Cardiac wnr], (e l l-: ~ /m iu ) \\'iI~

c'alrlllalt..1 as till ' producl 01 UIlII'"1

11111 min ) lilllC', 111l'ilII 1)11'''1111 ' 111111 JI g "
Cardiac fIlllplll " ';" applic-c) ratlu-i than
In-art talc a. i~ IN'd Inl c'allllbl i"g l a ldia
"'01 I.. in mammal- whir lr, unl ik« II,It. lIaH
. 1 ,d :ll i,,·" 111"'1 :1111 '11 .. 1.. .. '01 111111 ( H i llg,
I !t{i:;),
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He •. ~ ( ;111\\111 . f..llc1 ·iIlI:lLt· (;II' IIt·rilc). and ran­
III lla-llil 1'\ ;J1l1alillll ill f( 'lalillll III :tl'l:lilllllliull
1l·1I11°c·, ;lIl1J1·••4 ,dalt ·, I.. (·:Iott"'" rat inu Oil 1"(1 a;.w-.
l ; III t""'" llll ll " ..." il 1t',1 nu ion ... (: III d ;, ill
_.,I I.llillll ill laLI'. alld 1) ~ 1 1l 1I\~ lilt· tim.. It'lluill'fl I..

i • i • j • i :O • if. -if
1[.P[IlA1Ult( - °t

llil=''''1 "dll·h,.1 fc'l'd 1111" ll 'l i"'"lal ( I t in u ] \\ III1 Ie!
ghl ' II... JIIl t·. wilh Ihl ' line- "'('1'1'11I ;': III' lhl '
g, al'h . •1'"11I Ihl ·11. r t c t .• "'Ii!' : 1\1t'1I ;11I.1 'h!-:!-t , .
1!ljo ,.

I ntcrdcpcndcut ami ,)'/,(' icsponsrs (r ig.
[,). ,rltt'll ra I ion and ~rnwtIt rot 1(' "u' holh
1111 '01"11IC·II. grn~.. eOIl\I·I .. iou eflu"il'lll \ ( f' .

fk!'lll h om 'nod ran he' calrulan-d allll
I'loltc'l! ,I!' i!>oph·th.. (Fi~. :,:\). Thl' relu ­
lion J"m"ic!c" a ('c'IIIt', 01 maximum dll '
I iC' lIn illllil"alillg till' h('sl 11IlIlhil1i1ticm 01
u-1II)'('ra Iure and 1':11 iCIII -an "interact iCIII
0 J' I i11I11I11" I'I 'a l i II g at 11.5 r C.

By e'''"lJinillg the ("olllhillalinll til COli ·
vvr..ion dtll'iC'IU'~ , glowlh rare. maxiuunu
11'(':11 :,i / l. allli c1ig('''liol' lall (f ig. :,n\. ti le'

SlIl'plt·.... illg i'llI'll of low 1c·1lI1'1·ralllll· is
,lpp:III '1I1 ill all ("a"l~". Althnugh rau - u l di ­
J!l '''1 ion U III I i 11IIl', 10 inrrea..l· a"m c' I:)°e,
(flll\CHion 1'1111 il 'II( ' ~ hl'gill' 10 c1c'llilll:, lilll ·
ill .!.: oil IJI... il'ilolhl y ahll\( ' :!II C. ,h c111I'"
ap)le·lil c. Thi.. n-sults ill a con c!l)lHlllli llg
decliru- (II growIII which i.. n""I'JtoIt'1~

blocked :11 ~.J 'C (}\ Il'1I 0111I1 II igJ.:" , I!Iitl).
The parallel inu-:c1qll'lIc!c'll( c' 01 )1('1 '

101"l1laIlCl·. lIH'l alll,li l """l'c , 0111I1 ('anli:1l
S10pC' i' I" Ill" (·... ,.I·{·h"d (Fig . :,C ). ~iJl{c '

Iht' C,, :.:.: il""( i:' lc'd wit h '\\' illllll illg ill '
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tit " ·1 tI • .11I . ... . . "' " 1.1....<1 1" ....'IlIl· (8 ),
• a u h... "II IJIII1 .c I . :11 111 . ;"tli.,. ""rJ,. (flo" X
1".·.. 111 .· , 1/ 1 ill I d .,l i"" ,.. "It hlll a ,illll 1,·IIIIMT.JIIlIl·

1111 1II,It'd 1'" 1111' ill II "I :!ll°(: han' IN"'II

CIt'a'l ', a, ih« MI" :ITC' III \dlM il ~ , the puilll!'>
1'1" lh 'd a, Itt'1l1 '1l1 ul m.o.imum 1)l'I '
Illl lJI :t111 c' cI " 1101 I i ~{' :C ' Ml" 'l'ly a.. tlu- cnr­
1t"I'IIJIlJ in~ ,,,'\\l'1 n -quiremem-, would,
T h i-, ,In , '11111' 101' tlu- clifftol"l'uc,' of Hauer
, lul'l ·. 'J hc' drrl ine ill nutabolir !omp£:
;tl'"\ l' 1:1 '(. i ~ IhOIlJ.:hl ICI bc: rel ated In

I jllliIJl:~ "~ \ . ' ,'n a \aiJa" i li l~ (BH'II. I!ffH).
( .:. ll h a. ' ( ' '1'" 1113\ Ix, re..pond ing 10 th e
' ,1111 1' phl 'nllnll 111 111 , \"halt 'H'r the rt"a .on,

I h.". l '''I'lIl i al ca p:u i lil'~ 1:111 011 ;I IK»\ ', '

I:, <:. 'J III clt-hil ilal illg ell.'('1 01 hi~h 1, '111 '

1'1' 1a lll lt·- i- u.u hi p l«.
I hit,: I' l ft " "1'"11' ." ,II,' jllll ~ll .. lt ,cI ill

} ' I ~ :. )1, \, ilh Ihl,il , 1,,1'(" and n-rmi ual
1" '111 - J:.i...IIt-.1 :•• IlIldiw.: III "'" \ I !lt i ,
I lIh ll ,I I ' l.l l l ' ll til l' ll\ il llll llll'u lal I ;ltlll" , It

i .. pu"iblt, In superimpo.." ;1 ~,'m'ra l "/CUIt'

"I dhl'i,'nc ~ .. within the thermul IIII,'ran(,'
range. based on the (It-pre~..in~ dlt-n 01 len,
ll 'mIK"':Hun'!o (Ix-low -1"(;). tlu- limirirn;
and jnhibjlin~ ('Ikn, ;1\ hi~11 lempel ,Hun"
[abov« IN"C) , anti t lu - ~P:1Il 01 dtil ient
hH)(1 rouvcrsion (g n-:tlt" than ~II';I ' hom
5 <-(; to I j (,C),

RC'1l1l ning III Table I. III,' 1l"I"111"',
hall' beeu 1"lallt'cl acltllclin/-: I II I'IX: . The
m:tjUl il ~ (;lfi',; , SIll '" :l duwnw.u d delk, ·
riou, tthOH' an "plimulli H·lIlIK·)'..um-.
\\'ilhin Ihh 1~ltt , i~ ', ; 01 the " ....., di'il'la'
an "l'l illlllJII &I I ;IIK ,1I1 \:. C I'h « p'l'tlin illll
hUIII ,lIch 1»<'\\1'11 11 1 I'h ~ . i" l c"..!i ( ,1 1 ' l a l i ~l i l'

\\I 'IIIt! II(' , ha l \llll n!: '" L.t'\( \\I .llltl Ill '
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tIC •. ;. tllcocl rlllJ\ n.illll 1'111111"11' \ .-I ,. ill 11" ,
It'I,,lc-c1 ""1'11I' in ;11 111 ( /, a,"1 1'1" " " /" '"'"

(I'H'1I1 this thermal It'J,dll1l III a lalc' :11 ' Ill"

i inu- a. "t';IMIfI:I1 't'lIIJ1t'I :lllIlt' II"" III dl i.
kn'l a litI ;lhll\c', ' I'h« 1I111 ~ I'h"illlll~ i, a l

" ,\ 1/'1"",/1" III ,hc ' I:) C IIl'l imlllll 111/ II I

\, hC 'Il ' rat mn i, ,nl , i, 1,.,1, 1I "I.tl ill~ ill :.
e111\\'II\\';1Icl e1 i,pl ;u 1' 11 11'111 01 I lu- "1'1 ir uu m,
and , " I1U' ilHl ic:ll icJll II I " l' lh' l :l l'llI'lllc :.1

I c IlI p C' I:U lIlt'" Of ,Ic ,~It,(, fll IWII a lll l\ ' t lu
~c'lI l'ralllptim1l11l ,

t .n II O(;JC I. IIt~'( k 11'111"

Eui] Fi mli /I c. .1

The gl'm l' (J/l r or}")',,, /11I . , Ih l 1'" illl

" dlllllll , ha, 1'\lIhc 'd :, 111I,"1"'1 ol din"gc"'1
c'cllillgic ul l'alll'llI' within 11,(' majll' hI"
Ila\'iIl,al palll'llI III lIIiglalillg III "c'a :11 all

l'al h ..1:I~c ;111I1 u -uu nnn; a.. ;111 aduh III

'l'awlI in "",lm ,l h 'l ..III'all l', I 'pfln C'llH'l g

1I1~ II1111I I lu - gl ;1\d :I ' II ~, I WII fir I lit' 11\ c
:'\II 'l h .'\ 1111'1 ica ll "",Ti l" CO . /; , '/ 11 ;ln el (J ,

::" 111/1.\1 /", migl";llt illlllll', Ji a ld~ III ,,('a ,
1\' 11 'Ix'cic" (0, kt su tc], ;m cl 0 , ' ,,/1/1 ,
;" ,,11' hn nmain 101 ,i" month.. III mou­
:., ..n c .un d wcllcr », :11I11 lill i ' 'I)('c ic'" ( 0 ,

'It 11, 11 ) '111',111, ont III 1\\'10 \('a l. il l t lu
II lh " un ' walt'''' III lalc'" ,,\I I :lit pl :llllill"
C'.ltillg ill ,"dl (':II h Jilt ', IWII {(J , ril l

II/ /\( h, alld eJ, /I , i l.« 1t'lIIa ill 11I :11 ill
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plankt on fC'ed c'rs wh ile ther o ther three
become fi sh'l~alin~.

II h the lake-dwelling. plank tuu-
rc-('cJin~ , schooling sockeye that hac; been
the oh.jt:'cI of greatest study-ethe 1011\1
eronomirallv "alliable of the five salmons.
and 3 hi~hl )' vulnerable species which IIJI ·

Iortunatelv is d eclining in abundance
11 11 o ugh ou t its Iull range [Exte ns ively rv­
vir-wed h y Foe rster, 1968), On th e average
o n ly fi 10 FI ';;, o f a ny one year-c lass u rvives
la kr resid en ce to h ead sea ward, usuall v a..
·I·fi gra m srnolts in early spring. n y {'( JII.

t rust with th e ea se o f procurement when
JIIO\'in~ downstream ;I!' Ir v or srnolt . th e
d ilhnlhi(·s su rrou nd ing rapture in Ihe vas t
la l..1· expanse defied su ccess until 1!155
wlu-n rapidl y 10we(1. mid-wat er trawls were
fil sl i-mploved (J olm..o n, 195fi, 195R).

1\nowledge of ti ll' lam trine h abits wav,
however, far from l a rkin~ p ri or to Ih a l
da re. There i. something to he said fo r
l nowing wh ci e an d when fish cannot he
11l1lJ1l1. Al so . sockeye predators could h e
I a III!h r. On occasion Ire h young soc keve
wcrr - 1Ii,u)\(·rt·d in the stomachs, which in
111111 wer e e xam ined for their stomach ron ­
11'111 ' . Uy r ombiniru; knowledge of ,700'
)'!. lIl l lnn abundance and distribut ion .
IWllt't1a ling sl't'cula l ion on the niche rcl a­
Ii.. I- o f SOt J.. c" e \\':I~ pow ihle (FII(·rs l<· l .
J!I :il';. 1!lli"': R irler. 193i). I I appeared th a I
a- 11 11' ]aJ..l' l 'c'eanll' Ih l' lI nall \' stra li fic 'll 1111'
' " l l c'\(' ulldc·r·\('alJi n~s re;nl!r('~all'd in
Illc' , ic ill il\ o f the Ih l'rlllod inc' wht'll'
l ll" pl :ml ion ahllJllla llc(' p rm 'id('d (Wie of
( al'l III(' a l1l1 wll el C r ool suh IIrfacr ,,'a lc'l s
\\ t 1(' ;I\'a ila b lt-. Unlll al dmk and al d awn
n ll'mh (' sll rfan·.d impJin~ n " 'caled a fOJ ·
a~inl: pa tt ent whicll co u lll nol be 3srrihcd
I. , ;111\ o lhel specie of ~'ou n~ fish . Furlher ,
I H It'l rni nalilln o f smnh ern iJ..'Ta tion from
II" l:tl(· in ~ Jl I ing wa" h i~hh' co rrt'1a l('d
\ ill l 11 11 IIt'\ t 1"1'1111111 of ;, slahlc' Ih l'l lII'"
d ill(' whid . ll('blc'r (J !):l i) (on,idc'1('cl
l ,lorJ..,·c fill tl ll'l (' . ·nelllS h,' nl'ati ll~ a thc·l ·
Illal "hl:lIll l I. " '

\f illl II" tll'\ ('I"I'JIl('1I1 of IIII' lo w­
II l11ill ~ 1'1 lit 1 1111 1( . ~:l Jllp l l'" of \/'1111" fi,h
('I'lIld Itt "J,: :.i lll' ll IlIl OllCllllll1 t ll(' "111 1111 1('1 .
J'/'l lIIill illg d l'l:lilt ·c1 !-l lI dic'~ 011 d t'n ~ il y a litI
rli' l r ih llti oll (J" II11" Ill . l !l5K ]90 1). Thi'

led 10 ron firm a rory liUPJK)fI for the l'arJil'1
indirect find ing. . adding further lx-lie! that
tlu- rna!'.. o f you llJ;" fish rem ained n(' al tlu­
surfan' (31.0\'(' :. 111) in cOlllp any with
tlu-ir preferred zooplank ron Iood, :\1id .
summer surfar« 1('IlII)('raIUf('" wen' lI ..ual"
a bon I 15° to 1i OC in Bahine Lake (Br il i,1J
C olumbia), IIIl' scene of most intcnviv l'
srudv,

In the Ji~ht of t he physiol ogi r aI c·\ idem c'
(In similar op ti mum tem perature: for tl u­
nra joti Iy of bas ic I t' pOl1\c·s. ti ll' !it renuIh o f
IIIl' temperature correl ation co uld hc'
ascribed a ca use-and-effect rela Iion wiI h
rather more than sligh I justification . Al
this point of arrival il might well have
been con sidered a closed hook-considerable­
phvsiologi ral evidence su p por ting extensive
ernlogi cal findings.

R rrrnt Discoveries

Despite the wealth of seasonal inforrna­
t ion, both M cDonald (1%9, 19i1 ) an d
. ' :In'('r (tHiO) point ed out that even
Johnson'S advances did not pro vide dit ert
('\ iden rc for other than the' 1'('1 iod ~ of lIa\
when tow-ncuinu wa s ..Ill c'('s..Iul . mosrlv ill
lat e eveniru; and son u-t inu- at dawn , 1'11(,
ad vent of hi~h. fT t'lI l1c·l \l y cr h« ~1I111J(1t ' I­

a nd the inmxlur rion o] clt·cop S(·iIlC' m -t- ( III

l fi m ) with Ihc' "1'1'01 1 (If la,IC'1 11I\\ '
JI(' lI ing all llwl·d ;11""l1d·lllc··( lorl ":1111
pl in~ . TIll' pHlIh ',1 oh,el\'a liolh alld I iIII 1111,

logica l rt:l unh )(·\'(·:,Il'd an C':\ll'lI i\t· d im ·
n al " CI l icalmi/-: r;Jlion . O il a Iypit al ,Ia\ ill
1;lt (' .-\ugml in Uahi lll' 1.akc'. YOII Jl ~ ' ~lIll l'\ t·

J'('main dllring da ylighl hoIII" a l dc·pl l.
(:W to 4:. 10) in Iht.· (Old h ypolimnion ,

r ising rapidh al dus).: thlOugh th c Ih c tl llo ·
cline' to fcrd a et i\'eh n l'ar and at th e' Sill ·
fan'. By' midlligh l Ih e majori ty d('''( 'llll III
Ih r lIppcr slralllJII of Ih (' t llt' rlllOc1 illl' (1
to l~ m) ri .. ill ,.. slo\\'l y \\'il h 1\'''''11 10 k l'.1
aJ!ain. foll o \\'('11 11\ a rapit! IIc"t / ' 111 " ( "

1\\'('l'lI Ihc' hOIll' of fi ;11111 ~ A\l I II IIc ')'III ,
..\ .. a T(' SUIt . Ihd l daih U'Jl1l'l'lallll(' 1':1 111'1'11
IlIlIm,", a Clln I ' 1" I' illa l iu g 111 '1 \\' I ' I ' n :. ' a llll
li "C (Fig. fi\. T I!i' d yllalll il "1:111' ill\lIh ·
illg \'111 11 11 1:11 \ 1l'lIlJ'l r a lll ll ' I "a111-: (" of uI '
tn J~ C t:1II i ' 1 ack lk~I I ' I ' , \\'it l. nl 'arh (j (l r ;

1I1l'ati l c\;, al 111ll1 'l' lalllll ' " IIl I\\I 'I'1I -I '
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tlr. . Ii, 1';1111'111 III Ililllllal wll il..1 m if.:ralillll of
", .. 1.1'\1' ill m id -su nuue) \\ il ll I C11I1"I'''lII lillJ.: 11~IlIIH'1 '

01 111 11" . It'l'(lillJ: III'ar II" , ,url ;II I ". e11I ' 11\1'1 01 our-

and I"C. oh viou..l ~ dl'~lJ OY' a ll~ hypnlh~~i~

ilt l o ll nt ing lUI Jakl' d i..tr ib ui ion 11:1'>(·«1 Oil

~illgk. ClI.lx·1 iIJll 'IIIi1J1~ -rh-I vrn Iim-d I'll"
k ll I'" ill II 1101 IIplimlllll 11'1111'1'1:111111"' .

1.111(' ..\"11\'1 11\'1 '11111 1."'"

Si ur« rlu- [n imu /,,,.i, l"\ :l lIIill :l l ioll 01
rcmpcrauu « J cla tillll' tllIl " 11111 karl t o an ~

H 'ad~ cxplan.u ion 01 rlu- IIh'l' l'\l" tI diurna l
lIIigl:llioll. it i- lIl'n'~~ :II~ l'ilhl'l III "ITk ..
IlIlal" 111'\\ ha~i,. II I III 1t"I' :\ : lIl1 illl' li lt'

1I' lIIl'l'Ia l ll ll' n " I' " I1 "I" 1111 , IllIIl ' III1I!l, .. III .

lit- ill 11'11 l'1 :11ion III :111 :lIla l'l h l lIa IIlH·.
\\' h a l 1l\1" ,r1 Il·..i, l a ll h I' 1'''''1111:111'11 I ..

expla in tlu: u ·nil it! lII ig l :l l ill Jl III ~1 1l ~ I' ~ I' :

Cllrreltl" 1IIt'I(' all' il 1111 11I1 11'1 ill \ '11;.:111' ,
namelv :

I . l · lI /m oll l tt l,l,. ('/ "[/,,,lIlt tl In ll/It' '' ,·

I 1/',' . Fh i- h a.. a l it ;u h ),I'l ' 1I d i.., II ....I·d ill
p a n . R I·J:.l h l·h high 11' 11I1' '1.11 li lt·, ,;tI ," W'

~\I'C I ili l' lh j,i l j l ;\ ;i ll~ :" :II\l'1 lI !f;1l

I.. 1\\,11,1111111 ,'I 'l ieHI ;11 ,111<1. and ,1;1\\11. " lilli'll Iille~

illlliCJll' lilt, 1:1'111 '1:11 lim ir-, lIt II" III,al 1"IIt'l i .
1'lIlt· . (Adal' ll'll h,,", ~1tJ)1I11011c 1. I!I , I I.

noted that in wa rm Lal.c' \r:....h ing ro u,
M I( I. I' ~ I' l ill l"ly a'll·"d illm\(' :I dl'plll III I:,
m. :\voidance 01 !lll r/ a n ' wau-i- W:I' IlIu..id­
en-d ChilJ:u'Il'ri"lil IIr lill.l" ill l ilt , ""lIll1l'llI
r:lJlj.:1' 0/ Ihl' ~I'I 'I it·.. when- MIIllIIII'1 ('l'iJim.
nion Il'IIIJ'I'I ill 1111" 11I'IIIIl'IIlI} ri« al lll\('
~f1 C.

Such au h ~JHllhL" i , ili a ) be d i~lIIi"I'c1 1111
Jake, Ji~ 1 Ha l,illl ' whi r h ran-ly ~I' 1 :Ihm l'
1/'\"(:, Further . ll .lil ~ re treat III gn'al dquh
a ud 10\\' \t'III JItTalllll', i. 11111 arrouru ed 101 .
wh i, h. Iron I prdl'l'Il·t1 1I'IIII'(' l alllll' 1(' .

~ J " Ill "I " }-·ig. I ), wuuhl lJe avo irh-rl til rlu­
!lilll lt I'Xll '1I1 a, Il i~1J ll 'mp<:1a 111I C •

(:!} Li~/tI (11IIt! l' II'tlal m', unuida nrr,
Th('II ' i- :111 lll1\ioll !>. ~II'II"~ , u -mpm al (01 ·

Idalillll \dlll liulu ill IIII' v c n ir al m ll\'("
IIIl'II\. \111 II Ih al ('XJ"hUII' 10 briulu li~hl i­
,,, o idl ·t! (:'\ .11 '\('1. }!Iill ) T he dll,~ a lit!
Ila\\'1I ItTd ill;': V III I' I II j, H'lII ill i" CIII III III '
JIII'l lIla l .tIIil ll:d. w ll i! h al' lH'a r I. , I · ... i1 l't'
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pH'elalion II~ lominJ.: nil I III h'c'll in Ihc'
Iwili~ttl pC'I iods. ~IIPIKJII '01 Ihi~ hyporhe­
!!i!! i.. IiI(king sino - the predator population
ill surprisingl~' scant in Babim; Lake
despite the predominant abundance 0'
young sod-eye (~il1'\l'I, Wilt). In general,
il is harder 10 Iormulate an acceptabh­
adaptation hypothesi» governing numbers
0' anima Is 011 Im·(ltltol'.dcpendcnt behav­
ior pattern" over pI't')'-dependent relations.
Abundant pn',' arc more 1iI~e1,. to govern
predator behavior than vice versa,

But more important in this case, thl'
vertical movement becomes clcarlv estab­
lished 0,,1,. as the thermal stratifitalion de­
velops, disappearing at the time or the fall
turnover. Although light may act as a cue
or liming device it docs not otiCI a !I:Jlis'ac­
Inl~' rausal explanation.

(3) Response '0 P"'')'. Zooplankton arc
noted Ior their diel vertical migrations.
~arver (I !lill) ~an' this aspect particular
aueruion in Babine Lake. While most
zooplankters are concentrated near the sur­
race, or the eight major species only 1\\'0

(I/t 'tCIUCO/lt' scptrntrionalis and Bosmina
t'ulf 'gt",;) di~l'la~' vert ira I movement, and
lh('~e au' in ul'lKJsilt: directions. The SP("

dl'!'l (II . ,\t 'p l t'11/ 1';mw li,t ) that docs rorre­
spond with the SCK1I')'(' migraliun is not
.11IIlIilliml in IIll' slomach!l al 'c'("din~ rime,
11111 ill'lK' in !l in gH·.t1CI relative abundam e
'01 ..alllplc·~ • au~hl al depth IlllIing lhc'
da y.llt't,.,uto/", h a lall-:I' iJlul lon"c·clm'nl ·
I) \ ulnnahll' lUoplan1.lnn. Thc' liln Ihal il
is 0111' of Ih(' Il'sst'I COIllPCJIIt'nt~ 01 lhe dicl
It'Ill I.. III IIt..pd ..dlTI in' IIIc·~ H'spon..c' a .
lhl' ha~is tUI lilt' fi,1I h. ,lIavilll . RI 'llIaillillg
Iwal IItt· !llId 'lt (. durill~ lllc' Ita ~ , .... Jullll­
..011 (19ft l ) heli('H'd , woultl lIlailllailJ
cl'"c'l .('\ illiolJ \\'ilh III(' I'H 'dUJllilJ;1II1
11I"I');III1.lcIII hiuJ1I:ls\ . ~ilJC I' Ihc' .1' a ila h il il \'
III IlIlIcc'1I1r;ll iIl1l lalllc'l Ihall Illc' iIH'Iag; '
;t1 11 11 III ;JIIc I' (II lllc' I'n' ~ i~ iJIII'IIII ;t11l ill IIll'
C'III" 1.: ' J,:tl.IIIC C' III tal'llll (' illlll It'WiIYI\' il i,
III'c c'"al ~ III ha H' lill mol'(' intormill inn CIII
,.,1I 11'Ia lil lUII hdla\'jul he[clr(' final a "'es!!·
IIIC'1Il III lhi.. h YIMJlllc'!li s i.. IK)\sibll ', Ttl('
l"jclt'Iltc ' Itlllll (/" " /Ilg" l 'IC'plan1.lnlJ allllll .
dalll c' tllll'~ nol '"1'1101'1 it.

H ) Jl,tII ' II' " J!t' t;t I,yJl(J t lll',"·.,. "'ollo\\' i1Ij.:

Il ll' C"IH'I illll'lJl:11 \\'lI1L 1111 !I'M I.('\(' J.:I ll\\'l II

and metabolism in relation to temperature
and ration (Bn·ll. , ', (II .. I!ffi!f; Brcu.
l!'iOtl) It appeared quite possible thai lhl'
diet pilllern (ould he related lei n,,)\l (·tlI­
dl,nt IClm'ersillll ot tl)(' available teMKI into
~",o\\'lh, a behavior "it!l('d on cl1t'r~~' (on!\(~r·

varion, H i~h ffKHI couversion dhdc'lu'y is
maintained between 5c and I i CC; ("·iJ.:.
51» ; also, maintenance metabolism i!l 1("

dUft·,! by ill leaM one-hall ~uillJ.: [rom Ii C

to !i°C. McLaren (l9(.~) lormulau-d !\udl
an hypothesis to account tor vertical mi­
grations or zooplankton, su~e!'llin~ that
growth conversion effid('ncy would hc' im­
proved in thermally stratified waters b~'

feeding ncar the surface and digc!llin~ in
deeper colder water, U temperature is in­
volved, the records of si~nifican('(' in Table
I would have to be drawn more Irom the
exrepuon than the rule-hom growlh rela­
lions under restricted rations ("'ig. 38),

Sin('c the hYl'otht'!iis stands or falls 011

the ha ..i!\ of rouII·limiting conditions. il is
IU'("('lisar)' to formulaic the (·itM· h~' crilic;ll
examination 01 a number ot pic'n'.. uf C'\ i·
dc·lIn'.

IUO.::\ I.IU;J I It: 11\'1'01 1..~..ls

I n a !llUd~' 01 il\ ia II hill('lIt'I ~C'I il'" Zilll ­
merman ( I!Hi:I) (':\I"I'"I'd 1111' 1'"t'IlC C' 01
III(' hinltlAkal iu g lllm·1Jl rhu .. : "Th« ""C I I'"
III ;1 sl'l.'d t.'s is IIlc'aslllc,d hy it.. su I vivul.
and 10 !llIn'in' i!l 10 wor1.. 10 1"111'11.1 1'11('1 ­
J.:~ . SinH' l'cunUIIli( ill ulili/alillll 01 . 'nc·lg\
j.. inlil1JalcJ~' i.....cl('i.lI(·d wilh aclapial illll III
il panic 1I1i" t:m'ilUnlllc'nl. lht, IIio(·lIl'Il.!C ·l il'
til ;1 !l1)('c'ic'" is a ha,ic flc 'h'llIIillalll III il ..
IIie "t It·cluill·II11'IlI... . . . II "a, IIl...I•
e1 l'IIII1""llall'e1 Ihal Iht· 1Il;. inll·IIillll C' of a
\al j..lanun I·IU'IJ.:\ IIalalll'(' is ,dlc-nl't1 ill
IIll Ili~l,.jllll,illll ;11 ~ I'I 'I ' i c:!'> , ill lhl' aelj" ..,.
IIIC 'III III lhc ' a IlIIlla I m :ll ch III It'Illpl'l'i1ll1n'
a ncl 1'''0101'('1 i.. c1 . a lld ill lhl" tli 'ipaTlilc'
r,lUgc' 01 Illigl alllr ~ sl'( ·f'it·s, Flirt hC'nllell 1.'.

a\'i,ilahilil ~ til \1It111 ielll c"c' I g~ Itll Ih e
~C1l1n~ has IIcc'n sIlAA('MC~d a.. Iht.· IIltilllau'
till 1111 ill IIll ' C'\'ollliion til SI)('I i'li' hll 'l'd illg
!IC·iNlIJ ....- lo which cUllleI IIndllllll" 'clh lit'
aclelc·cl. !lllC'lifil' hll·l·dillg tm m.

.·\ " I·....lIlt·JJ1 III lhl' ('" elll iill C'III'I t:\' 11'1..
Ii ..". t.,r ....II.I ·\C· i, I"",il,lt 11"" ' I 'l li' \.11 1'
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IH" ; . 'lIIl,lI t, ,1I11! 111'11<1'11 " "'''',"al !c 'lIIlle"OI '

11111" ill 1\,.hi Ill ' I ;,l .. I!Ili; 11,11:1 1'''111 \Ic1k'"illtl.
1!lil l, " ,\\C";').:" " 'cl " \ I' Ic'm," 'I,'IIII" " \,:1' ((1111 '

oil' "1I11'e C" elc-alillg wilh ~,owlh ;n lll uu-tu­
holil I all' in Ie·lal iun III !Iill '. 1l'lIIllt'ra llll"l',
:wel kc ',lillg iu un..il\ (I al,lc- I ). SII'hl'i"lll'
I ~ :11cIII alc' c"1 illl:lll" ("; tl i hI dc',i,, 'c! fOl ck,
Ic'llIIillill~ hOllt t lu c",I('1I1 III whirh lood i!l
:1 l imit inj; 'a<"llll ill n ,.hilll ' 1.aL.c', :11111 Ihc'
1I11'laholi, 1:111" a,,,.datt·,l wilh Ihc' ,1:lih'
1':I11C'11I nllc-etlillg.

/: ' ;\ I ( d///// 1/1 III 11, ,i. ',I1 I" /I,'

(I ) Tnt/I" 'wtlll, lIi\/I1I )'
h 'lllI Iltl ' Rahim' 1.aL.c' JilllllllJ.tgic al

'luelic', :11111 11 'lIllel, fli !>ftC'L.c'\(' \c'lli(';d eli, ·
n il.urio» , Iltc' annual (~dt· of 1t'lIlpC'lalllll "

al lltc '1Ir1 ;II C'. 1I1'ili Iltc' hot "'III. :tI II I lilt
; ' \l' , . I ~ 1 n .)', " i"llll'e1 I/ ~ !llIl L.c '~c " Ila, Iwell

t ( ' II'I p lJl n l ., '" t t.. ii · .•• I 'l .t j.:( ·.... 1 ~ luih'l1 t ulu ·. l I­
h"u" oll t n 1l1a 1l:: I .. rill . ' " l pl l t."II'O ,I I dC'l' l ft- ••, )I I

I n,," II I.·, \ 1:...· 11..

1"11"" ;j' .Iail~ ,, \(' 1; ' ;: 1" III lla. " 'II'I ..-ratu..'. e'IIC'li.
C'IIIC'" cJlllill~ \"Ili,., lIIi ;:"tl iUII.

1»lullt·.1 iu .. igllll· i (1);" &1 lrom ~1('J)()Jl"

:11,1. J!ti I" It llIa~ II( ' 1I111c',1 that lor ahoul
:.:" ,; uf Iltc' ~'C':11 rh laL. c' i, ire-cov« ed: for
!lOll'" :,11',; ol rlu - ,il1lt, il is al .j "(; or below:
:1II e1 tlu- surfan' h.., an a\'t~I'a~c hi~h u-m­
"I 'lal'" I' III ahHII' lie ill la te :\u~""l.

(:!) ob,\I'/l'rtJ i!lfll"th rate
] II I lu- \·t ';cr~ I!'{)(i and I!tfii. l\lcJ)onald

(1!lil l 1t'C'OI,lt',1 tilt ' \\'l 'i~ll\ uf ~'lIunlot fi..h
..:tlllp ll'C l a' 11\ (a Itou I (I.:! g) ('nl('I'illg Ihc'
\;,ll ' c'al" III JIIIII ' It 0111 "I';IWllillJ.: "I 1t':IIII" ,

tt ll ;1"i'l :-: ..' ,11I:111 flllgt:lliu/o!, durin]; tlu
'1I111111c 'l .uu] fall (aholl' : i.:1 ~ h~ Otl . E,) .
alld 1111'11 :1' mig, alill: ' '1II,.hs (:t ho u I :1 ~ )

lc-;I \ illg IIIl' laL.I ' ,llflll l ~ ;tllt'l ill l,n·aL.,u!,
alld 'llllI'~ 11111101\1 " il l ~Ja~ . Thv« all '
l" Ullc,cllll Fi:,!1111 ....

' :;1J'" ,, / ;, /, ,t' .,;I'1;, II/ I

' : \\tl li d , u l.u "11 , . jlllt'Il " 1 1',111 1'1
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1Iid "' >eLl'\(' ' 11I1111, h om 1...1.., Uahll'l', J. :lll1rhall.a ,
j . i'lIllJclc~' h. , ' " l11l'al i....II.
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nc, . . Ol»cr\("(1 gum rh 131r of IOCL("~ c in Jla.
hill(' La"( · (from Md)ctllald , 19i1). IJ' I!>~ih'"

!:lC '" II. l a le'~ '1>11I1'" 11"(1 lUI ~, I ia l i oll lal iun al "a' ,
" IO'!:" .... I.' ·~e·.. n -n 1>e" ;I1 I1I1' ;11111 lor ~\Irbu' ICIll'

made of the growth whi ch might han'
been achieved if ra t io n wert' not limit ing,
fU~I, at IJIl: average temperature experi­
enred, and second, that which could hc'
itttaim'«1 al the maximum annual lI 'I1II'C.'1 a·
run- «~dt" 'J Ill' ~l'« 1111I1 C111\'jnllsl~ illlplil'S
uo did H'nici l l JII UH'llIt 'l1I', pnJ\'il!ing an
"u h imate" (OUJ available to the- fish,

Tbc e .perimental d ata Oil growth rail' >'
sill' >, u-mpcraun e x full Fillion were pm­
glilJllnU '1! on matrix Iables ,IUd rompuu-d
10 prm iell' tlu- weight estimates plOIl«'11 ill
J-'i~1IJ c.' ~ , By the middle of O elulle'l till'
o/,.u'n '..d \" t~i~h l wa' al'l'rox il1la ll ' l ~ 3,;, J.: '
tlu- /,/lu ibl,' ( i1\t' l a g l ' u -mperaun e wa: i ,:.!
g, ami rIll' fI/l ill/fl/, ' (~U1 (all' lellll't 'I ',lIl1te' )

WiI~ I5,10\ ~, JI i apl'an'llI tha I UhSl'rH'd
\"I'iJ;ht, wen- II om I (t5~; til 35U~; It,s, than
the romp u ted po~, ihlt \n'iJ!hh . Bt'c,ll"c
g I U~" lood-ro uvcrs io n clhrivn " w uild lii-t,·
I ~ «/c-u ('aSl' wit h i llln'a ~i ll" , i ~(' , •Itt' doul»
J ill~ (II \n'iglrl wlIlIld Jl'CJlrir(' II Wl l' tll all
rwill' th l' f/l 1(1 in lal.. ·. ' hi .. :.<lel it II tl lt 'l

confirmarion (or. and exrends. IIIl' , 1I" I Il ' ( I ·

t't! lood ·l illl ill'd ,I ii It' which WiI .. (Ollllrlllt'l!
by Julrn,uu ( I!f(i I ) h om ,I s"J(I~ nl IlIud ·
ahundanre ancl den ..i I ~ .d l'Jtl'mlt'lIl te,la­
lion.. in \ ';11 ious Ira~ill" III IIIl' I;,i-(', II i.. III

inu-n-s: Ihal Ihl ' \n'il-:ht uf II... !olllolh
which H ili lei ht, I ' Ill' ted hum (/lIIII'"l a,
t iou-, UII I'0",ilrlt, !oi / t· 1111 """)f/,::'" 1t'I"I" ' l tl .
Illn wa ah llll'" (', aeIh Ih l' ~;I1I I " a tlu
mean ~ill' uf the' Olll,·yt':II.ulci ~11 i-('y«'
"mults ( IIi,:1 f.: 1 which t'miglill«' from high
1)' prod III lin ' l.iI\..: (, Dalncc. K't1m:hal\..:a
(f 'i ' , 8) (Kw J,: i ll!o and Kml.hill , I!"' ~ : ' I a
bit, 65 ill FOCI ' 11:1, I!'h '" 'J h i.. lal..«' i-, ill a
fail" rnlt! climnt] l illie , where lake.. " I 'l '/l'

0\"('1 1111 a 1I111Hht' I 01 1111 IIlI II.. , II til unlike­
lla hi Ill' l.ake,

II ran b r- ("0111 ludvd that IIIl m iliol
h ill~c 0 1 tlu ('II('l g(,t ic It ~ I'III I IC ·si.. i.. !> lIl'
1'01ll'lI -t'IIl' I ~\ i llla h i .. cI(' i t! « 'e lJ ~ su b­
m Ol" i ilia J.

('11 r" " l l " , ~ ,lIlfl ,I' i-! ' , till " Itlt , '.'

Jilt 1;1/ I 111 :11 i lll :,ll i- III 1,1\\ II. !,IO.
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come, and wha te v r the final resolution.
th hehav ioral phenomenon inducing dail y
o\c i1JatiOJL in bod . temperature must in­
dun ' a corresponding 0 dilation in meta­
L lie T;IU: . cou pled with the phased meta·
holic' demand. im pmcd by periodic feeding
;m d cl i gc '~Ji n:.: , It i p CK§ibl (' to compute
Ihl l iL. I'" 1',.lIlTlI. U ills.: prdiminaT) dat a
It 0111 0 I ' Jl\'li llll''' h 1II 1 lllc'l:shnlic Tal l" 3 C·

1001II l' a l1\ ill:': \ ad II' fC 'l' clill~ len'l amI
II III". ' 1,1111 1t " k rr II . I !';Ot",. T Ii, . I IJ('lll :sr·
i. ,'"" .·llI:lli OlIl i- fl'llll':III,1I Fi~ . !l 1 wi th
, illli l:s fllIlll' il:tlioll' 101 11. (' I.illk " 10 \\'11

h,. :11,,1 ,\I Jr ' SI h lll lllll illj!·"i lt ), J.ol h o f
\, !rill l 1111.1, J~ II l1..ih '"11'111 )le'l'illcl . a1"
1';III ',"h I II \l11I 'c. I \ . I' lIl l1-:\ '1-'10111 C OII)OIl

1,11" \ l ' k \ 1 '"H:\Ioll.lI ,11 \ ' 1'"

sihl e level doc'!> not arruall y m 'an that
food rna \ j., lim it ing. hUI rarhe th ai fOlKI
i .. nor tak en 10 tl u- point of daily sa t ia rio r..
(full ration). An immense hiomaw of

zooplankton (above the thermocline) i)'
()h\'iou,I~' ~1j)J pn'senl al ;lIIY om' time.
TIl(' dcnvirv-dcpendent ohservation« of
[ohnson (19ft)), howev er. §lro nJ:ly ~II[~~~I

th at th e ava ilahilitv j.. sufficierulv reduced
10 make th e re\\'arei of further cr~ppin~ an
irJ('ffidc'nr cuergv investmcnr .

Then- rcm ain'.. th e ohv io u que tion that
if th e euer~~ di ssipated bv c' ' I)('n ivc
mainreuanrr- metabolism at hi~h ll'ml)('ra·
IUlC'" can lx - saved at low temperature..
wh y do th e fish not retreat to d epth during
Ihc' dark hours of nigh: when prey visihil ­
it v i .. a !or r in .... handicap 10 further feedinJ,::
A vertical disranre of 40 m onlv i epu-sent
abou t !i m inutes swimming (fo r :l 5 em
Ii h a t 3 I. l c'c). T hi .. nocturnal behavior
ap peaL tn 'iUPl'orl th e thesi.. of prcd.ur»
a\ oidanrc bv rover o f darkness.

The r-ncrge t ir ana lv i deri ve h 0111

Slllll ic'\ of volunta rv fl~)d in tak e . rarc' o f
digc·\tioll. and H'lm ;, o f appc,tit (, whir h a n '
('aeh el i,1iIIcl in'l ~ tempera t ur (·.tlc·pencl(·n I

(n1l' II, 19i1 : }\s('11 and Hi~g" l!liO). AI a
!lingls' fl'c'cling the srom :« II of "mall fi ..h
(all hillel a loolll one-hal f Ih e amou n t whi: h
ean Ill' 11I1I'1I11H'11 in a day o n lIlll lt iple'
fc'c'llill;':' al l!. re. G (I\('n wd hv ra te of di ­
f.!I 'lillll, t lu- " pl'c'l itt, o f :lIialed= Ii. h b uild­
up ral'idh fullfl\d ng a fi to hr digc' the
pall ' l·. AI I ~ C. rlu- equiva le nt pau I ' would
I.c' (If th l CIIdeI' of 20 10 30 h rs. Con-e­
ellle'nt)~ . eh' ren t ' ,d ow the therm ocline
wou ld d 1;1\ rlu P I OU ' ing of the heavier .
e1 11 k fl't di ru; bl orking thc' refer-ding 0p pOl ·
runit v which i , apl)3Trnlly pre\enlc,d al
elawn, ..\ Cnm l'lOmi ..( i tl .cr d on' impm('o
ill Iht illll 'l c~I of i ncn':I~t'l 1 e1 a i l ~ (1I('r e '
ill la~ 1

~ ' J I.. f" l , i l l ",'"11 ' :,1, I i I.,) " '" , " i".,d I
If . 1, "a i ., 1 :4 " 1, , f t. \ ••1.. Il l ' i .. It -1,. \ I It II I .t i : "1 1' 11

.'I ·l" I II ' I ' i i i " ' 1111. 1... .1• .1' i "II.t l l'l 1 r"'I !'! n \I," ,
I" : "

' 1ht, " slilli l 1I ,h. la i . H' IIl 'I~I 'l i , 11\.
1.01 111•. i- 11 '11 ;, ill' 101 " . 1I"!t'c !. a la",1. ",h il l.
i, 1I11 1'1ll" II lIc1c'l'\\'a \ \ r l. :l lt'll' l 1) 11 fil II ·



112 .I""~ 11. , BOLTr

J!lf>ll), Thr metabolic resemblanrt- ;.
'lriki~, II the forCRo;n~ b,..M'lhes;, i, ror­
recr, ,IK.. conclusion i!io inl"M'apahle ,h;1I
'Ofl.,.e have evolved a ".nern 01 ther­
mort'Kulation pt"Otiiarl,. adapted tn max­
imi,i~ wo...th, Ihrough Ihe .d«liw pres,
sure 01 bioenert(etir rflidenrf' \\·Iu:n'a,
rerrain endotherms have hael to rcnnprn­
mi\(' the dai1~' ~t!io of cumpletC' homeother ­
m,' ",ith Mu:rnlh('rmir Jl('riod~. .. r()ml~ra ·

ble form 01 metabolic padn~ h...1""'"
end}' r,·oh·ed in thi!io aClnatif errorherm, an
ectotherm "'hieh i) denied the' direct r.tcli­
ant !IlOlU((' of heat ~) cff('('ti\'('I~' ('xplnit('el
",. replile. hUI h.,. in"ead. IlIililCd the
available means 01 heat flo....

r.OSC:U 'PISr. {'.()~I"£ST

" mi!:hl well Lt' wondered ...hat i, the
!Ili~nifirann' ul the plt"domin('ntl~' oprinuuu
temperature 01 lS°C, derived lrum the
ph~'!IlinJc~iral 'ImIiM. Thi, remains a "er~'

ml ',t1lillRlul p;ua1llt'tf:r '01 all raM."~ ~lIrh 3!!.
pc.',lormanrt'. llIt'taholk MOpt·. and rard iar
fUlirl ic") and ",ill 3p1JI, with 3\ 11I11eh
ph,'inltlAiral !iliRllifirotnrt' in the natural
environment OJ\ in the Iaboratnrv. SII"
taincd IK',lclnnann' ean ronficlentl~" be ev ­
pc'ru'cI tn 11(,' Inilximum in tht" \'irinih' of
t:j cc: no maUl"~ " 'huC' thc ' anin,••1 i\ . ' 0 1('
fieht condilinn ,,·hkh dinat("!Il Ml murh fll
the ' ('n(,J~c·tir phy\i(lle.,..~· or 'OltllJ,: Vl(l.(·~c'

i .. u,'r;r'rd ration. Rt'I;l1ht'1~ II'\\' e·"ltt·ri ·
IIIc'nll; h;ln' h('('n Ilfl forrm:d \"hrrt Ihi .. h i·
otir fannr h.... hec.·n ("(mph..1 \\'ith il il ahinl·
i( \·:,r i:.blt, !!.urh a' 1("lIIltt'Ulllft· (nl 1iJ.:11I .
U1 \<I lillil ~ ('tr.) . C:nll'UI'1('nll ~' , fr om th l'
cuml.ilalinn ill TaMc' I. it tllJuc:el Clul Ih 'll
il Wil" ne·((·\..ar~ ttl J.:u tn ,1.1' n,crpl illn..l
Cil'oC" ralht' r Ihan thc' J,:1'lIc'lal ( '.1"('. JI "';1"

IIII' .,I, ,,ul ill uplimum U'IIIIK'laIllH' fUT

J:1U\\ 11t I n '1uH""..hd\ 100"t" Il'\(')'. ;1" la·
rion \' iI" I'll t<":I1,\ ..i" ,h , li1l1ih'd, whirl.
IHU\i(lnt Ilu' Jahm :uflT\ il1.. iJ!11I for " pH"
~ihk (·'pl;tII'llion 01 .. fidet eUllClitinu . Tln ­
.ht" it i .. till' rC't('lIIiol1 01 :t hiJ,:h If"..l
CUII\t ·, ..iult c'fI"lfh 'Jln un'r till · full nn).:c flf
Itlt· ebih 1('IIIIK·I .lhlll·" ("I.e,it'mul \dlhh
htOC tJll W" JIIf l..1 1I1(·itllill~rfltl .

. ·iu:tlh . il mu\t bt: itnmin l·d. it i\ inh l'"
tonth ,tiffJl ull to t" :l1 l1 im ' (' , j " l i Jl~ u llleli

tinn~ and dedure the important hiolo,.~ic-:ll

laClUl!ll " 'hirh hale cN-ntned in til(' )I:I!il1 tn
explain til(' prf"CIlI, \\'hilt, a major furH'
in r\oh'inR the' diurnal pattern ran IK' OIl ·

uilulI('d tn energetics, both tlu' I"c~' ul
\nckrl(' and the JJll'daton of 5o('\;'(·ll: ;UC' in
a dvnamic ,Iale of balanre wilh their lu·
tal ~n\·irnnmt"lIt. The present 5tate 01 lht·

\(l('"k£1'c population is a pHMlurl 01 a com­
plex intc'uninn of all the ahiolit' and hint ­
ic Iartors,

:o.1>1I( hi ill(' anti . ';,hcr (1!Ifi!l) haw re
\·ic,,,·(,d inlul mat inn on tlu' diurnal mo't'·
1IIt'1lI!!. of ruph:U1\iich anel umrhulec.1 that
\'f~rtk;11 miJeralio" pr()bahl~ umlc:" .. "1IJ11 .

I",.,01 Lt'lldih 011 the orRalli,ln"
II ...ould be bard to aruue Ihal Ilw

ph!";oIORicall!' pouibJr "energy honll"
from \ 'eTtical mi",.ation "'a~ nor a \'erl
IJIc'aninJll:ful segment in the overall benefu
conferred.
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/111 1'''''\\
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