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nterrelationships among preferred, avoided, and lethal
temperatures of three fish species

By Jar B STavese, i, Evwsno L Mioscr and Chaeoss H, Hoourr

Wk 3 bgere and 2 tabdes o0 rhe texr

Abstract

Tomperauns prefrremr, svosdinee and kebal ceperiments. were condusned on
wian pardiers, Pesvrag bucseinr anid Pimephals moiane. Acchmation temperaure
=4 mu atfluicice the preference rosponses of L paiadassy, but dd alfed ihe slectod
-uqvll-m'wf the two cyprimsds. Al ibiee specion had swoadance temiperaaies whick
wars wttan this ihermal zone of wderance at kow scclimation iemperstures. At the
fugh ahimat np the avoid remperature wis above the ulimate maip
< e hall iywipaeabure

Inzroduction

Numerves sudies have been conducted an the effect of emperaiure on
i datribution, physiobogy, biology, and behavior of squatic poikilotherms
o, Rary & Blawzm 1967, 196% Raney et al 197% Btz 1974 Ricsiakns
o 1N Staveres 1960, among cshers). Recent mudies have shown that ab
“honigh fishes are poikidotherms, they are able 1o seek our thermal regimes
ahh optimize their ph]-'s-inln.-gird prowoss (Bagre 1944; Bernmcia 1977; Ho-
s 1997 Revwouns 1977), and chus can maintan body cemperatures
sheh fuciiste les than smbient water temperarores, The purpose of this
sper lsowe 1) determine preference and avoidance temperarures of Salma
dindien, Motvape B and Pimephales sosapus; ¥ determine if these spes
o cat avonid lethal vemperatures; and 3) determine the relationship among
peekomd temperaures avakded and lethal temperatiares.

Methods and marerials

| Vongodabie-year rainbaw teout were sbrained from s Marylind Depaniment of
dand Resiurces” ioe barchery in Boanshors, Maryland. (e 10 three year old e
Fephies mlti el Nouropi basdssmiies were cofloctad from ribreraries of the Posonac
Aiuer smad the Susquehanna Biver, respeciively. Al specimem were masntained within
% colleion temperateres whils bring transpored to the. Appalichiss Emviran-
ik Ladwrsony (AFL]L Lo che liborstory fud were acclimated o desired P

Hin @ irwe which did not excend | S day (B P91 All fuh wore beld s their
*eiEmann tomperaure (308 %0) for at leas five days price 10 any o Scaonal
Fritupernsh were munsained with clevaric timen and Viealives, which smieed light
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Tabke 2. Median resiaance vimes (MECT) of raisbow apout, gl siners, sl Baar-
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=4 {Jaly 35 % moralicy weas recorded when Tk were cupined 10 L

stures at which there was 100% monality, As evidenced by data p-ﬂ"_l‘l'"ﬂ’"
Tabbe 1, median resimance time at a pamicular test cemperature, i ezt
with incressing scclimation Tempersures.

The essimued ultmare upper inciprent lethal remperature finr 5 gaindnen
sgrees with the sevenday bechal semperatire (e, 35°C) of Crasy o l
(1977), as does our estimale for P sotaess with nesults reparted By Hut

e TS

Inuerrebamansdups of temperaares of thime hal ypeao 167

|nerrelatpnships amaong tests

The dimal preforred remperature for cach peies was well below the
ctimanes of lethal bevele At low scclimation cemperatures all three spaciss
ol avaidancs temperatures within their zone of wlerancs; bowever, ar high
sechmation temperarures, avoidance mpersure wis above the ultimare
et Iethal vemperaturs, This uhl;i.smhip B more deamatic sace s
Lehal beits were designed s that the fish experienced 2 & *C thermal shock.
Hughier upper lethal remperatures probably would have been ohserved o ac
Jimaton and Ta5t Lemperatures. werc cheser 1o each other; thus our estimaces
of upper lenhal temprrasares are conservative. | his eonfention 15 supporied
b the fact that # motarer could be acdimated vo 36 *C which was higher than
the eszimane of the lethal emperanune,
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ature for £, motats was bess explained by vhe following model: P = QHETA +
2977 (Fig. 3). Thas madel expliined 87 % of the variaion in the data, and the
addition of other terme into the madel did net significantly improve the
R term. Salving the shive equation far the podnr ot which preference temper:
anure equalled acclimation vemperature yiebded a final preferrsd tempersure
af 26.3°C. Comany et al. (1977) found 3 final preferred ismpersvare of 26.4°C
for populations fram Virginia,

Temperature svoidancs

Table § summarizes: svoidance daia for all thees species acclimated 1o w-
ioas temperatures. § gaarduen avaidod 1%, 24 and 37 20 when scclimared 1o &,
18 and 24 *C, respectively. Fish acclmated 1o 12 *C did not avoid lsthal tem-
peraraned, Simular responses were obierved for N budead scclimated 10 60
and Pimephelri motatne acclimated to 12 °C. This inability of fishes 10 aveid
lethal temperacures has beem observed by other authors (Mevoa & Gor
1971) and vermied “low thermal mesponavencs™, Fish which exhibited the
phenomenon swam into the warm water, becansc immeduarely aressed, were
urable 1o ewape from the leohal temperatares, and died,

Envernelmiesrdups aof eempersores od theee lish spruies s
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Tble | sumimarizes the upper incipient Jevels which were caleulated far
each specivs at each scclimarion temgerature. Fry [1947) defined the wltimae
Epper incipient beehal temperarire s . _the temperature beyond which no
Birthes imcrease in lethal temperazure resubts from furher increase in acchma-
ten temperature.” Therefore, hused on the dats presested herein {Table 1],
we extimated the ultimate apper mcipien temperatures of 5 purdae, N
S, and P, notarus 1o be 26, 33 and 13 6, respecrively.

According o Fry (1947) organisms huwe 3 pone of mbrance 1o 3 variety
of cavirnnmenal parsnseters. Theoretically, an organism can live indefinigel
*hen it is within the boundaries of s zones of tolerance. Outside of this
2, survival is & function of both time and intensicy of the stress, Therefore,
v caloalsted median resi s (1. e, the amount of e an organism
Gn live at 4 panxcular wemperatare which falls cutside of the tone of
¥alerance], for each species at all combinations of acclimation and 163 Tempers
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Tt awerss the restilts ool the upper incipeont ferhal semperature bitansays, st by
foe waliubaion af dosge-mansliny curves developed by B {9390 were initrailly
empliaved. These methids emplay probas and sceuired the o rucion of APrum
sivnal regrewion ling e prodics poobits of 5% and 100% mortality. Many hirasoayy e
hilsard an “all ur notking™ eespasie; therehoee the quired probir values for 9% and
160% moralivies could noi be cbasined because points far conaructing ehe prin-
sional lime were noc availabbe Becawse probat amalysis coudd not be wiaized, uppeT -
piat. bethal nempermures were deisrmined prapimoally (Far @ al, 1942, 1 Baprr
19441 Ploty of percent monality aiter 10,000 min v, 1eu ECpETHURE Were (om.
wructed end iemperatures producing 0% monality were imerpolated. In beasayy
where 0% and 100% mormabity accured, the highest 1emperatere preducing 1% s
wality and she lowen tempersure producieg 100% monality e poared.

Hesulis and discussion

Temperature preference

Moae of the models wilized could significantly explam the relatinnshe
betwesn preferred and acclimasion emperatures for § garmdnei (Fig. ik
Therefore. the overall mean of 14.7C was used x5 an estimate of the final
pereterred tempersture, as stiggested by MeCauvey e al (1977),

The bick of relationship berween preferred and acelimated beiperatires
fow & gairdmers reported horcin has been ohserved in cther sabmanid geners
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by |_!'ﬂt1'-|' (1952), Gansme & Turr (19881 Mo & Tarr {197%) and
lk:'.Lu-u.rﬂ al, (1977}, Hewever, studies o differen: Populstions of § peind
weet by Crsrny o af (1975} indicared hay acclimarion temperasure di?iu-
ﬂw preferred tomperature. The final preferred temperanares reported for
I-h.u spesecs by Gassipe & Tar, Fasy (1973}, ang MeCauney o al, (1977} are
;ﬂwlﬂhlp ik our estimace. Fstimaes for CHERRY er 4] (21975} and Jove A
mmnmb«mmm& higher.
P Detween prefarred e re sochimain
ature for W hudoni was bese nph..u.udp:::be lslnwr' n::le:?h
; 'U.'-'H'lﬁ'ﬁf 25IBA - 5502 (N = 423, where P w pﬂfu-: |=1'I1Pﬂ'uu.r:,
= ace I:mummmmm]ﬂ-numhfn{ﬂbmq| g ]
model explained 2% of 1he varaton of these dars. Figh QTEQEM?JE

"mperanure of 31— 24,5 "




16 Fay B Sesutier, Jr., Libweard | Mehiuy and Chisle 1y Hiocan

wimaliria spoc] by sunlighe. Fids were leda commencial g doin b,
1500 amd 100k Chepaniicm which exhibned bungal o Bairerg) LT
tredbed with 300mg o tevraiyohing eI, P0mg ul wilfsthiamad. il 4 e,
#onilavine per 371 wangy, Fishes oc fally rocovered afier #21 wiere dincanged

The interice af the Erough war cowed with 2 BRSNS cpony paing b v g,
tridaction of disbved merals theogh omiddarion; 2l ghe CERETIOT Wil Painied gy
flar black paine 1o facilisee hea conduction, Twelve 256 want beat Lamaps, et oy ir .,

I-mimn-d1h1mm Thwoaﬁvnmhadudmmmwh

AL pirdurn were nested ar scclimatue temperatares ol b, %, 1% 1%, 18 and 14y
h&nwvmu-uduﬁ.u. 16, 24 and 334, and p Fddmi ar b, 12, 18, 14, 10,
M. Fish were placed info the thermnal gradiens a “hesir anclimasion temgerar 1.

period, the cemsparatuer ar whach the fish was limaied wan recurded eacry meauze f
manutes. The mesn of thise sbarrvation: wan decriad the pecterred temperane 1,
ual,

A umple linear rogresison miafel, & quadestic, and third and founh degrec o
Barals wore weed 80 ey the relsticanchip amany prefeerad and I g
tures: The model which b eiplainad this rebuionship was determinad vid Hepwis
wmmﬁllﬂ, ferred temperatsns wag o ined hy sabving 1h
fected moded g the pocnt & which preferred Trmperature equalled soclinuim i
|PETLure.

Te-np;mn‘mhh“upﬂirm

thet cemer. Wt temperstunes were comtvalled by two cirulating water bahe, Wiy
from cach witer buth contrlled the water tempersiene u oppurale ench of cach wie
Erough. The ot wis ooclosd g tish movenum mannaed wich DI WEY WIS
Vinadones ilhaminased che ram v,

Eigha fish were individually esiod a <ach scclimacion semperaare, caocys & i
#10 wcdimation cemperasure anly sy i motatss were Wind, © v et &
clinaed co b, 12, 1% and 70 Acclimariion remporaisres for the other e wpeu
were the same as for che Preference tes. Ar the ingiation uf the expariment. o Int
i plard i pach subtrough, Wieer It bl ends of Bt sublsomghn, wan mas
incd 3t the acelimsmion semperscure. One half af aoe subtrosgh sd the appoiie kit
al the vther subtrough was emgnaed whe “aclimation side™ sd the sther hek th
"ten side™. Abier 1 ome Ber oriciar peviad, the ol time eack b aperst 3
the scclimarion half of gach subtrough seay pecorded for 0mawne peinal. Fulonisg

et masctvips oof Eemnperstune, of three fish S 151

il (Zmunuic persod, dhe Water i the tea dde oF ek subnrough war s

+ . sk A ALY OF s spenic o bhe acolima on sk was again revonded far 3 10

vt pomiod That pest wan contimued by ncredsing beah siles of wack wubdrough by

o unromeits aml rvording the snount of sime cach fish spent on the sockimus i

i T cxpeonmiene wats terminmed whon 3 s of Beliiperaure was reached s which
oo dabizuugh spent 300 of the pasible S50 seconds i the acclinion side,

A i way bctoamd ANONA, using the fich tesod and the semiperatuee of the v
vt liwwes (Sowurrmm ot ol 1976, was wsed ta analyre thew data. The tinse cach fish
yeit o the schmamiin side win reconded in each block of the sble, Bevause che erm.
perasine imeevals were & finedeffecrs™ and the fish “ramdam effeces”, 3 mmised £flpe;
moded of ANCIVA, was wneck: thus. the semperstare inferval wan vested by the ingessc-

-e b Chsh group x lemiperaare wmterval, The myan e and degrves of
wcyam for the interachon wene wpre wied 0g cianduct Duancan's mmuhiple range beas
4 warmnn levich, of the Fived effocts. The temperaure 3t which significanchy (7 = 95
tor v Sy apenl i ik sochmsion ads disring an oxperimental run thin in the

steol sun (&, wlery femperaisres in both hilves of bogh suberoughs equalied the s
(e Iepranare] s deemed the avosdance It perararg,

L pper incipient lethal rempersrures
b gamamera were acclimaced w8, 13, 18 and 270 and bork eyprisids were 2
Lrmed oy 12, 04, 24 and M0 Respanses af lish exprned 1 shrupt eanpersure in.
e il 6 LB 3 and 3070 were roonrdid bar WOLG0 pnures. Two contral
s e fish nesed s tbeir wcclimation femprarure] were simultaneously ob-
s wah ke b groups. M e demperatanes for . paredae, N b
0 il woern M0, 42, and 650, Toen growsps of 10 fish were témed 21 sach rear
i lrlrl:'.irl:-umbﬂrddniﬁﬂin ol st aquiniem was recorded s loga-
b e ninvak. Comation ol opercular movemens and lack of FEpOnE 1
s tameal wimubition {Beceen o 4l V977 wexe used an criveris dor deach, Ohserva-
! oo g dark hours weer made with & dim Pahlight covered witk s ced Kilter 1o
*RM rew caused by imumﬂ1hwm. Spocimens were fod
& marcnal erom diet emce por day. Warer was filered 1o remove amiens dpond

ten boba were inupecred foo lurigall and bocreriad infectins iy,
I wsdes v alleviase biss n martality rates which rembipd drom handlng fiches,

it salliming oquaiiins were weed oo cadculite sunvival probabaliies and o sdjus
5kl rare {Ecolagcal Analvan 197%)

fr. o "ol fish surviving conical temp.
e

sample siee
Py, = 02l feh surviving tes temp,
i sample iwe
[N
Pa s

af mioer, - | — P,

LR Pﬂlhlbj.lnl.}'rnf:-rri\fiqml:ﬂ.

Fos Probudslay of WTIRG Caperiment,

P = prubabify ¥ of surviving purviculir e lempesaary,
L w sdmnied ragg of mostalicy.
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