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g RAPHIC VARIATIONS OF SOME PHYSIOLOGICAL
AND MORPHOLOGICAL CHARACTERS IN CERTAIN
FRESHWATER FISH

INTRODUCTION

ABSTRACT ; .
. ‘taxonomist today is attempting to carry out two tasks. The

s to classify the organic world according to phylogenetic

Stupy of the geographic variation of lethal temperatures and dj,
tionships; the second is to study the process of speciation and

nostic morphological characteristics in ten species of freshwater fish
showed that the variability was relatively greater for the morpho.
logical characteristics. No evidence was found for physiological ag
distinct from morphological races, and many of the species studieq
possessed uniformity in lethal temperatures from Ontario to Tep.
nessee or Florida. As a result, the lethal temperature findings did
not confirm the accepted taxonomic status in several species with
recognized subspecies over this range. In others, with geographie
differences in lethal temperatures, there was agreement with the
taxonomic status.

The discrepancies in the geographic variation between physiologi-
cal and morphological characteristics appear to be associated with
non-genetic morphological variation and with factors tending to
suppress formation of geographic physiological races (wide lethal
temperature limits, small geographic habitat differences within the
species range and possibly low mutation rates for lethal tempera-:
tures). The lethal temperatures appear well above the thermal
extremes commonly encountered in the environment and may there-
fore have little ecological significance.

qtion.
he most useful tool of taxonomy has been morphology. It has

abled biologists almost at a glance to classify the organic world
a series of units or species according to gross similarities and
nces in structure. The species, at least in sexually reproducing
can be considered a natural unit.
physiology of organisms has been considered for taxonomic
s only in certain rare instances. It is utilized in those groups
morphological distinctions are not evident (bacteria, fungi)
in other groups to strengthen the morphological findings.
st every case, where it has been possible to compare the
ological characters of species differentiated morphologically, it
seen found that conclusions based on physiological differences
' confirmed the previous morphological findings. The most
able contributions in this respect have been the well-known sur-
based on precipitin reactions (Nutall, 1904; and others),
tallography of haemoglobins (Reichert and Brown, 1909) and
perties of plant starches (Reichert, 1919). Furthermore geneti-
 bave found that there is every reason to believe that
sl0logical characteristics are inherited in the same manner as
Phological ones. Likewise, morphological differences have been
Idered as reflecting underlying physiological differences, and it
pio been shown that structural characteristics, which seemingly
" 10 adaptive significance, may nevertheless be linked with
~>i0logical characteristics which may have adaptive value (Mc-
%, 1918; Keeler and King, 1941; Heuts, 1947). Thus, although
: been.recognized that physiological characteristics are perhaps
 Or€ Important with respect to the survival of the species,
Phologica] characteristics are the more convenient for taxonomic
'Elnd have been utilized almost wholly as synonyms of
0gical ones.

iv
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1., way In which the environment influences these characteristics.
_ ": * also Possible that body size, seasonal changes, growth rates, or
" Jife history may exert some influence. The effects of size and
<on apart from acclimation have been considered in subsequent

 eions of this paper.

This parallelism, however, often appears to break down when
consider the actual speciation process among smaller groups an
populations within the species. In the first place, there is evidey
that physiological differentiation may exist although there i o
evident morphological differentiation, and therefore the imp‘)rtant t ) ) ‘
changes leading to the formation of a new species may be pagg, q ~e method adopted in this study ha.s be.en to acchmajlt.e samples
before ever a structural difference has been formed. This problen - 6ch to the same temperjlture leve},s 1n dﬁerent locahtles: These
can be attacked by studying both the structural and physiolngim i emperature levels are the _standards by which the popu.latlons are
differentiation among populations of a species. The question has oI pared. When once acclimated, the tempe.ratures required to kill
been investigated by the writer for a series of species of fish, e samples of fish are compal.red'geog.raphlca]ly.' Lethal tempera-

In the second place, reasoning from morphological attributes mj res have been chosen as a c'rltenon since there? is a large amount
not apply to physiological ones with respect to the direct action of - evidence that the acclimation process is rapid (Davenport and
the environment on the individual. Environmental factors, such g astle, 1893; Loeb and Wasteneys, 1912; Wells, 191.4; Sumner and
temperature, food, or moisture, may completely alter the pheno- udoroff, 1938; Mell.anb.y, 1940; Brett, 1946; Mills, 1933; and
typic expression of a genetic factor, largely by their action durin € _S) and the dete.rmmatlons are quite precise. .
the early stages of development (Hubbs, 1918, 1926; Mottley, 193] In addition, certain morphol?g1cal characters.of the fish in .the
Martin, 1948). mples were measured to obtain an ux'lderstaflchng of thf: r'elatlon-

Certain physiological characteristics, however, may be modified be’cweer.l lethal temperatures and diagnostic characteristics used
rapidly and reversibly by environmental influences during any stage B IIC purposes. An attempt has been made to compar: © bth
of the life history of the animal. Thus, any previous differences 0. 10 morphol?gy of fish from the same population n
caused by the environment can be erased by such induced changes, E to' resistance to hlgh temperatures and also the geographic
whereas the characteristics mentioned in the previous paragraph g n morphology i relation to lethal temperatures. rljhe
are fixed at an early stage in development. These physiological e temper?lture yariabon has been finally dJscus§ed in relation
characteristics, such as temperature tolerance or low oxygen toller' wg;ﬁ%f:;ﬁ‘;? 1at;(f)r;,ht(.) taxo'nomrﬁecr)lft the species, and to the

i i acclimatiza- F0 ics eir environ S.
:lir(l)i?, can be changed by a process called acclimation or a The B i etrs 10457 and are included in

The term acclimation has been used to signify definite physiological- . Oo'mplete form in a do.ctoral 'thesis filed i.n the library of the
changes produced in an animal by experimental conditions in - l'tsl;;y of Toronto. In .thlS t.he51s the following tab.ular data are
laboratory ( Hathaway, 1927), and the term acclimatization ha§be§ - t aEe excludeq in this rgpor?: Length of tllme used f.or
restricted to the broader process of adjustment to different climat€s anlég' sh, mortality in acclimation tanks, median mortality
within the same generation. Problems of gradual adaptation (ran _.- ors for m}‘;lPlen.t lethal temperatures with their ex.perm?en-tal
acclimatization) of organisms to different climates or enviro_nme 4 N, sz'eac species, analyses of. variance for geograp?nc variation
through selection over a number of generations are outside 1ce ang gtinus crysoleucas, physiological data f(?r respiratory tol'er-
sbume of this paper. witsh oke output of .the heart, and comparison of distribution

The consequence to the taxonomist of rapid and rever. " aturesaverage maximum summer temperatures and lethal
in characteristics through acclimation is that he can compare g
of populations under the same environmental history, and i
in this way to sort out inherent from acquired ( throug,h . s
tion) geographic physiological differences without crosmflg ﬂ;oﬂ
planting the various samples. Of course, Fhe modlﬁ‘i‘il w.
physiological characteristics through acclimation may no

sible Cha“%:g:

a Seﬂ
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1 them for only a few days prior to lethal temperature tests.
_the fish were held for longer periods feeding was necessary.
_ possible the fish were fed living food such as small fish,
and worms. During winter experiments in Toronto they were
argely ground beef liver with cod liver oil added. Compressed
“running water were supplied throughout the storage period.
-neral the fish fed well during the course of storage. How-
me species did not feed adequately in captivity. For example,
rd shad and lake shiners rapidly become emaciated at high
eratures owing presumably to elevated food requirements that
o not satisfy. For short periods of captivity no serious errors
red to be introduced by starvation and hence the only safe-
| was to reduce the storage time as much as possible by rapid
on. Brett (1944) found that there was no difference during

Affairs. The work was made possible by the help of my wife . .
by the scientific guidance of Dr. F. E. ]J. Fry who inspjm(i th
undertaking of this research. Thanks are also due to Dr, ¥ 3
Dymond, F. P. Ide, and other members of the writer’s gradugy ]
committee. The writer also wishes to express his indebtednegg te':
Dr. T. H. Langlois of the Franz Theodore Stone Laboratory at Putul
in-Bay, Ohio, to Dr. J. S. Rogers and others of the Universitv 0;
Florida, and to Mrs. F. A. Ault and the late Dr. E. B. 1)0\\-’(_-‘1:3 05
Knoxville, Tennessee, for providing laboratory facilities and liyjy,
quarters at these respective localities. :

MATERIALS

The material chosen for this study consisted of native fish collecteq
in the field. The equipment was transported to the different regions :
where the work was carried out. Throughout, every effort was made ner months in lethal temperature of the bullhead, Ameiurus
to hold the fish the minimum possible time prior to experiments, in’ bulosus, starved for variou.s lengths of time up to f(?rty days. Hq\v-
most cases not over four or five days. It is felt that this precaution perch appear to deteriorate after long starvatl(.m and to give
enabled the procuring of data on many species which would other- ous lethal temperature results. These observations e to
wise not have been possible owing to deterioration during lon agreement with findings of Krogh (1939) for Ameiurus and

5 . :
storage. However, some species were held in the laboratory - juavescens where the former species does not lose mineral
much longer periods of time. v when starved but the latter does.

(= 4

L

Collections ’ : !
as found impossible to avoid mortality of fish in the tanks. In
every collection some fish died during the acclimation period.
tled records were kept throughout and lots were not used in
nents when the fish were unhealthy.
recognized that mortality during acclimation may be selective,
* less resistant individuals that die might also be the least
in experiments and results obtained without them would
too high. When mortality is due to disease such as Sapro-
¢ individuals with the visible disease usually die before
ected neighbours in an experiment, and the cause of the
Y is obvious. When there is no visible sign of disease,
: .Ithere is rarely evidence to suggest any selective effect.
“SWpoint is supported by the fact that most of the mortality
) uring the first few days of storage and levels off quite
50 that fish that are “dying” are not used in experiments.
2l fortuitous mortality is correlated with the treatment of
Quring capture where scales and mucous are invariably
Om some of them. This treatment is random. No correlation

Living material for experimental work and preserved material for
morphological investigations were both collected at the same time:
The fish to be preserved were placed directly in 10 per cent formaiif
on capture. Supplementary morphological data were obtained from
the fish used in the lethal experiments. '

The fish were collected by seine for the most part and to a limi
extent by trap. A modified seining procedure was found W
greatly reduced the mortality caused through damage to the fish
the process of capture. The secine was never removed from "
water with fish in it. A pocket containing the fish was forme® o
they were then removed and placed in tanks by means of & dipp=
without ever being actually taken from the water.

Storage of fish

The fish were held in tanks at various constant temperaﬂ“'e’S f
sufficient but minimum length of time for the completion of 303 :
tion to that particular temperature. When the storage temPer'es
were but slightly above environmental temperatures it was nec
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has been noted between lethal temperatures and percentage
tality when the stock was healthy at the time of the tests. DE:H
from unknown causes was on the whole rare. It occurred, hoy,
in Ameiurus nebulosus and Perca flavescens which were helg
long periods of time during the winter at Toronto, and alg,
certain lots of Florida Micropterus salmoides. These mortalitieg Wer,
not necessarily associated with development of fungus but v h
other types of disease and led to deterioration of the stock, Tp.

o

The

fish would not take any food and they would not acclimate Properly

to higher temperatures. In later experiments with perch (McCrackey
and Starkman, 1948), where the fish were induced to feed on mey).

worms, no difficulties with acclimation were experienced. Erroneqyg

results, such as those obtained above, had to be excluded whep
they were found incorrect following repetition of the experiments
under more favourable circumstances.

Species investigated
The list below gives the species studied together with the various
geographic regions where studies were carried out.

Clupeidae

Dorosoma cepedianum (Le Sueur), Gizzard shad.
Put-in-Bay, Ottawa Co., Ohio.
Loudon Lake ( Tennessee R.), Knox Co., Tenn.

Cyprinidae

Semotilus atromaculatus atromaculatus (Mitchill), Northern Creek

chub.
Don R, York Co., Ont.

Willow Fork, Beaver Creek, and Freeway Branch of Bull Ru

creek, Knox Co., Tenn.

Hinds Creek and Braden Branch, Anderson Co., Tenn.
Rhinichthys atratulus meleagris Agassiz, Western blacknos

Don R., York Co., Ont.
R. a. obtusus Agassiz, Southern blacknose dace.

Willow Fork and Freeway Branch, Knox Co., Tenn.

Hinds Creek and Braden Branch, Anderson Co., Tenn.

Roaring Fork Creek, Sevier Co., Tenn.
Notemigonus crysoleucas auratus (Rafinesque), W
shiner.

Algonquin Park, Ont.

East Harbor, Catawba Island, Ottawa Co., Ohio.

e dace.

estern gdd .
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bosci (Valenciennes), Florida golden shiner.

ohns R. and tributary lakes and streams, Putnam Co., Fla.

i gtherinoides atherinoides Rafinesque, Lake emerald shiner.
"Pewa Creek (Welland R.), Welland Co., Ont.

+in-Bay, Ottawa Co., Ohio.
pnutus chrysocephalus (Rafinesque), Central common shiner.
. Fork and Freeway Branch, Knox Co., Tenn.

inds Creek, Anderson Co., Tenn.

trontalis Agassiz, Northern common shiner.

on R., York Co., Ont.

orhynchus notatus (Rafinesque), Bluntnose minnow.

obicoke Creek, York Co., Ont.

t-in-Bay, Ottawa Co., Ohio.

Ameiuridae

urus lacustris lacustris (Walbaum), Northern channel catfish.
ndusky Bay, Ottawa Co., Ohio.

punctatus (Rafinesque), Southern channel catfish.

Tohns R. and tributaries, Putnam Co., Fla.

urus nebulosus nebulosus (Le Sueur), Northern brown bull-

gonquin Park, Ont.

uge R., York Co., Ont.

adusky Bay, Ottawa Co., Ohio.

. marmoratus (Holbrook), Marbled brown bullhead.
Johns R. and tributaries, Putnam Co., Fla.
talis natalis (Le Sueur), Yellow bullhead.

hns R. and tributaries, Putnam Co., Fla.

Poeciliidae

ousia affinis affinis (Baird and Girard), Western mosquito fish.
idon Lake, Knox Co., Tenn.

' .ﬁa_lbrooki Girard, Eastern mosquito fish.

Johns R. and tributaries, Putnam Co., Fla.

Percidae

w. JW@vescens (Mitchill), Yellow perch.
=X creek, Simcoe Co., Ont.
M-Bay, Ottawa Co., Ohio.
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Centrarchidae . in Table L. In Tennessee it was not possible to use running

owing to chlorine and copper contamination; therefore raw
s, water was used and kept oxygenated by aeration alone.
Ohjo " < of this water before and after holding fish for a period of
shown in Table L.

Micropterus salmoides salmoides (Lacépede), Largemouth 1,
Put-in-Bay and East Harbor, Catawba Island, Ottawa Cq,
Loudon Lake, Knox Co., Tenn. ;
St. Johns R. and tributaries, Putnam Co., Fla.

Lepomis macrochirus purpurescens (Cope ), Bluegill.

. Is of acclimation
St. Johns R. and tributaries, Putnam Co., Fla. '

Lethal temperature method, modified from that of Hathaway
Jarious other authors, has been described previously in various
B by Fry et al. (1942, 1946, 1947). Originally it was felt that
limation to any parﬁcular temperaturc could be carried out at
e regardless of season. In essence this is probably quite true,
r practical purposes it was necessary to carry out work at low
tion temperatures in the winter and high acclimation tem-
s in the summer. Errors arising from disregard of this
sle will be considered under seasonal effects (p. 15) and
to be associated with the rate of acclimation and possibly
¢ seasonal differences in lethal temperatures for a given ac-
10D temperature.
«- work in a particular locality was carried out in either
ner or winter it was not feasible to acclimate fish to tempera-
over their whole thermal range. Apart from the winter work
onto most of the acclimations were made when environmental
es were above 15°C. Geographic comparisons were made
The fish were acclimated to the same temperature levels at '_'_‘ more acclimations five centigrade degrees apart at or
different geographical locations and the upper and lower lethal 5°C. . -
temperature relations determined at these acclimation temper& temperature determinations were carried out only after it
tures. Temperature was controlled to within +0.2°C. during asonably assured that acclimation was complete following

The nomenclature of the above species is based on Huhhg and
Lagler (1947) for species in the Great Lakes Region, Kuhne (1939
together with a supplementary list supplied by the T.V.A., Nogie
Tennessee, for the Tennessee Region, and Carr (1936) for g,
Florida species. Changes in the nomenclature later than those giyey
in these papers have also been incorporated when available.

The time and place of experiments varied. Work in Ontario wag
carried on at the University of Toronto during the winter of 19456,
and in the summer of 1947. The Ohio species were studied in the
summer of 1946 at the Franz Theodore Stone Laboratory at Put-
Bay, Ohio. Species listed for Tennessee were studied during the
summer of 1947 at Knoxville, and the Florida species during the
winter of 1946-7 at the University of Florida Conservation Reserve,
Welaka.

METHODS

acclimation and =+0.1°C. during the lethal temperature experimen s, P ﬁé}: given ter.nperature. The uncertainty of this state con-
Oxygen was kept at a high level and CO, at a minimum by mé - most serious ecrror in the lethal temperature method.

Y empirical assurances were the approximations to former
Inations on the same species and repetition of lethal tempera-
“terminations on batches of fish from the same storage lot
“lterent periods of time.

: Wf_acclimation to a given temperature has been studied by
S authors (Loeb and Wasteneys, 1912; Sumner and Doudoroff,
udoroff, 1942; Brett, 1944, 1946). It has been found that
S much faster from a lower to a higher than from a higher
Er temperature. Furthermore, acclimation as judged by rate
heat tolerance proceeds more quickly the higher the
Hire. Therefore, by utilizing the upper part of the thermal

of running water or aeration, so that these factors would not i ;J.a
fere with the results. It was the desire of the writer to study 0%
the lethal effects of temperature. Unfortunately other factor.S, Sucs
as the physical and chemical properties of the water used in difter
places, were not controlled. Although changes in lethal tempﬁrfm'I
of animals with different salinity levels have been noted 1
literature (Davenport and Castle, 1895; Zoethout, 1895; Lofﬁ?J
Wasteneys, 1912; Sumner and Doudoroff, 1938), it will be intlla
later that errors due to variations in physical and chemical prol? o
of the water probably were not serious here except. perhaps, .
or two instances. Some properties of the water in the different P
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range for most of the species studied, and always acclimatiy, _
fish to temperatures above habitat temperatures, acclimatioy, ¢ " jecision could be reached. It has been indicated (Doudoroff,
for the most part very rapid and only three or four dayy storg ' " that it may require many days to attain the incipient lower
time was necessary. During the winter experiments in T°Ton' ~*1 put for the purpose of comparison of different races the
(Hart, 1947), however, acclimation appeared to be very sloy, to ~four-hour incipient lethal appears adequate.
there is grave doubt that reliable results were obtained for 301115: escription of other characteristics of lethal temperature re-
species. ; ash ips has been given by Fry et al. (1942, 1946) and by Hart
47). These concern the course of change in the temperature
-~ as the acclimation temperature is changed. Other attributes
red in this study are the ultimate incipient upper lethal and
hermal tolerance. The former is the highest possible level to
h the species can be acclimated, and the latter is the zone
n which no lethal effects are experienced, expressed quanti-
as the area within the lethal levels over the range in which
ies can be acclimated. Comparisons of thermal tolerance
utilized only for Notemigonus crysoleucas and Ameiurus nebu-
since the data were too inadequate to permit its evaluation in
species.
riticism often levelled against the “sudden jump” lethal tem-
ure technique is that the fish might die from “shock” resulting
change in temperature rather than from the normal course
expected from the elevated temperature itself. The pre-
of this belief is indicated by the hatchery procedure of
ag prior to planting of fish in waters differing in temperature
fish storage temperature. However, Brett (1941) showed
empering had no effect on the lethal temperatures of speckled
In the present studies the only indication that “shock” had
fuence on the results was obtained with Rhinichthys atratulus
ated to 20°C. in Tennessee. At this particular acclimation the
ed almost instantaneously if suddenly exposed, regardless of
“iPerature in the lethal range to which they were subjected.
Pering for a few minutes at intermediate temperatures before
the fish at the desired temperature, death from shock was

Al
-l

at a low temperature the experiment was continued until a

Lethal temperature determination

The descriptions of various manifestations of death at high apg
low temperatures (Wells, 1914; Britton, 1923; Doudoroff, 1942) are
in excellent agreement with that found for the present species,
criterion of death was a complete cessation of all movements either
spontaneous or induced. Occasionally recovery occurred in certajn
species (particularly bullhead and channel catfish) after remoya]
from the tanks. A few minutes additional exposure eliminated thi
and no appreciable error resulted.

The whole upper lethal range for each acclimation level has been
studied by measuring both the time to death of samples where all
the fish die, and the ultimate temperature at which just 50 per ce
of the fish die. The former is termed the resistance time, and the
latter the incipient upper lethal (¥ry et al., 1946). The resistance
time is a series of determinations expressing the relation between
temperature and time to death of 50 per cent of the sample. In
practice, a sample of five fish was removed from the acclimation
storage tank and subjected to a high temperature that killed 50 per
cent of the fish in roughly ten to twenty minutes. Further sampie
were then removed and placed at lower and lower temperatiz®
0.5 centigrade degrees apart. The time to death of these sampP
became progressively longer until finally certain individuals
sample were no longer killed after exposure to the elevated temp® iy
ture for perhaps several days. At still lower temperatures only l.'
or two individuals were killed, and from a series of valllesI
determined, the incipient upper lethal temperature was Cfﬂcu

In several species lower incipient lethals were determ‘lned !
Since lower lethal resistance times were not determined, it v
always possible to tell how long lower lethal experiments Shou gl‘
continued in order to place the incipient lower lethal. Altho
is realized that the results might be too low, most lower le u15
periments were not continued for more than twenty-four ho _fov
the fish were still alive but showed signs of dying after twentf™=

#ion of results

loe D3t investigators have determined resistance times for

. °‘f_ fish by calculating the average survival time at a given
: f*‘emperature (Loeb and Wasteneys, 1912), the geometric
.Val at a given constant temperature (Fry et al., 1946),
“APerature at which a given percentage survive a given
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length of time (Hathaway, 1927; Doudoroff, 1942). The methog o
Fry et al. (1946) was used in this investigation. %

It was shown by the same writers that the median or 50 PEr g
survival time for speckled trout and mean logarithm of the time o8
death of individuals of a sample coincide. The mean logarithy, g J
its experimental error has therefore been used for resistance 1
comparisons. Alternatively, resistance times were determined ﬁ
plotting the per cent mortality as probits against the logarith, ofd
time, and the median obtained by inspection. '

Calculation of the incipient upper lethal was based on the dgg, o
mortality method of Bliss (1935). De Beere (1945) provideq &I
special graphic modification applicable to bioassay methods which
enables one to calculate the median by inspection and the experi.
mental error by greatly simplified procedure. This technique proved.
applicable for temperature work also. Most of the limits of error
have been omitted from this publication but are on file in the
library of the Ontario Fisheries Research Laboratory. '

. about 1.3 per cent less than the actual distance measured
" dissection in the case of Notemigonus, Rhinichthys, and Semo-
e error appears to be due to the fact that the hypural plate
1f may bend when the caudal rays overlap it.
: = depth——the greatest dorso-ventral dimension exclusive of fins
1 base.
th of caudal peduncle—the least depth of that part.
orsal origin t0 occiput—the distance from the origin of the dorsal
) the most anterior scaled portion of the nape.
al base—the greatest over-all length from the structural origin
e first ray to the end of the membrane at the base.
depth—the distance from the mid-line of the occiput ver-
v downward to the ventral surface of the head.
length—the distance from the tip of the snout to the most
r bony part.
out length—the distance from the tip of the snout to the front
1 of the orbit.
= . . e diameter—the distance from the anterior to the posterior rim
Measurements used in morphological comparisons e orbit made by pressing the dividers apart on either side of the
Where possible, all counts and measurements of fish that had been Y)
preserved were made directly after capture. No correction for
shrinkage during preservation was made and the magnitude of
factor was not determined. The weights of the fish, however, wer
determined fresh and after preservation in 10 per cent formalin for
three to six months followed by 635 per cent alcohol. The loss
weight varied from 5 to 17 per cent. In some instances, howe
owing to shortage of material, measurements had to be made on
fish used in the experiments. Structural comparisons were restrict
entirely to fish used in experiments only for Ameiurus nebulos
Micropterus salmoides and Notemigonus crysoleucas from Putd
Bay and Algonquin Park. In these species characters were chose®
that would not be markedly affected by the treatment of the fish- b
Below are the definitions of the morphological characterS: “i
measurements were made with calipers and estimated to the nes
tenth millimetre. » tip of

ngth of upper jaw—the tip of the snout to the most posterior
t of the maxillary.

ctoral spine of catfish—left spine length from base to tip.

eral line scale count—the number of scales along the lateral
nding at the posterior margin of the hypural plate. In those
és where the lateral line was measured 1.5 per cent short of the
*length the scale count would average one below the correct

e above lateral line—the number of scales from origin of

L fin to, but not including, the lateral line.

es below the lateral line—the number of scales from origin of

in to, but not including, the lateral line. The counts were made

. ' following the scale rows.

“orsal scales—all scales intercepting the mid-line from the

 Origin to the occiput.

o o 0€ count—the number of vertebrae exclusive of the hypural
V0 fused vertebrae were encountered. In the Cyprinidae the

_* vertebrae in the Weberian apparatus were included.

® Were made on X-ray photographs.

% Tays were counted in Gambusia as the total developed
" in the dorsal fin.

Total length—the greatest dimension in a straight line fror
snout to tip of dorsal lobe of caudal fin. :
Standard length—the distance from tip of snout to end of h)’f -
plate. In accordance with the accepted practice (Hubbs and -
1947), the end of the plate was determined without dissec
moving the caudal fin from side to side. It was later discover®
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Anal rays—In Ameiurus the count included both rudimentyy,, ining all resul.ts obtained at (1iffe1"ent localities ) were made for
developed rays. In Notemigonus only developed rays were L'Ul.‘u'l Rthys, SG’IH(.)fl[fI..S‘, Notropis, Anwzuru's, and Ictalurus, but the
The last two bases were counted as one ray. s were significant only for Notropis.
ibility of correcting the lethal temperatures to a common
ght has been considered for species in which a weight
qce in relation to order of death has been found. No cor-
L has been applied, however, because the relationship was not
me in the different geographic groups or in the same group

it different times (compare Toronto summer and winter
Thi inconsistency, which perhaps tends to mask the general
ve action of high temperature, was caused partly by differ-
in the age or size range in the geographic groups (compare
rn and southern Ameiurus, Notemigonus) and partly by the
ess in the size range of fish in many of the experiments. It

Resurts
Influence of size or age on lethal temperature

The literature on lethal temperatures contains frequent refereqpe
to the effect of size or age. Bélehradek’s list (1935, p. 201),
species from various phyla, showed that there was a tendency, fa
thermal resistance to decrease with size or age but no consjggens
rule was found. In fish, similar resistance to high temperature
specimens of differing size and age was reported by Hatha
(1927) for six and eighteen month perch, Sumner and Doudorgft
(1938) for gobies, Mason (1939) for barbels and Fry et al. (194) 3 3
and Hart (1947) for various freshwater fish. On the other hand st fn same of the fish samples studied thers sas no
increased ability of younger fish to withstand high temperatures hag end at all.
been reported by Day (1886) for fry relative to adults in vari
species, Huntsman and Sparks (1924) for American plaice, and
Huntsman (1942) for Atlantic salmon and speckled trout. In m
of these records size and age vary together and hence their sepa
effects have not been analyzed except for vearling speckled
(Fry et al., 1946) where there was no size effect.

In the present study it was also not possible to study the separaté
effect of weight and age except where underyearling fish were
volved (Dorosoma and Micropterus). The trend of weight in r€
tion to order of death is shown in table 2. A study of this ta
indicates that the mean weights of the first and last fish to die
generally similar. There is, however, evidence of a trend
Rhinichthys atratulus, Notropis cornutus, and Lepomis macro¢
In the first two of these species the largest fish tended to die frsts
in Lepomis, however, the opposite was true.

These trends were statistically significant at the 5 per cent 1
Rhinichthys atratulus, Notropis cornutus, and Lepomis mact ﬂﬂh 4
as measured by the “t” test. In Rhinichthys the differences =

of season on lethal temperature

possible that fish tested at different times of the year would
ve similar lethal temperatures even when acclimated to the
temperature. In other words it may not be possible to dupli-
e natura] lethal temperature relationships in the laboratory
easonal effects are disregarded.

re is little published information on the subject for fish. It is
e that there may be a seasonal cycle associated with spawn-
asonal changes independent of acclimation temperature may
y explain results reported by Fry et al. (1946) for Salvelinus
aiis where the authors compared their data for autumn and
I fish with somewhat different results obtained by Brett for
0. A similar interpretation may be given to data on pre-
peratures in Salvelinus (Sullivan and Fisher, 1948). Some
information has been obtained for species tested during
mmer and winter (table 3).

3 indicates that Rhinichthys atratulus, Notropis atherinoides,

e\'@l

. " i o 5 "
significant only for the Toronto August data. In Notropis significd chus notatus, and Perca flavescens from Toronto were not
was obtained only for Tennessce data, in Notemigonus only _ i ihthStand7 during winter, temperatures as high as those toler-
) g 2 e iina & S . .
Put-in-Bay data, and in Lepomis for Welaka data. The siz¢ oS _ 1€ same species from Put-in-Bay during the summer. These

ause
rées:

“6S, which were first thought to be geographic, are in-
*©d to be seasonal in character, because comparable seasonal
Were also observed for Rhinichthys atratulus, Semotilus

noted in the table for Lepomis is partim_llar]y interesting bec
larger fish were more resistant than small to high temperati! !
Analyses of variance of body weight in relation to order 0
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atromaculatus, and Notropis cornutus from the same localz'ty (Tol . als. The selective action of adverse environmental conditions

ronto). It is possible that some of 'these seasonal changeg “’Elﬁ e structure of English sparrows has been reported by Bumpus
independent of temperature acclimation. 3) who examined a series of the birds after a storm in which
However, several facts suggest that seasonal changes indepeﬂden ':;.. succumbed and seventy-two recovered. He found a whole
of temperature acclimation were not present. First, certain Specieg 1y of morphological differences in the two groups. Crampton
had identical lethal temperature patterns during the summe, ; ) also showed differences in characteristics of Lepidoptera
winter. The results for Ameiurus nebulosus, obtained in Decep, during selection. Only 319 out of 1090 pupae lived through
before the stock deteriorated, indicate substantial winter anq Sum. winter. Equal numbers of dead and surviving pupae we?e
mer agreement. Second, although most of the work was carrieq ot d and a series of differences were found to be statistically
in summer months it was by no means all obtained at the same . Keys (1931) found selection in relation to salinity and
season. Geographic similarities to be discussed later, thereforei hvxiation for relative head length in Fundulus. In fish killed by
suggest that seasonal factors did not complicate the results. Third.. yxiation the smaller fish died first and the first to die had
the observed seasonal differences in Perca flavescens from Pyt.y. er heads than the fish dying last. Differential selection of the
Bay and Toronto (table 3) were not found when the Toronto figh  was also reported. Heuts (1947) demonstrated in Gasterosteus
were induced to feed in later experiments. The winter fish were s that the fish with more lateral plates survived longer in
found to have thermal resistance equal to that of summer fish (Fry, ater than those with fewer plates when both groups had a low
unpublished ). Apparently feeding had affected the acclimation pro. age plate number. Also, within the same group, fish with fewer
cess. Other observations (table 3) suggest incomplete acclimation, s had a greater ability to survive at high temperatures.
In Rhinichthys the incipient upper lethals and resistance times for he observations cited above suggest that some of the morpho-
20°C. were similar during summer and winter. Thus it appears that al characteristics used in this study might be correlated with
Rhinichthys was similar during winter and summer up to 20°C. and 7 to survive at high or low temperatures. The selective action
was incompletely acclimated to 25°C. in the winter period. A per lethal temperatures has been determined by comparing
similar result was obtained for Semotilus (figure 11), where the D proportional measurements of the first and last fish to die
winter lethal temperature pattern at 20°C. and below corresponded  experiments. Measurements of body parts were divided into
to the summer pattern. In Hyborhynchus notatus and Nofr andard length and the differences of the means of the ratios
cornutus, however, both 20°C. and 25°C. acclimation data show * 0r significance by the “t” test. The distributions of discon-
seasonal differences. Jent '$ variables were tested by the chi square method given by
It is concluded that the existence of a seasonal cycle indepen: ; (1940, p. 329).
of thermal acclimation is uncertain. Since acclimation to 1(1113 i > analyses of the various measurements are given in table 5, and
temperatures during the winter is a very slow proc?ss, any i unts in tables 7, 11, 12, 16, and 17 for Notropis cornutus,
ences may be caused by incomplete acclimation d“”’_]g the ¥ uent onus crysoleucas, Ameiurus nebulosus, and Micropterus
These difficulties have been reduced to a minimum in 'SUI;J;‘:q al . Most of these were tested at more than one locality. The
work by carrying out acclimation to high temperatures 1t mentd ' between order of death in lethal temperatures and the
mer months where the thermal differential between enviro® - sh were examined for Rhinichthys atratulus and Ameiurus
and laboratory acclimation levels was small. SUs (table 6).

._Ilately, the small number of fish used for lethal tempera-
€ Precluded the use of an adequate series of individuals
Pﬁrlsons of this type, but it is felt that if there were any
‘ Orrelation some trends would be evident even when small
"We.re used. In this study, however, there were no significant
S 1In the characteristics of the first and last fish to die and

£

Association between lethal temperature and morphologt-wl
characteristics
The problem considered in this section is the posmbie

. - S s ts
linkage between physiological and morphological aspi;e )
consequent selective action of environmental factors on

gen®
and ®
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iners from Knoxville and Toronto were examined and the
group of fish were found to have a somewhat more rapid
rate than the latter (table 8). The growth rate of the Ten-
ach was found to be in agreement with that found by
all (1939) for Ohio fish which belonged to the same sub-
_ Although local differences in growth rate are probably in-
jt is possible that Notropis cornutus frontalis as a whole has
- growth rate than N. ¢. chrysocephalus.

in body measurements were also made and plotted against
d length in figure 1. The lines through the points were de-

no trends of any such relationships were apparent. The oy, 5
proach towards significance is seen in Ameiurus nebulosys ' £
Algonquin Park for the ratiob_tfg]wgt_h. This ratio shey,.

pectoral spine VS a
significant correlation with sex (table 15), and the correlatio,
sulted because more males died last than females. Whey, Dth
localities are considered, however, it is apparent that there is
general tendency for the high temperatures to have a greater selep.
tive action on females than on males (table 6).

In conclusion it may be stated that, with the minor exceptipns
noted above, no evidence has been obtained of association bety,
lethal temperatures and either morphological characteristics or gay
among the fish populations studied.

3

CoMPARISON OF POPULATIONS IN DIFFERENT LOCALITIES

& 22

Species showing geographic variations in lethal temperatures

Out of ten species within which comparisons were made only
four showed any appreciable geographic differences in lethal tem-
peratures.

Notropis cornutus. This species is split geographically into sev
sub-species based mainly on differences in the lateral line, predo
scale count and pigmentation (Ortenburger and Hubbs,
Hubbs, 1941; Hubbs and Lagler, 1947; Trautman, 1946 ). The
studied at Toronto has been identified as belonging to Notrc
cornutus frontalis (personal communication R, M. Bailey) and
Tennessee form as N. ¢. chrysocephalus. The former subspeci%_
smaller scales, especially in the predorsal region, a fact that 15
accordance with the interpretation that it is a cool water. slo 3
developing form. Since the predorsal scales are the last to form
would be laid down later in frontalis than in chrysoce-phaluﬂ
longer axis and hence would be ultimately more numerous
1941).

The predorsal and lateral line scales have been conntefl for
two groups and are given in table 7. The geographic dllﬁe‘re
were in accordance with expectations and were highly mgll‘ ;
Vertebrae were examined by X-ray and it was found th‘jse
southern group had fewer vertebrae than the northern. E'enl'-
sults are in general agreement with the north-south grad*,
number of vertebrae or scales in fishes (Hubbs, 1925; Ken 4
Johnsen, 1936; Schnakenbeck, 1931; and others). The 5¢
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.thal temperatures of the Toronto and Knoxville populations are
o in figures 2 and 3. The two populations can be compared at
. nation levels of 25°C. and 30°C. At both these temperatures
stance times for the Knoxville samples were considerably
er than those of the Toronto samples at the same temperatures
 the slopes of these time temperature lines appear similar. These
-rences cannot be related to differences in acclimation level in
wo series and are possibly related to the subspecific variation.
e differences are significant since there is scarcely any overlapping
ndividual times at the two localities. The geographic differences
othal temperatures also cannot be explained by the effect of size
the Knoxville fish average larger than the Toronto fish in
summer and the larger fish tend to die before the smaller ones.
the resistance times were adjusted to a common weight the
phic differences would be accentuated.

omparisons of the incipient upper lethals (table 4) at the upper
els of acclimation are difficult in this species owing to the length
ime the experiments have to be carried on to reach these levels.
s, in the Knoxville fish the incipient upper lethal for 25°C.
imation was attained in approximately 5000 minutes. To decide
an experiment at 32°C. had to be carried out for nearly ten days
minutes ) in which three out of ten fish died. In the Toronto
wever, all the fish died at 32°C. with 4800 minutes for the
er cent mortality. The incipient lethal level may be much lower
this (possibly 31°C. as found for the winter results, Hart, 1947)
uch long-term experiments are impracticable to carry out. Like-
%, the determinations for 30°C. acclimated fish were not carried
¢ incipient lethal level. However, only three out of four Knox-
ish died at 34°C. with a 50 per cent mortality at 4000 minutes,
of the fact that the experiment was continued for 14,000
tes. It appears, therefore, that the incipient level for 80°C.
Mated fish would approximate 33.5°C. (figure 3).

S concluded from these results that Notropis cornutus shows
hic variation in both structural and physiological character-

termined by least squares and the equations for these line
shown in table 9. There do not appear to be any differences iy th ' ;
characters between the Knoxville and Toronto samples. T 110,‘_3&}r :
the only distinct differences between the subspecies are the diffes 3
ences in growth rates and scale counts between the Torontg ami.
Knoxville groups.
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Ficure 2. Upper lethal temperature relationships of Not‘ropislct?ff;;‘]:;ﬁ’ ;
Toronto, Ontario. The dotted lines are data from Knoxville fish 30°

busi ; . : :
figure 8 for comparison with the Toronto summer data (25°C. at b, .sza affinis. The southern and Atlantic coast subspecies,

acclimations). Acclimations 10°C., 15°C., 20°C., and 25°C. (W) were © “51a affinis holbrooki, was formally recognized as specifically
iy e A et from the Tennessee form, G. a. affinis, (Hubbs, 1926a).
Froure 8. Upper lethal temperature relationships of Notropis corm™ s *hces between these species in dorsal rays and gonopodial

i . d lines are from the Toronto summer cte : ;
Ié;srx:llzlf ’s;rni;?fﬁ Sfer%mT}tfredeO;gial sxc;iic:ersearleo?;chlxded: solid squares ‘€IS were described by Hubbs. Carr (1936) listed the West

Fork; half solid squares, Freeway Branch; open squares, Bull Run-
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Florida form, G. a. affinis (intergrades), as having fewer dorsy] ra
and smaller head and eyes than the eastern form. ys
Accordingly these characters were examined on Gambusiq Frop
Welaka and Knoxville. The fish from Knoxville were found tq hasl
a significantly lower number of dorsal rays (table 10). The Knoy,
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Ficure 4. Head length and eye diameter in relation to total Jength fi
Gambusia affinis from Knoxville, Tennessee and Welaka, Florida. Double 102
arid.
ville fish examined also had smaller heads but much larger eyes t )
the Florida form (figure 4). The eye difference was quite dist!
and could be seen at a glance when the two groups of fish i
placed side by side. The measurements, however, confirm 1€€ i

in the literature that distinct differences exist between the subsp
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« that such differences are applicable to the populations
Jethal temperature determinations were made.

hal temperatures of Gambusia are shown in figure 5. Al-
not as many data have been gathered here as would have
able, a difference in the pattern of the lethal temperatures

®  Knoxvi//e
© We/lokoa

[ | =] e I ] | [ O B X | I N (|
OO0 Tooo

Time /o SO D morlofify mnules

5. Comparison of upper lethal temperatures of Gambusia affinis from
orida and Knoxville, Tennessee. The two populations may be com-

t acclimation temperatures of 30°C. and 35°C.

two races is indicated. Both forms were compared at common

n temperatures of 30°C. and 35°C. The results are similar
but differ at 35°C., where the times to death were greater

1 temperature in the Knoxville fish. In addition, two points

ined in Knoxville at an acclimation temperature of 25°C.
at were found in a cool spring. Although no Welaka data
ned for this acclimation temperature, it is evident from
¥ 'ﬂ?at the patterns for the two geographic samples studied

ar. For the lower acclimation levels, the Welaka fish may
er lethals than the Knoxville fish. Tt is interesting that, in
€ apparent differences, the two races show similarities in
_the 30°C. acclimation lines and in the ultimate upper
- lethal (the horizontal boundary of the upper resistance

m
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Gambusia can withstand very high temperatures in conforpy;
with its habitat. At acclimation temperatures of 15°C. and 20°0 ty
has higher incipient upper lethals than any species heretofor 'l_lt
ported. In the neighbourhood of 37°C., however, there appears 4
be no further increase in incipient upper lethal and hence it g i X
able to withstand for any great length of time temperatures |, to
40°C. that can be tolerated by goldfish (Fry et al., 1942). It js like.
wise not able to withstand temperatures as low as the goldfis, at
any given acclimation level.

Micropterus salmoides. The largemouth bass, Micropterus salme.
ides, has a wide distribution. Until the recent work of Byj]
and Hubbs (1949) subspecies of the largemouth bass had not beey
recognized. In their treatment the species has been removed from
the genus Huro and replaced in Micropterus by two subspecies,
Micropterus s. salmoides occupying both the Lake Erie and Ten-
nessee areas and Micropterus s. floridanus in the Florida peninsula,
Comparisons of the morphological differences in the samples studied
are given in tables 11 and 12.

The subspecific differences in scale counts accorded with the
observations of Bailey and Hubbs (1949) who showed that the
Florida peninsular form had more scales than the northern forms.
The variability in scale counts was somewhat greater than that
observed by Bailey and Hubbs. There was a somewhat higher range
of counts for scales above the lateral line, and a lower range both
below and along it. Some of these differences are probably due to
differences in method of counting. The Welaka fish also had moré
dorsal soft rays than the Put-in-Bay fish but vertebral counts showed
no significant differences.

Another interesting trend is seen when comparisons are _H'lade’
between local groups of fish reared under different pond conditions:

e geographic differences in lethal temperatures found among
aces of this species were very large. The data are shown in
res 6 and 7 for Welaka, Knoxville, and Put-in-Bay. In Welaka
3 y bass were used in attempts to obtain comparable results with
, put-in-Bay fish. Although acclimation over long periods was
_ied out (only three to eight days was required to acclimate these

o
JFO
1

1 Lol by Ll 1 I ' [

Temperolure
<

oL
The fish referred to as “normal” (tables 11 and 12) were large ﬁm i
over 90 gms. The “stunted” group were fish of the same age (i p
to eleven months) as the first but were under 25 gms. The trénv = go TR
L0, 00O

for the “stunted” fish to have fewer scales than the “normals’s :]:’
however, is significant only in lateral line scales. Thus, not only ol
the bass exhibit local variations in structure from apparenﬂ}' i
vironmental causes, but the fish which exhibited the slower gff’a "
showed characteristics tending towards those of the northern .,-.
more than did the fish exhibiting the faster growth. The differ® 2
appear to be due to crowding and food conditions. Compa~
conditions have been described by Eschmeyer (1936) for T
‘populations.

7ime o SQX% rmorlolily  munufes

t&a Ull?per 'lethal temperatures of Micropterus salmoides from Welaka,
cclimation temperatures of 20°C., 25°C., and 80°C. The dotted
e e temperatures for Knoxville and Put-in-Bay samples (figure 7).

Hlous g ks : : ; 3
ge Weig},}gnbOIs represent different samples varying considerably in their

« Upper lethal temperatures of Micropterus salmoides from Put-in-
-_eﬁ']‘iss%s) and I\noxvi.lle, Tennessee (squares). The dotted lines
aw,,, 19: sh for comparison (figure 6). Data for Lake Mendota fish

» 1927) at 22°C. and 80°C. are included (closed and open tri-
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d the lethal temperatures and brought about a chance agree-
with the taxonomic findings of Bailey. It is felt that inherent
es in lethal temperatures within the species may be present,
er work is required.

is macrochirus. Unfortunately adequate data on the geo-
« variation of lethal temperatures for this species were not
_ed but the data on the Welaka bluegill, described as Lepomis
s purpurescens (Hubbs and Allen, 1943), are compared
ertain data given by Hathaway (1927) and with one isolated
for Knoxville fish. These data indicate that bluegills may also
0g aphically in lethal temperature relationships.

for fish acclimated to 25°C. from two different drainage
as in Florida but tested in St. Johns river water showed sub-
) agreement (figure 8). Geneva and Santa Fe lakes drain into

fish) the lethal temperature pattern found was a series qf &
verging resistance-time lines with non-parallel slopes (figure g
difference between the two races was least at 20°C. and he,, B
progressively greater at the higher acclimation levels. The TCSpeet?le
patterns are superimposed as dotted lines in figures 6 and 7. k.
difference in the incipient upper lethals between the raceg
1.8°C. at 25°C. acclimation, and 2.7°C. for 30°C. acclimateq go
The most surprising feature of the differences is that the uory, '
race withstood higher temperatures better than the southery race,

Further data on fish of the year were obtained at Knoxville dyyjy,
August. These are shown in figure 7. Since the water temperatyres
at that time reached 28°C., the fish were tested after acclimatioy
to 30°C. and 35°C. The bass acclimated to 30°C. had a letha] teﬁl'
perature distribution that was similar to that of fish from Put-in-Basg-
rather than to those from Welaka. This suggests that the Knoxville
sample resembles the one from Put-in-Bay more than it does the —

0

Welaka sample, which is in agreement with the conclusions of
Bailey and Hubbs (1949) based on their morphological findings.
Lethal temperatures of largemouth bass acclimated to 22°C. from
Lake Mendota, Wisconsin, have been studied by Hathaway ( 1927}" a
and the results are also illustrated in figure 7. These fish appear: 5 a
somewhat less resistant to high temperatures than Knoxville or Put- o
: ) i < : ! O 43 & =
in-Bay fish, but the resistance pattern resembles that of bass from: = w2 o5 Jo
Put-in-Bay rather than the Welaka pattern. s ’ T~ 2s
Three local populations of the largemouth bass were studied at 0 o o
Welaka. The fish were reared in different ponds and, although tb
< ; z 5
were all approximately the same age (nine to eleven months), th St Tohns *
: : . ; . s
were marked differences in the sizes attained, due appurcnti," H"';;"'”ee &
oy . g =¥aY i <. -, D o
crowding and nutritional conditions. Unfortunately, the three wel QG 702
g ) i = "/O//’Owo_y JO°4 doys
groups were compared largely at different acclimation tempera® =
but even so there was no apparent difference in the resistance f1
: L 101l 1 1 L1 1 itpl | L1 | wifi
of the three groups. o zo0 1000 70,000
The rather surprising lethal temperature divergence of the 59 e fo SOZK morlolly mnules

. ; : ; It
ern largemouth bass can be interpreted in various ways. “i

possible that inherent differences between the northern and sou p
races are involved. However, there is a large difference in thﬁ'-0 I
dissolved solids and chloride between the St. Johns River and NS 4
ern waters (table 1). Also, the bass were taken from P rive! “4hinee River System, whereas the other fish were from the
which the chloride is probably considerably lower than in the e River, Fowler (1945) describes bluegill of the Suwannee
and hence acclimation to chloride changes may ha"c"_t"lkm Ph_ s different subspecies (Lepomis macrochirus macrochirus)
The operation of such an accessory factor (Fry. 1947) may for his decision is not clear. The fish from Geneva and

8. _LEthal.temperature relationships of Lepomis macrochirus from
otida acclimated to 15°C., 20°C., 25°C., and 30°C. Fish from two
5 are compared at 25°C. Data for Lake Mendota (Hathaway,
also shown,

o1l ] b
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Santa Fe lakes, however, did possess certain colour diﬁeren _
among which were redder fins than the St. Johns River fis, -3
lethal temperature comparisons support the viewpoint that 1 b
differences in lethal temperatures are uncommon in fish. ol
The dotted line shows Hathaway’s data for fish acclimateq ¢ e
22°C.-23°C. Although the agreement is fairly good at resjst&nog ;a s in that area.
times up to about seventy minutes, there were departures for longey s
times to death which indicate a much higher incipient letha]
(34°C.) for 22°C.~23°C. than would be expected for the Florida
fish (about 32°C.). Also, fish held at 30°C. for four days were More
resistant than fish acclimated to 80°C. in Florida. '
In Knoxville only one sample of bluegill was tested; this wag ¢
a temperature of 36.5°C. They had been acclimated to 30°C,, apq
according to the Welaka results, 50 per cent should have died withiy
about sixty minutes. However, after 240 minutes none had died and
the temperature was raised to 38°C. in twenty minutes. After reach-
ing this temperature 50 per cent of the fish died in forty-eight_
minutes. It is evident that the Knoxville bluegill tested had higher
lethal temperatures than the Welaka fish.
A possible explanation of the differences between the Knoxville
and Welaka fish, however, may be found in the size effect. It was
noted (p. 00) that bluegills were the only species showing a signifi-
cant tendency for the larger fish to be more resistant to high tem-
peratures. A significant co-relation was observed even though only
few large fish were present in the Welaka population. The Knoxville
fish tested ranged from 15.8 to 33.7 gms. and were therefore much
larger than the Welaka average. In this connection it should be
pointed out that Hathaway’s data for Lake Mendota fish acclimated
to 30°C. conform with the data for Knoxville rather than those fOf
Welaka fish. Size or age differences may account for all these varia:
tions.

1arvearlings of this species were compared at acclimation tem-
.s of 25°C., 30°C., and 35°C. at both Put-in-Bay and Knox-
rhe results are compared in figure 9. Unfortunately small
_ens were not available at Welaka, although large fish were

oe
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: 9. Upper lethal temperatures of Dorosoma cepedianum from Put-in-
0, and Knoxville, Tennessee, for fish acclimated to 25°C., 30°C., and

’S0ma is able to withstand rather high temperatures in con-
with its habitat preference of shallow open water. Com-
of data for Knoxville and Welaka samples show agreement
_rgnge of experimental error. The greatest difference was
25°C. where Knoxville fish had an incipient upper lethal
_de degrees higher than the Put-in-Bay form (table 4).
_&ence is not interpreted as signifying any real difference

© races, owing to possible differences in acclimation level
culties such as were encountered at Knoxville in main-
°Me of the fish in a healthy state during long experiments.
~stent results were obtained when the water was changed

Species not showing geographic variation in lethal temperatur®

Dorosoma cepedianum. The gizzard shad has a wide distrlb“'
from the lower Great Lakes through the Mississippi drainag® =
westward to Florida and up the Atlantic coast drainagé ws i
Brunswick. It is recognized as being a plastic species by Hub Py
Whitlock (1929) in their description of diverse forms of young =
different waters. The differences were considered to result oc0g"
direct action of the environment. No subspecies have bee” ;cB of
nized, perhaps because of this plasticity. Likewise noﬂevlde
physiological differences within the species have been tourc
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Rhinichthys atratulus. This species has four recognized 511b5peci

(Hubbs, 1936). The form examined at Toronto is within

bution range of Rhinichthys atratulus meleagris and the Te“nessee

form is within the range of R. a. obtusus.
Measurements made on the two groups revealed the
trends: Rhinichthys from Knoxville had deeper bodie

caudal peduncle depth, narrower heads, and longer upp
length than Rhinichthys from Toronto. The differences were Signi.

cant at the 5 per cent level or above (table 15).

Significant geographic differences were also found in the latera]
line scale count with the Knoxville form having a distribution gy,
lapping that of the Toronto form but with a tendency towards feyey

scales (table 13). These observations confirm the repo
literature that the Knoxville and Toronto forms studied
two distinct subspecies.

The lethal temperatures are given in figure 10. As mentioned
earlier, the winter and summer data at 20°C. and below were
similar. Furthermore, no significant differences were indicated for
Knoxville and Toronto fish acclimated to 20°C. and 25°C. Thus
Rhinichthys is a good example of a species showing morphological
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tiation into well-defined subspecies without showing com-
, yariation in the physiology of lethal temperatures.
Jethal temperature pattern of Rhinichthys atratulus is an un-
one. There appears to be no further increase in the incipient
othal at acclimation temperatures above approximately 13°C.
he change in position of the resistance lines with increase in
limation temperature is less above than below this acclima-
erature. Rhinichthys atratulus is a species for which deter-
jon of the incipient upper lethals at the higher acclimation
was difficult and impracticable because death occurred only
ery long exposures. With the exception of Salvelinus, which
timate upper incipient lethal of 25.3°C., the ultimate upper
perature of R. atratulus (29.3°C.) is the lowest of any yet

the g; S
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f()“gwin
S, greate,
er ]'aw

rts in the
belong to ed.
] otilus atromaculaius. Both the Knoxville and Toronto forms
hin the range of Semotilus atromaculatus atromaculatus. The
haracteristics studied by Greeley (1930) were used to com-
1e Knoxville and Toronto samples. Predorsal scale counts and
line scale counts are shown in table 14. No geographic differ-

ere found. Greeley’s data for fish from Six Mile Creek are
}u the table. The results for predorsal scales are confirma-
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Ficure 10. Upper lethal temperatures of Rhinichthys atratulus frsﬂslé 10°

Ontario and Knoxville, Tennessee. Acclimation temperntu'res '.1rel
15°C., 20°C., 25°C., and 30°C. Knoxville fish from various loca
indicated.

t he obtained a greater count for lateral line scales. The
ices are at least partly due to a systematic difference in the
1 of counting, since Greeley did not use the end of the
L plate as a point for terminating his scale counts.

parisons were also made of the head lengths of fish from
and Knoxville (table 15). In these samples the males had
head length slightly longer than that of the females in
nce with Greeley’s findings, but the differences were not
When both sexes were lumped together, the Knoxville
Had somewhat shorter heads than the Toronto sample. The
8 Were significant (P = .02).

Wth rates determined by scale examination (table 8) for
__d hKnoxville samples were similar to those reported by
1 © northern subspecies and there is little evidence of
3 difference between the two geographic groups.

=4 _'tS obtained confirm Greeley’s findings that the species
orm morphologically over most of its range, although
OIS are encountered. The characteristics of the Knox-

1o .
ronto groups on which lethal temperature determina-
Made are thus similar.

70, 0%°

0

1 sﬂ‘l’”'ces.. i
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The lethal temperatures were determined at Knoxville ,, d.
Toronto for acclimation temperatures of 25°C. and 30°C. duyjy,,
summer, and at Toronto for lower acclimation temperatures dg b
the winter. The results indicate a common pattern with no '8
graphic differences. The lethal temperature comparisons ¢q,p
the taxonomic status of the species whose populations belong ¢, the
same subspecies in both areas studied (figure 11). :

sation has been observed by Hubbs (1918) who demon-

1 a cline in anal rays. This cline was noted as an exception to
_oral rule associating more meristic parts with northern and
" with southern races. The work was continued by Schultz
. ho correlated the increased number of anal rays in southern
eios directly with the temperature of the water during develop-
pgraphic areas for equal numbers of anal rays were related

. emperature isotherms for May which gave an indication of
-mperature of the water during larval development. In spite
. evidence for environmental control, the nomenclature of the
o ies has remained polytypic even though the characters by which
= pspecies are distinguished fluctuate markedly from environ-
L, : causes. The Florida form studied by the writer is within the
of Notemigonus crysoleucas bosci, whereas both the Put-in-
Algonquin Park forms are within the range of N. ¢. cryso-

—

o
35

inations of the lateral line scales, anal rays, and vertebrae
in table 16 for golden shiners from the above mentioned
The variation in anal rays confirms the previous reports.
a fish had fewer scales but more anal rays than those at
The differences between Put-in-Bay and Algonquin Park
respect were not significant.
ations observed in vertebral count were remarkable. A
EE R HATT E g LR (4o ® was found with fewer vertebrae in the northern localities. The
z0 i L z000 5 1088 'iﬁﬁiarence occurred between Algonquin Park and Put-in-
fime, /o 5 W PIRIREE ainaiRs € differences between Put-in-Bay and Welaka were not sig-
. The vertebral counts in this series thus had a tendency to
1€ same trend as the anal rays but the spheres of variation
> two characters occurred in two different geographic ranges.
rtebral counts from Put-in-Bay and Welaka fish were similar
Obably confirm - findings of Gosline (1948). The anal rays,

Temperalure
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Frcure 11. Upper lethal temperature relationships of Semotilus atromacttais
from Toronto, Ontario and Knoxville, Tennessee. Toronto fish acclimat !
10°C., 15°C., 20°C., 25°C., and 30°C. Knoxville samples from various locat
sources as indicated.

The lethal temperature results obtained with Semotilus sub]eci
to the higher acclimation temperatures are uncertain in long exp ve their greatest variation within this range. Between
ments, owing to the difficulties experienced in maintaining the 'I‘ . 24 and Algonquin Park the differences in anal rays are not
in good condition. The ultimate incipient lethal was therefore ) 5 b’llt'.the differences in vertebral count are significant.
precisely determined but probably does not greatly exceed “_.1 °8raphic variations have also been found in the lengths of
However, this seems to permit the distribution range of t.hf:" sp ; Snout and eye diameter, The equations for the co-relations
to extend considerably south of Tennessee. It would be interes : tf) the standard length are shown in table 9, and the
to determine whether any difference exists between this subs : ed in figure 12. When figure 12 is examined it will be
and the more southern Semotilus atromaculatus thoreauiﬂ““‘g'e _'»"’ the data for head length and eye diameter fall into

Notemigonus crysoleucas. The geographic variation (']derﬂ .'": groups: the Put-in-Bay and Welaka fish with a
morphological character examined in this species was consl “ength above 65 mm., the same group below this length,
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and the Algonquin Park fish. The latter group had distinctly, la
heads and eyes than either the Put-in-Bay or Florida group 6\'e1-
length range at which they could be compared. The regressiop e
equations for data above 65 mm. standard length have beey, 3
aged in figure 12 for the Put-in-Bay and Florida fish on the bVeE
of their apparent similarity. There is a significant change in a0
slope of the lines for head and eye data for fish below 65 lknm. fr:;h“
these two localities. There is also a significant difference in &:

but not in slope between the Algonquin Park and Put-in-
s of data for head lengths over the same range. The same

to coincide. For this reason the slopes of the lines for head
+hs of Put-in-Bay and Welaka groups of fish below 65 mm. have
b veraged but plotted at their different positions in figure 12,
oas a common average line has been drawn for eye diameter
he same groups of fish. The snout length was similar in all three
ities and the three regression lines have been averaged in
= 12. The head and eye proportions, like the vertebral counts

their greatest differences between Put-in-Bay and Algonquin

60 &0 X0

picture for geographic variation of the head and eye in the
en shiner resembles that reported elsewhere (Doan, 1939;
ler, 1944; Martin, 1949), in which differences in body propor-
result from differences in the length of the fish at which
'I'h inflection occurs. The mechanics of environmental control of

arjations have been discussed by Martin (1948), who showed
e great majority of geographic differences within a given
th stanza are such that the position, but not the slope, of the
varies. In general, growth inflection occurs during larval de-
ment and at the onset of maturity, and any environmental
rs that alter the rate of differentiation actually alter the size
hich growth inflection occurs during these stages. In the Put-in-
and Florida groups of golden shiners growth inflection for the
L and eye occurs around 65 mm. In the Algonquin Park fish
€tion probably occurs around 45 mm., but data are lacking for
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® growth rates of the golden shiners from the different localities
_’t gradient from north to south (table 8). Again, the local
Te of growth rate characterization was shown by Cooper (1936);
33]__Jiners from southern Michigan grew faster than those in

“th€rn part of the state. The difference was correlated with
:gth of the growing season in the two areas. In Algonquin
ake Opeongo and Costello Creek), the shiners showed the
o BYOWth, with fish in their second year averaging about 70
1€ fish from this area attained a greater age but a smaller
1 those from the other areas. Shiners from Put-in-Bay had
Srowth rates than those from Algonquin Park, fish in their
,ear averaging about 100 mm. This growth is comparable
*Or northern Michigan fish given by Cooper. The Put-in-Bay
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Ficure 12. Head length, snout and eye diameter in relation t0 5‘?;96'
length for Notemigonus crysoleucas from three localities. Change of s
indicated at approximately 65 mm. in the case of head and eye for fron
Put-in-Bay, Ohio and Welaka, Florida. Regression lines are drawn

formulae in table 9 as explained in the text.
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fish also attained a larger size than the Algonquin Park fish but o
so great an age. The shiners from Welaka showed the mog
growth, fish in their second year averaging about 150 myy,
shiners also attained the greatest length but the maximyy,

attained was less than that of fish from any of the other areyg 5.

the outset it was thought that age determination would be d;g t
in these southern fish but in most cases well defined anny];
found. Annuli close to the edge of the scales were found durip
period from January to March which coincided with low Watey
temperatures.

In contrast to the morphological variation, there was an absence
of geographic physiological variation. Lethal temperatures of shinerg

from three localities have been determined at acclimation tempera.
tures from 10°C. to 30°C. It was not necessary to study this whole

acclimation range at each locality because data from each area

conformed so well to one common pattern. This was found in spite

of the fact that the Florida sample studied corresponds to subspecies
Notemigonus crysoleucas bosci, and the Put-in-Bay and Algonquin
Park samples of N. c¢. auratus. The data shown in figures 13 and 14
illustrate the fact that there are no geographic differences apparent
at any one acclimation temperature. A common difference of ap-

proximately 1.6 centigrade degrees exists between the parallel
resistance-time lines for each five-degree change in acclimation

temperature.
In order to test the possibility of significant differences betwgeﬂ
localities, an analysis of covariance was carried out for the 20°C.

and 25°C. resistance-time lines. By this test neither the slopes DOf

the position of the lines differed significantly for the three Iocahtl.@-
It can thus be said that no significant geographic differences Wi
respect to lethal temperature are evident in Notemigonus.

The upper and lower incipient lethal limits in relatio
acclimation temperature are shown in figure 14 and given 1

n to

Tapiq

the

o table &
e withid
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. 1947), this species is relatively eurythermal in conformity
S 1 thermal conditions of its habitat.

.mmary, the geographic variation of structural characteristics
golden shiner can be interpreted causally from environmental
< modifying the rate of development during various growth
7 '(Hubbs, 1926). It is recognized, however, that differences
rate of development of the various races may possibly have a
.. hasis. According to these data, the differences between

g LETHAL TEMPERATURES OF

YSOLEUCAS).—The highest temperatures
most North American {ish can tolerate
tk, 1969). The high lethal temperatures e
e golden shiner (Notemigonus cryso-
) range from 30.5° C for fish acclimated

20

s (Carlander, 1969). e
s study indicates the high lethal tem-
for N. crysoleucas to be near 40.0° C
| acclimated at 22.0° C for 56 days.
e N. crysoleucas, ranging in size from
) cm and in weight {rom 2.2 to0 8.5 g,
limated at 22.0° C for 56 days in an
-5 gal tank. On the 57th day the
as placed in a Lab-Line water bath
de dimensions of 91.4 x 45.7 X 22.9
€ water level in the water bath ‘was
€d at 15.3 cm and in the tank within
 the top. The fish were fed a com-
¥ Prepared {ood three times weekly
'€ acclimation and testing periods.
Ature was raised approximately
day. On the 24th day two fish

10

1
200
nules

& Agongeuin X
R Pul-m-Boy
© Weloko

No geographic differences are evident and the thermal zon  edbl *95° C and one ar 40.0° C.

which the species can live (thermal tolerance) has been .b(')urt oppet f 3

a line common to all localities studied. The ultimate incip1er” el ITERATURE CITED

lethal was not determined, but it is estimated to be ﬂPProx“{ﬁn K. é) 1969, Handbook of fresh- jouo i e n s onus
35°C. This temperature would give the species a fair mar® An‘;gfg;fc.m}:ol. 1. The lowa State | ' 3 t0p10°C. and 20°C.),
safety above the high water temperatures of marshy alreﬂb-ted o ~ Slg'sg' Thermal pollution and 14 30°C.) and Welaka (ac-
% s A 2 i : welima 1 * 9. Am. 220:19-97.

is the highest point to which the species can be ac = il is 7 o oo Rl Wty

the thermal tolerance zone as defined (area within th

- . : spect
940 centigrade square units. Thus, in comparison with stream SP’

'ALPAUGH, 5 Central Street, Leb-

: oleucas from the same locali-
€rsey 08833,
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- 1947), this species is relatively eurythermal in conformity
% thermal conditions of its habitat.

pnMArY, the geographic variation of structural characteristics
olden shiner can be interpreted causally from environmental
difying the rate of development during various growth

; o
oAt g (Hubbs, 1926). It is recognized, however, that differences

fish also attained a larger size than the Algonquin Park figh, 1,
so great an age. The shiners from Welaka showed the MOty 2o
growth, fish in their second year averaging about 150 mp, ThPld
shiners also attained the greatest length but the maximyy, . "
attained was less than that of fish from any of the other are,
the outset it was thought that age determination would be g;

ut bl

in these southern fish but in most cases well defined

found. Annuli close to the edge of th
period from January to March whi
temperatures.

In contrast to the morphological
of geographic physiological variation
from three localities have been dete
tures from 10°C. to 30°C. It was nc
acclimation range at each locality
conformed so well to one common |
of the fact that the Florida sample st
Notemigonus crysoleucas bosci, anc
Park samples of N. ¢. auratus. The |
illustrate the fact that there are no
at any one acclimation temperatur
proximately 1.6 centigrade degre
resistance-time lines for each five
temperature.

In order to test the possibility o
localities, an analysis of covarianci
and 25°C. resistance-time lines. By
the position of the lines differed sig
It can thus be said that no signifi
respect to lethal temperature are |

The upper and lower incipien
acclimation temperature are showr
No geographic differences are evi
which the species can live (therma
a line common to all localities stuc
lethal was not determined, but it
35°C. This temperature would ¢
safety above the high water temp
is the highest point to which the
the thermal tolerance zone as d¢
940 centigrade square units. Thus

ate of development of the various races may possibly have a
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2 18, Upper lethal time-temperature relationships of Notemigonus
: m Algonquin Park, Ontario (acclimated to 10°C. and 20°C.),
& ?}110 (acclimated to 20°C., 23°C., and 30°C.) and Welaka (ac-
i 5°C., 20°C., 25°C., and 30°C.).

T 4. Relation between incipient upper and lower lethal temperatures
ry tion {t;mperature for Notemigonus crysoleucas from the same locali-
dgure 13,
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Algonquin Park and Put-in-Bay groups within the range of the
subspecies are just as great as those between Put-in-Bay an( Wel
fish belonging to different subspecies. The question of il :
versus induced differences will have to await further experimene
tion but the geographic similarity in lethal temperatures sug el‘ai-
that we are dealing with a uniform group. sests
Ameiurus nebulosus. This species is recognized as consisﬁng of
two subspecies, the northern, Ameiurus nebulosus nebulosus, speq'
mens of which were obtained from Algonquin Park and frop,
vicinity of Put-in-Bay, and the southern, A. n. marmoratus, g,
which specimens were obtained from Welaka, Florida. The
published information on the geographic variation of the species
which is applicable to catfishes in general, is contained in a reyie
by Hubbs (1940) who observed a parallel variation of the fish for
certain characters between species, between the two sexes of the
same species, between young and old stages of the same species
and between geographic races. In southern populations younger
fish and females have longer spines, more anal rays, and more ter
bodies than their complements. A common biochemical basis was
suggested as underlying these parallel variations, but the common
factor may be simply the rate of larval development. N
In my material a significant difference was found in number of
anal rays between the Put-in-Bay and Welaka fish, but not betwe en
the Put-in-Bay and Algonquin Park fish (table 17). The south'__ g
samples studied had more rays than the northern, in agreement With
Hubbs (1940).
Comparisons were also made of the head widths, length of "":
toral spine, and anal fin base of the different populations ('ﬁg 3
15). The catfish from the different areas differed so greatly iti § ’:
that their ranges showed no overlap and comparisons aré SCaf?e
possible. The data, however, indicate that shorter pectomI spine
were present in the Put-in-Bay fish than in the other samplef"- .
The pectoral spine length is a highly variable characterlsh‘fv :
a significant correlation with the sex of the fish was found 0?&;1 o
the group from Algonquin Park ( table 15). The males also 's 1
to have wider heads in accordance with the findings f‘OI' ca]t(a .
general, but the differences were significant only for ‘{V"'lae
Little geographic variation was observed in proportionate ™ .
ments for head widths (table 15) but the data are not Comllzan the
because the southern fish examined were so much larger t

northern. long 100
Geographic colour variation of these fish has been 10 g

1 The northern populations from areas in Algonquin Park and
o were very dark, with no pattern. The Put-in-Bay fish were
k but a mottled pattern was often evident especially in the
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5. Body parts of Ameiurus nebulosus in relation to standard length

) Gus?;nlog‘lggggflin Park, Ontario, Put-in-Bay, Ohio, and Welaka,

*_-Emperatures were determined on samples of fish from
ark to Florida at acclimation temperatures indicated in

Y and 17, Fish were acclimated to temperatures from 5°C.
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e of five Centigrade degrees in the acclimation temperature.
sate incipient lethal temperature is slightly below 35°C. as
for Put-in-Bay fish. While it cannot be said that the
emperatures of the Florida subspecies conform precisely to
' f the northern fish, because only short experiments were per-

to 34°C. and the data from all localities suggested a commgy,
tern. No long experiments were carried out in Florida since
large fish broke the thermo-regulation apparatus and electy,
themselves during such experiments.

The lethal temperatures of the brown bullhead were similay gy
those of the golden shiner. The two species inhabit the same geﬂer:]'
areas. Similarly, this bullhead shows no appreciable geographic gsr.
ferences in upper lethal temperatures from north to south, The
incipient lethal changes approximately two Centigrade degreeg for

Cuteq

ata for the brown bullhead have been obtained by Brett (1944)
ermined the incipient upper lethal temperatures for the

e hours. As indicated here, twelve hours is insufficient to de-

3 ne the incipient lethal level at acclimation temperatures above
& The results obtained by Brett should therefore be higher than
u&) observed here by an amount consistent with the resistance
o twelve hours (720 minutes). However, the observed dif-
é"b s (figure 17) are greater than those expected from differences
o ation of the experiment alone.
g e differences in lower lethals of catfish determined by Brett
}\E?ﬁ y myself were greater than those observed for upper lethals,
o 2 be satisfactorily explained by differences in method. It
) sible that the Algonquin Park race is more eurythermal
- nal tolerance 1162 Centigrade square units) than the more
iy et L b A e races (tolerance 1029 units). If such a temperature race
el LRk - mae gy ol which is doubtful, the break between the races is northern
Lot not correspond in distribution to the subspecies recognized
s | 1 IC2 -
ov\g S i rt from the exception noted above, geographic variation in
§ = ! ] nebulosus was thus mainly morphological rather than
3 : e e '- 8#98] Th(-'j- various samples studied were morphologically
A jo o : Physmloglcally distinct.
; L v % Purin-Bey Urus natalis. In view of the general similarity of geographic
g\?‘ i ’ / 'l i ZVi’,"r/;"dofa . brown bullhead it was felt desirable to obtain some
g P |ulraire gonE on a CIOSer related species, Ameiurus natalis. No geographic
| i OIS were obtained; the data were all obtained from Welaka
1 1 1 o 1 1

"D and yellow bullheads have somewhat similar habitat

€€ In Welaka and it is difficult to catch one species without
other,

of the similarities in the habitat of the two species, the

peratures of yellow bullheads are much higher than those
S at comparable acclimation temperatures. The 20°C.

fish were similar to brown bullheads acclimated to 25°C.,

acclimated to 30°C. were more resistant than the brown

10 20 30
Acclimotion [emp. 5=

Ficure 16. Upper lethal time-temperature relationships of Amemfusoffg;:
losus from Algonquin Park, Ontario (acclimated to 20°C., 25°C., an in-Bays
Toronto, Ontario {acclimated to 5°C., 10°C., 15°C., and 25°C.), Put‘Florid'i
Ohio (acclimated to 20°C., 25°C., sg°)c., and 84°C.), and Welaka,

acclimated to 20°C., 25°C., and 30°C.). s
: Ficure 17. Relation between incipient upper and lower lethal te“}Pemg’;&
for Ameiurus nebulosus from the same localities as in figure 16. Bretts '
data for Algonquin Park fish are also shown.
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bullheads at their highest acclimation. No two species have yet ,

found with identical lethal temperature patterns. E
Ictalurus lacustris. The two subspecies of the channe] catfis par

Ictalurus lacustris lacustris and I. l. punctatus were studied reS[Jec’ _-morphological variation has been summarized by relating the

tively at Put-in-Bay, Ohio, and Welaka, Florida. The southery me; or of characters and the number of species showing geographic
to the total number studied. Each structural feature

apparently intergrades with the northern one in Ohio and accordip I
to Trautman (1946), with “intergrades probably comprising a Iarge _d is treated as a single character. Of the characters compared
hically, about two-thirds showed significant differences be-

proportion of population.”

two or more localities. All seven species showed significant
»hic differences in one or more characters.
-.Possible to compare the physiological variation in the same
yut unfortunately this involves a somewhat arbitrary definition
\ siological character. The lethal temperature pattern of a

DiscussioN

, of physiological and morphological variation

G5

o

25

above, only four out of thirteen studied geographically or
81 per cent showed differences (upper lethals in Notropis
Gambusia affinis, and Micropterus salmoides, and lower

5

X Lul=- 1 -Bay
0 Weloko

Temperaliure
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T

aracteristics shows over twice the variability in the former
he latter. This can be seen when compared on the basis of
numbers of characters or total number of species showing
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Ficure 18. Upper lethal temperature relationships for Ictalurus lacustris
from Put-in-Bay (acclimated to 20°C. and 25°C.) and Welaka (ncclimated to

are apparently few published reports with which these data
15°C., 20°C., and 25°C.).

)¢ compared. Heuts (1945) found that populations of Gaste-
$ aculeatus from different localities in Europe showed grada-

_the temperature-salinity range within which osmotic
Um was maintained, but these gradations were associated
l-defined morphological differences in lateral plates. Physio-
. Gliterences in survival of eggs and larvae in relation to
€re also described (Heuts, 1947). The only other data on
ica] comparison of races of fish are those of Black and
46) in which marine and landlocked races of the Atlantic
ossessed blood that showed no physiological differences.
gical differences in the races have been observed (Wilder,
- _they are not thought to be inherited (Huntsman, 1947).
_ -_Amphibia, results obtained by Moore (1942) were similar
~ Tespects to those obtained on fish by the writer with

Lethal temperature determinations on this catfish are by no means.
satisfactory owing to the small amount of data obtained. Howevels
at acclimation temperatures of 20°C. and 25°C. resistance time ané
incipient lethal data were similar (figure 18) for fish from 3
Welaka and Put-in-Bay. There is a suggestion, however, that 10""8'1_
lethals may differ geographically, as Welaka catfish have @ lowen
lethal of 4.7°C. while Put-in-Bay fish have one of :2.5°C-'W3P_.
acclimated to 20°C. The ultimate upper lethal for this speClesm s
pears to be around 33.5°C. as suggested by the rolativglo}’cs and.
differences in lethal temperatures for fish acclimated to 2574+ St
30°C. If the latter assumption is correct Ictalurus has a lower

mate incipient lethal than the other catfish studied.
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respect to geographic variation. Five species of frogs were cop, o
with respect to breeding period, water temperature at breqg;
embryonic temperature tolerance, rate of development, () | R
development, egg diameter, and specific distribution limitg, 5
species fell into a series with the following order for all of theg
factors: Rana sylvatica, Rana pipiens, Rana palustris, Rang C!'ﬂrnie
tans, and Rana catesbiana. Rana sylvatica, the most northern specl»es.
spawned at the lowest temperature, had the lowest embryonic tem.,
perature tolerance range, developed at the slowest rate for 5,
given temperature and had the smallest eggs. Geographic raceg of
three of these species were studied. No differences were foungd
Rana pipiens from Vermont, New Jersey, and Quebec in this respect,
but frogs from Florida developed faster at high temperatures and
more slowly at low temperatures than Vermont frogs. This physie.
logical difference was accompanied by slight morphological differ.
ences in egg diameters, markings, and shape of head. The Florida
form studied was probably Rana sphenocephalus (Carr, 1940). In
this study temperature was an important factor limiting distribution
through its effects on the developing embryo, and physiological
differences when found were associated with well-defined morpho-
logical differences and with the species or incipient species level
The presence among species belonging to other phyla, of popula-
tions which show inherited physiological differences when studied
under laboratory conditions and which show no evident structural
differences, thus has no parallel in the fish species studied. Deﬁm'n.g
such populations as physiological races it may be said that no valid
examples have been reported for fishes and few for vertebrates. The
sex races in European frogs described by Witschi (1942) appear
to be authentic physiological races. In other groups, particulaﬂ}’
invertebrates, physiological races have been described. Th")’ agj
usually associated with isolation of the groups in question either i
geographic or biotic factors. Nevertheless, we are often urlcflift"‘o
whether the differences described are inherited or are the rest 20"
direct action of temperature on the animals concerned. The tgr;b:l'“
graphic differences in developmental rates described by Runns :
(1929, 1936) and Fox (1938) for Paracentrotus lividus and °
marine invertebrates, may thus be due to seasonal chanfl,"‘s lm e
organisms as was suggested by Horstadius (1925). Simll&i’gﬁé 69)
gebgraphic physiological differences described by Fox et til ( :
for marine invertebrates and possibly those described by ]\ruﬂ;{3 %
(1932, 1936) for Carabus may be confounded by nons
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_tion. The work on Drosophila by Timofeef-Ressovsky (Dobz-
B v 1941) appears to involve authentic physiological races in
’}u ch :geogmphic differences in viability at different temperatures
L
w ani(ﬁ% numerous physiological races ‘have been described for
Jower forms in which structural differences are not evident.
These are found mainly among the bacteria (White, 1931) and
gi, but there are many others, e.g. the mating types in Para-
itﬂ-" czu‘m (Sonneborn, 1938), races with different temperature opti-
um for division in paramoecium (Gause et al., 1942), spontaneous
arrence of thermal races of Daphnia in the laboratory (Banta,
1921, 1929), and the classical experiments of Dallinger (1887) in
which the thermal environment of flagellates was raised from a
normal of about 15°C. to about 60°C. over a period of years.
Another class of variation, commonly described in the literature
for insects and lower groups, is the occurrence of differences in
hehaviour patterns of closely related forms that are often indis-
‘tinguishable morphologically. Reviews on this subject are given by
Goodey (1931), Thorpe (1930, 1931), White (1931), and Smith
(1941). Authentic examples of this type of variation in fish are
difficult to find. There are numerous records of biological variation
in fish populations: the races of herring described by Schnackenbeck
m%l) with different spawning periods; behaviour differences in
Kokanee and sea-going Sockeye salmon (Ricker, 1938); racial dif-
Asrences in Zoarces described by Schmidt (1921); populations
%ﬂg certain species that show differences in growth rates or in
o erentiation from the normal types living in the same or neigh-
% g area (Kennedy, 1944), Dence (1937), Greene (1929),
Peiey and Bishop (1932); all are illustrations of this type of vari-
o O However, in fish, the behaviour differences are sometimes
:-~'ght to be associated with the direct action of the environment
iﬁ‘e tethand Huntsman, 1938) and hence not hereditary. Further-
i 2 )gicafre-age few valid examples of races showing inherited
%rences differences that have no demonstrated morphological
)
% Bop‘ula't%ons of fish studied by the writer showed morpho-
andarlablhty similar to t.hat frequcjntly described in the litera-
- tﬁl(;efﬁnt the usual .dlﬂ:iCl'lltieS for those who wish to know
B ifferences are inherited or acquired. In contrast, racial
in lethal temperatures were not prominent and these
O not lend support to the assumption that physiological
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races are common in fish as one might infer from a study
forms,

It is thought that the observed differences in the degree of
graphic variability of the lethal temperatures on the one hang .
of the morphological characters on the other may be partly &
by differences in the mode of action of the environment op the .
classes of characters. Physiological characters of the type studje
can be modified rapidly and reversibly by acclimation at any gl
in the life history. Now since there is little evidence of
variation in lethal temperatures within several species,

VIr

fluence on the lethal temperatures for these species.

It is well known, on the other hand, that morphological characters
cannot be rapidly and reversibly changed at any stage, but are
markedly affected by the early environmental influence on the rate
of larval development (Schmidt, 1921; Hubbs, 1926b; Gabriel,
1944; Martin, 1949). Thus, the control of physiological characters

through acclimation has its counterpart in the control of morpho

logical characters by early environmental influence. In consequence,

only if the fish are reared under conditions in which the pertinen

factors are controlled throughout development can we expect to

eliminate the environmental influence on morphology to an extent

comparable with that obtained by acclimation in the case of phy-

siological characters. It is therefore not possible to decide from i
study whether the inherited lethal temperature characteristics show
more or less variation than the inherited morphological charagt
istics, because it is not known to what extent the latter were moditied
by direct action of the environment.
The environment thus has an entirely different action OR
morphological and physiological characteristics studied. Thlsh
further evidence that they are independent. This independ-eﬂcect b
also been demonstrated by tests in which morphological chara®™,
istics of fish from the same population showed no corré
resistance to high temperatures. Hence, although. there? iation
parallelism between physiological and morphological differe’ ion 0
it would be incorrect to assume that there is a close assoc' arid
physiological with morphological variation. The geog'raphlcofl sl
tions of physiological and morphological characteristics
studied by the writer appear to be entirely independent.

of 10Wet

Causéd

e
geOgra;%ﬁ
and sjpeg
the populations studied must have had widely differing early e

onmental histories during the larval stages, early environmentg]
history and rates of larval development cannot have had much .

Jation WH
s a geners
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_ation of observed geographic variations of lethal
"~ res in relation to taxonomy of species

: Jificult to escape the conclusion that the lethal temperature
s of species are inherited, when they are constant throughout

, that constitutes a large proportion of the range of those
"< This conclusion applies to Notemigonus crysoleucas, Doro-
) gpedianum, Rhinichthys atratulus, Semotilus atromaculatus,
= nebulosus, and Ictalurus lacustris. These species showed
o geographic variation (there may be differences in lower
in the catfishes) and the lethal temperature patterns appear
Je for taxonomic purposes. However, in only two of these
wies. Dorosoma cepedianum and Semotilus atromaculatus, did
thal temperature findings confirm the taxonomic status. In all
ers the populations studied are recognized as belonging to
nt subspecies. Although it is realized that a whole spectrum
iological characteristics must be studied before one can
are them with the range of structural characteristics observable
lance, these findings suggest that the taxonomic status of
h as Notemigonus crysoleucas might be entirely revised
er experiments under controlled conditions were carried out.
he other hand, interpretation of geographic differences in
| temperatures in relation to the taxonomic status of the species
alt, because it cannot be assumed that all the observed racial
are inherited. The following influences may modify the
peratures:

R al acclimation. The effect of acclimation is so large that

sompletely mask racial and specific differences. No con-
should be drawn concerning inherited physiological differ-
- acclimation has been ignored. It is thought that geographic
<8 caused by acclimation effects are small or absent in this
but 1t may account for some of the differences in lower lethals

ﬂ etween my results for Ameiurus nebulosus and those of
“41944) for the same species.

~oSnal effects. Data have been presented to show that
e er(?nces in lethal temperatures may be present even
“utions were taken to acclimate the fish. Seasonal effects
eudo-geographic variation. However, all the species that
5¥0graphic variation were compared in the summer months

(T
B i’hOUght that seasonal effects do not complicate the
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(3) Age and size effects. It has been indicated that age
of the fish influenced the lethal temperature results for cantll
species. Geographic differences between Knoxville and Wela, I:lta 0
gills were cited as possible examples of this phenomenon. T}, 16s
sibility of a correlation between body weight and resistance ¢, hi )
temperatures was examined for Notropis cornutus and Micr ter
salmoides, both of which showed geographic variation. In the [,
species no size effect was found, and it is concluded that t} Obr
served geographic differences were not due to size diﬂ?ere,nCeS_ I-
Notropis cornutus the larger fish tended to die first. Since the Kyqy,
ville fish averaged larger than the Toronto (summer) fish ang ha‘d
higher lethal temperatures, the geographic differences in body size
do not account for the lethal temperature differences between the
races. In Gambusia affinis there were more large fish in the Knoxyille
sample and it is possible that the observed geographic variation i
lethal temperatures may be due to size effects.

or si

(4) Accessory factors. Accessory factors are environmental influ-
ences that impose a burden on the organisms in addition to the
thermal stress and modify the lethal temperature pattern. The con-
dition of the water in which the fish were acclimated may modify
the lethal temperature characteristics. Chemical analyses of the
water in the different areas (table I) have shown that only minor
differences were apparent between Toronto tap water (Dom. Dept
of Public Health data) Lake Erie water (Clark, 1924; Wright and
Tidd, 1933) and Bearden Creek water at Knoxville (T.V.A. Streatl
Sanitation Laboratory analyses in 1947). However, the St. Johns
River water (Pierce, 1947) had a much higher chloride and totd
dissolved solid content than the other waters, and it is possible that
these differences might have modified the lethal temperature result
for Gambusia affinis and Micropterus salmoides. However, it sho fat
be noted that they did not apparently modify the results
Ameiurus, Ictalurus, and Notemigonus.

Micropterus salmoides from Welaka were obtained largely
hatchery ponds having a lower salt content than river “"f‘t_e'r’v ort
these fish were acclimated in the river water. Gambusia affini :re
obtained from hatchery ponds and springs in the area an ol
also acclimated in river water with relatively high chloridC_CO‘; he
Loeb and Wasteneys (1912) showed that salinity modli’it’t3 atd
lethal effect of temperature in Fundulus. The osmotic load OP°" o8

from
t

. (Feré i
as an accessory factor. It is therefore possible that the difte e

: . some ¢
between Knoxville and Welaka water may have caused son

e —e .

A g—

——
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. geographic differences in lethal temperatures for these
25 species: Although t_he lethal temperature findings are in agree-
B with the taxonomic status of the species, this agreement may
WS arent rather than real.
bﬂl; several of t.he species dl:SCUSSGd above (Micropterus salmoides,
ia affinis, and Ameiurus nebulosus) the interpretation of
rved geographic differences has been rendered difficult owing
to the operation of certain uncontrolled factors in the experiments.
[n 0n€ species, Notropis cornutus, the observed differences in lethal
_meratures are not subject to any of the objections cited above
and in this species the agreement between the lethal temperature
results and taxonomic status appears to be real.

Bearing in mind the above reservations, it is concluded that lethal
temperature results confirm the taxonomic status in five species
(Dorosoma cepedianum, Semotilus atromaculatus, Micropterus
salmoides, Notropis cornutus, Gambusia affinis) and contradict it in
four species (Ameiurus nebulosus, Ictalurus lacustris, Notemigonus
erysoleucas, Rhinichthys atratulus). In nearly 50 per cent of the
species studied, the physiological findings were not in agreement
with the current taxonomic status of those species. In all these
species geographic differences in lethal temperatures were small or
absent, although the fish belonged to different subspecies in the
Horthern and southern localities.
~ On the whole it is not surprising that the physiological findings
8Om0t confirm the taxonomic status in some of the species. The
oooereement may be caused partly by non-genetic variation in
S 8hostic morphological characters in certain of the species (e.g.

I"‘"t tl;egonus). as (%iscussed previously. Another important factor is

2 Physiological characteristics are adaptive, but as will be

“OWn later, there is little evidence of geographic differences in the
may :()teEVironments of t}le various. subspecies and hence there
&YSiOIOgiCZYZ i};ceen sufficient selective pressure for evqlution of
e they thé y erences. The consequences of these considerations
9 the 1, P ySI(?Iogxcal characters studied may not be as sensitive

Orphological ones for taxonomic purposes.

"elation tatton of geographic physiological variation in
mae ado thermal environment
eenaptlve C}.laracter of physiological properties of animals has
rarslcogmzed. Most physiological properties are dependent
re and we therefore expect to find physiological differ-
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ences in animals living in different thermal environments S
we expect to find adaptive physiological variation among ¢
races or closely related species from northern and southerb

- relation to geographic range. The species with low upper

eﬂgra ols that are found in cool environments are members of

' . W IOOaIi 4 n fauna, whereas the marsh inhabitants are members of

’I.'he hter.att‘lre gives a number of records of geographic phyel . J hern fauna. The lethal temperature characteristics of the

logical variations. In the field of developmental physiology rm‘.’# -« in a rough way, are correlated with their geographic distri-
ences have already been cited (Runnstrém, 1929, 1936; Fox Cler.

in which races differing in temperature range for developlr?;;tlgasy
described for Mytilus edulis, Paracentrotus lividus, Ciona z'ntegﬁw .
and Ascidia mentella. Reference has also been made to geogry
variation in rates of development by Moore (1942) for %arphh.'f
species and races of frogs, and Brown (1929, a & b) desmm
differences in rates of development as well as in lethal tempera
for Cladocera that were correlated with their distribution rap .‘
Geographic variation of physiological characters in specie;gs or
races has been described for Protozoa (Gause, 1942), Coelenteraty
(Mayer, 1914), Insecta (Timofeef-Ressovsky, 1933, 1935; Krum 1
biegel, 1932), and marine invertebrates (Fox et al., 1936-9). .
fish, geographic physiological differences in races of Gastero
have been described by Heuts (1945, 1947) and differences in
temperatures for fish species correlated with their distribution ra
have been observed by Huntsman and Sparks (1924), Battle (1926),
and Storey (1937). The observed physiological differences describ d
above have been correlated with the thermal characteristics of the
environments of the various species.
In the species studied by the writer, a considerable variation @
lethal temperatures was observed. In order to compare the spe
they have been listed (table 18) in order of decreasing incip
upper lethals (20°C. acclimation temperature), and data on lo
. lethals, oxygen consumption, and habitats are also given. 1t can &
noted that increasing upper lethals are correlated with a succes = Dilterences in the physiological age of animals from the various
from deep lakes and cold streams, to warm streams, L0 ma tions. :
streams, and finally to marsh conditions. The correlation of ll 1
lethals with habitat was poor, but, with the notable exceptio® actors affecting speciation
Ameiurus nebulosus, the succession is associated with decrea
metabolic rates. Similar gradations of physiological Characte“
associated with ecological succession of species have also
observed by Shelford (1911), Wells (1914), Wright (1918
et al. (1983, 1933), Ide (1935), Clausen (1936), Whitncy
and Fry (1939). . iste
Although there is a considerable overlap in range, the Sp‘emes qd
in table 18 also illustrate the phenomenon of ph’\_’SiOlOf:,"i"-’fI 3

 oirast, the lethal temperature characteristics of the geo-
~ aces and subspecies studied showed a very poor correlation
geographic distribution. Correlation with habitat con-
< was observed only for upper lethals of Notropis cornutus
ssibly for lower lethals of the catfishes. Notropis cornutus fron-
“habits stream areas further towards the source than N.c.
ephalus (Gerking, 1945; Trautman, 1946) and the former sub-
‘had lower lethal temperatures than the latter. In Micropterus
des the subspecies differences in lethal temperatures can
s be regarded as adaptive since the Florida form had lower
rance to high temperatures than the Tennessee form. Geographic
nces in Gambusia were too small to permit interpretation of
daptive significance. Racial physiological differences were
it for the remaining species.
interpretation of the paucity of racial physiological variation
g these fish species in contrast with its abundance in other
s discussed above may be aided by consideration of some of
actors responsible for geographic variation.

Met odological factors

genetic variation. Geographic pseudo-races may result
methods utilized in making the study, i.e. from variations
onmental conditions prior to or during the study.

~H€rences in the rate of mutation. Differences in mutability
vt f(.)r most of the reported variations among populations.
7> Speciation is the phenomenon we are attempting to assess
: ‘mt.el‘pretation is often difficult because of the interferences
l?.bove. Generally speaking, the rate of mutation of insects
mvertebrates, which display extensive geographic physio-

P 'On, may be faster than that of the fish species studied
r.
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2. Phenotypic plasticity. Plasticity may indirectly influenq _jlar temperatures have been recorded in marshy areas near
rate of speciation. A population of organisms exposed to ap,, the 1-Bay.
environmental extremes in nature should theoretically be I(?ss"Sugﬁ}'eh _am temperatures in the Tennessee area recorded by the
to the action of natural selection, if the individuals of the Po ot ‘.-did not exceed 27°C. and Ide (personal communication) re-
tion are able to adjust physiologically within wide limits. é’ula'. 4 maximum temperatures approaching 28°C. in the Humber
thermal species in a given thermal environment should he ] 3 _ Ontario, in 1948. For Illinois streams, where certain of the
exposed to selection than stenothermal species in the same eNvirgy o5 studied by the writer also can be found, water temperatures
ment. In support of this concept, Gause (1947) showed ... —ding 30°C. were reported (Thompson and Hunt, 1930). The
genotypic specialization tended to vary inversely with pheng tb?!‘j B %naximum summer air temperatures in the localities from
plasticity. Resistant populations changed less during acclimaﬁol: h the fish were taken show very small differences (Brooks and
than populations with low initial resistance. Although this relation.; ors: climate maps of North America).
ship has not been found to apply to the species studied by tha re apparently is only one report dealing with death from high
writer, several of the species studied possess rather wide therma] erature in freshwater fish (Huntsman, 1946). Reports of death
tolerance limits (bullhead catfish 1029 units, golden shiner 949 ‘cold are more common (Verrill, 1901; Storey, 1937; Gunter,
units) and this may circumvent the necessity of geographic race ), but there are no records of mortality due to high or low
formation with respect to lethal temperatures. eratures among the species studied from the various localities
3. Influence of the environment. The environment influences sich tests were carried out. It would therefore appear that the
speciation through natural selection and perhaps by other means. al extremes encountered by these species do not exert much
If the mutation rate is relatively low, and the habitat conditions of fion pressure on them.
a species do not differ geographically at comparable seasonal conclusion, the paucity of geographic variation in lethal tem-
periods, then it should presumably require a long time for racial es is interpreted to mean that there is no well-marked grada-
differences to be built up among the populations. Many insects temperature extremes over the range studied. This perhaps
which possess rapid speciation rates are restricted to microhabitats nced selection for temperature resistance, and, coupled with
and micro climates in which the populations are isolated. In the: phenotypic plasticity (through thermal acclimation) and rela-
present work, although the populations studied were isolated by 7 low rate of mutation, has discouraged the building up of
geographic barriers, there is no evidence that the climatic factors aphic physiological races. Furthermore, it would appear that
of their habitats differ sufficiently to cause distinct ph}'siologl'_ tha temperatures of the species studied are well above the
differences in lethal temperatures among the populations. _ al extremes usually encountered in their environments, and
As indicated earlier, if there were geographic differences in lethal these physiological characteristics have little ecological sig-
temperatures among the populations we should expect to find g0 iC€ over the geographic range considered.
graphic differences in water temperatures. It is well known that t8
average water temperature increases from north to south but let .
temperatures would probably be correlated with temperatur® =,
tremes rather than averages. Observations suggest, however> =
the temperature extremes inhabited by a given species do not Vi ;
geographically to a great extent. The only obvious gcm{lﬂPt s . e these species. Samples were obtained from Ontario, Ohio,
temperature difference noted was that the St. Johns river. habitd® 28 5 and Florida waters.
the catfish, bass, and golden shiners, does not freeze in the ‘fﬂn ol = hological characters were also studied in seven of these
unlike waters in the north. Maximum water temperatures 1) A 0 correlation was found between the lethal temperature
St. Johns river, however, do not usually exceed 30°C. (Pierce “Phological characteristics in the same population.

_ SuMMARY

thal temperatures have been compared in fourteen species
00 temperatures of acclimation. Comparison of samples
rerent locations over their geographic range was undertaken
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3. Lethal temperature comparisons in winter and summey on
same species showed that some species were less resistant i wigh e
than in summer at the same acclimation temperatures. The g: r
ences may have resulted from incomplete acclimation tq higﬁr‘
temperatures during the winter season.

4. Size or age was shown to have a significant effect on
lethal temperature relationships in three species. In Notmpis conl
nutus and Rhinichthys atratulus large fish died before smaller gpgg,
in Lepomis macrochirus the smaller fish died before the larger, Th;,
size or age effect was usually small and not consistent in the Varioyg
localities, but in Lepomis machrochirus the effect of size Clifferenceg
on lethal temperatures was relatively large.

5. Geographic differences in upper lethal temperatures werg
found only in three species (Notropis cornutus from Knoxville
and Toronto, Gambusia affinis from Welaka and Knoxville, and
Micropterus salmoides from Welaka and Knoxville or Put-in-Bay).
These populations were also taxonomically distinct, so that physio-
logical and morphological findings were confirmatory. However, the
geographic physiological differences were complicated by accessory
factors in certain of these species.

6. In two species, Dorosoma cepedianum and Semotilus atro-
maculatus, no geographic differences in upper lethal temperatur?s
were found. These findings are in agreement with the taxonomic _‘
status of these species in which subspecies are not recognized over -
the range studied.

7. No geographic differences were found in upper lethal tem-
peratures of Ameiurus nebulosus from Algonquin Park to Welakii.l
or of Ictalurus lacustris from Put-in-Bay to Welaka. Although the.
data are insufficient there are indications of geographic differences
in lower lethal temperatures. . 1owil :

8. No geographic differences were found in the upper of muiﬂ' -
lethal temperatures of Notemigonus crysoleucas from Algﬂngom_
Park to Welaka, nor in upper lethals of Rhinichthys a.trat?llﬂs 3
Knoxville and Toronto. Significant geographic differences 10 mo?t::) 4
ology were found for both of these species. The fomyar WE;S:L )
as being highly variable. The lethal temperature findings th® ocits
did not conform with the accepted taxonomic status of these 5P
which have recognized subspecies. eate!

9. The physiological characteristics on the whole showed 2 grea f
geographic constancy than the morphological ones. The i% it
apparent constancy of physiological characteristics Wwas

ed by control of previous environmental history through ac-
nation-

n The upper lethal temperatures were correlated with habitat.
sthermal species were found in southern Jocalities and in ponds
se level streams; more stenothermal species were found in
- rn localities in cooler water. However, southern races within

. races, and similarly summer habitat temperature extremes of
e races may not be greater in southern than in northern locali-
e There was no correlation between lethal temperatures and
sographic distribution range of races within the species studied.

1. These results are interpreted as meaning that the geographic
ation in temperature extremes encountered by the races studied
s not been sufficient to impose selection for temperature resistance.
explanation appears plausible in view of the plasticity (thermal
tion) of the races and because large geographic differences
paximum air or water temperatures apparently do not exist over
ange considered. Furthermore, it appears that the lethal tem-
tures of these species are well above the thermal extremes
ally encountered in their environments, and that these physio-
al characteristics have little ecological significance.
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Tennessee—ﬁearden Creek

Florida
Item Toronto Lake Erie St. Johns R.
p.p.m. tap water Raw Conditioned (Dec.—May)

pH 7.6 7.7-8.4(2) 8.15 7.90 7.5-8.1
Alkalinity:

Phenolphthalein 0.0 3.8 0.0 0.0

Methyl orange 93.5 85-103(2) 136.2 137.0 56-89.5
Bicarbonate as CaCQy 114.0(1) 138.0 136.0
Carbonate as CaCO; 0.0 2.18 1.21
Organic N 0.065 0.151(2) 0.976 1.46 .166-.360
Free ammonia N 0.005 0.013(2) 0.172 0.672 0.0-.002
Nitrite N 0.001 0.005(2) 0.0-.002
Nitrite + Nitrite N 0.101 0.105(2) 1.10 6.48 0.0-.402
Total dissolved solids 161.7 133.0 (1) 193.0 208.0 355-900
Total fixed solids 104.0 138.0
Total volatile solids 89.0 70.0
Suspended total solids 24.0 7.0
Suspended fixed solids 10.0 1.0
Suspended volatile solids 14.0 6.0
Chloride 9.8 7.2 (1) 3.5 3.5 89-370
Calcium, Ca 34.3 34.1 (1) 41.7 44.4
Magnesium, Mg 5.7 83 (1) 11.3 13.4
Sulphate, SOy 18.6 19.8 (1) 3.29 9.77
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TABLE 2—Continued
TABLE 2 Lioht of fish and order of death. Numbers in brackets are the variance
Mean weight of fish and order of death. Numbers in brackets are the ,, . For Micropterus from Put-in-Bay missing data give variable numbers
of the mean. For Micropterus from Put-in-Bay missing data give variah|a nz""‘ ch class. Micropterus from Welaka are segregated into three weight
of fish in each class. AMicropterus from Welaka are segregated into three ‘::1
groups. Locality Mean weight and variance of mean No. in
Locality Mean weight and warwncem w. (winter)  lst 2nd 3rd 4th 5th each!
Species w. (winter) Ist 2nd 3rd 4th Btk 0 s. (summer) Death Death Death Death Death class
s. (summer) Death Death Death Death Death clas Put-in-Bay  53.0 42.8 57.9 51.2 64.1 5-8
Rhinichihys Toronto w. 225 2.21 2.05 1.88 238 18 3 . (197) (139) (642) (171) (423)
atratulus (027) (.032) (.054) (.066) (.062) Knoxville 090 130 089 08 1.15 6
Torontos. 270 241 200 141 147 (.071) (.078) (.043) (.008) (.049)
(076) (.079) (.137) (.066) (.077) Welaka:
Knoxvilles. 2.10 181 185 178 175 2 Large fish 152 158 159 146 176  3-6
(129) (.074) (.058) (.062) (.074) Y (215)  (126) (264) (58.6)
Semotilus Torontow. 6.73 540 390 780 7.28 21 Medium " 39.0 284 323 352 305 810
atromaculatus (2.586) (.700) (.431) (4.52) (2.69) (12.1) (3.60) (4.89) (14.2) (6.65)
Torontos. 4.27 946 435 241 222 ] Small " 63 86 76 665 68 78
(1.82) (34.4) (1.72)  (.320) (.5353) (0.58) (8.73) (0.51) (0.66) (0.18)
Knoxvilles. 474 453 473 273 2.9 18 Average 60.5 588 542 403 567 21
(1.35)  (.761) (2.42) (.322) (.183)
Notropis Torontow. 7.23 6.12 811 7.66 5.73 27
cornutus (.884) (.496) (.866) (1.21) (.582)
Torontos. 3.42 410 1.96  2.39 2.04 13
(.785) (1.01) (.126) (.144) (.184)
Knoxville s. 7.26 4.58 4.61 3.68 3.93 22
(2.85) (.957) (1.11) (.256) (.508)
Notemigonus Algonquin 501 7.03 587 646 6.37 10
crysoleucas (177) (1.07)  (295) (.262) (.441)
Put-in-Bay 10.11 4.28 435 3.62 3.52 14
(5.54) (1.42) (.333) (534) (397)
Welaka 342 396 491 301 468 12
(107) (161 (143) (148) (172)
Ameturus Algonquin 19.1  17.0 17.1 222 216
nebulosus (7.87) (495 640 (5.74 (8.23)
Toronto 224 236 212 225 290
(.01) (9.06) (11.1) (204 (26.0
Put-in-Bay 125.4 147.6 1325 1341 141.8
(42.5) (35.6) (35.3) (34.2) (50.0) 12
Welaka 4226 443.5 466.8 4774 ]
(648) (731) (1962) (2003)
Ictalurus Welaka 88.3 8§84 1032 1199 1220
lacustris (103.6) (51.9) (99.6) (436.5) (106-2)
Lepomis Welaka 581 832 698 842 142
macrochirus 2.63) 0.58) @11) (.91 (11D




Comparison of lethal temperature relationships during the summer and winter periods.

TABLE 3

during 1945 and 1946, Toronto summer data in 1947, Put-in-Bay (PIB) data summer 1946, and Knoxville (Knox) data summer 1947.

Toronto (T) and Algonquin Park (AP) winter data were obtained

"l Accl. Lacality and Time to 50 per cent mortality in minutes at test temperature °C. Incipient
Species Temp. scasons of Lethal °C.
T testing
205 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375 38.0 385 Upper Lower
Rhinichthys 20 T-winter 5700 1850 1335 750 190 35 20 3 29.3
atratulus Kunox-summer 1700 1100 592 367 157 60 30 295
25  F-winter 1000 2000 1600 550 265 90 43 18 14
T-summer 1310 770 545 270 150 78 46 18
Knox-summer 5500 2930 1700 810 358 280 138 47 22
Semalilus 25 T-winter 900 500 280 180 130 88 45 16 15 30.3
atromaculalus T-summer 1335 1130 580 220 209 102 73 53 21 31.5
Notropis 25 T-winter 750 430 220 90 32
cornulus T-summer 4800 2570 910 320 165 45 26 12
Notropis 25 T-winter 3800 1500 700 350 245 35 307 80
B iz PIB-summer 515 210 49 15 307 93
Hyborhynchus 20 ‘T-winter 410 400 120 16 3L7 42
notalus PIB-summer 180 63 327 740
25  T-winter 530 42 21 333 75
PIB-summer 620 320 265 50 310 85
Ameiurus 20 AP-winter 127 80 35 32.5
nebulosus PIB-summer 570 251 115 30 32.7
25  T-winter 1900 120 90 45
PIB-summer 1600 480 282 105 60 33.7
A0 AP-winter 1400 1000 600 190 108 49 30
PiB-summer 1500 950 500 238 U8 54 a7
25 T-winter 2500 1030 650 300 160 33 297 37
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TABLE 4 (Continued)

TABLE 5

Acclimation Tempera tionate measurements of first and last fish to die from high tempera-

Species Locality 5 10 15 20 25 ;EE ‘G -_,,, error given in parentheses.
Gaml‘msia Knoxville 373 Ratio of Mean ratio
affinis - Locality standard No. of
Welaka 35.4 37.3 length to: First Last tests
1.5 5.
3 Knoxville  Dorsal origin 2.03 2.06 10
2 R to occiput (.022) (.014)
ero?’;terus Put-in-Bay 32.5 34.5 36.4 Head length 3.92 4 .01 10
salmotides 55 — 118 (.034) (.062)
Knoxville 36l4 Head depth 5.8%8 ? 74 10
: (.068) 109)
= Dorsal height 5.16 5.32 10
Welaka 31.8 32.7 337 (.107)  (.065)
52 7.0 105
Algonquin  Head length (3.89 ) E") 08 o 10
Lepomis Welaka 30.7 31.5 — 338 b erk . i
macrochirus 25 50 75 1.0 Eye diameter 12(..%13) %% 10
Welaka Head width 4.43 4.37 11
(.096) (.085)
Pectoral spine 6.49 6.37 11
(1.68) (.254)
Anal base 3.69 3.74 11
(.066) (.053)
Algonquin  Head width 4.30 4.24 17
Park (.192) (.042)
Pectoral spine 7.51 7.82 17
(.114) (.138)
Anal base 4.30 4.24 17
(.061) (.042)
Welaka Head length 2.94 2.92 10
(.035) (.036)
Put-in- H & 2.92 2.86 8
Bay (.040)  (.046)
Both 7 H 2.93 2.89 18
localities (.022) (.029)
Welaka Upper jaw 2.12 2.08 10
(.138) (.034)
Put-in- 2 el 2.03 2.05 8
Bay (.032)  (.041)
Both i B2 2.08 2.07 18
localities (.027) (.026)
Knoxville  Eye diameter 3.25 3.17 10
(.074) (.080)
Algonquin  Snout 4.26 4.35 10
Park (.077)  (.066)
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Number of fish of each sex dying first and last w

temperature.

TABLE 6

Number of Figh

hen exposed tq lethal R

Species Locality First Death Lag
4 Q o Deail

Ameturus Welaka 7 4 6

nebulosus Put-in-Bay 12 6 8
Algonquin 9 8 12
All localities 28 18 26

Rhinichihys Knoxville and 8 10 9

atratulus Toronto

Perca Put-in-Bay 4 4 5

flavescens

Notemigonus Algonquin 8 2 6

crysoleucas

All Species Total 48 34 16

Distribution of scale counts and vertebrae for Notropis cornutus from Torol
Ontario, and Knoxville, Tennessee. First and last deaths apply to lethal temper

TABLE 7

ture tests.
Locality {Deaths Vertebrae o
37 38 39 40
Toronto 11117 5 0.88
Knoxville 32011
Lateral line scales
36 37 38 39 40 41 )
Toronto 11413 4 4743 <4
Knoxville 2 525 8
Toronto | First 4 2
Last 4 11
Knoxville| First 54 1
Last 9 1 -
Predorsal scales )
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
T
Toronto 1 135583129 472,00
Knoxville 165 6104 3311 y
Toronto | First 1 L7 2 1 .
Last 2 1.2 1L 830 7
Knoxville, First 3 i 2 1% 2
Last S T 1 |

Average length

May 20 to

Knoxville
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61.5—

Range

July 15,
1947,

alromaculatus

95.0

2

12
68.7

No. of fish

5

140

D
i~

59.0

Average length

Range

August 25,
1947.

Toronto

63.0—

7

45.0 —

5

60.0
13

No. of fish

89.0 90.2 123 152 157 181 185

68.0

Average length

Range

December-
March,

Welaka

Nolemigonus
crysoleucas

170 ~
210

137 —
182

143 -

91.0— 100-—
120 135 7

77.5—

29.0 —

94.0

23.0
16

1946-7.

4 14

10

No. of fish

138

113.5

45.8 715 104

Average length

Range

Put-in-Bay June 12

61.5 —

32.0—

to Sept. 3

1946.

93.0
23

57.0
23

No. of fish

111

97.0

92.5

70.4 715

5

53.4

43.7

Average length

Range

July 9-

Algonquin
Park

45.0— 62.7 — 66.0 -

38.0—

Sept. 9,

1941.

86.0

78.2

14

58.3

7

1

2

No. of fish

May, 1946.
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TABLE 11

_.ibution of scale counts and dorsal soft rays for Micropterus salmoides
_in-Bay, Ohio, and Welaka, Florida. First and last deaths apply to
pperature tests.

TABLE 9

Relation between standard length and body parts for
and Notropis cornutus. (D.O. dorsal fin origin).

Notemigonus crys,
ot'eu%

_ . Body part in  Standard Formyly 7 8 910111213 14151617 x P
Species Locality relation to length x (log stangs,
standard length range length) Scales above lateral line
y (log body part) lg gg ?2 12 : 23.35 | <.001
. )= = _ a““‘\
Notemigonus  Welaka Head length Over 65.0  y=0.934x —~0.52] Eirst 34 41 4.07 | >.30
crysoleucas Under 65.0 y=0.786x—0.94g Last 1711
Eye diameter over 65.9 v =0.667x —0.531 First 1531 1.32 | > .80
under 65.0 y=0.524x—0.304 Toaat 5 3 2
Snout over 65._0 y=1.000x—1.219 Normal 76 81 10.24 | <.20
under 65.0 y=0.890x—1.017 Stunted | 2 9 6 1
Put-in-Bay Head length over 65.0 y=0.902x —0.466 Dorsal soft rays
under 65.0 y=0.839x—0.358 1942 3 10.02 | <.02
Eye diameter over 65.0 v =0.659x —0.532 440 7
under 65.0 y=0.707x-0.615 First 4 7
Snout over 65.0 y=0.919x~1.070 Last 4 61 2.69 | >.30
under 65.0 y=0.886x —1.030 First i9
Last 2 6 2 5.93 | >.10
Algonquin  Head length all lengths  y=1.023x—0.629 .
Eye diameter  all lengths y=0.782x—0.698 Scales below lateral line
Snout all lengths  y=1.010x—1.240 1 3271417 2| 1947 | <01
3 4 52018 5
Notropis Knoxville Head length 38-150 mm. y= 1.010x —0.608 First 2 7 2 1.30 | <.90
cornutus Eye diameter 38-150 mm. y=0.686x—0.536 Last 25 2 1
D.O. to occiput  38-150 mm. y=0.999x—0.309 First 17 2 2.49 | >.70
Dorsal height 38150 mm. y=0.875x—0.474 Last 1 441
. Normal 2 611 3| 829 |>.10
Toronto Head length 38-104 mm. y=0.960x —0.513 Stunted 311 4
Eye diameter 38-104 mm. y=0.659x —0.503
D.O. to occiput 38-104 mm. y=1.000x-0. q
Dorsal height 38-104 mm. y=0.8462<“0-4'1 3
TABLE 10
Distribution of dorsal rays for Gambusia affinis from Welaka, Florida
Knoxville, Tennessee. =
Locality 6 % 8 X2 JF_[J_/
Welaka 5 14
Knoxville 8 19 29.7 >.001




Distribution of lateral line scales and vertebrae for Micropterus salmoides from Put-in-Bay, Ohio,
Knoxville, Tennessee, and Welaka, Florida. First and last deaths apply to lethal temperature tests.

TABLE 12

Locality Lateral line scales xB r
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 77
Put-in-Bay 5 9171510 3 2 2 1
Knoxville 243 21 6.57 > .80
Welaka 12 2 510312 8 6 2 1 3 1
Put-in-Bay First 1 4 2 5.90 > .50
Last i1 & 2-1 1
Welaka First 2 3 3 13.20 >.20
Last 2 2.1 2 % 1
Welaka Normal 1 25741
Stunted 12 2 2 6 41 22.56 >.05
Vertebrae
30 31 32
Put-in-Bay 349 7
Welaka 2271 1.80 > .50
Welaka Normal 118 3
Stunted 231 4
TABLE 13
Distribution of lateral line scales for Rhinichthys atratulus from Toronto, Ontario and Knoxville, Tenn.
Locality 47 50 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 73 x3 P
Knoxville Ll B2 AT G BT 5. 2 L 30.05 <.05
g g
7 =
&
[CLI tlg = 83 S—?
[VV] (o4 Ie]
RSN R o | & =
@ ot <
~1 00 = | = | O ok
o0 o =
WK | [SLEES I o 3
et |Bg|wews |F g =]
= - —
amw |8 |wws | 8 4
oo oo | 8 a e | R R 2‘0
w B o =
o N 7<) s~ | S8 =
g (U% bt [=]] =5
= e 8o = o
o |28 | 2 e Q
o @ @
e | B I\ & =
'S o =
) ) w0 ~ Z
£ lo |8 |=
& &
=
- ]
bt et oo
Ft et SR #
o i o5
VvV AV
o 5 B
o5& =R

¥L

HSIA YALVMHSIYA NI SNOILVIUVA OIHAVYO0dAD

*99SS9UUR Y, ‘I[[IAXOUY pue oueju( ‘ojuolol =
I dTdV.L

HSId MALVAMHSTYA NI SNOLLVIMVA DIHAVYOOH -_

-NIDULOLID SH]OWIS 10] $9[eds Jessopoad pue sa]eds oujl [eloye] jo UOHK

yiim paredwod synsay

SL



76

Proportionate measurements of Rhinichthys atratulus, Semotilus atro

TABLE 15

GEOGRAPHIC VARIATIONS IN FRESHWATER FISH

and Ameiurus nebulosus from various localities. Standard error ";?ﬁ:lag.
parentheses. T ip
Ratio of standard Mean, No
Species Locality length to: both sexes t&atgf
Rhinichthys Knoxville  Head length 3.69 16
atratulus (.054)
Toronto - e 3.74 2
(.028)
Knoxville  Caudal peduncle 8.09 16
(.188)
Toronto i o 8.39 20
(.076)
Knoxville  Head depth 6.29 16
(.076)
Toronto L = 6.13 20
(.053)
Knoxville  Head width 6.28 16
(.093)
Toronto " " 5.98 20
(.063)
Knoxville  Body depth 4.46 16
(.070)
Toronto s " 4.71 20
(.042)
Semotilus Knoxville Head length 3.58 25
atromaculatus (.024)
Toronto t s 3.50 28
(.023)
Ratio of head
length to: 4
Rhinichthys Knoxville  Upper jaw 3.37 16
atratulus (.058)
Toronto & 2 3.76 20
(.053)
Ratio of Mean No. of
standard tests
length to: ——
F d
Semotilus Knoxville  Head length 3.51 3.57 18,
atromaculatns  Toronto (.028) (.023)
combined
Ameiurus Welaka Head width 4.32 4.50 26
nebulosus (.044) (.057) 2%
Pectoral spine 6.44 6.44
(.116) (.115) 97.
Put-in- Head width 4.37 4.48
Bay (.028) (.043) 2
Pectoral spine 8.76 8.49
(.1200  (.138)
Algonquin  Head width 4.47 4.48
(o3) (01D o
Pectoral spine 7. .
" (.039) (.088)
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TABLE 17

Distribution of anal rays of 4meiurus nebulosus from Algonquin Pari Onpacs
Put-in-Bay, Ohio, and Welaka, Florida. First and last deaths apply to [taﬂu
temperature tests.,

TABLE 18

-1 between physiological characteristics and habitat. (1) Fry, Brett, and
11942); (2) Fry, Hart, and Walker (1946); (3) Hart {1947); (4) Fry and
; (5) Clausen (1936); (6) Graham (1948); (7) Fry (1947); (8) Wiebe

: l . (1933); (9) Gibson (unpublished).
Locality Deaths 19 20 21 22 23 24 25 26 x? | p - Resting P—— Y
Algonquin 2 816 8 | O; consumption upper lethal lethal Habitat
Put-in-Bay 31920 4 6.32 >.10 20°C. mg/kilo/hr. 20°C. 20°C.
Welaka 2 51615 8 1 1 57.97 ‘
Algonquin Fist | 238 4 S 23.5(9) e faass
Last 58 4 2.47 ‘ > 50 g
Welaka First 5 4 B 5.60 S 3 140(6) 25.3(2) >0(2) Cool streams,
Last 1 4 4 i | l . deep lakes
20.3(3) 2.2(3) Warm and cool
streams, riffles
30.3(3) 0.7 Warm and cool
streams, pools
131(5) 31.0(3) 3.7(3) Warm and cool
streams, pools
31.5 As above but
(estimate) warmer streams
Slow streams
97(5) 32.0 4.0 with vegetation
marsh
32.7 4.7 Large rivers

Streams, mostly
32.7 7.0 at base level;
shallow lakes

65(5)
36-53(6) 32.5 5.5 Marsh
73(5) Marsh; shallow
zone of lakes
270(7) 32.7 0.5 Marsh; shallow
zone of lakes
61(4) 34.8(1) 2.5(1) Very shallow
water

37.3

:.,'1
bl

Very shallow
water




