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ABSTRACT

The present lnvesÈigatíon r,¡as undertaken ín víew of the con-

fLlcting reporÈs ln liËeraËure regardÍng the general haemotology of

físhes, and the reLationship of haernatologícaL varLaÈÍons to tempexaÈure

changes and therrnal accJ-lmation.

Becauae lÈ was readlJ-y available, easiLy Eaintained, and be-

cause there exLsts a considerable body of ínformatíon concernÍng iËs

therma]. relatlonshÍps, Ëhe goldfish was used throughout as an experi-

mental aní¡naI"

f.n fishes accLímaled to 20oC. (controL group) and aLso ín

fishes transferred fïom this tempeïåture to 30oC. (experimenÈal group),

determínations lqere made of haematocrit, red celL concentration, blood

íron conlent¡ and leukocyte concentÏatlon. UsÍng the infor¡nation ob-

taíned, mean corpuscuLar iron contenÈ and mean eorpuscuJ.ar volume were

caLcu]-ated. An electrophoretic study of changes in the TeLaÈlve abun-

dancles of haemoglobin poLymorphs was also carrLed out on fishes ac-

climated Èo Èemperatures of 50, Lzo, 2Oo, and 30oC"

The results of this study indicated that red ceLl concentra-

tLon, haematocrlÈ, and mean corpuscr¡lar voLume remaÍn relaÈÍvely constant

ovex a 240 hour períod foLLowing transfer of lhe ani¡nals to 30oC. Unileï

the same círcr¡mstances, whlte celL concenËr¿tLon sho¡¡ed a sLÍght trend

tor,rards an Íncrease, r,¡híLe total blood iron and mean eorpuscul-ar iron

contenÈ exhíbited a reverse trend of sEaL¡. magnÍtude"

In fishes accLirnated Ëo 5oC" Ëwo haernogJ-obln poLymorphs were



apparent.: (l) a cathodal ftactfon (Cr)r Q) a anodal fraction of

lesser abundance and greater mobflity (Ar). In the 12o, 20o, and 30oC.

acclímated anímals a second anodal fracclon appeared (Ar). This fractlon

was of lesser abundance ênd lesser mobílfcy than the tr,to previously

mengloned frac tíon s.

The data suggest thât metabolic cotûpensêtion to hi8her bem-

peratures ís associated wiEh hormona l ly-fnduced changes fn branchial

blood f,low and blood pressute rather ghan Èhê ¡¡etabollcally more costly

process of increased red ce1l productíon and haemoglobin synthesfs.
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I,NTRODUCTI.ON

The effec¡ of temperature upon fish has long been the obJect

of nurnerous lnvestlgâtions. As early as 1895 thernal âcclimá.tion was

a recognized phenomenon (Davenport and eastle, 1895), but 1t rvas noL

untll recen! years that a distinct pattern could be ascríbed to the

various avenues of research. Brett, (1959b), in hls revlew of the re-

laÈed literature, c1âssifled studíes regaf,dfng lhe effect of lempera-

ture on fishes lnto Èr"o dlsglnct groups 3

(1) those in which temperature acËed as a lethal factor;

(2) those ln whlch tenperature acted as a controlllng

fac tor.

Fry (1947) inítlatêd investtgatlon regardlng the effecc of

temperature as a leEhal factor, and observed that temperêturê acled

through metabolisnr by governfng the relatlve rêtes of CempereÈure

demand. Thus, flshes subjected to fncreased envfronmental tempera-

ture shor.¡ed increêsed oxygen denand and heighEened metabolÍsm. Such

changes ç¡ould lead one !o expect haematologÍcal variabions facilltaclng

Lncreased oxygen uptake.

Previous studles regatding the general hêenatological picture

of fishes, allhough quÍte numerous, have tended to be restricted ín

scope. Invesllgations legardfng the effect of temperature upon the

blood of ffshes are scency and often contradictory. It is lnteresting

!o note thêt Bondar (1957) and Spoor (1951 )¡ ln studíes on Noeropfs

blenniqg and @¿gg auratus respectiveLy, observed an increase ín
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eryÈhrocyÈe number wfth lncreased envirorunental temperature. Contrâry

Èo these authors, Anthony (1961) reported thaË the erythrocytes of the

goldfish deereased ln number wiËh Ínc¡eased accLt¡¡ration ÈeEperâture.

T.n víew of these facËs, the present study r,zas undertaken w.ith

Èhe aím of: (1) descrlblng the general haematological pícËure of Èhe

goldflsh; (2) descrlbÍng the lnrnedlate effects of ther¡naL shock upon

the blood, and adapÈlve responaes of the blood to shock; (3) assessJ-ng

the data obÈalned as possibl-e critería for determining raLes of accli-

ma.tion to temperature changes; (4) provídfng a basÍs fox further haema-

toLoglcaL strldies on Èhe phenomena of thermal shock and acclímation ín

físhes.

Accordingly, deterûrÍnations were made of the foLloøing: (f)

haenatocrÍt, (2) red cell concentration, (3) bLood íron content, (4)

white celL concentratíon. From these were caLculatedr (1) mean cor-

puscuLar lron content, (2) mean corpuscuLar volume. f,n addition to this,

an eLectrophoretic study of the haemoglobin poLynorphs r¿as conducted to

determine possible temperåture-relaÈed changes in this pToteln.



LITERATURE RE\¡IEW

1. ?hermal Relatíonships of tr'Íshes.

Prior Èo 1940, work done on the thermal relatíonshíps of fishes

was of a fragmentary naÈure and dífficult to drar¿ into any generalized

paËÊern (Brett, L959). Brett (1956), in his review of the literature of

thaÈ perlod, noted thaË upper and lotrer letha1 temperatures ¡vere kno¡+m

to exíst (HaLhaway, 1927 i Loeb and Wâstenys, L9L2>, L]r.aE accLlmation was

a recognized phenomenør (Davenport and Castle, 1895), and that devíatíons

beËween the body temperature of the anfunaLs and the temperature of their

external environmenÈ were small and transii:ory (Pearse and HaJ-L, 1928;

Neil"son, 193 8) "

The movement to\,rards a more systematíc examination of the tem-

peraËure relations of fishes was inítiated by Doudoroff (1938), In his

research on Gírella nigrícans (Ayres), Doudoroff studíed Èemperature

selecÈion and the relatíonship of temperaËure selection to previous Èher-

mal history. In the same year, Surìner and Doudoroff (1938) carried out

experiments on the relatlonship between oxygen consumptíon and Èêmperature

acclimatíon in GílLíchthvs mirabiLís,

Duríng the 1940ts, much of tÏÌe work on this general probLem

was centered around a deseriptíon of Èhe Lethal effects of temperature,

and the Ínfluence of thermal acclimation upon Ëhermal tolerance. Among

such lnvestÍgations may be lncluded Èhose of Doudoroff (1938, 1942, L945)

on GlrelLa nigrÍcans, lunduLus paripinnis, and AÈherínope affínis; of

Sumner (1940, L942) , on a varÍety of species normally ÍnhabiÈing i,rarm



4

and coLd sprlngs; of Hart (L947), on varíous specles of físh from the

Tofonto region; of Brett (L94L, L946), on the goldfish, Carassius

auratus; and of Fry and his associates (Fry, BreÈL, and Clawson, 1942;

Fry and Eart, L946; ¡'ry, Hart, and Walker, 1946), on CarassLus auratus

and SeLvelÍnus fonËinaLis.

The work of Ïry and his associates, referred to above, has

been of particular signÍficance in the description of thermaL reLêÈ1on-

ships in fÍshes. These sÈudLes, in generaL, foLlo¡ved the pattern esta-

b1Íshed by Hathaway (L927), Fry, BreÈt and Cla¡+son (L942), for exampLe,

on .the:basis of intensÍve studies made on the goldfish, determined upper

and Lower Lethal Ëemperatures (LD5g) for thís species at a seríes of âc-

clirnation temperaÈures. Using ttieee data they defíned the lÍmíts of a

thermal polygon. This polygon included all combinations of existíng

temperatures and acclínatlon lemperatures Ín vhich temperature, acting

alone, !¡as not Lethal to the aninaLs. In laËer studies these concepÊs

r,rrere exÈended to á. varlety of species (e.g., Fry, Hart and Wai-ker, 1946).

0n the basÍs of earLier sÈudíes, Fty (1947 ) presented a general

revie¡q of the physioLogicaL effects of envirornnental- varÍation upon animaL

actívity" This study proved to be of great significance in the determin-

atíon of línes of endeavour followed by LaËer ínvesÈLgators. In this

work a ne¡+ approach to the organj-sur-environment relationship was inÊro-

duced, rrlth environmentaL actions upon the organism being caËegorized as

i-eÈhaL, controLling, líroitíng, maskíng, accessory, and directive in

naËure. This cl-assification provided cLarÍty Èo Èhe ínvesÈigations

foLlowed by prevlous and succeedÍng researchers" 0f prlrne importance
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r,¿as the ínÈroduction of a tendency to pursue the topícs of thernål ac-

cliÍìation and thermal tolerance ín terms of metaboLíc functions and

ÈemperaÈure-dependent actívíËíes "

Any discussíon of Èhe various avenues of research that have

been foLlowed rsouLd be unnecessarily repetltive as Èhese have been ad-

mirably revie¡+ed by several authors (e.g., BreÈt, L956, L959b; 3uLLock,

1955; Fry, 1958). 0f considerably greater significance to the presenË

study are the invesÈigations díTecËly pertainÍng to the effect of tem-

perature on meÈabolism.

The exÈreme diversity of the varíous metaboLic studíes that

have been carried out prohibits any sËrict classification of the research,

but broad cLassification is possibLe under the foLlowing headings: (a)

respiratory studíes; (b) studies on fåt metåbolism; (") endocríne

studies; (d) studies on tLasue metaboLÍsm; (.) haenaÈological studies"

a. ResÞiraËorv Studies" one of the earlier experíments con-

cerned with Èhe relaÈíonship between Èemperature and respiraÈlon ín fish

was thaÈ of Edge and. Krogh (1914), ¡sho studied temperature and respira-

tory exchange ín físhes. LaÈer research on thermal acclímaËÍon as r:e-

LaÈed to oxygen consunpËion vere undertaken by Ïry and his associaËes

(Fry, Hart and I,tralker, 1946; Fry and Hart, 1-948) on the effect of en-

vironmentaL temperaÈure and body LemperaËuxe on oxygen consumPtion in

Car.asslus Ssll¡g, and by Scholander (1953) on Ëhe oxygen consumption

of tropical and arctic físhes aË Ëhe temperature of Èheir normal habitats

and ¿È various higher and Lower experimentaL empexatures 
"
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Other Ínvestígators have studíed the effecËs of various oxygen

and carbon dioxide tensions on thermal acclímaÈion ín físhes. Representa-

tíve of this group r,rere Fry (1947), who conducted studies on the relation-

shíp bet$¡een temperature and varlous tensions of oxygen and carbon dioxide

with respect to the asphyxiation of goldfish; Graham (1949), on the

effects of oxygen tension and temperature on the metabolism of Sai-veLinus

fontinalis; Downing and Merklns (1957), on the effect of l orrr oxygen and

tenperature on the survival of severâl specles of fish; and Shepard

(1955), on the acclination of Salvelinus fontinalis Ëo 1o\.r oxygen tensÍons,

Kanungo and Prosser (1959), in thelr Ínvestígation of Ëhe physiological

and biochemical adaptatíons of goldfish Ëo vârious temperaËures, rneasured

the standard and active oxygen consumptíon of thls anÍnal while exposed

to dlfferenÈ åccLímaÈÍon Èemperatures.

b. Studies on Fat Metsbolisn" Another fíeld of invesÈigaËÍon

haa centered around fat metaboLism and its assoclêÈLon wÍtb Ëemperature

resistance and therroal acclimatíon, 0f inporlance in this area of study

was Ëhe work of Hoar and hts associates (Hoar and Dorchester, 1949; Hoar

and Cottle, L952; Irvine, L954; and lrvÍne, Nev¡nan and Hoar, 1957).

Thus, Hoår and Dorchester (L949), and Hoar and Cottle (1952) lnvestigated

the relatíonship between dieËary fats and thermal resistance in Carâssius

auratua. Irvine (L954) conducted research into cold resistance and the

effect of various lÍpfd dÍets on Ëhe same species" Irvine, Nevman and

Hoar (1957) extended these studies r¡ith an Ínvestigatíon on the effects

of dietary phospholipÍds and cholesËerol on tenperature resisÈancê in the

goldftsh.



c. EndocïLne SËudies. EndocrinologicaL studies pertalning

to thermaL resístance and thermal acclimation have been a subject of con-

siderabLe lnterest. 0f parÈlcular note are investigations conducËed by

Hoar (1946, 1958), Hoar, Keenlyside and Goodall (1957), and Hoar and

RoberËson (1959) on the goldfish and PacÍfÍc salmon. Thls work was maÍnly

concerned wíth the infLuence of photoperlod on thryoidal, gonadaL, and

adrenocorticaL actlvity, and the resuLtanË effect on thernal acclimatÍon

and therrnal resistance" Slnllar sÈudfes have been pursued by Northcote

(1958), and Evans, PurdÍe and Hfckuran (1962), on the rainbolr trout,

Salmo gairdnerí.

d. Studlee on Tlssue Metaþollsm. Recently, an increasing amount

of attention has been devoted Ëo the study of tissue metaboLlsm and Íts re-

latlonshlp Ëo thermal ÈoLerance and thermaL âcclímation" Initially, in-

Èerest was cenlered upon the respiraÈory metabolism of excised tissues

(e.9., BatÈle, 1929i Peiss and FieJ.d, 1950; Exberg, 1957, L958), but

there has been an ever-increasing trend Ëowards chemical analysÍs of the

tíssues, for example, the work of Iloar ånd CoËt1e (1952) on the relaÈlon-

shlp of the nelÈÍng points of liplds to thernal resÍstance,

e. Haematol lcê1 StudÍes. SËudies of the ceLLular phenomena

reLated to thermal toLerance and thernal accLlmation have, to a large

extent, been neglected untí1 recent years. Of the reLaËlvely few fnvesti-

gations thaË have been reported, the najorlty have been conflned !o analy-

sis of the bLood" Spoor (1951) sËudíed the erythrocyte counts of three
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groups of goldfish accLimated to different temperatures, and Bondår

(1957) conducted sÍroilar experLments on Ëhe River Shlner, Notropis blennius.

Anthony (1956, 1960, 1961) carríed out extensive research into Ëhe effects

of the thermal environment upon Ëhe blood of Carassius auratus" The

effects of cold shock upon the leucocytes of físhes have been pursued by

Slicher and her associaËes (e.g", Slicher, Plckford and 8a11, 1962).

2. Thermal ÀdapÈation.

Fisher (1958) defíned adaptatlon as the sum total of changes

¡+hich occurred wtthln the anÍmal as a result of a change or changes in

the external environment (e.g", envfronmenÈal Ëemperature ehanges).

These alÊerations or responses on the part of the organism favour sur-

vival- in the changed envirorìment. IlearË rate and blood pressure !¡ere

cíËed as exampLes of specÍfic characteristics or adaplaÈes thus nodified.

Acclimation was consldered Ëo be conposed of those adapta.tes possesslng

Ëime-course characterÍstics rneasurable ln terEs of days or weeks.

Precht (1958) classifÍed accllmaLÍon or short-term adapÈatlon

ínto two types! (a) capacíty âdaptation; (b) resistance adaptation,

The first, capaclty adapËaÈion, was considered to be ân adaptation occur-

rÍng within the norrûal temperature range of the anlBal. Precht (1958)

regarded adjustments within thís category to be primarily concerned with

the maintenance of a relatívely constant metabolic rate. ReslsÈance

adaptatíon rvas classifled as ËhaË assocíâted \,¡ÍËh enhancÍng the anímalrs

ability to toLerate extremes ín Ëemperâture according to the direction

of accllmation. For example, a cold acclimated aninal r¿ou1d be able to
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\rithstand lo¡ver envfronmental ËemperaÈures lhån ç¡ou1d a warm acclimated

anÍna1.

a. 99æ!El_êdgjEejË!g,. The phenomena of capaciEy adapÉatfon

has been extenglvely treaced by Precht (1958) and Prosser (1958). Precht

(1958) used oxygen consumptlon as a neasure of Ëhê metâbollc rate of

ânlmals shlfced from an acclim¿tion tempe¡aÈure (Tr) to a higher or lorqer

test Ëempêrature (Tr). It nas noted that in experÍenclng such changes

the anlnal nå,y overcompensate or undercompensaÈe lmnedlêtely follor,ring

transfer. Compleee accllr¡atlon q'as sald to have occurred if thè reÊe of

oxygên consu¡npEfon ag the test temperature (Tr) refurned to ehat observed

êt the acclíIo€,tion tempera¡ure (Tr). In all Prechc (1958) noted five

posslbillties wifh respect to thê steady sÈaÊe flnally achieved at lhe te6t

temperâturè;

i The rate function increased r,¡hen the anlnlal was eransferred
to T? and remaÍned at this point wibh no apparene acclima-
tlon-occurrlng

ti The rate funcÈlon showed an inftlal increase ç¡hen the
anlmal was transferred Èo T?, buE returned to tha! equi-
valent to thê rate at Tl niEh complete accllDÉtion
occurrLng.

tif lartial accllmatíon occurred wífh the rate function reach-
lng a sËeady seate somerehat higher than Chat recorded at
Tt

ív HypocompensaÈlon occurred wfth the rete functlon at T2
becoming slightly lorver than that at Tt

v llypercompensation occurred rvith the râte function reachlng,
and remaíning ât, a posi¿Íon conslderably hfgher than
thal recorded for Tr.

Prosser (1958), ln hLs revÍeh' oi !h" g.n"".I field of physiologlcel
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adåpËation, r.¡as of the opinion that information regarding the nature of

compensatory €.dapÈatíon míght best be obtained by observing reactíon

raËes (e.g", oxygen consumption) of warm and cold accLínated animals

transferred to varlous temperatures above ånd belorí the accl-ímatíon

Èemperature. In extending the theory presented by Precht (1958), Prosser

revierued the líterature and came to the conclusíon that nine possíble

types of raËe- temperature relationships eould be dísËinguished in anÍ-

mals transferred frorn an accllmaËíon temperature to different test

temperâÊures. These represented varlous combínaËíonal changes Ín the

parâmeËers of the cLassieal Krogh and BeLehradek Ëemperature metabolism

equatíons.

0f particular LnteresË to the present study was Èhe work of

Kanungo and Prosser (1-959) ín whích Ëhe standard and actíve oxygen con-

sunpÈlons of cold and warm accllmated goldfísh were reported for various

test temperatures. In Èhis publication it rrras noted that the resuLÈs

obtained corresponded to a ty?e LVA rate-temperature reLat.ionship (see

Prosser, 1958).

b. Reslstance Adaptation. Resistance adapLaÈlon ¡{as iLlusÈrated

by the çqork of Fty, BretË and C lar,¡s on (L942) on Carassius auratus. Upper

and lower lethal temperatures (LD59) ¡+ere observed and represented graph-

icai-1y by a tolerance polygon. It was noted that upper and Lower incf-

pient l-elhaLs increased to maxlmum vaLues wiËh increase in acclimation

Ëemperature. The area bounded by the polygon. ¡{as deslgnated as the zone

of thermaL toLexance. ThLs íncrease in upper and lover lethaL temperatures

represented reslstance adaptaÈlon or adapÈation as prevlousLy defined.



GENERAL H¿.EMATOT,OGICAJ, PICTURE OF FISII

The general haematologícaL situation of fishes ¡r¡ill be dis-

cussed under the foLLo¡¡ing headingsl

L. Cell types

2, Haematocrit

3. Haenoglobín

a. eryËhrocytes

b. leukocytes

a. generalconsideraÈions

a. haemoglobin contenÈ

b. haenogi-obln polymorphisn

4. Blood orygen combining capacity.

1-. Cel1 Tvpes

a. Ervthrocvtes. The erythrocytes of físhes have, in Ëheir

mature form, been described by Jordan (1938) as eLliptícaL discoid

bodies r¿ith centråL nuclei. In the teLeosts studied, the eryÈhrocyÈes

ranged in length from 6 Ëo 13 microns. Varylng numbers of ímmature

eryfhrocytes, or large and smalL lymphoÍd haemocytob Las ts , have been

descrlbed in the bLood vascular system of flshes (e.g., Ðarvson, J-933;

Jordan, L938¡ Duthie, 1939; CâÈton, 1951i Bond.ar, L957). Jordan

(1938) noted ËhaÉ the Large lymphoíd haemocytob i-as t s shor¡ed. ini:râvascular

dlfferentiation into eryÈhrocytes, whíle the smalJ.er lyruphoid haemocyËo-
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bLasts differentiaËed intravascularly into ËhrombocyËes.

Several investigations on erythrocyte numbers and mean eor-

puscular vol-umes have been carried ouÊ Ín teLeost species, The saLlent

findíngs, ¡¡íth variations related to theroaL condiËlons, have been re-

corded j-n Text Table L. It r'¡tL1 be noted from this table that erythro-

cyÈe counts and rnean corpuscular volune have been observed Èo våry with

environmenÈal ËemperaËure" Contrâry to the fÍndings of Spoor (L95L)

and Bondar (L957), Änthony (1961), in experímenËs on rhe goldfish, ob-

taÍned resuLÈs r,rhich indicaÈed a decrease in the number of erythrocyËes

wiËh íncreased acclimation terllperaÈure. This decrease in erythrocytes

coincided r¿íth an íncrease Ín mean corpuscuLar voLume. It is also of

inÈerest to noËe that SËraub (1957, cited by Precht, L958), who conducted

experiments on the anphlbLan, Rana escuLenta, found increases ín ery-

throcyËe counËs and decreases in mean corpuscular volume ¡qith an Íncrease

in acclímaËion ÈemperaËure.

b" Leucocytes. Considerable difficulty has been experienced.

in ídentífyÍng certain LeukocyËes found in fishes. Jordan (L938) noÈed

th¿t lynphoíd hemobLasts (stem cells), or Large, sma1L, and intermediaÈe

Lyrrphocytes gave rise to granulocytes, monocytes, Èhronbosytes, and also

eryËhrocytes. InÈravas cuLårly, the Large and snalL lymphocyÈes differ-

enËiated Ínto erythrocyËes and thrombocytes respectÍvely. Extrå.v¿.scularly,

ÍdentÍcaL ceLLs produced fíne1y granular oxyphiLic heterophii.s and

coarsely granular eosÍnophils" Yuki (1957) cites the observaLion of

ChuÍn (1920) ¡rho observed the presenee of numerous lymphoid hemocyÈoblasts



TEXT TABLE I

ERYÎHROCYTE NIIMBERS AND I,IEAN CORPUSCULAR VOLIJMES
IN VARIOUS SPECIES OF TELEOST FISHES,

INÐICATING VARTATIONS RELATED TO
I'ITERMAL CONDITIONS

SPECIES TEMPERATURE
oC

RBc (106) ucv (u3) REFERENCE

Carassius aura,tus

Pike (no speeies gíven)

Roach (no specles given)

5.0
6.0

26.0
30 .0

2.0
2"L
L"7
1.8

t.7
'1 ô

L72
181
2L9
L76

L75

23A

AnËhony
( 1e 61)

NotroÉis bLennius 9.5
i.6.s

( after
2L days)

1.3 Bondar
( 1957 )

Carassius auratus

Carassius auratus

Scomber (no species glven)

Tautog (no species given)

CyprÍnus carpfo

Sal-velinus fontlnaLÍs

13 .9
30 .0

L.6
') ')

0.5

3.9

2"L

0 .8 311

1.0 3L4

Spoor
( 1es 1)

Saker &
Kline
(Le32)

Kisch
(Le52)

Kascn
(Le52)

FÍeld,
Elvehjern,
and Juday,
( 1943)
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tn the clrculatory syscem of fishes, and sta¿ed that such a sfEuatíon

resembled that of he¡nopoiesls at the beginning of thê third stâge of

the foetus in higher vertebrates. Ihe posÍElon of the lynphoid henro-

blast Ín hemopoiesfs was dlagramêtically represenLed by Caeton (1951 )

and has been reproduced in Figure 1.

Due to Lhe simtlarity of erythrocytic stem cells to lympho-

cytes, ít has been vlrtually íroposslble !o obtaÍn accurate and consÍstent

count,s of the leukocytes of flsh blood. ïhus, recorded leucocyge counts

r¡êde Ín ffshes shorg signlflcant differences. Legler, Bardach, and

Miller (1962), for example, noeed lhat ¡,¡hi te cell counts as dêtermlned

by various fnvestlgators shorved a range of 201000 to 1501000 per cubic

mLllimeter fn dlffe¡enL groups of fiôhes. Yuki (1957) noeed that the

¡rork of Onoda (1934) and Lríe (1932) shorued large discrepencies among

the ratios of granulocytes, monocytes, and l)mphocytes fn the blood

of the crucfan carp examíned in r.Ilnter.

The effect of thermal envlronmen! upon Che leucocyces of fishes

has been largely neglected, hor+ever, Slicher and Pfckford (1962) have

studied the effect of cold shock on the nhlte ce1l counts of flshes and

observed a eriphasic response ellcleed by immersfon in Lce çrater.

This trlphêsic response was conposed of an inielal leucoeyËosis whích

occurred 15 minutes afger ímrnersíon, a leucopenía reaching a maximum

aË one hour, and a leucoeyeosis êt two hours.

Perhaps the most apparent difference betrveen fish blood and

human glood has been found to exisE in Ëhe erythrocytes. As compared

Lo the erythrocyges of, fishes those of human blood have been described
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TIGURE 1

PROPOSEÐ SCHEMES OF BLOOD CELL TORMATION IN FISHES

L. Jordan and Speídel (L923)

Reticulun ceL1 of retLculo- endothel Íum
I

Iympho id hemoblast (srnaL1 lymphocyte)

srna1l Lymphoíd
henoblast

bLood thrombocyËes
lymphocytes

2. DuÈhie ( 1939)

bLood thrombocytes
Lympho cyÈ es

rnedium lyrophoid
hemoblast

I
erythrocyEes

large i-ymphoid
hemobLast

IgranulocyEes

ervthroblasts"t
reticuLocytes

I
erythrocytes

granuloblasts

firr. I "o"r""
I

progranulocytes

fir," | "o"r""
,"rr,rrt"rru"

3. caÈton ( 195 L)

líal ceLls ? rerlcuLal ce1ls
I

hemoblas ts hemobLasts

orræoblasrs fíne I coaïse
lymphocytes | . Ireticulocytes progranulocytes

I
ery.throcyËes

Lynphoid hemobLasts

t*. 
I 

coarse

granuLocytes
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by Dawson (1948) as flattened, bÍconcave discs r,¡ithouÈ nuclei, Sígnifí-

cant differences in the number of erythrocyËes per cubic míLlimeter

have been found in comparisons of fish and hunan blood. The hur¡an fe-

maLe usuaLLy has erythrocyËes numberíng 4.5 nii-líon per cubic rn:i1lÍmeter,

whiLe the maLe has approxímately 5.0 milLion per cubíc mílli¡aeter"

Leucocytes of humans may shor,r consíderable variatíon in nunber

aceordíng Èo the physíologica1- condition of the body, but under normaL

condÍËions Ðai,7son (1948) has reported them to number approxinaÈeLy 8r000

per cubic uri llÍmeter.

Comparisons Ín the size of the blood cells of hurnans and

fÍshes have been tabuLated in Text TabLe II. The data used Ín ÈhÍs

case tlaræ been tahen from Jordan (1938), Lor'¡enthal (f931), and. Ðar+son

(1948)" As wiLL be noted from the table, varíations in the comparatíve

sízes are known to exist, but in generaL, consÍderabLe síroiLariËy is

s hown.

2. Haematocrít

ao General ConsideraËions. Numerous investÍgators have

carrled out studies on the haematocrit vaLues of flshes: Sníezko (196L)

on raínbow tTouË, broÌqn taouË, and brook ËrouÈ; Fíeld, Elvehjem and

Juday (1943) on carp and ÈrouÊ; Becker, Blrd, Ketly, Shillíng, Solomons,

and Young (1958) on various specíes of marine teleosts. Anthony (1961)

studied Ëhe relaÈíonship of haemaËocriÈ to environúental temperature ín

Carassius auraÉus. Characteristic values índÍcaÈing varíationa as re-

LaËed Èo Èherrnal conditions have been recorded in TabLe III"



TEXT TASLE II

COI'TPARATIVE SIZES OF THE BLOOD CELLS
IN FISHES AND HUMANS

CÐ,L TYPE

Erythrocyte

L)¡nphocyËe

Monocyte

NeuËrophí1e

Basophile

Eosinophile

SIZE IN MICRONS

Fish

6.0-13,0

6.0-11.0

9.0-16.0

7.5-13"5

5,0-12.0

s.0-12,0

I{uman

7.0- 8.8

6.0-12.0

12.0-15.0

10.0-12.0

8,0-10.0

10.0-12.0
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SPEC]ES

TEXT TABLE III

CIiATACTERI STIC HAEMATOCRTT VAIIIES OF

VARIoUS SPECIES 0F TELEoST FTSIIES,
T,NDICATINC VARIATI,ONS RELATED TO

TEERMAI CONDITIONS

TEMPERATURE HANMOGRIToc. (7" RBc)
REFERENCE

Carassius auratus

Raínbow Èrout
(no species given)
Srook Èrout
(no species given)
Brown trouÈ
(no species gíven)

Promicrops
itaiara

Thunnus Êhvnnus

MvcteroÞerca
venenos a

Scromberomorus
macuLaEus

Mycteroperca
bonaci

Cvprínus carpio

SalveLinus
fontinqlis

5

6

¿o

30

Means of
samples
Èaken ín
winËer and
s uîtmer

34 .2

Jb.U

37 ,s

30.0

47 .8

50 .7

39 .5

41 ,0

41 ,0

24.0

38 .0

28.0

31.3

Anthony ( L96L)

Snieszko ( 1961)

Becher et. ai-.
(1es8)

Field, Elvehj ern,
Juday ( 1943)

and
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The packed ce1l voLume or haenaËocrÍt of fishes compared very

favourably r,rith that of humans. Harper (1957) reported that under normal

círcuÍìsËances lhe cells comprised approxímately 45 per cent of the toËal

blood voLume in huxoan males and close Ëo 41 per cenÈ ln females.

3" HaernosLobÍn

aô Haemoqlobin Content. lhe haemoglobín conÈenE of fish has

been determined by numerous investígators: Black (1954) on various

specles of freshwater fish; KLawe and hís associates (Klarve, BarïeËt,

Klave, and Hillsdon, L963) on sLx species of scromboid fishes; Bondar

(1957) on NotroÞis bLennius. Examples which serve to indÍcate the

range encountered along ¡¡ith varlatÍons related to thermal condiËÍons

have been ÍLLustraÈed in Text TabLe IV.

b. Haemoglobin PolvmorphlsP. Haemoglobin pol¡rmorphlsrn has

been a sublect extensívei-y pursued during the pasË decade" prior Ëo

1949, studíes on the inÈråspecies dÍfferences of haemogj-obin were mainly

concerned trTiËh the properties of adult and foeËa1 haenoglobin (Lenberg

and Legge, 1949) " InvesLLgatÍons regarding haernoglobin polymorphism in

hunans r,¡ere sírrilarLy cenËered around the sËudy of foeLal and aduLt

haemogloblns, haemogl-obin F and A respecÈively, These haemoglobíns

¡,¡ere found Ëo differ in their moLecular forms r,¡i Èh the strucËural varía-

Èion residing ín the globins (Hulsrnan, 1963) " With developnent, a

shift frorn the foetal to the åduLt structure occurred, and Ín the adult,

haenogLobin "Art Ìùas found Ëo predoninate. However, ln cerÈain Èypes
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TEXT TAALE IV

HAEMoGLoBIN Col.rIENT 0F VARIoUS FTSHES,
INDICATTNG VARIATIONS BNLAÎED ?O

TITERMAL CONDITIONS

SPECIES TEMPERATURE HAEMOGLOBIN

"(,. gm/o

R.EFERENCE

Nog,lopis b lennlus

Salmo gaírdnerii kanloops

Catostomas catostomas

Cyprínus carpio

MvLocheilus oregonensís

Prvchgcheilus oregonensis

Ameiurus melas melas

MÍcropÈerus salmoides

Scomber j aponicus

Sarda chilÍensís

Thunnus aLbacares

Katsultonus pelamis

Euthynnus líneaÈus

Auxls rochei

9.5
L6.5

(aftex 2L
days)

3,8
4.9

11.0t0.2

9 .4!O "6

10.810.5

10.8t0 ,3

9 .810 .6

11,1!0.5

8,lt0.4

8.0-14 " 8

8 .3-14.8

l_5 .8- 18 ,9

L4 "L-20 "7

L6.9-L9.9

17 .8-2L.2

Bondar ( 1957 )

Black ( 1954)

KLa¡rre and
assocíates ( 1-963)
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of anenia, haemogLobin rrtr'rr r{as found to persist r.rhen íË had dÍsappeared

from normaL individuals (Harper, 1957).

Itano and PauLing (1949) discovered the presence of an abnormal

haemoglobin in individuaLs thaË rvere suffering from sÍckle celled an-

ernia. Since ÈhaÈ Èime, oÈher abnormal haemoglobíns have been identÍfíed

(see, Ingrarn, J-963; Itano, 1-956; Harper, 1957; Huisman, 1963).

The occurance of haemoglobin poLymorphism in fishes has been

deroonsÈraÉed by various âuÈhors: Ts uylrí and cadd (L963) in members of

Èhe Salmonidae, Hashimoto and Matsuura (1959, 1960) in bl-ack bream,

Mylio rnacrocephalus, dolphin físh, lgIJæhagg þÉppl1ggq ¡ rnullet, Mugil

g.*Ee!¡å, Loach, {!¡gggg anguÍ Llicau.datus, and carp, Cyprinus carpio;

Chandrasekhar (1959) in fish belonging to Ëhe Cyprinídae, OphicephaLídae,

Heteropneus tidae, ClarÍdae, and Cichlidae famílies; Becker, 3ird, Ke11y,

Schilling, Solomon, and l(ing (L958) and Huisman (L962) Ln several species

of marine teleosts.

Changes in the reLaËive abundancies of haemoglobin po1-ynorphs

have been knorÍn to occur ín cerÈaín diseases (Fruton and Sínroonds, L958)

and in Èhe varíous developmenÈal- stages of the anÍmal. DevelopmentaL

changes in a particuLar species of a given animal have been observed in

humans, as prevlously noted, ín the change from haemoglobÍn IFr to haemo-

globin A. A similar change was noted in the anurans Rana catesbeíana

and Råna ÊII!þ during metanorphosÍs (Trader, Wortham, and Frieden, 1963).

DevelopmenËal change have also been reported to occur ín chteks (l^Iilt,

1962). VariatÍons in the relative amount of haeurogLobíns have not been

reported for anlmalÉ undergoing Ëher¡nal shock or duríng thermal accLimation,
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but changes occurring durÍng an animalrs adaptation to a diseased sËate

suggest that differenees in oxygen upËake and a heightened oxygen demand

míghË produce sirollar changes during ther¡nal acclimation and thernal shock.

In hunans, Ëhe oxygen affinlty of haemoglobin F ln the foeÈal

circulaËion rvas found to be higher Ehan Ëhe oxygen affinity of the adulË

haemoglobÍn in Ëhe aduLt cLrculatory systen (Ingram, 1963). The advantage

of such a system, \nrith lts Lower loading and unloadÍng tensionsr becomes

apparent when conslderation 1s glven to Ëhe fact that the foetus musl de-

rive fts entire oxygen suppl-y from the úaternal blood (Guyer and Lane,

Le64) 
"

Research conducted on various animals has lead to Èhe conclusion

that dlfferent haernoglobln poLyurorphs possess varying oxygen affinities.

Ilashiuoto and Matsuura (1959), ln experimenÈs conducted on the haemo-

globin polyurorphs of oncorhynchus þEg, noted that of the Èwo componenÈs

studied one showed a decrease in oxygen åffinity wiËh decrease ln pH

whlle the other maintained its oxygen afflnlty durlng varÍations in pH"

Manwell and hÍs assoclates (Manwell, Baker, Roslansky, and FoghË, 1963)

have ldentified dífferent haemogLobins Ín the chtck embryo and the adult

chicken. The haemoglobin of the embryo differed from thât of the adult

ín that it possessed å much greater affínity for oxygen and exhibited

a Bohr effecË of considerably less magnÍtude than the adult"

The haenoglobin content of human blood has, in most cases, been

found to be so¡newhat higher than that of fishes. Under normal circum-

sËances the haernoglobin content of hrlman blood ís in Ëhe range of L4-L6

grams per L00 ¡nil-Líl-iÈres of blood (Harper, 1957).
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As indlcated by the prevlous dÍscussfon, haemoglobin polymor-

phism 1s found in both fish and humans; however, there has been infinitely

grea¿er progaess towards a systemêtic nomenclature for those polymorphs

found ín humans (Gerald and Ingrarn, 1961).

4. Blood oxysen CoEÞlqlns Capacity.

Nunerous 6¿udies haye been undertaken ln relatlon !o the oxygen

comblnlng capacity of Ëhe blood of dífferent specles of flsh. Representa-

tive of such invesÈigations are lhose of Burke and !¡oolcot,t (1957) on the

blach crappfe, PomoxLs nfgrornacu_lglus, and ghe blueglll, Lepomis rnacro-

gþ!gg.; Black (1940) on the cêtfish, A¡neiurus nebulosa, carp, çJgigg,

9ef!,¡€¡ bor,,tf Ln, @!e.99!8., and common sucker, CaEastomus lW gll,;

Il,ar{s and Goodnight (1962) on Ehe bro\.¡n bullhead, Ictalurus nebulosus

(LeSueur), and thê channel caÈfish, IcËalurus Þq4çlEatus (Rafinseque);

Irving, Black and Staf f ord (1941 ) on SalveUJrus fontinalis , Trutta eqq,
and !¡g!g iridea ; lfgnr¡e 11 (1958 a, 1958 b ) on Sg.lig sucklevt and poli-

strema s,lEggql; and ì4ccuccheon (L947 ) on vartous lurtles and elasmobranchs.

Of Èhis group, the ¡,rork of LrvÍng, Black and Stêfford (1941 ), describlng

the effect of temperalure on the oxygen afflnity of the blood, is parlicu-

larly fmportanE. They observed lhet 'tfn vítrorr Che orygen combining cap-

âcity of, bhe blood of the above mentloned species decreased !¡ith increasing

tenperature. Holever, Anthony (1961) conmented that the blood of cold

water species (e.9", trout) had a hlgh haemoglobin contenc and low oxygen

aff,inlty, rvhÍle rvarm-rvater species (e.g., bullhead) had low haenoglobin

content and hlgh afflntty for oxygen.



I,ÍATERIALS AND METHODS

Thls porÈÍon of the invesEigation r,¡íI1 be descrlbed under the

follorving headings:

1. Experimental Anlnals

2. Condftlons of Acc limatlon

a. Temperatute ConÈrol

b. Photoperiod Control

c. Feeding

d. Aeration

3. EstablÍshment of Conlrol and Experirûental Groups

4. HaemaÉological Procedures

a. Sêmplfng Procedure

b. Erychlocyte counts

c¡ lron Determinêtions

d. Haenatocrlt Determinêtions

e. I*rÍte Cell Counts

f. Calculat.ions

5. Electrophoresis

a. Introductlon

b. General l"lethod Ímployed

c. Tesls of Paper-Ðuffer Combinatlons

d. Resulls obtafned

e" Final MeÈhod



t. ExÞerÍmentaL Ariimai-s
t\

from

Familyl

Genus I

Species:

Contnon name:

Cyprinidae

Carassius

auratus

the goLdfish

The experímental anímaLs used ln Ëhis study ¡¡ere obÈained

the GoLdfish SuppLy Cornpany, StoufvilLer onËârio"

2" Conditions of AccLinatíon

The goldfish vere housed ín tanks consËructed of r,rood, painÈed

r,rith a non-Ëoxic epoxy-resinl, and measuring 20 x 20 x 38 inches. These

tanks vere filLed ¡qith distilLed naÈer to a capacíty of approxÍmateLy 50

Lnperíal gallons.

Water temperature, phoËoperÍod, feeding, a.nd ,: aeEaËion were

aL1 contro L1ed.

a. Tenpera_tur.e Coptlol. The tanks were housed ín constang

temperature rooms, the aír temperature of rvhích was maintaÍned aË a Point

somewhaL Lorver than the desired tank temPerature. Tank temPeraÈures r{ere

then conLrolled by means of electronic ,"Luy"2 operating from thermistor

probes. The temperature controllíng relays were, in Ëurn' connected Ëo

500 r,¡att, copper-coíL heaÈing eLements. Each elemenË rùas i,¡raPPed with

1Fi"h.t scÍentific company.

2Therm:isteup Temperature conLroi-ler (ìaodel 63). Yellow Springs
LnsÈrumenË Company Limited 

"
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Teflon tape" to guard againsc the Eoxfc effect of Ëhe netal. t¡ith this

equfpnent, lemperature variaEions frorn the set point averaged tO.SoC.

b. PhoEoperiod Control. The upper porlions of all lhe tanks

were enclosed by lighE-proof rvooden covers. T(co 40 watt íncandescent
Lllghts ' were mounted Ínside each cover. The dlmenslons of the covers

were such that tlìe llght, sources were sftu¿ted some 15 fnehes from the

surface of the r.rater. PhoEoperiod was controlled by Ëhe use of an aulo-
smatic timfng device- and a schedule of 16 hours light. and B hours

darkness empLoyed.

c¡ Feeding. Food rvas offered daily, vlth che time of feedfng

befng restriceed to the early morning. The food prepa.ratlon given was

prepared by, and obtained from, Ehe Fisheries Branch, lÞpartmene of

Mines and Natural Resources, I'fânÍtoba. The amount of food offered rlas

proportionate to the nuaber of anlmals.

d. Aeratlon. The Èanks nere conll.nuously aeraËed, and

oxygen 1evels malntained close to saúuratÍon. plasEfc aquarlum filters,
charged with gtâss wool and actÍvated coconut charcoal, were used to

purify the Cank watero

3JohnsËon Industrlal Plastlc s

4c,en"ral Electric Lurnlllne 52.
SÏnÊermatÍc lime Srvf tch (model

Lrd.

General Electric Conpany.

T101 ). Lnternational RegisÈer
Company.
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3. EstablÍshrnenE 9f ConErol and ExpêrÍmental croups

IníËially 50 fish nere placed in each tank previously regu-

lêted !o 2OjO.5oC. The anlr¡als were nE.intafned at thls Lemperabure,

accordlng !o Ëhe condi¿ions descrlbed, for a perlod of 30 days. From

Êhe 15th to the 30Eh day, blood sarnples nere tâken evety 24 hours frorn

a sarûple of Chree fish. Red blood cell fron content, mean corpuscular

fron contentr haematocri!, eryehrocyte nurnber, and mean corpuscular

volume v¡ere determined as outlined in the section on haematological

procedures. The range of these determlnations nas notedrand nean,

standard devÍation s.nd standard error calculated. Using these lest,s

as crlEería, Lt r,ras concluded that a 20 day acclimatton period would be

sufficíent Eo Lnsure that accompanytng physiological changes had

taken place. the duratlon of the acclimatfon perlod thus exceeded Ehat

suggested by Brett (1946) and AnEhony (1961) for ehis species.

After acclination to 2O:O.5oC. the flsh r,rère shlfted Co a

tank held ac 3o:O.5oC. ltre enirnals were transferred in reater in ordêr

Ëo minirnize the posslbllily of Èlìermal shock resulËíng fror,r sudden

exposure to the aÍr teìnperature.

AfËer Eransfer go the 30oC. tank the anÍmals r.rere sampled,

three at a time, every L2 hours for 96 hours, and every 24 hours there-

after unEil the total time of exposure to thê tesE teroperaeure was 24O

hours. The prevÍously neneioned deter.Illinâ!Íons were carrÍed ouË at each

sampling period. The experiment rlta s repeåted tlìree consecuLive Címes

$riEh a gotal of nine fish beíng sampled ae esch interval.

At a later tÍme, leukocyte counts were carried ouL on fish

subJected Èo conditlons identlcal to those descrfbed. In this case,
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determinations l{ere iníËiated 60 hours after the fÍsh had been trans-

ferred Ëo the 3OoC. tank. Blood sanples were taken evety L2 hours from

60 to 96 hours and every 24 hours thereafter until the Ëota1 rime of

exposure was 240 hours. Care was taken to estabLish a samplÍng Program

in rqhich the blood couLd be Ëaken at Èhe same time on each day" 3y ad-

heríng to Ëhís program Ít was possible to avoid daÍly cycLicaL changes

occurring ln the number of leukocytes.

In all cases Ëhe rernainder of Ëhe sanPle r,ras centrifuged, and

Ëhe cenÈrifugate, consisting of red blood cells, frozen and sËored for

Later electrophoret.ic sËudles of the haeurogJ-obin.

4. H al Procedures

it. SamoLine Procedure. The fish were ânesthetízed with tri-
A

cane meËhanes uLphonate" (MS 222, 300 ngrn" /I.) as used by Shiffrnan and

Frornn (L959).

Iollowing anes theÈ lzatíon r Èhe Posterior PorÈion of the body

was scraped clean of scaLes, and the caudal peduncLe transected. Blood

from the caudal artery was coLLecÈed ín small polyethylene tiËraÈíon

cups, r+hich had been lighË1y coated with ethyLendianíne ÈetraaceËate

(EÐTA) Èo pïevent coagulaÊion. Contrary Èo Hesser (1960), this anÈí-

coagulant rsas found to be superior Êo heParin for use rsíËh this species'

b. ErvtlrocvÈe Counts. The technÍque used ln rna¡rmalian

"Sandoz Chemtcal Company.
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erythrocyte counts r.¡as found generally applicable to fish bLood. How-

ever, diluting soLutions used in maûEnaliån erythrocyLe counts vere found

to be unauitable for fish b1ood" Hendrícksr diluting solution (Hendricks,

1952), used at a diLution of l:200, gave accepÊable resulËs. The com-

posítion of thÍs diLutíng soluËion has been sho¡qn in Text Table V.

Erythrocytê counËs r,rere made ¡qith Spencer "Sright Linel
7

HaemacyEometer s ' and á.ccompanying díluting pipets. A detailed descríp-

tion of the procedure has been gíven by Hesser (L960),

c, Iron DeÈerÍrinâtÍons . Iron determinatíons rsere carríed

out by means of the totaL blood íron procedure as descríbed by Natelson

(1961). In this technique, the organie maÈerial was digested by heating

in Lhe presence of suLfuríc acíd and hydrogen peroxlde. PoLassium per-

sulfate was used to oxídize Èhe iron to the ferríc state. Sodiurn Èhi-

ocyanale (NaSCN) tùas then added and co¡¡l¡Ínation of this chenical \,iith

ferric iron resuLted in the forma.tion of ferric thiocyanate (Fe(CNS)U)"

AddiËÍon of the thíocyanaÈe rvas carrÍed ouË only after cooling of the

solution; therefore, decomposition of the ÊhiocyanaÈe and precipitation

of the sulfur rsas avofded.

A blank, sÈandard, and unknown were prepared for each anaLysis.

The composÍtion of these has been iLlustrated in TexÊ Table VI. ELectro-

photometríc analysis of the ferric thyocyanaqe complex was carrÍed. out

7A*erican Optical Company, InsÈrunenÈ DÍvision.



TEXT TABLE V

COMPOSITION OF
}IENDRTCKI S DILUTING SOLUTION

SodÍum sulfate ".. 10"0 gm.

Sodium chloríde 2.5 gm.

Sodium citraÊe . . " 1.5 gm.

GLacial acetic acid 50.0 gn.

Wåter Èo 500.0 mL"
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TEXT TABI,E \¡I

PREPARATION OT BT-ANK,
STANDARD, AND UNKNOI^IN

USED IN IRON DETERMINATIONS

MateríaL Added to Tube STANDARD I]NKNOWN

DisÈiLLed r,¡ater

Iron standard

Whole b lood

Sulfuric acid

Hydrogen peroxide

Distilled water

Potassíum persui-fate

Sodiurn thiocyanate

ÐistÍ1led waËer

0.2 ml.

0,6 mL.

1.0 url"

0 .2 mL.

0.4 rnL.

To 4.0 nl"

0.20 nl,

0.02 ml"

0.2 n1 .

0"6 ml.

1.0 ml"

0.2 mL,

0 .4 ml-.

To 4"0 nl.

0.20 gl1.

0.2 nl"

0"2 nL.

0"6 mL.

1.0 gll"

0.2 ¡nl.

0.4 nL.

To 4.0 n1.

0 . 20 mi..
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on a Fisher e lec trophotortre EerB used in conjunction nith rnicro cyllndrtcal

absorption cells and a 525-B f11ter.

d. HaematoqEi.LÐqLèISL4aCions. the Strumia mLcro -haematoc ri t

method was used foï haema0ocrit' determÍnatLons. The caplllary tubesg

ernployed measured 32 mrn. Ín lengÈh and 0.8 run. in d1âmeter. Ln carrying

out the procedure a caplllaty tube çrê s touched to a drop of blood r.¡f th

the caplllary aclion resulting ln lhe formatlon of an eryEhrocyce- serum

column wlthin Éhe tube. Followlng !hÍs, one end of the tube was sealed

r,ríth a vlnyl plasgic puetylo. Haematocri! values wef,e delerníned by

centrlfugfng the caplllary Èubes at 71000 rp$. for ten nLnutes.

ê. I,lhl-te Cell- Coqlcs. ùre !o the identlficatlon problems

previously mentionèd, considerable difficulty was experienced in ob-

EaÍning accurate leukocyte counes. In order to slmpllfy Ehe problem,

only cells posÍltvely identtfíed as leukocytes nere labulated separately.

Ihe me¿hod used \.ta s tlìaË outllned by Hesser (1960). Sharlrs

countlng fluld (Sharv, 1930)¡ rqas found to give satlsfactory results

wlth erythrocytes, thrornbocytes, and leukocyEes befng readily dÍffer-

BFí"h"r Scientific Company.

gCapillary 
Tubes (CaÉ. No. 524954). Scientific Products,

Division of Anerícan Hospital Supply Corporetion.

10criro""u1. Blolo¡¡lcal Research, Inc.



entiaÉed. The composition of this countíng fluid has been iLlustrated

in TexË Table WI. Solutíon A was prepared each day, vhile soluËion

B was stabl-e for several days,

f.. CaLcuLations. Galcul-atíons for most of the procedures

were routinê and references have been previously given. The nethods

of calculatÍon of mean corpuscular vo Lume and meân corpuscular iron

content have been ilLusÊrated beLow.

Mean corpuscuLar volumes were determíned by use of Ëhe fornuLa

given by Anthony (1960).

¡4çy = %RBC * 1o *,r3.
MiLLions of UC/rm3

Values for mean corpuscuLar iron contenË r{ere derived as

folloi¡s:

"rr,r,, - 
Totai- blood íron (ng/L00 rnl")*'"-@

- TotaL blood iron (mÊ./100 mL") _ mg..È
RBc/mro.' x L0)mm.J/lo0m1.

E 1ec trophor et i-c Procedures

a" Introduction. Prior to thís stualy, conventionaL paper

eLecÈrophoretic sèparation of the haemoglobin polymorphs of teleost

fishes had met wíth litÈLe success. Hor,rever, polymorphs had been dem-

onstrated by starch geL, agar gel, and moving boundary electrophores is,

and aLso by ammoníum suLphate precípitatlon (Chandrasekhar, L95,9; .



TEXT TASLE VII

COMPOSITION O¡' SHAWI S

DITUTING SOIUTION

Solution A

NeuÈråL red " . 25.0 rng,

SodiumchLoride""" 0"9 gn.

Ðistilled water . 100"0 ml"

Solution 3

Crystal vio Let

Sodium citrate

tr'orrnaLdehyde

ÐisËilled Ì{aËer .

1-2 . 0 mg.

3.8 gm.

0.4 nl.

100"0 nL.
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Hashimoto and Matsuura, 1959, 1960; Suhl-er and Shanks, 1959; Sick,

196L) " Since these Latter techniques are ínconveníent, due to Èhe tíme

and preparaÈÍon required, the advantage of a paper e l-ectrophoret ic

method suggested the desirabll-íty of lts utilisation. In víe¡¡ of thís,

an investigatlon r¡as underËâken to determine Èhe efficiency of various

paper-buffer conbinaËions in Èhe separaÈl.on of the haemogLobin polyrnorphs

of go j.df Ísh.

b. General Method Employed. An initiaL denonstration of

haemogLobin polynorphism in Carrassius auratus was made by the verticaL

starch-gel electrophoresis Dethod of SrLithies (1959)11. îwo fractions

r,¡ere observed and r,lere notable for Èheír low rnobiJ-ity relatíve Ëo com-

mercÍaL1y prepared bovine haemoglobin samples.

In the manner previously descríbed, blood ¡¡as dra¡qn from 15

animals rangíng in weight from 8.2 - L9.2 gm, The samples were centrÍ-

fuged and Èhe plasma aspirated. The packed erythrocytes vere then

washed three Èimes in 0.7% sodium chloríde soLuÈion and haemolyzed ín

disÈilLed vater r,rlth repeated fr eezLng and thawing. The resuLtlng

haemolyzate was a dark opalescent brown, and contrasted wlth Ëhe cl-ear

red-bro\,¡n haemolyzåte obtained f¡om human blood treaÈed by the same

procedure.

Samples of 20 ul. of haemolyzaÈe r+ere applled cenÈrai-ly and

submarginal-Ly to each of eighÈ 2.5 x 30 cm. strips used in conlunction

'i1 _" I am deepLy grateful
ZooLogy, UnlversiËy of Mani toba,

Èo MT. James C. Ì'enwick, Department of
for carrying out Èhis procedure.
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r'rÍth a Spinco Model R electrophoreti" "y"1"*12. The duratíon of the

electrophoretic period along with variaÈions in Èhe current and voLtage

have been recorded in TabLe VIII.

Followíng electrophores í s, Ëhe påper stríps ¡+ere oven drÍed

åË 1l0o¡'. and iruned.íateLy scanned usÍng a PhotovoLt ModeL 525 densito-
13meter in conjunctíon with a 595 mu, fílter, and a self-baLancing

'!'l,
potentíometer recorder'- set at a response of 10. The sliÈ sLze of.

the líght from the J-íght source located in the deneitometer wås 10 x L.5

mÍ1limeters.

Schleícher and Schuell 20434, Whatnan 3MM, and llurlbut 934 - AIl

papers nere sËained in methanolic bromophenol blue, destaíned ín dilute

aqr¡eous acetic acld, developed in aumonium hydroxide fumes and rescanned.

WhaÈman DEAI ceLLuLose ånd. ecteola ceLluLose Èended to take up the stain

within the paper and ¡,¡ere therefore noË rescanned. ELecÈrophoreÈo grams

obtained using this stain have been recorded ín ¡igures 3 and 4.

c. Tests of Paper-Buffer C.ombínaËíons, Five different paper

tJæes vere used in combination with vernol and TRLS-EDTA buffers" The

papers and composition of Ëhe buffers lÍave been listed Ín TabLe VIII.

SchleÍcher and SchueLl 2034 and l^Ihatman 3MM are the most cornnonly used

in paper elecÈrophores is " HurLbul 934 -AH is a borosilÍeate glass fiber

"'spinco ModeL R ElectrophoreËÍc System. Spinco Ðivision,
Beckman Instruments, Inc.

13, 15..r"Ítometer and Recorder. Photovolt corporatLon"
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BUF¡'ER

TEXT TASLE \¡IT1

TEST SCHEDULE

DURATION CURRENT

PAPER TYPE 0F RIJN. t{R lmA)
VOLTAGE

(v)

-. .1verona-L

TRIS-EDTA2

Schleicher & Schuell 20434

Schleíeher & Schuel-l 20434

WhaËman 3MM

HurLbut 934-AH

I{hatman DEAE ceL LuLos e

Whatman ecteola ce I lulos e

Schleicher & Schuell 20434

I{haÈman 3MM

llurlbut 934-AI{

l,rrhatman DEAE ceL Lulose

WhatÛIan ecteola cellulose

L3.5 78-79'

20.0 250-2L0

20.o 280-240

20.0 L52

20.0 382-2805 -305

20"0 37 0 -3 20-350

12.03 soo-320

20.0 382-280

20.0 196-188

20.0 430-380-42s

20.0 360-345-385

L6

4

4

J

4

4

4

4

L"5

4

4

lv.rorr"L buffer: diethylbarbituric acid -- 2.76 g/1, sodíuûr
diethyLbarb iÈurate -- 1,5.4 e/7, pH -- 8.6.

2rrus-¡nl¿. buffer: trishyclroxymethylaminometh ane -- 78.65 g/L,
ethylenedíamineteÈraacetic acld -- 7 "80 g/1, boríc acÍd -- 5.98 g/lrpH -- 8,9.

3Ma*i*r'm current at 500 v limit of power supply"

4lrríti.L and final volËages

5Minir,m volËage reached during run.
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paper, useful w1!h subsËances lending to be absorbêd by cellulose papers.

llhatman dÍelhylanrinoethyl (DEAE) cellulose, frequently used fn chrom¿-

tographic separations of haemoglobins, is comparable Lo a terctary amino

acíd resín in action. V¡hêtman ecteola celLulose Ís a rvealcly basic ter-

tiary amine exchanger of güeater speclflcÍty Ehan DEAE cellulose.

d. Resulf,e oblaiqed. The results obtalned ln the various test

combinatlons have been recorded in Flgurês 2 and 3.

Schleicher and Schuell 2034, I,lhatman 3Ml'1, and Ìihatman DEA!

cellulose papers did not produce any separêtion r,¡hen used in conjuncElon

wítlì vernol bufÍer. Witlì Schleicher and Schuell 2043A, Whatman 3tr&l

and Hurlbut 934 - AH papers, the haerìoglobin tended !o diffuse in a

broad band abouL Ehe poine of application. Simllar results were re-

corded by Rodnarì and Ebaugh (1957), and Becker et, al. (1957).

Partial sepafêtions occurred with Hurlbut 934 - AH PePer in

boLh vernol and TRIS-EDTA buffers, bug because of nu¡¡erous srnall peaks,

pronouneed migraÈion, and consfderable tailíng, lit,gle signlflcance

could be ascribed to the resulEs. Furtlìerrûore, the extreme fragility

of the paper whfle krêt. rnade Ehe sËainlng process pareicularly difflcult,.

All of the following combl.natíons showêd partial separatÍon,

with a rnajor peak mlgret,ing t,oi.rards the cathode 3

l. Schleicher and Schuell 2043È. - TRIS-EDTA buffer

2. Whatman 3MI - TRIS-EDTA buffer

3. Ecteola cellulose - vernol buffer
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2.. U-p¡rcr: -Rr'¡trtse tttfltiÏc clcct t'o¡ rlrrr erogrrr Drs of tIi¡rls ilr vr,r¡r¡r¡rl lllrflr.¡.. ,li¡r., ti,,¡¡ ,,!
c-ilttlir.atrrl b¡'trrorr. Âb¡ciss¡r-clr, Orrlirirrtr..o¡rtirlrl rlcrrsii¡.
;ft. Lorvtt': Ik,¡rn,scnIrr t [vt. t,lcôt ro ¡rlrrr crogra ¡rri ,',f lr.i,,l. in'i.Rf,S.l.jlì'l',\ l,rlri.r., ,li¡,, rir,ir

of ltfirrllr irrrlicltcrl -þ.1: ¡rrrouj. .\¡ri"s¡lc¡¡. (irtlirrrrlrl..'ti,iril ,1.¡rilr..

i..ììt,1.9+.i::::i
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4" DEAE cellulose - TRLS-EDTA buffer.

0f aLL Èhe combinatlons tested, the ecteola cellulo8e -. TRIS-

EDTA coribinêtlon produced the Bost satisfsctory separafÍon. In thie

case, there wae a sharpLy deflned fraction, $rhfch someÈlnes appeared to

be lndistlnctly separatetl into Èwo components, nfgraÈtng tor,zards the

câthode and a ¡nore diffuse fraction of Lesser ÛIobility nigrating tolüards

the anode.

e. FinaL Method. ALthough results obtalned wlÈh rhe above

method showed a reproducJ'blliÊy of Tepllcate samples which r¿as withtn

107. ¡¡ith respect Ëo nobllÍty and abundance, it was dlscovered ín later

studíes thaÈ greêter consistency could be obtained by carrying out the

procedure at consËant voLtage and varl¿ble curÍent. In thÍs case the

voltege was 500 V and the cúrrent variecl from L0-40 nA.

In the finêl meÈhod., elecËropholetic runs were carried. out

under consÈant voLtage ancl vatying ¿mperage. A colorecl tndicatorl5 ¡¿ss

placed aÈ Ëhe polnt of origin on each strip, antl bovlne haernoglobtnl6

was placed on one strLp in each run. The indícator and the haenogLobin

acÈed as conËrols whereby variations fn the buffer couLd be deÈected.

14R3Y R"f"r".rce Dye. Gelman Lnstrunent Co.

11,4ann Res earch T.aboratoríes .
::: 

.. ì'\: j l
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RESI]].TS

llaelrlato 10 gícaL lnves ÈÍ gation

The results obteined 1n the haenatoLogical study w111 be dis- !r,
.lj

cussed under Ëhe folLow'lng headlngs:

L. ErythrocyËe Counts

2" Haematocrit DeÈermlnatd:ons i,::
,:1:
ir:t:!

3. Mean Corpuscular Vo Lume EstlmaÈlcns ;.
ii::i

4. Iron Deternlnatfons i'.-l-a

5. Mean CorpuecuLar Tron ConÈent Estimatlons
i

6" WhlÈe Cell Counts. 
i

,,i
The data obtaíned from the above determinations hgv.e been re- 

I

i

corded, Ín full, in Appendfx TabLes L and LI" 
i
I

1. EryÈhrocyt_e ,CoqnËs . The results obtalned in the study

of eryËhrocyre numbe::s have been graphlcali-y lLLustratêd in Flgure 4,

and tabuLated ln Text Table IX, It would appear, frorn the slope of

the regresslon Line of èrythrocyte nunbere agalnsË time, Èhat no slgnf-

ficant change occurred duling thè 240 hours followlng transfer of the

animals to 30oC. Ho.!,zever, Èhe resulÈs do suggest the posslbii-lty of a

cycllng phenomenon ¡yiÈh a perlod of approxímately 60 hours.

2. I{genatocrit Dê.termÍnatfons . ResuLÈs obÈained ln the

haematocrÍÊ determinatlons have been summarlsed ln TexÈ Table X and

I.

r.È
Èæ
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Iigure 5. The regresslon line indÍcates no signiflcant change oveï the

240 lrour period foi.lowlng Ëransfer. Eowever, the posstbilíty of a

cycling varlatíon over 60 hour intervals agaLn appears.

3. Mqa¡ Cor,pusc,ular VoLume, The rçsults of esÈimaÈes of

mean corpuscular vo Lume have been recorded tn Text Table XI and Flgure

6. As lndfcated by the regressÍon Llne, no significant change occurred

over the 240 hour test perfod" However, cyclícal varLatlons again ap-

peared, wíth the cycLe perfod again belng of approxínately 60 hours

duratlon.

4" Iron Det,ermiqarÍops . Fígure 7 and Text Table XII indf-

caÈe the resuLts obtaÍned ln deterninatlons of Èhe total blood tron.

No slgnificant change occurred in tÀe totaL bLood íron during the 240

hour tesË períod¡ aLthough the regressíon Line dra¡vn to suit the values

obtaíned showed a sLfght decrease tn the toÈal blood tron. once agaf.n,

the previousi.y mentioned cyclícal vå.riatÍons appeared.

5. MeaF C,orpuscular Iron qontent " Values obtalned by caL-

cuLetlon for mean corpuscuLar lron contenÈ are suruprfsed in Text TabLe

XIIL and Flgure 8. . No signlffcant varlatLon occurred ln mean corpuseular

Lron content over the 240 hour period. The regresslon llne of mean cor-

puscular iron content agå.lnst tlme, hol¡ever, suggesÈs that a slight de-

crease, comparabLe to Èhat obtålned ln the total blood iron anaLysis,

may have taken place.

i:.: : .. r*:i.'-:].r:'l
:l::r: Ì

1l;r::.-ij,,i:ì
::.11.1

I

Ã:.lÞài¡1j
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6. WhiËe Cell Counts. As noted prevlously, leukocytes and

haenocytoblasts r.7ere tabulated BeparateLy. The resuLÈs obtalned ín Èhe

leukocyte countÊ are glven in TexË Table XIV and Figure 9, whl1e those

of Èhe haenocyËoblast nr¡mbers have been glven ln Text TabLe XV and

Flgure L0.

AlÈhough a trend towards an lncrea6e exists, no slgnlflcånt

change occurred ln leukocyte numbers durlng the 240 l:.ovt period foL1ow-

ing Ëransfer. Contrary to Lhe results obtained ln Èhe other haenato-

loglcal tests, there appeared to be llttle lndlcatÍon of any cycllng

phenomena.

The hâemocyÈobLasË nunber remalned relaË1veLy constanÈ, but

díd sho¡¡ a tTend towards an increase and posglbLe cycLlng rùas apparent.

j-i:: :!.r:Ij

Þ.ìË¿i+
iirã.'ìê

'.:'.;:-::'
]:::::: j.:
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TEXT TASLE IX

(REsutTS oBTAINED FROM)
ERYTHROCYTE COUNTS

GROUP

MEAN

WEIGITT(s.)
tæA¡ n¡c/m3

(roo¡
STANDARD DEV. STANDARD ERR"

2ooc.
Control s

30oc. Test
12 llours

24 Ho.ats

36 Hours

48 Hours

60 llours

72 Ho.ure

84 Hours

9 6 lloure

l-20 llours

L44 Itours

168 llours

192 Houre

216 Hours

240 ltours

10.3

95.0

49.6

4r.7

47 .5

40"8

35.2

4t.5

30. L

91. e

40. s

32.3

38"7

34.0

4t.L

2.L2

2.L6

2.15

2. 18

2.22

1"81

2 "16
t 10

2.33

2.76

2.35

2"06

2.L5

t.96

2.L6

0. 11

0.24

0"24

0.21

0.39

0.32

0.28

o.26

ol28

0. 39

0,23

0. 30

0. 19

0. 33

0. 59

0.02

0.09

0. 03

0,.07

0.13

0.11

0.09

0. 09

0. 09

0. 13

0. 07

0.l_0

0.06

0. 11

0.20

!,j++i

i::,::r::..1:l
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I'IGURE 4. Erythrocyte number Ín niLltone/nq,.3, ehorùLng
values obtaíned for fÍshes s.cc1ínÂted to 20oC. and físhes
Èrånsferred fron 20oC. to 3OoC. VertícaL Line represenËs
range; horizontal line, neen; Lsrge rectangle, stêndard
devialion: snall TecÈangle, standard error" Equåtion
for regressíon Line:

Y-2.L78+O.0002x
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TEXT TABLE X

RESUTTS OBTAINED FROM

HÄEMATOC RÏ, T DETERMINATI ONS

MEAN
GROUP WEIGHT MEAN 7.RBC STANDARÐ DEV. STÆ{DARD ERR.

(er. )

zooc.
ControLs L0 .3 29.6

30o Tes t
L2 Hours 35.0 32.2

24 Houts 49.6 28.4

36 Hours 41.7 31" 8

48 Hours 47 "5 30.4

60 Hours 40 .8 25.L

72 Hours 35.2 29.A

84 Hours 41.5 36.L

96 Hours 30. '1 34.5

120 Hours 3L.9 27.L

144 Hours 4O.5 26.7

168 Hours 32.3 26.9

l-92 llours 38.7 30.0

216 Hours 34"0 25.5

240 Hours 4L.7 34"6

5.9

5.5

2"3

3.5

5.3

3.8

6.7

7.8

3.3

4.4

4.4

4.o

4.4

3.3

5.4

1.0

1.8

0.8

1¡)

1.8

1.3

2.2

2.6

1.l-

1,5

1.5

1,3

1-.5

1.L

1.8

ir.:i.:

i;;ii:

.:]:
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FIGURE 5. HaematocÍiÈ expressed as perecent ied blood
ceL1s, showíng vaLues obtelned for fishes accLinêted to
20"G. and físhes transferred from 20oc. to 30oc. Ver-
ËicaL i.lne represents range¡ horizontal L1ne, mean;
lårge rectangLe, sÈandard deviation; snaLl rectangLe,
standard error" Equation for regreeslon line:

Y- 30.4 - 0.005x
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TEXT TASLE XI

RESI¡LTS OF MEAN CORPUSCIILAR
VOLIJME DETERMINATIONS

GROUP

MNAN
VTEIGHT
(s.)

10.3

35.0

49.6

4L.7

4'1 .s

40.8

35 "2

41. s

30. r.

31. 9

40"5

32"3

38,7

34" 0

41. il

MEAN

¡lcv (o3)

162.7

148. 0

133.0

L46.0

L35.0

138.0

l- 34.0

156.0

L49.0

1.25,5

114. 0

130. 0

L47.0

134.0

L66.0

STANDARD DEV" STANDÀRD ERR"

29.8

18. 3

L5.2

10. 0

9.L

10.7

27.5

12,8

29.4

8.9

L8c 7

6,4

28.7

13" 9

25 "t

5.8

6.2

5.1

3.3

3.0

3"6

9.2

4.3

9.8

3.2

6,2

2.1

9"6

4,6

8.4

il:

ct -.

2ooc.
Controls

30oc. Test

12 llours

24 Hotßs

36 Hours

48 Hours

60 ltours

72 Houts

84 Hours

96 Hours

120 Hours

144 Hours

L68 Hoúrs

192 llours

216 lTours

240 Hours
if::*



ILGURE 6. Mean corpuscular eryËhrocyÈe volume expressed
ín cubic mlcron6. VaLues shown are for flshes accLtnated
to 20oC. antl for fishes traneferred from 20oC. Èo 30oC.
VerÈical LLne represents range; horizonÈal J.ine, mean;
Large rectangle, €tandard deviatton; smal1 rectangle,
standard error" EquaÈion for regresslon liner

v-L38"2+0.0166X
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TEXÎ TABLE XII

RESUTTS OBTAINED FROM

IRON DETERMINATIONS

MEAN

I{EIGHT TOIÀT,.'.TRON
(er. ) (Mct. 7.)

STANDARD DEV. STANDARD ERR.
MEAN

35.0

49 "6

4t.7

47 .5

40. 8

35.2

4L.5

30. t

31. 9

40. 5

32.3

38.7

34.0

41.1

3L.7

30"3

40.4

32,8

32.8

34.4

36.8

42.0

27.r

40,5

2s,7

25,9

23"2

36. 0

7.7

2.5

6.L

8.3

9.1

6.9

4,5

4.3

4.3

5.2

8"7

3.3

3.1

4"3

L.4

0.8

2.0

2"8

3.0

2.3

1.5

1,4

1.4

1.7

2.9

1.L

1t

1.0

1.4

2ooc.
Controls

30oc. Tee t

l-2 Hours

24 Hours

36 Hours

48 Hours

60 Hours

72 llours

84 Hours

96 llours

L20 Hours

L44 Hours

168 Hours

192 Hours

216 Hours

240 Hours

10.3 35.7

¡i;

i.tl



ILGIJRE 7" Total bLood lron expreaaed ín nilligraurs -per-ããitl--El.tes ehorrn are for f f shes accLím¿ted to 20oc.
and for fishes transferred. from 20oC. to 30oc. VerticaL
ll.ne represents rsnge; horlzontal f.ine, mean; large
rectangle, sÈandard deviaLíon; smalL rectangle, sËandard
error. Equation for regressíon líne¡

Y-35.7 - 0.027x
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TEXT TABLE XIII

RESULTS OSTATNED FRO}Í DETERMINATIONS
OF MEAN CORPUSCULAR IRON CONTENT

GROUP

T,IEAN

![EI,GHT
(e*. )

MEAN
MCrC_11

(Mgm.xlO ")
STANDARD DEV. STÆ'TDARD ERR"

2ooc .
Contro 1s

30oc. Test

12 llour s

24 llours

36 Hours

48 Hours

60 lfour s

72 Houx s

84 }lours

96 Hours

120 llours

144 llour s

168 llour s

L92 llours

216 Hours

240 llour s

L0 .3

35.0

49.6

4L.7

47 .5

40.8

35 "2

4L.5

30 .1

31.9

20 ,5

32"3

38"7

34.0

4r.ô

t7.0

L4.2

18 .4

L4.6

l-8. r.

L6.L

L7 ,L

L9.7

L4.6

L7 .3

L2.5

L3 .0

L2 .8

L6 "4

3"5

1.6

3.0

2.0

1-.5

2.6

2.7

7.0

L.4

3.0

L.1

3.1

3,4

0.6

0.5

0.8

1"0

0.7

0.5

0.9

0.9

0.5

1.0

0.4

L.L

1.0

1.1
i!:1.1

iÊji



FIGURE 8" .Mean_ ç:orpuscular íron content expr.essed as
-flltgr""r x 10-11. Values shorTn êre for flshes ac-
clinated ro 20oC. and for fi€hes Èrensferred from 20oC"
to 30oC. VerÈical líne represents ra'nge; horizontal
11ne, mean; lêrge rectangLe, standard deviaÈíon;
small rectangle, sËandard error. Equatíon for regres-
slon Line¡

Y=L6"4-0.0061x
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TEXT TAB],8 XIV

RESI'LTS OBTAT,NEÐ FROM

T.EUKOGYTE COIJNTS

MEAN MEAN
WEIGIIT IEUKOCYTES/nn3
(em. )

STANDARD DEV. STANDARD ERR.

zooc.
Controls

3ooc. Test

60 Hours

7 2 Ho:urs

84 Hours

96 llours

L20 Hours

144 Hours

168 Hours

192 Hours

2L6 llours

240 Hours

3 rL66

2,650

2r150

2,200

2 ,333

3 ,150

3,100

2 rg50

2 1777

4,790

3,200

863

625

707

748

666

L ,096

l¡096

1,010

972

1,845

855

3L.9

40 .5

44 "7

4L"L

35.2

37 
"5

40 .0

35.3

36.6

38.5

4s,4

L79

L97

223

235

2LO

345

345

318

307

582

269

il.jì:i'+rl:

'l



I'IGURE 9," LeukocyÊes ln thousands/mm.3, showing values
obtalned for flsh acclÍmated to 20"C. and fishes Ërans-
feried from 2OoC. to 3OoC. VerÈlc¿.L line represenÈs
range; horizontal f.ine, medn; Large rectangle, standard
devÍation; smal-l rectangl-e, standard error. Equation
for regression LÍne:

Y=1774.6+8.3x
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Ltl

GROUP

TEXT TA3T,E XV

RESULTS OBTAINED FROM
HAEMOCYTOBLAST COUNTS

MEAN
t4rEl.cHT HAEMOCYTQBLASTS
(g¡n.) /t*r STANDARD DEV. STAIIDARD ERR.

2oo c.
Controls

30oc. Test

60 tlours

72 Hours

84 Hours

96 Hours

L20 Hours

144 Hours

168 llours

192 Houts

2 L6 llours

240 Hours

3l-.9

40.s

44.7

41.1

35.2

37 .5

40 .0

3s .3

36.6

38.5

45 -4

4L ,97 5

43,600

, 34.'700

39,500

33 ,833

45 , 850

49,200

42 1250

48,866

48,450

46,350

9r100

9,4oo

9,540

9r500

4,470

10r000

LL,42O

6,600

L3, 600

L4,4OO

5 ,910

L, 895

2 1965

3 r009

L,gg6

L,4Lo

3,L54

3 1602

2 rLO0

4 1533

4 1542

Lr864

:iìl

lii



FIGURE LO,. Ifaemocytoblas ts ln thousands/..!3, showing
v"lo*E"f.ted foi fiehes âcêllmated to ZOoC. and fighes
Èransferred frorn 20oC. to 3OoC. Vertfcal line represenËs
range; horizontaL lÍne, mean; 1årge rectangJ.e, standard
devÍatíon; srnal-l rectangLe, st¿ndard error. Equatton
for regressíon Line¡

Y=361856+46X.
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ResultE of Electrophg,retlc Procêdures

In ËhÍs portion of Èhe lnvesÈigaÈion 21 fish qrere acclim¿ted

at each of four different temperatures, 50, L2o, 20o, antl 30oC. Follow-

ing accLlnatlon, electrophoretic stud,ies rùere made on Èhe haemoglobfn of ;i''."Í
each group of ani¡nals.

Represenlatíve electrophoïètogïams are illustrated in Figure

11. The ïelatíve abundancies of the poLl¡norphs have been gÍven ln :.....¡.;:,,i
: :::'.i'::rr'ri'

Figure1.2qndTextTab1exVI'wh1].eÍrigraÈíondístancesofthepo1yrnorphs
;,,:,:i:.:jr:j,

are sho¡rm ln Figure L3 and Text TabLe X\Æ, irr:.::i,rr.;:"ri

tr'Ísh acclinaÈetl Èo 5oC. had two haemogLobln polymorphs: a

maJor peak (C1) nigrating torüatd the caÈhode; and, a mínor peak (42),

of greater moblLity, mígratíng towards the ånode. 
I

The 12o, 20o, and 30oC. groups exhibÍted three fr.actions i

(C1, A1¡ A2). The appearance of the thlrd fracËlon (41) becarne progres- 
I

slireLy rnore apparent r lth increased accllrnation ÈemperaËure, and appeared

to be composed of what was the minor peak of 5oC. group.

The na,or fractLon (C1) renained clo€e to the same relative 
iìi..rr;,,i:ìi

percentage throughout all the groups tesËed. ?he toual percenÈage con- il:::',i...:
- j,i

trtbution of A, and A2 to the who l-e ln the 12o, 20o, and 30oc" animals ì..,:,.'.i

was equÍvalent to Ëhat of the A fraction seen ln the aninaLs accLimated 
l

to 5oc.

The rnigratton dLstance of C, remained fairLy consfant fhrough- 
;. ::,.,j
:ì:j¡¡::'¡ii:l

out all Lhe groups. Ilowevet, ¡¿lth Èhe appearance of Al there was a sub-

sequent decrease ln the nlgratíon distance of 42"
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TEXT TASLE XVI

RXSTTLTS OF ELECTROPTTOREFIS

STIOWING MIGRATÍ,ON ÐI,STANCE AND
RETATTVE AB1JNDANCE O¡' HAEMOGT,OSIN POI,$4ORPHS

AC CLTMI{TI ON TEÌ.4P.

and
MEAN WELcflT (sm.)

MIGRATIoN DIST. (m") REL. ÀBIJNDANGE (7")

G1 À1 A2 Q1 A1 A2

iì-Ë.ä.i: .:!l;ì

5oC. croup Mean L2.O 16.0 59"8 37.2
''

39"0 Grans Standard
DevlaÈlon L.7 L.9 7.2 6.7 

.

SÈandard
Error 0.4 0.4 L.6 1.5

J.2oC" Group Mean 1L"0 9.0 15.0 64"2 10.5 25.7

40 .7 Grams Stantlard
Devlatlon 2"0 1-.L 1"3 5.4 2.3 4.7

standard
Error 0.4 0.2 0.3 L"2 0.5 1.0

20oC. croup Meån 11.0 7.0 8,0 63.0 L6.6 20.4

33"6 Grams Standard
Deviatlon 3.0 2"2 4"4 10.5 5.6 8,7 l

Standard
Error 0.7 0.5 1.0 2'3 L.2 L.9 \

30oc. croup Mean 11.0 1¡..0 L5"O 54.5 L3.6 31.9

38.7 Grams standard
Deviatlon 3.7 2.4 2"6 8.9 6.8 8"9

St.anilard
Error 0.8 0.5 0.6 2"0 1.5 2.0



FIGURE_ll. RepresenËaËive elecÈrophoretograms of haemo-
;ñîtn^fr.r fiãhee acclínated to eãch of lo, L2o, 2oo,
and 30'C" AccLlnâtÍon temperature is given at the base
of each eLeetrophoretograrn. Directíon of anode is fn-
dlcated by ¿rrorar" Point of appLicatlon noÈed as
"origlnr'. Cl rêpresents cathodal fractíon. A1 and
A2 represent anodal fractíons.
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FIGIJRE 12. Relative abundance of haeroogLobin poL¡lnorphs
of flshes acclinaÈed Èo each of 50, L2o, 20o, and 30oC.
Broken línes separate accLfinatton groups. Cl represents
cathodaL fraction. A1 and A2 represent anodal fractÍons.
Vertícai- LLne repreeents range; horizontal f-ine, mean;
lerge recÊangLe, standard deviaÈloni 6malL rectangLe,
standard error "
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¡'LGIJRE 13. Mígration dlstances of hae¡nogl-obin polynorphs
of flshes acclímated to each of. 50, L2o,-20o, an¿ äOocì
Broken Linee separate accllmaËion groups. Cl represents
caËhodal fraction. À1 and A2 represent anodal fractlons.
Vertical- L1ne represenLs range, horízonÈal line, mean;
large rectangle, sËandard devl€tÍoni smaLl- rêcÈangle,
s tandard error -
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DISCUSST,ON

L. IlaenatoLogica!Aspects

a. Ervthr,o.cvte C,ou¡¡s. Values obÈalned for êrythrocyte :':;ì'fii

ínth1estudyåndÈhoseofother1nvest'ÍgationsmaybecomParedbyre-

ferrlng Êo Text Table I and Figure 4,

The erythrocyte counts of the 20oC. contÍol group closely ii:':Ç-
:i' ir1¡i

approxlmate Ëhe resuLÈs obtatned by Anthony (1961-) and Spoor (1951) in
',.,.,goldfish accLiurated to Èempêrstures of 260 and 3ooq. However, they êrê i+':,i,:

consíderabLy hlgher than ühose reported by Baker and Kllne (L932') f.or

this species (T.T.T.).

Specles dlfferences ln erythrocyte counts are appårent r^7hen

tb.e resuLÉs of the present study are compated wlth Èhose recorded by

Field, ElvehJem and Juday (1943) for carp ané brook ÈrouÈ, by Ktsch

(L952a, L952b), for the scombÞr and tautog, by Sondar (1957) for the

ríver shíner, and by Anthony (196f) for píke and roach (T.T"I). The

values observed in rhese earlier studíes shol¡ed a range of 0.5'2.7
. ã 

,,:.,,,:,,milLlon/mn'. 
: ..

ALthough the erythrocyÈe counts cårrLed out on the 30oC. ::,:,:",

anÍmals are some¡¡hat higher Èhan those record.ed by Anrhony (1961) fot the

same species accllmated to thls temperature, they compare welL wlth those

observed by Spoor (1951) ín goldf{sh which had been tempered to a Èemper- +-.i,.-:+

i¡I-r'#
ature of 3OoC. by step$rise increases over ê Èen day perlo<l. The LatÈer

aníuals rùere mal-ntaÍned at a temperature of 30oC" for a perlod of 4 days

prLor Èo sampllng. '
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Since the anlmals used by Anthony (L961) were probably fully

acclimated to the vaxlous temperaturee empLoyed., and Ëhose of Spgor

(1951) vere, ln aLL probabiltty, only parrlally acclinated, tt ts díf-

flcuLt to make tlirect comparisons. of the results. It fe, however,

interesting to noËe Ëhat both Spoor (L95l) and Sonclar (1957) obeerved

increases ln eryËhrocyËe number ¡¿fÈh lncreased temperaÈure (Spoor, L.6 -

2.2 n11LÍon/nn.3 or +267,: Bondar, L.3 - 2.7 m111ton/mm.3 or t52%).

Anthony (196L), on Èhe other hand, obtained results rùhich lndlcated a

decrease Ín erythrocyte number with increasing accLímêtion Ëemperaiure

(2.0 - L.8 nillion/rarn.3 ot a LO1ó decrease ín erythrocyte nurrber).

The data obtaíned ín Ëhls experlment, Éhen, indicate Èhat

the temperature dependent chenges reported by Èhe aboye authors must

take pLace a,t some perlod Later than ten days followtng trs.nsf er. The

reasoning behind this statement stems from the fact that no changes

r,¡ere observed over the 240 l:^our pêrlod ln whlch the experírrentaL anL-

nal-s of thls sËudy íere subjectgd to 3OoC.

In s t¡ltrmary, Èhe results obtal.ned dlsagree wlth those reported

by Bondar (1957) and Spoor (L95i.), buÈ are ln agreement wlth Èhose of

Anthony (1961).

b. HaF.rûatocrlt DêteFnlggtions. Valuee for haematocrft de-

Èermlnatlons (I'tgure 5) carried out on the 2OoC. controL groupl aLÉhough lii.,
FÈ:.ì

generally Lower than those reporteal by AnÉhony (196i-) for fish held cLose l:+Ì

to this tempeïatlrref faLL weLL i{fthÍn the range of values recorded for

€everal specles of teleost fishes (T.T.III, Itgure 5).

ìii¡.r
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In the present stuily, flsh transferred to 30oC. show a sllght

decreage Ín haemaÈocrlt durfng the 240 hour lnterval. The values lndi-

cated by the regrêsslon l1ne ín Flgure 5 are cLosè to those noÈed by

Antþony (1961) for flshee ecclfriated Èo the same tempèrature, These

data suggest that no slgnlflcant change in haematocrit couLd be expêcted

even lf Èhe anlmâ.ls were malntafned at the Èemperature for a perlod ex-

ceedlng Èhe 10 day test inteÌvai-. Tha reasoning for thÍs conclusion

becomes apparent when conslderatLon Ls glven to the fact that Anthony

(1961) noted a 1ow of 3L% in haernatocrfÈ <leternlnaÈLons in ftsh fully

acclfmated to 30oC. In the presenÈ study thts value fs, -reaéhed lmed-

Íately followlng transfer of rhe animals to 30oC.

c. Mean Corpuscular Vqlumg Estimatl.ons,. A comparison of

results obtaíned in thLs sÈudy and thoge of othèr lnvestigations can

be made by noting Text Table L and Ffgure 6.

As compared to the obsêrvatlonÊ of Anthony (i-96L) and fhose

of other reseatchers (see TexË Table I), the e€tlnaÈions of the me¿n

eorpuscul-ar vo lume for the 20oC. control group arè rather 1ow. The

largest valueg are Èhose obÈaLned by Field, Elvehlern, and Juday (1943)

on Cyprlnus s3å&þ (311 ,r3¡ ,rrd S.aLvgllnus fontlnaLis (¡f+ u3),

Mean corpuscular vo h¡na. êstimatlons for the 240 hour perfod

1n v¡hich the experimêntaL animaLs Ì¡erÊ Bubjected !o a tenperaËure of

30oc. are, as lndicaÈed by the regression line, conslalerably Lower than

those of AnÈhony's 30oC. group (Anthony, 1961). Furthernore, ln the

present study no apparent difference was noÈed bettreen rhe contÍoL and
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experlmental groups. Thfs dlffers from the observaÉíon of Anthony (1961)

who noted an increa€e ln Èhe nean corpuscular vo Lume with lncreased ac-

cllmation tempêrature. The amount of thls fncrease was slight rÍfth Ëhe

values aÈ 5o-6oc. (L7 2-L8I .r3) lr,.re"eing onLy ro L76-2Lg o3 ln fi"h

acclf¡nated to 260 and 30oC. Thé fncrease in mean corpueeulat voLume

colnclded ¡slth a decre,ase 1n eryÈhrocyte nunber and resuLÈêd ln no neÈ

change ín ÈoÈal erythtocytè volumè.

il' Total ,Blood lro¡, TexË Table IV and Figure 7 provtde

comparLson bèÉwçen Èhe results obtalned fn this study and those of pre-

vious lnvesÈigaÈions. Total bLood lron, ¿s recorded irn Ftgure 7, nay be

converted to gn.% haenoglobin, assumlng that the haemoglobin of flsh hae

the same molecuLat weÍght ss that of humans, by the fo1-Lovlng equatlon

(NaÈeLson, 1961) |

Mg. Fe/100 nl. X 0.294 = Gn. % HaerrogLobin

Us lng the aboye conversl-on factor, tÈ will be noted lhat Èhe

results obtained for Lhe 20oC. conÈrol- anlnals fal-l ¡¡lthin the expected

range of values obeerved by Black (1954) and Klawe et. al. (1963). Hov¡-

ever, a conslalerable differencg fs sèen ¡then these valuee ar€ compared

r'rlth the results of Sondar (L957). Iri thls Latt€r study, the auËhor re-

corded vslueg of 3"8 - 4.9 9n.7. haenoglobln.

As noted prevfouely, thê 30oC. experínental group tenaletl to

sho\û a decrease ln totel blood lron. Ho!¡ever, Èhis decrease anounted to

only 5 rngn.7.(-147.), These observatlons contrast wÍth lhose of Bondar

(L957) t/ho noted a progrèsslve increase (3.8 - 4.9 gn.7.) in haarnogJ.obfn

i:¡:
.::.

.'
!:;:,

i.i*
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conten! f,or 21 daya followlng Ëransfer of thê aninals fro¡o 9.5oC. to

16"5oç. lhe trend loward decreased total ftonr lndlcated ln Figure 7t

substantiates lhe resulcs obÈafned by Anthony (1961 ) and is in agreenent

ntth the general conclusLon of lhaE author¡ 1.e.r cold water Epecies

(eog.¡ Érou!) and $rarm ttatet specles (e.g. bullhead) have dif,f,erlng

levele of haemoglobln content. Íhe haemogl,obln content of warm rvater

spêcies 1s loltea than that of cold water species.

e. @. The author is e¡,rare of

no comparable egtll!á.tes of mean corpuscular iron eonEenc.

Slnce lhe tron deterninêtiona were mÂde uslng Èhe total blood

iron bethod, one would expect a decrease 1n mean corpuscular ifon con-

Ëent conpsrable to lhat recordêd f,or total blood Lron. As prevlously

noËêd, Chls Ellght decreage does occurr buc to such a sma1l degree Ëhat

no signif,lcant difference ex16t,6 between Èhe 20oG. conErol and the 30oc.

experlüentêl groups.

f. ELçg..']gg!L-@gC,. As llluscrared by Fígure 9, values f,or

leukocyte nunbers are comparable Èo those obgerved by Field, ElvehJem,

and Juday (1943) tn Cvprinus g¡gþ ênd Salvellnus f,ontlnells. Ttreee

authors noled a mean of 3.675 thousand/rnrn3 f,or the forner and 3.910

thous¿nd/ru¡.3 for tl¡e latter Epecies. It¡e eatrenely hlgh lthite cell

counts (20 r 000-150 ¡ 000/n¡¡3 ) noted by lagler, Baradach, and Miller (1962)

nay posslbly be expleined on Ëhe basis of leukocyee identLficetiont

6ince thê sum of the leukocytea and haenocytoblasts at any parËlcular

i:ì:.i::!:;:ì
i:ì!-=:'-.?i=:lr;!1
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lntervêl ¡rould fall v¡f Èhin the range noted by Êhese author6.

g. Genergl DtscugElon of Hêenêtolostcal AsÞecÈs. Tt¡e data
i,,

obtalned in thle study lndÍcate Èhat lltele, if any change occurs ln Ëhe

vêrioua haenÂtological parameEers me¿sured when fish rrêre Èrênsferred

fro¡o a lower to a hlgher temperaEure. Such observatlons e¡ould áppear Èo 
.,1,

be Ln disagreement \ùlth of,t-m¿de physíologtcal observêliona that f,teh l.i
Ëransferred to htghêr envfronnentêl teûperaturee undergo a substantlêl iil,¡

:a..:..,

fncreasê fn oxygen consurnptl.on and aetabollc rate. ThuE one nlght.expect

blood changes Èo occur whích would facllltate oxygen upÈake. The ep-

parent dlscrêpancy of the resulÉs obtained ln thl-s study ênd that of,
l

AnÈhony (1961) may. find explanatíon tn the recent rúork of Steen and 
l

Kruysse $964).

Sgeen and Kruysse (1964);, ln thetr 6Èudy of lhe respÍratory

functlon of Eèleostean gills, noted that blood whích entered Éhe gill
fílamen! could follow three possfble patlìs to lhe efferent artery; (1)

by way of the resplraÈory 1a¡nellae, (2) by way of a non-reepiraËory 
.'.,...'.

central lytr¡phatlc compargnent, (3) by dlrect route from Èhe afferenÉ 
:,:,.'.

eo eff,erent arÈery. In Ehe presence of edrenaline, blood passed solely 'i',';'l

through the reEplratory lamellae, whfle ín the presence of acetylcholine

blood cfrculated through the non-reeptratory central conpartmentÊ and 
ç::!.::,¿

dírecÈly from the afferent to efferent artery at the tip of, the ftlênenc. fii,.$

thu6, thÍs lêtter route avoided che resplratory lanellae.

In furÈher studyfng Ëhis phenonenon the auchors lnjedted adren-

alfne fnlo the vêntral aorEa of the common eel, Angullla vulgarfs, and

68
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êxamlned the oxygen tenslon and oxygen content of the arËeriel and venous

blood. the resultg obtained indlcêted a conslderable LncreaEe ln lhe oxy-

gen tension and oxygen content of arterfal blood, wh1le the venous blood

exhibited a deereê6e. Furdrermore ¡ lt srês noted ll¡aÈ lhe arterial blood .l:l

pressure fncreased upon admfnlsttatlon of adrenaline. Ihus it appears

poesfble that o:rygen uptake roay be lncreased through horrnonally con-

trollêd varíations ln circulation pât,Ëern ênd blood pressure. 
.ii
:ì',

Of parEículer bearlng on thle problem ls the work of, ¡"tahon, 
1.,¡,

Hoêr, ênd Tabata (1962). Thege lnvesÈigs.tors cêTrled ou! e study on i-'

histologlcal v¿rlatlons occurrlng in Èhe ad¡enal tiesues of goldftsh

transferred to highêr temperacures or lnjected r^rith ACTH. The ('Ìnedul-

1ary?¡t)chromaffince11sshowedconsiderab1echangewhentheanimalg

were subjecLed t'o eifher of the above experlEentêl condltions. Wtren the

anime1gweretnjeceêdwiËhÁGTH'!hece11s|....frequent,1yaPPeared

motre numerous and were oflen grouped lnÈo large vacuolaled spacee in the

cytoplasm. In some ceses, pêrticulated chrome subsCênce seêned to splll
onto the adjacent tLssues.tr IL was also found thac ACTH did not produce 

it,
an eahausted ptcture ln the fngerrenal (cortLeal) cells. Hotrever, ex- I.

:,.

posure to htgh temperacures had a marked effect on the cytoplêsm and i:
nucleus of these celle.

Ttlè results of Éhese lnvestigaülons appeêr, theref,ore, !o in-

dícate that, when fish are exposed ro lncreased gnvtronnental cemperaturea 
¡}Ê

Ëherê ls ên lncrease Ln the secretlon of adrenallne. This lncreage tn

adrenêline would tend to stop Èhe flon of blood thrôugh the no¡-rsEp1¡¿¡6ry

lynphatic compartnent,s and the direct pêlh frorn afferent to efferent ertery

':,:!
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through the flLanentary tip. SLood f 1o¡,¡ woul-d, therefore, be restrlcted

to the respiratory larneLLae" Thus, nith no lncrease ln red blood ceLL

number or haeurogl.obÍn content the anímal could, nevertheless, l-ncrease

the rate of oxygen uptake Èo meet íts hefghtened metabollc deurand.

2. Haemoglobin polymorphisrtr.

The author Ls aware of no studies ln rvhich changes in haeno -

gLobln polynorphs are relêted Èo changes ln environmental. temperaÈure.

Therefore, it ls not possible to make a comparlson of results obtained

to those of other lnvestígåtors.

The appearance of fractlon 41, a6 lndlcated by Flgures,Llj
'L2, and. L3 and Text Table XV, is tn elL probability due elther to a

change 1n charge or structure of the globln part of the A2 fraction ob-

tatned ln the 5oC. group"

Slnce Steen and l(ruysse (L964) observed that the pH of the

blood increased upon lnjecllon of adrenallne, iÈ may r,relL be that theaê

is a possible relatlonship beÈween the pH Level of the bLood and the

occurrence of ffacÈlon 42.

Any theory regarding the functlonal appearance of fractfon A1

wouLd be purely conlecturaL; however, the knonledge that dlfferent

haernoglobln poLyrnorphs possess different affinities for oxygen suggesÈs

a posslbLe exp lanatLon.

SÍnce adrenaline -controlled varlaÈfons in blood pH ere knolrm

to occur, and sLnce vari¿tLons in blood pH have a conslderable effect on

the oxygen corrbining capacities of sone haenoglobin polyrrorphs and no

tÈ:4

iÈ
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effecË on others (Håshtrtroto and Matsuura, 1959) the followlng explanation

1s posslble. lllth lncreased temperalures of accllnêtlon there nould

occur an increase in osygen congumption end metabollc rate, along !¡ith 
::::j;.

an Lncreased secretion of adrenalfne. Ttre pH of the blood would be :ii:r:

slightly hlgher as ê.result of Èhe greêter amount of adrenallne secrêtêd.

Incïeased pH of, the blood may tend to l4hibiE the forf¡atlon of, fraction 
,,;:

A¡¡ and encourage the fornêÈion of {. fhe oxygen çgnbinfng capacfty of, ,,

A2 r4rould gend to decrease Þrlth lncf,ea6lng pH, while that of { would 
i.:j;.:.

tend Ëo r.ncrease. l"'i"

In surmary, the resulls of thfs sÈudy, whlle dlfferlng tn de-

!ai1¡ agree wiEh those of Anthony (1961 ) ln Èhat ehey suggest no change

inerythrocytenr¡¡nberorhaemog1oblnconten!f,o11ow1ngtfansferofthe

anÍmel Ëo íncreêsed environnental temperêEure. The abeence of such com-

pensatory change 1n the blood ptcture appears strange 1n vlew of Ëhe

helghtenedmetabo11cdenandofEheseanima1saËhfgherenvironmenta1

eemper4Èures. Tt¡e work of Sleèn and lcuysse (1964) along $¡ith ehaÈ of

Mahon, et. 4, (L962) suggests an explanation of thls apparent enigmatic 
::.iil

sltuatlonr narnely, that compenêation i6 êchieved by a hornonally induced , ,,.
:i.,i'.

fncreêse ln blood f,low through the respfratory larnellae raÈher than by ì"

lncreased heemoglobln and erylhrocyte number.

iií.i
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SIJMMARY AND CONCLUSIONS

1. the blood of flsh accltmê.ted to 20oC. and transferred to 30oC.,

although exhiblting slLght, trends and posâfble cycting phenomena, 
lt,.:..:...

sholred lfÈtle change ln Lhe varlous hêemåtologieêl parametere fnveseÍ-

gaEed (erythrocyte nurnber, haematocrl!, mean corpuscular volume, total

blood lron, mean corpuscular lron content, ênd leukocyte nu¡rber ). ....r..:,..

:t.,1 :::

2. since lt is kno¡vn tha! dlfferenÊ haernoglobín porymorphs posgess ,r,Ì+
dlfferen! afflniÈles for oxygen, a possfble êdêpÈivê response to tenp-

eratuïe might be evident ln the verlatlon of thê number of haemoglobln

polymorphs. 1\.ro haemoglobin polymorphs were apparent' fn fiehee

acclfnaled to soc. while those accllmated to 12o, 2Oo, and 30eC. ehor.¡ed i

three discincb polymorphs. The appearance of Èhe third polymorptr {\)
may be an adaptfve response êssocíêted !r1!h íncreased oxygen upeake

at the hlgher acclímêtion Ëemperatures.

3" It ls suggeeted that goldftsh subjected to íncreased envtronnental ii¡¿,iÈ.

,..'l.. ì.
ternperature lncrease oxygên uptêke through hormonally controlled varla- t:,:-.'i..::'

tlone of the clrculatory pathrqay of blood Èhrough the gill.

4. Slnce lltele varlation occurs, the haeEêtologlcal determinatlons

carrled ouË are not relfable criterle for deÈernlnlng rates of, acclima-

tíon to temperature change.
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ABBPdWATTONS USED IN TÍ{IS SECTT,ON

FISII WT. (g*.): fÍsh weight in grans
,) L,,' nBc (106)! . , . red bLood celle ín nillions/rr.3

MCV(u')r . , . mean corpugcuLar erythrocyte vo lune
fn cubíc mícrons

. MCIC (ttgm.xL0-11) r . . . mean corpuscular iron content in nti-Lt-
iì grans x 1o-11
.:2.

Cl¡ . " haenoglobín poLymorph mlgratlng torùardg
ìj c€.thode

I ¿l: . . " haernoglobln polynorph mlgrating Ehortest
dlstancê to¡¿ard anode

Azt " " . haenrogLobin poLyrnorph mÍgrâting greetest
distance tolrard anode

St" Dev,r Standard Devlatlon

. St. Err.: Standard Error
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APPENDIX TASLE I
RAI^I DATA FRO}Í HAEMATOTOGTCAI, STI'DY

FrsH IüT. RBC(106) HAEMATOCRTT MCV(u3) TOTAI, Br,ooD MCrc(sm.) Fe fMsn. %) (MEm^xlo-rrl

2ooc. cogtro L cr.oup

6"5
10 .0
7"0
9.3
8.5
9.3

L0"4

10"2
L4.5

7.5
9.6
5.8

L2.5
L2.2
9.2
8.0

L4.3
LL.2
1i.. 0

9.L
11.0
7.0

12 "3

1,0r5
LO.2
10 .7
L2.0
9.5

14.2
8.9

L2 .8
7.6

15.0
L0 .7
6.2

L.66
2.L6
2.04
2.08
, ((
1.78
2"45
3 .04
2.04
L.94

2.02
2 .38
1.59
2 "LL
L.29
2.28
z ")J
2 "49
2 "37

L"82
L"77

ll'_
L.78
L "95
1" 98
1.9L

1.68
L.96

2"00
1 .90
2 "68
L.96

:::

it-.r-
25 "5
26 "5
25.3

26.7
26 "0
24.5
26,2
i.8.9
23.7
3L.7

23 .8
JJ"O

28.9
25.5
23.6
31.8

34.9
24.0
26.5
27 .9
23,5

22 "8
27.6

26 .9

ît-.t-
31.0
31.6

:::

L76"0
826 .O
LZ7 .O
130 .0

L32 .0
109"0
154.0
J-24"0
L47 .0
L26.0
L25 .0

100"0
145 .0

L46.0
L44"0

!'2'2

135 .0
136 .0
14L.0
L23.0

136.0
14r .0

13s .0

L64 "0
l-58 

" 
0

28 "2
24.5
42.0
33 .8
4L"6

l'.'-
42 "5

36.4
29.3
31.8
39.2
27 "5
36.3
4L.2
45 "3
32.0
40 .5

35 "2
35.2
39 .0

1o_r-

20.8
26 "L
3L.s
26 .O

22.4
20 "o

44 "5

ãult-

1t:o-

Gont I d.
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aPPENDIX TÀ3LE L (CONT'D.)

FrsH l,¡T. RBC(106) HAEMATOCKTT MCV(u3) TOTAT BIOOD Mcr.C
lErn-) Fe lMøn- %) lMem-xl0-ll't

9.5
18 .6

L2 "8
t0.s
8.6

2.58

2.32
2.78

35 .5
31.0
23.4

160 .0

153 .0
130.0

46.O

40.3
43,6

L7 .9

L7 .3
ls.7

3L.9
4L"2

10.3 Z.Lz
0"11

sT. ERR. 0.02

MEAN
ST. DEV.

29 "6
5.9
1.0

163.0
30 .0
6.0

35.7
7.7
L.4

t7 .0
3.5
0.6

3.0.oC. Teet Group -- 1.2 Hqurs,

61.0
14.8
L9.7
83. 3
56.6
14. 8
2Q.2
18. L
¿o.l

2.46
2 "28
2 

"62
2 "L0
1 ,83
L "96
2"05

L "92

32.5
37 .L
40,7
It o

19.5
32,5
29.5
34.2
3l_"0

732,0
163,0
155"0
157 .0
105 .0
166 .0
L42.0
153 .0

30. I
29.0
34"4
36.5
28 "8
32.8
30.3
34.2

L2.6
L2.7
13. L
L7 .4
Ls.7
L6 "7
14.8
15,4
15 .3L61.0 29.4

MEAN
ST. DEV.
ST. ERR.

2,L5
0.24
0"09

35 .0 32 "2
5.5
1-8

i.48 .0
L8 .3

3L.7
2.5

6-2 0-8

L4.9
L"6
0-5

30oG . Ters t Group ,-' 24 .IlouEg

30.6
L7.2
2L"0
94.L
89"8
20.0
28,L
42.0
s4.2

t .85
2.30
2.54
I .61
L.7 6

2 .82
2"0L
2,42
2,LO

25.0
32.6
33. 8
25.2
z+ "J
28.4
25.2
30. L
3L.2

135.0
L42 "0
131 .0
156.0
138¡0
100 .0
L25,0
L25.0
148 .0

24.2
?o 1

38.8
22.9
24.5
24.5
31,1

32.0

13. 1
L7.O
15"3
L4"2
13.9
8"7

ls.s
L4.5
L5 "2

iriÈ].:..:::

MEAN 49.6 2.L5
ST. DEV" 0.24

28.4

0-8

133"0
L5.2
5-1

30.3
6.L
2-O

14.2
t')
0.8sT" ERR. 0.03
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FISS WT. RBc(rO6) HAÐ{AIOCRIT MCV(u3) TOIAJ, BT¡OOD MCLC(em.) Ie lMsn. %) lltern.t1o-11)

30oGr-Iest grogp -.- ,16 Hours

64.0 1.89
L6"4 2.33
L7.0 2.47
94,8 1.98
80.5 1.91
13.5 2 "26L7.4 2.07
52.3 2.32
L9.8 2.4t

163.0 39.2
163.0 54,9
139,0 45.0
141.0 32"6
L47 "O 34.s
I-31.0 28.8
140,0 33,4
138"0 48.2
150 "0 47.O

30,8
37 "9
34.3
27 "928.0
29 "5
29.0
32.L
36.4

20.6
23.s
L8,2
L6.5
18 .0
L2.7
1-6r0
20.7
19 .5

MEAN 4L"7
ST. ÐEV.
ST. ERR"

31.8 L46"0
3.5 10.0
l-2 3^3

40.4
a1
2-A

2.L8
o,2L
0.07

l8 .4
3.0
1^O

30oC. Test Group -- 48 Hours

62.0
19 .0
L8r0
70.0
L7 "5
95.8
81 .6
20.2
44 L7

2 "57
L. 60
z.óo
1.78
2.47
2,32
2 .05
L.9L
2 "4L

33.9
2L.O
35 .3
L9,6
38"8
33.6
29.5

4L.O
tt t
41" 0
L6.3
39 "6
34.5
33.2
29.L

16 .0
1a o

L4,3
9.3

t6 .0
L4.8
L6 "2
15 .3
L5 "7

L32.0
131.0
L23.0
110,0
r.41 .0
145 ,0
L44 "0
L42 

"O34"6 L44-O 38.2

MEAN 47.5
ST" DEV.
ST. ERR.

z.¿¿
0.39
0. L3

30.4
5.3
1.8

135 .0
9.1
3.0

32.8
9.L
3.0

L4.6
2.0
0"7

30oC. Test Group -- 60 Hours

69.5
81t 9
17 "0
L3.2
16 .8
L2.9
82.0
57 "r
L7 .3

L .6s
1.38
t<t
L.99
L.7L
L "57
1"85
L"72
1"89

2s "9
19.8
33 .0
27 .3
22.3
L9 "7
28 "L
23.4
26 .7

1s7 .0
L44,0
131.0
137 .0
131.0
L26.0
L52.0
L25.0
LLL "O

22"0
48.0
36 .2
32.L
32.4
3L.6
29 .O
32 ^6

L9.5
15q9
L9 .0
18. 1
L8 .9
20 "6
L7 .L
16 .8
t7 ^3

ii.rir.rä*\iii,¡:;
i ¡r"ilai;i

MEAN 40,8 1.81 25"L
sT. DEV. O "32 3"8
sT. ERR. 0.11 1.3

138.0 32.8
LO.7 6.93"6 2"3

18.r
.:.1,.5
0.5

Cont I d. . "



APPENDIX TASLE T, (CONTID.)

3ISH i.{T. RBC(106) HAEMATOCRLT MCV(u3) TOTAJ, BLOOD }fCrC
(elr.) Fe (Men. %) (Msm.xl0-rr)

3,OoC,. Íest Group--- J 2-llgur.s

65.5
L3 "7
L9,2
70.5
87 .0
18 .9
14, 0
i.3. L
15.s

z.z4
2.L4
1" 99
1 .86
1 .88
2.L6
L.97

2.75

38 .0
33 .3
35"0
22.6
24.0
L7 .4
26 "9
28.9
35 .8

170 .0
i.55 .0
L76.0
121 .0
128.0
i81 .0

136 "0
LLZ.O
130 ,0

37.0 l6.s
42.9 20.0
33.6 L1.O
30 " 8 L6.5
30.8 16.3
4L.6 Ls"7
31.0 18.9
29.s L2.2
32.1 LL.l

MEAN ät:b"Z
ST" DEV"

2076
0"28

,2q"p
6.7

1,34. Þ
27 .5
ot

-ß4"4

4.5
1.5

16.1
2.6
0.9sr- ERR- 0.09 2"2

30oG, Test Group -- 84 Hours

10,6
34.6
50 ,1
81.1
72"3
L7 .6

t9.7

L,7 9
2.LL
2 "39
1. 88
2,49
1 .91
2.52
2.40

23 .0
31 .0
51"4
32.5
39 "8tõ ,

4L.6
39 "2
37 "O

L28.0
L47 .0
L52.0
L73.0
164.0
153 .0
166.0
163"0
165"0

33. I
34.2
35 .3
44.2
38"0
29.L
41 .0
37 ,5
?o,

L9,6
16.1
14. 8
23 .5
15 .3
1s.3
L6.3
15 .6
L7 .565 ^6 2 "24

MEÀII 4L.5 2"L9
0 .26

36"1
7.8

t56.0
L2 "8

36.8
4.3
r.4

L7 .L
2.7
0"9

ST" DEV.
sr- ERR- O"09 2.6 4.3

3.0:q...Test ,cf oqp ---96, Hpur.s

64 "O
L7 ,2
L3.7
8.4

14 "4
2s .0
76.4
32 "L
20 .0

1.80
2 "492,44
L"96
2.7 0
2.42
2.38
¿ "o¿

40 .0
34.L
30.5
3?.2
37 .2
34.0
29,2
38.4
35. 1

222 .0
L37 ,o
L25.0
i.65 .0
L38 .0
L25,O
L23 "O
146.0
159 .0

s2.L
43 .8
38 .0
40.2
4s,6
4L.2
37.6
40.L
39 .1

28 .0
35 .0
15 .6
15 .0
L6.9
L7 .O
L5 .8
L5 .3
L7 ,7

MEÀN 30.1 2.33 34"s 149 .0
29,4

42.O
4,3

L9.7
7,0ST. DEV. 0 .28 3"3

sT: ERR. 0;09 ,. 1.L . 9:8 1.4 , 2.3

Cont I d.
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rIsH I,tT. R3C(106) HAEMATOCRLT MCV(u3) TOTAL sLOOÐ

30.oC. Tgst Grpqe -- 120 Hours

64.7
r.3,0
L6.4
loeJ
13"6

18 ,6
29 -5

2,L3
L,4L
2 "28
2,35
2,39
L.94
2.52
2 -l+5

25 
"O20.4

27 ,7
30,1
28.L
24"2
32"L
29 ^4

117 .0
L47,0
L23.0
L28,0
118.0
L25.0
L27 .O
119^O

34"3
22,6
28.6
35.4
i.30. 1

26"2
35 "132-4

16. L
16"0
L2.6
ts ,1
L2.7
13 .5
13.5
L4 ^O i:ìiiat;ii

MEAN 31" 9

ST. DEV.
ST. ERR.

2.L6
0 .39
0. 1_3

27 "L
4.4
1.5

L25.5
8.9

27 .L
5"2
L.7

L4.6
L"4
0.5

30oc,-Tes t Group -- 144 Ìlours

L4.6
16 .5
77 ,0
t2"L
7 2.6
41 .0
L9 .6
65. L
46 "6

2.67
2.56
2,L8
2.24
2.58
1.98
2,LO
21.32
2 "50

34"3
20.4

29 -7
27 ,5
26.5
1ô 1

30 "2
25 "O

128 .0
81 .0

L25,0
l-33 .0
107.0
134.0

91 .0
130 .0
100 .0

5L.6
<q o

33,8
37 .7
30. L
40.2
34"2
36. I
42 "1"

19.3
22.8
15 "5
16,9
LL.7
20i3
16.3
Ls.6
L6,9

MEAN 40.5
sT. ¡EV.

2"35
o "23

26.7
4"4

r14" 0
L8 "7

40.5
8"7
,o

L7 .3
3,' o
L;0sr. ERR" 0-07 L"5 6.4

¡Otc. r."t cr."p -- l681lours
11" 1
L7 .5
13 .0
74,s
80.0
3L.2
L6.6
L7 .L

1.87
2.07
L.96
2.42
1.65
2 "OL
2.09
2"70

25 "3
29 "326.L
3L.2
20 "4
25.2
28.L
34.0

136 .0
L42.0
134.0
L29 

".0L23.0
L25.0
13s"0
L27 "O

28"3

24.2
30. 1
23.L
25.2
24.7
3L.2
20.o

L5 .0
L2.L
L2"3
L2.3
L4,O
L2.5
11. 9
11. s
1r. r. fl29-9 1" 80 22-L L23 -O

MEAN 32"3
ST" ÐEV.
ST. ERR.

2.06
0 .30
0.10

26"9
4.0
1.3

L30.0
6.4
2.L

25.7
3"3
L"L

L2 "5
1.1
0.4



aPPENDTX TASLE r (CoNT'D.)

FrsH !rT" RBc (106) ITAET,TAToCRI,T t"rcV(u3¡ TOTA], BLOOÐ MCIC(ern.) Fe lMsm- %) lMem-xlo-rr)

30oC. TeÊt. cr,oup -- 112 llour.s,

L4.L
L6.4
13.7
80 .2
48,6

17 .0
75.L
52 ^l

L26.0
L4s,O
160 .0
115 .0
L4s.0
220,0
133 .0
L44.0
132 -O

22.7
30,2
25 .O
23,2
29.5
3L,2
28.6
22,3
2l ^t

10.9
13 .5
L2.0
L2.L
L2.L
L4.L
2!"5
9.3

tr "7

2,03 25.5
2"24 32.5
2"09 33.5
L"92 22¿L
2,40 35.0
2,2L 33. I
2 tt ,o E

2.43 35¡0
1- 80 23,A

MEAN

ST. DEV.
ST" ERR.

38 .7 25,9
3,7
L"2

13 .0
3"3
t "t

2.L5
0.19
0 .06

30 .0
4.4
1.5

t47 ,O
¡ra 1

9.6

30oC. Test Group -- 2L6 Hours

L6,4
15.1
2L.2
64 .5
7 2.2
L9.9
18 .6
50. I
28 .0

159 .0
1L8.0
143 .0
134,0
140,0
148 .0
120 .0
L22,0
120.0

20.0
23 "L
24.0
26 .2
20,L
29 

"822.0
L9,,9
24.L

13 .3
l0 .5
L3 "2
L2.5
L3,4
L2.5
10,9
8.3

20,2

1.50 23 "82.20 25 "8L"82 25.9
z.LO 28 "2L.so 2L.L
2 "38 30.0
2.0r 24,2
2 "45 29.9
L.70 20 ,3

MEAI'I

ST. DEV.
34.0 2 "L6

0.59
!34"0
L3.9 3.1

L2 .8
3,1

25 ,5
3.3

37 .9
30.3
76"6
32,2
49.5
17 .7
L5.0
82 -2

3 .19
1.58
L,62
tr.60
2.8L
1 .88
2 ,85
L.7L

38-5
45.0
31.8
32.L
25.5
35.4
JJ"O
39.2
29 "9

175 .0
141 .0
201 .0
198 "O
160,Q
L25 ,O
178,0
138.0
L75"0

37 .L
43,2
35,1
29.0
37 ,7
37.2
34.6
40. I
29.9

16.8
L3.6
t9 t
L7 ,9
23 "s
L3.2
18.5
14"I
L7 ,5

MEAN 4L.L
ST. DEV.

2,L6 34.6 166.0
.s9 5,4 25.L

36 .0
4.3
L^4

L6.4
3,4
L.l-sr" ERR" "20 1.8 8"4
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ATPENÐIX TA3LE II

RAW ÐATA FROM I,.EIJKOCYTE AND

HAEMOCYTO3TAST COI'NTS

FISH WT. (en.) I.EIJKOCYTES/Ím3 1{AEMOCYTOBI.ASTS/nryr3

2OoC.JionÈrol elgup

L2.6
r.0.4
8.2

20 "L
26.7
81. 0
L2 "5
18 .8
15 .5
7 2.0
80 .0
2L.8
72.2
18"6
L7 "2
15 .8
L0 .0
L2.7
73.3
4s.7
38 .0
)o t
18 .0
36.L

2 1400
4ro0o
2,500
2r000
2,000
3,500
2,000
3,500
2,000
2,500
4,000
3 ,000
4,000
3,000
5 r000
4r000
4r500
2 ,500
2r500
3 ,000
4,000
3 ,500
4r000
2 .500

38, 000
28,500
55 ¡ 500
38 ,500
34,500
32,500
31,000
42,000
64r 000
30, 500
39 ,000
54r000
49,500
40,000
43 ,500
51,500
41r000
37 ,500
41,500
47 ,5OO
51,000
55 ,000
51-r 500
46 .000

MEAN
sT. ÐEV.
ST" NRR"

3 rL66
863

4r,97 5
9,100

3L.9

L79 1- 89s

30-C. Test GrouÞ -- 60 Hours

L2"9
69 "5
8L.9
17 .0
L3.2
L6 .8
22.4
75.00

1f500
2 r000
2,500
3,000
3,500
2,5Q0
2r500
3,500

41r 500
52,500
33,500
55 ,000 |

54,500
43,500
40,000
52r000

Contrd. . " .

!ìì..::¡:€;tì
:,' ,:i.-l:,! ¡
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A?PENDIX TAsrE rI (CoNT 'D" )

FISE WI" (em") I-EIIKoGPTES /rn¡3

9L

'IÌarJ,,rrìcvrnlT.Ásrs /*3

JJ. O 3r000
63.0 2.500

33 r 500
30.000

MEAN 40.5
ST. DEV.

2,650
625

ST. ERR. L97

43,600
9,400
2 -965

30oC. Test Group -- 72 Hours

2ç000
1r 500
2,500
3,000
lr 5oo
1r 500
L? 500
3 ¡500
2rO00
2 -500

31,500
24r000
42?5OO
51? 000
23 ,500
29 ,OO0
25,000
46r000
33,000
4:l - 500

i.lr,.j,rJ,r:l ì

65.5
L3 "7
L9,2
70.5
87 .0
18.9
24.4
8L.2
46 "7
20.0

MEAN 44,7
ST. DEV.

2 rL50
707

ST. ERR. 223

34 17 O0

9,540
3 .009

30oC. Test Group -- 84 llours

t 0.6
34.6
50 .1
81.1
24"0
27 "L
55.4
72.L
20 .2
36 .0

2r000
2 1500
1r500
2,500
2r000
3,000
2,500
2,000
2 ,5OO
1. s00

34r000
5I,500
29 r5OA
32,000
45,000
56r500
44,ooo
38 ,500
36 r 000
28 - 000

MEAN
sT. ÐEV.
ST" ERR.

4L.1 212Q0
748
235

39 ?5oo
9r500
1-996

!iüåçr:,:;t:,j:-i

30oC. Test Group =- 96 Houre

!7 .Z
64 "O
L3.7

2 r500
1r500
lr5oo

42 r5OO
3 6,000
38,500

Cont t d.
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APPENDIX TA3LE II (CoNT'D.)

aa
FLSfl WT" (sn.) LEIJKoCYTES /mP HAEI"IOCYTOBLÀSTS/ÐmJ

8'4
L7 .2
L9 "6
48. L
65.0
64.2

21500
3¡000
3,000
lr5oo
2 r500
3 ,000

35,000
28 r500
29 ,000
34 r 000
28r500
32,500

}fEAN
ST" DEV"
SÌ" ERR"

2 r333
666
2LO

33, 833
4,470
1^ 410

35 "2

30oG.. TeÊt group -: !20 Eours

64,7
13 "0
L6 "4
¿o"J
18 ,6
L9"0
2L.4
72.6
80 .0
43,3

3r000
3,000
5r000
3 r500
2)000
1,500
4,500
4,000
3r000
2.000

62f000
58r 000
43 ,500
35 :500
34,500
35,000
40, oo0
45 r000
55 ,000
50;ì000

MEAN
ST. DEV.
ST" ERR"

3, 150
1r 096

345

45,850
10 r 000

J - r)¿+

37 "5

30oC. Teet Group -- 144 llours

L4"6
L6.5
77 .O
L2"L
L4.2
24"5
43.4
i-8.4

45 -6

2r5OO
2 1000
l-,500
2,500
4,000
5,000
4r5oo
3,000
3,500
2-\OO

7 4 rOOO
57,50Q
35 ,500
54r 500
46 ¡000
37,500
40f 000
52¡000
40,000
55 - OOO

!l:¡i¡í:::ì:::-i

MEAN
ST. DEV"
ST" ERR.

3, 100
L 1096

345

49 r2OO
LL1420
3.602

40"0

GonÈ | d.
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93

13 .0
1L. L
L7 .5
74.s
18 .6
7 L.4
32,5
L9,6
67 .5
28.L

2 ,OO0
4r000
4r5oo
2,500
2,500
1,500
3r000
3, 500
4,000
2.000

38,500
42,000
36,500
41, oo0
5 8,500
50?000
40,000
35 r 000
45,000
36.000

ii.'l

30oc. TesÈ Group -- 168 Hours

MEAN
ST. DEV.

35 .3 21950
Lr0L0

42,250
6r600

sr^ ERR- 3i,8 2.100

30oC. Test Group _- lg2 l1ours

L4.L
L6,4
L3,7
80;21
48.6
2r"5
L6 t7
72,L
46.6

4.000
3r000
3.000
2i.5oo
Lr50o
1,500
2 r000
3r500
4,000

59? 000
67 ! 500
56 r000
44ä5Oo
27 ,sOQ
33 r 500
40,000
50 ¡000
60.,000

2 1777
972

ST" ERR" 307

}.4EAN

ST. DEV.
36 "6 48 r 866

13, 600
4.533

3OoC. Test Group -- 216 l{ouïs

L6.4
L5.L
2L,2
64,5
72"3
45"r
oJ "¿
2L"4
46.3

4rooo
5,000
3;500
5 r000
8¡400
2,000
5 r000
4,500
7 ,000

Iti:-!.:-i:r

31r000
31r500
57 ,5oo
65 r000
50 r 000
29 ¡ 500
7o fo0o
55,000
45, ooQ

Contrd. . "



a??ENDTX TA3LE rI (CoNT|D. )

FISH WT. (em,) LEUK0CYTES/¡n¡n3

94

I]ÂEMOCYTOBLASTS /¡¡rn3

19"8 -i - 500 50 - ôolì

MEAN 38.5
ST" DEV.

4,7 90
L1845

ST. ERR. 582

48,450
!4,400
4.542

3dC. Testlgroup -- 240 Hours

28.6
37 .9
30"3
76"6
to t
53 "4
26 .3
7 2.4
37 .7
6L"2

3,000
2,000
2,500
3,500
3,000
4,000
3r500
4r 500
2,000
4- 000

40,500
49,500
50,000
56,000
54,000
45 ,500
45 ,000
42,500
43 r 000
37 ^ 500

MEAN

ST. DEV.
ST. ERR.

45 "4 31200
855
269

46'350
5,910
'l 9,6¿L

H

lì!t



ASPENDT,X TABI.E IlI

RESIJT.TS 03 EI.ECTROPIIORETIC STI'DY,
SIIOWING RELATII/E A3I]NDÆÍCE AND

MIGRATI,ON DISTANCE OF HAEMOGI]OBIN POIÏ,ÍORPHS

FISH ItlT. (gn.) RETATT,VE ASIATDA}ICE
cl .À1 A2

MIGRATION DISTANCE
C1 At A2

5;-C, Acclimated Group

L5 .0
I lrì,:rí;,i,r

li....¡:i+46 "2
29 

"O
31" 3
48.2
20.6
71"0
38.1

29 .8
56 "5
80.0
3L.2
18"6
27 .O
15 .9

29 "6
82"L
43.4
36 .0
23.L
42 "618.4 66.6

L5 .0
18.0 ::ì¡,1:'.
18 .0
16.0
r.4.0
L7 .O

14.0
14.0
14"0 i

19.0
18 .0
18 .0
19"0

17"0 I ,

20.0 i

L6 .0
18.0
15 . 0 l..i,ji::i
18.0 :l :':i::j

16"0 ;r'1,:...:.

64.0
57 .5
54.0
53 .0
52 "5
68 "2
56.0

7L"0
58 .5
7 L.3
76"0
62.2
s9.4
62.8

66.6
7Q.2
66 .0
60 .8
68.7
56 "7

36 .0
42.5
46.0
47 .O
46.5
31.8
49.0

29 .O
4L,5
28 .7
25 .0
37 .8
40 "6
37 .2

33.3
29.8
34.0
39 "2
31.3
42.3
33"3

L2.O
11.0
10.0
L2.O
10"0
10"0
9.0

L5 .0
11 .0
L2"0
11 .0
10.0
14.0
L2.O

L5 .0
L3 .0
L0 .0
L2"0
11 .0
L2.0
10 .0

MEAN 39.0
ST. DEV.

59.8 37 "2
6.7
l-.5

L2"O
L.7
0"4

t6 .0
1,9
0.4sT. ERR. L"6

l2oc., Acc!íltrar,ed GrouÞ

18.6
46.0
2L.2
73.4
80"0
sL.4
L6.6

27 .4
L6.9
19 .8
27 ,9
?? o

¿o"J
34 "3

t5 .0
15 .0
L7 .O
L4"0
16 .0
1.5 .0
L7 "0

6L.7 10.9
74"4 7 "772"5 7,9
64"7 ,'75s
61.5 L4.6
60 "3 13"6
57 "6 8.3

r0.0 L0.0
L0.0 L0.0
10"0 11.0
11.0 8.0
L2.0 10.0
10.0 9.0
10.0 10.0

Contid. . .
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APPENDIX TA3I.E TII (CONT 
' D. )

¡'LSH WT. (en.) RE].ÀTM ASTNDAIÏCE
c1 A1 A2

MIGRA?ION ÐISTANCE
C1 A1 A2

18.0
70 "r
6s "4
34,6
2L"O
46.6
32.8

19"1
22"0
4L"2
t7 .8
75.L
54.0
28.9

59.1 L3"2 27 "762"3 9.6 28.L
65"5 L0.2 24.3
70.2 8.3 2L.5
64"2 r.1.0 24.8
70"1 L2.s L7.4
58.6 13.0 28"4

57 "2 13.3 29.5
64"7 L4.L 2L.2
70"3 8"6 2L.L
7 2.0 9 "2 18"8
58.4 8.5 33.1
60 .3 10. 3 2:9 .4
59"1 L2.ú 28.8

10.0 8"0 13"0
L2 "0 9 .0 r.4.0
13"0 10"0 17.0
19.0 10"0 16.0
11.0 8.0 15.0
L0.0 9.0 L5.O ... ,i

L2 "O 9.0 13.0 1:.:r::jr'

10.0 9.0 L4.0 ,t,,,,i.:,l:

1i."0 8.0 16"0 : :: i

13 .0 L0 .0 17 .0
9.0 L2"Q 15.0

L2.0 8"0 r.4.0
10,0 8"0 15.0
11" 0 9.0 16-0

MEAN

ST. DEV.
ST. ERR.

40.7 64.2 10.5 25"7
5"4 2"3 4.7

1i..0 9 .0 L5 .0
2.0 1. 1 1.3

L-2 0-5 1-O O^1, O-2 O-3

20oC. Acc Limaged Group

L2 "6
LO "4
8.2

20 "t
26 .7
81.0
\2.5

ls .5
72.0

!o:o-
7 2.2
18.6
L7 .2

15 .8
L0.0
L2.7
73.3

7L.O L5.9
67.2 11.8
68 

" 
0 10.9

s7.4 19.8
4L.4 26.0
44"2 22"L
40"4 L8.7

65.0 13"8
78.0 9.6

2':t !':t
75"6 7.6
68.2 L4,4
63.8 L7.7

75.s 11.6
52"5 23.7
65"5 25.3
65.0 25 "3

L3 .3
20.9
2L.2
22.7
32.5
33 "7
4t.o

2L"5
L2 

"O

3':o
16 .8
L7 .5
2L"3

r.3 .0
23.7
9.4
9"5

16.0 10.0 15.0
1s"0 10.0 L7.o
14.0 8.0 L5.0
15.0 10.0 10.0
14.0 8,0 r.4"0
16 "0 10.0 14.0
17.0 10.0 L3.0

10.0 5.0 7.0
10.0 7.0 7.0
10.0 5.0 5.0

8.0 3"0 s"0
L2.O 8.0 8.0
L0.0 6.0 L2.0

10.0 5.0 5.0
11 .0 s.0 4.0
9.0 s.0 4"0
9.0 5.0 7.0

Cont ' d.



APPENÐIX TA3IE III (CONTID")

FISE WT. (gD.) RELATÏ,I/E ASUNDANCE MIGRATI,ON DI,STANCE
G1 A1 A,2 Ct A1 A2

45.7
38"0
29.2

66.5 19.8 15.1 15.0 8.0 5.0
64.5 19.5 16.1 13"0 6.0 5.0
69.5 L7 "3 L3"6 Lz.O s"0 4"O

}IEAN
ST. DEV.
ST. ERR.

63.0 L6.6
10"5 5.6
2.3 L"2

33.6 20.4 11.0 7.0 8.0
8.7 3.0 2.2 4"4
1.9 0"7 0"5 1"0

30og. Acclírnated group

L2"6
72"L
8.7

45 "b
62 "2
20.4
25,6

32.6
7 4.L
42"5
6L.4
20.L
4r."0
34.0

34"s
24.L
28 .0
48.6
72.1
33.4
20.0

78.5 8.6
55.6 4"2
46.2 9.3
53.7 9.7
68. s 6"9
63"8 7.7
60"1 4.6

48.6 9.7
49.5 13"9
49"0 L7.3
4L.2 L2.4
45.6 L0.8
61.0 13.3
53.1 10.8

48.8 26.2
s4"9 n:8
49.L 20.6
64.0 15.8
54.9 19.5
44"s 28.0

Lz"O 10"0 1s"0
13.0 10"0 13"0
13.0 L2.O 15.0
15.0 Ls.0 17.0
r.s"o 10.0 L2"0
13.0 13.0 16 "0L4.0 L4"O r.7.0

L4"O 1s"0 L7 "O13.0 13.0 L7 "018.0 13.0 18.0
15.0 10.0 18.0
L2.0 15.0 18.0
18.0 10.0 15.0
10"0 10.0 ls.0

4"0 7.0 11"0
7 "0 7.0 r.s.o

10.0 L0.0 16.0
8.0 10"0 20"0

t0.0 10.0 19.0
7.0 14.0 20"0
7 "O 10.0 15"0

L2.8
40.3
44.6
36.6
24,7
29 "L
3s.1

42.0
36.5
33.9
46.o
43.7
25 ,8
36. L

24"8
22.0
30.3
20.6
25 "7
27 ,5

MEAN

ST" DEV.
ST. ERR"

38.'7 54"5 13.6 31.9
8.9 6.8 8"9
2-O 1^5 2^O

11.0 11.0 15"0
3"7 2"4 2.6
0"8 0.5 0-6

il-;t+
jr:,i{::,rì'.1:


