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If IRTRODUCTION

Brett (1956) reviewed many of the records which
hove heen obtained in recent years of both upper and
lower lethzl temperatures for freshwater fish,

Both he and Andrewartha & Birch (1954) smong others |
have considered the ecologlcal significance of such
records, The latter writers have suggestéd that
"espacitally with certaln specles of fish which live

in skallow lakes or rivers in temperate sones, Algh
temperatures may sometimes cause a lot of deaths”.
Brett, on the other hand considered that ”"leihal
{temperature) relations must play a relatively un~
taportant part in the limiting of many Aardy species”,
- and suggested that "Some other property or attridute
roughly reflected by the upper lethal température nusi
be operating as the restricting factor to distridution.”
Hart (1952) also decided that upper lethal temperatures
of fish species, a8 experluentally determined, may be
correlated with the generzl thermal conditions charact-
erising the waters in which they live, but that there
is little indication that fish very often actually
encounter lethal temperature conditions over their

normal geographic ranges,



As regards Perca spp. - as represented, anyway, by
2. fluviatilis (Linnaeus) and P. flavescens (Mitchill)
- 4% 18 felt that this view of Brett and Hart may reflect
an unsatisfactory posing of the whole question of the
zoogeography of this genus. Upper lethal temperatures
pay influence distribution in a much more precise and
direct manner than the above wrliters have thought. It
is hoped to show that only a complete survey of the actual
limits of zoogeographic distridution in relation to a
suspected controlling factor (or fgatora) can lend
necessary insight in appreising the role and importance
of the factor.,

Meanwhile it is true that in certain rather special
instences heavy and obvious mortalities may result trom
exposure of fish to high temperatures in the fie;d,

The obvious kinds of places for such mortalities will
certainly include the shallow temperate waters mentioned
by Andrewartha & Birch (1954). Moreover, fish are
especially prone to high temperatﬁre effects in waters
where they can become trapped - as in the pools left
along a drying watercourse in summer - from which they
are unable to escape to leass rigorous conditions. The
operation of upper lethal temperatures might be charact-
erised more generally -~ if somewhat tritely -« by etating'
that a lethal effect is likely whenever fish are unable
to avoid a prolonged exposure to0 a temperature higher



than that for which their level of acclimatization has
prepared them. This may occur in shallow streams
when the weather becomes suddenly hot for the time of
the year as Huntsman (1946) demonstrated for Canadien
Maritime stream fish populations., Sometimes non- |
indigenous fish species have been released in streams
where they can survive in the summaf only in the high-
land, or cooler siretches. Such fish may occasionally
become trapped by rising temperatures on the fringe of
their normel distribution, when large'nﬁmhera may diej
Lake (1957) documented mn example of this for brown

and rainbow trout in stresms of New South Walea, In
deeper thermelly stratified lakes oxygen depletion in
the hypolimnion during the summer msay force fish up-
wards until they reach a temperature stratum beyond which
they will not usually pass, Thus Fry (1937) demon-
strated that the cisco Leucichthys artedi in Lake
Ripiseing, Ontario, left the hottom water and became
concentrated just below the thermoeline., And mince
this species normally avoids water of 20°C, or more the
cisco population tended to remain just below the thermo-
.cline; held there by the impulse to escape from low
oxygen and high carbon dioxide tensions in the bottom
of the hypolimnion which waa 6ppcaed by the impulse to
avoid the steep temperature gradlent above, As Fry



himself colaurfﬁlly puts 1t:  "Their salvation lies in
baetng able to stay within the frylng pan until the ftrs;
has died away ie eaders.”  But it is readily envisaged
that should the careful poise of such £ish be disturbed
by, say, oxygen falling yet lower, then they could be

forced to enter the thermocline where death could follow

through heat, or a combination of heat and anoxia.

Fish ponds, and brackish water fish 0ﬁlture enclos-
ures, form another kind of place in which fish often
have little opportunity for evading high temperatures in
suner, and are thus potentially dangerous environments,
and D'Ancona (1954) has referred to the brackish water
enclosures of the Adrlatic in this connexion. Thus in
fish eulture i1t is gometimes desirable to determine the
maximal temperatures likely to occur, togéther with the
temperature tolerance of the specles of fish with which
it is proposed to stock the ponds or enclosures. The
present writer measured summer temperature maxima in
small Tasmanian farm dams, the potential of which as
fish ponds was under trial, and found that temperatures

were unlikely to exceed 25°C, (Weatherley, 1958). The

fish used to stock these dams was the tench Tinca tinca
(L.), and in experiments its upper lethal temperature
was foand to be about 3500. when fully ascclimatized to



Tasmenian summer conditicns (Weatherley, 1¢59). It was
thus ccncluded that it was very unlikely that tench would
ever die from the simple effeets of temperature in these
dams, for even in winter (June to August in Tasmania) the
upper lethal temperature of the species was about 27°C.

It is sprropriamte to mention at this point that many
laboratory studies (Brett, 1956, collects together a
large number of t@em) have shown lethal temperatures to
be direcily related to temperature of acelimatization.
Where rcom for it still exists, upwards acclimatization
to temperatures occurs more rapidly at high than st low
temperatures, because acelimatization 1s a physiological
process and, as f£ish are polkilotherms, is thus directly
proportional to temperature.

In the search for a suitable conceptual approach %o
the question of hesat impairment and death and associnted
problems, the scanty existing literature on heat-induced
changes in fish tissues was considered. Several workers
have reported for fish a depression or near cessation of
metabolism of nerve tissue with the epproach of upper
lethal temperatures (Freeman, 1950; TFuhrman et al, 1944).
Battle (1926) found that nerve tissue of Skates (Rojae spp.)
became inactivated at lower temperatures than did somstie

and sm-oth muscle, though her methodis seem rather arbiviaxy



and poorly designed to place much reliance on her results,
Brett (1944) reported that respiratory movements of Perca

flavescens ceased entirely as death arproached. These

studles give the impression that there is a temptation to
invoke nervous failure as the weak link in a systemic
physiclociesal chain rut into operation by dangerously )
high temperatures., In a sense this may be c valid view=~
point, yet tlssues do not exist in the fish dbody es inde-
pendent znd isolzated entities, but as parts of a functionally
integroted system, whose‘activities reciprocally and
intimately affect each other. Any strong (noxious)
stimulus, continued long enough, will be likely to set in
motion complex response mechanisme in the stimuleted animal.
One end result may be nervous imprairment or failure, so
that in a sense such fallure ﬁi&ht be said to gause death.
But the rroblem of nerve disfunction would need to dbe
viewed against a brozd backoround of orgsn, tissue and
functional change. Since fox fish, knowledge of changes
in the morphological integrity of any tissues, resulting
from exposure to higher temperatureé, appears to be almost
non-existent, an exeminstion biased in this direction
seemed to be Jjustified. ’

With this vievpoint in mind the author turiucd to the
'General-Adaptation~-Syndrome' of Selye (1950), well-known



in medical endocrinology and latterly in clinical practices
This Syndrome has led to a brozd theory concerning adaptive
responses to noxlous stimull among memmals, which in sp;ta
of certain shortcomings which Selye himself has recognised
(selye, 1952), was considered to be of porticular interest
in the present 1nvest1gationg Thust-

(1) It points to the remarkable similarities of
response called forth by numerous quite disparate noxious .
stimuli, applied to the animal for Varying reriods, These
responses may usually be assessed by ruather simple
physiological and histological means: They include (a)
marked changes in the adrenal cortex, lymphold tissues
and organs, and degenerative changes in the gut, kidney,
spleen, liver :nd muscles, “ogecther with less rellable
changes in the central nervous system, skeleton, and so on.
All these changes arc revezled histologically, or even by
naked eye imspection in some casess Changes may also be
detected in the =sodium and chlorlde balance, blcod suzc |
ond liver glycogen, proteins in bloed and tissnes, non-
protein nitrogen in blood and urine, red ond white cell
blood counts and numercus other varisbles,

(2) Pish are sufficiently similer in structure and
rhyslology to higher vertebr:ites to moke it seem likely,

a priori, that thelr systemic responces to prolonged,

noxious stimuli would somewhzt resemble those of the latter.



Actually this had already been suggested in the work of
others, notably of Dittus (1940), Hartmsn et al (1944),
Rasquin (1951) and Resquin & Rosembloom (1954)s Hoar
(1957) has usefully reviewed the evidence.
(3) The General-Adaptation-Syndrome attempts to
relate observed changes primarily to changes in the rate
of secretion of the pitultary, secondarily, to a large
extent, to changes induced in the mctivity of the adrenal
cortex through the increased pituitory nctivity. Such an
approach lends itself to histological a;praisal as
exemplified in the work of Jelye and his oélleagues, and
to simrle experimentation elong endocrinological linea,
Early experiments seemed to afflirm that this wounld
be a profitable approach, so the course of the investigation
has been as indieated above, with emphasis on the histologliecal
gide,



II. NATERIZLS ARD METHODS
(a) The Fish
(1) Scurces

Perch Perca fluviatilis (L.) for the early experiments

on lethal temperatures came from Loch Lomond, the prineipal
body of freshwater in Scotland, where they were seine-
netted or trapped. These fish showed a conslderable
tendéncy to be mfldly infected with fungus (Saprolegnia sp.)
when captured, and the infections often became serious under
aquarium conditions. During winter it 1s hardly pbssibla
to capture perch in Loch Lomond, for they migrafe into
deeper water as in Lake Windermere (Allen, 1935) and other
large lakess These disadvantages, together with their
usually large size, made Loch Lomond rerch rather unsatis-
factory for experiments, so that aftsr the initial experi-
ments they were no longer sought there.

For experiments with a histological evaluatiom, and
for injection experiments, fish were obtained from Dumbrock
Reservolr neer Glasgow, by seine netting and trapping.

These were perticulerly healthy lcoking fish and did not
develep fungus infections if they were undumaged at time
of capture, They generally showed no 11l effects from

aquarium life even after a prolonged period in stock tanks,



(41) Prophylaxis and feeding

As soon zg possible after capture fish were always
brouzht to the Zoology Department's aquarium and placed
in & stock tank until reguired in experiments. Though
compouﬁds such as formaldehyde, sodium choloride,
propylene phenoxytol and methylene blue were tried as
therapeutic agents in treating perch infected with fungus,
none wus really very useful once fish were seriously
infecteds After the difficulties with the Loch Lomond
fish all perch were exposed as'a routine to a treatment
with methylene blue dissolved in the water in a concen-
tration sufficient to moke 1t difficult to see the fish
in diffused daylight. It is not certain that this
treatment, repeated about once every ten days for some
batches, was particularly effective in con’rolling the
development of fungus, though it wos practically never
scen again after the institution of this practice, It
geems more likely; indeed, th-t the fallure of fungus 4o
develop was due to its virtual absence from the fish
when taken in Dumbrock Reservolr,

Fish viere fed freely, usually every day, on & food

made up as followss~
‘Lagsie! dog foOQd esesocvssarenares 200 e

- Gelatine (10% aq«) tsrevvsnvassnne 200 Ee
Dried shredded shYimp esesvssscscovces 10 g.

"Bemax!? ey I I I T 5«10 E»

10
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Appendix Table 1 gives the composition of 'Lassie' and
‘Bemeax's It 45 sufficlent to observe here that the fish

were, by this diet, prrovided with a considerable range of
proteins, ecsential amino aeids, fats, earbohydrates,
minerals and vitamins, snd thot they aprveared to live
healthily on it, with no obvious loss of normal colour or
vigour,
(b) Tanks

All experimenté were carried out in glass aquerium
tanks, Two of these, measuring 3 ft x 2 £t x 2 £t, and
3£t x 1% £t x 1 f£t, respectively were larger than the
others: These wers used as ctock tonks and it was into
them that fish were placed on arriving in the aquarium,
end where they were always left for at least a week before
use in experiments. This period was intended to allow
the fish to settle down to life under aquarium conlitions
end mlso to recover from any streéses accompanying their
capture and transport thithery Perch which were not in
acclimatization or lethal temperature ¢tanks remained in
the stock tanks until reguireds The populstion density
in the stock tanks vorled greatly during the course of
the experiments, but the greutest density was ebout one
bhundred of the smaller perch (Teble 2) or azbout 80 of the

larger perch which were used in the second series of
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experiments (Section V).

Smaller tanks measuring 2 ft x l»ft x 1 £t were used
for acelimatization experiments, In these experimente“-
the number of fish per tank did not exceed two dozen
fish, and was usually less than twenty. During the
second series of experiments (Section V), in which the
larger perch were used, the greatest number of fish per
tank was 20, The lethal temperature tests were also
carried out in these smaller tanks, |

All save the lorger stock tank were supplied with
running wcter, the flow of which was adjustable, The
water, coming from the Clasgow City Mains, has the
chemiczl composition shown in Table 1. The water in
all tanks wazs continuously zerated by means of compressed
air led through rubber tubes termincting im  aquarium
elrstones,

The <anks usually had some washed quartz gravel,
collected from a Loch Lomond beach, éoverihg the béffom.
This actad partly as & trap for food wastes, which were
~easlly removed from it by suction when the tanks wvere
being cleaned, and zlso provided =z moré 'natural?
substrotum for the perch thun a bottom of plain gless.

Those tanks used in acclimatization experiments were

heated with aguarium hezters of 70-120 wstts, fastened

12
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together in batteries of three or four on perspex sheetsj
temperature was contolled to zbout 1°c. around the level _
selected by means of 'Prockter' externzl thermostats,
For heating the water in the tcnks used in lethal temperature
experiments a ‘Tempunit' 1000 watt thermostat~henter unit
was employed. The he:ting coll of this umnit, which
surrounds a propellor-stirrer, was guarded during experi-
ments by o eylinder of perforated perspex to protect the
fish from contact with the stirrer blades The ‘'Tempunit’
~wes also used in a few acclimetization ekperiments when it
gave temperature control of the order of 0.1%C, «round the
selected level, |

The tanks were initially equipped with e¢ardboard
screens end later with cpaque green cloth curtains on three
sides to protect the perch from the visuul stimull of
outside movements in the aguarium, It had been noted quite
eérly that such movements often cauwsed marked excitement,
but csutlious examination of the fish behind the screens
always revealed them to be very guiescent at lower
temperatures, Only «t nccelimatization temper:tures of
‘abcut 2500, or more did ihey swim falrly freely around
their tanks: The uncovered side of the tanks faced the
aquarium windows and was never approached,

No attempt was mede to illuminate the tanks artificially
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or to interfere with the normal passage of dey to night.
Light for the aguarium came from windows end skylights,
and artifical licht waSvused only as occasion demanded
during observations accompanying experiments, or when it
was nacessary to work in the aquarium at nizht,

(c) Acclimatization Procedures and Lethal

_ Temperature Experiments

In the stock tanks in which the fish were first placed
after c:opture water temperature was allowed to vary
naturally just za it ccme from the mains, However, over
eny perlod of & few consecutive weeks in winter, temperature
normally varied by no more than :'3 1°C, and was often more
constent thun this for weeks ai s time. JIn spring and
summer ccnlitions were more voriable.

In aﬂelimatiz}ng'a group of fish to o temperature
above that of mains water they were removed to one of the
smaller tanks whers the temperature was lgfted. at rates
which vcried between experiments, until the reguired
temperature was achieved (Figure 1)« Duration of
exposure to this temperature varled with reguirements as
will be seen.

Determinations of upper lethal temperature were
performed in the smaller tanks by raising the temperature
to the lethal level at the rate of 4°C, per hour. The

mean temperature at death of the batch was taken as the



Jigure 1. Curves of moclimatization (water
temperature versus period of exposure) for perch
in aguarium tanks in Experiments 3,4,6510, 11 &
12, The black dots adjacent to the numerals
1ndiéatal%he points at which the experimenta

wvers terminated (by & lethal test). Ges text
for further details.
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-
lethal temperatures A substantially eimilar method was
adopted by the present writer in determining upper
lethal temperatures of the tench Tinca tinca (L.)
(Veatherley, 1959).

(ﬂ) Histologzical Frocedures:

Structures examinmed histologically ineluded head
kidney, interrenal tissue, kidney, liver, spleen, muscle,
fhyroid and central nervous tissue. As @ routine
sections were cut at 4 4 ox 6/?5 mostly at the former.

Fixafion was usually effeqted by placing the whole
fish in Bouln's fluid. By slitting open the fish
ventrally along the length ¢f the body cavity satisfuctory
fixaﬁion of 8ll required orguns was obtained. Following
fixation all tissues were storced until nceded in 70%
alcohol.

With the small perch used in tiids work 1t was not
possible to dissect out head kidneys and kidneys without
damage., It was found best to cut 2 block of tissue |
containins thecze orgens, backed and strengthened by the
vertebrzl column and soﬁe muscle, 4 section cut of
guch a block of tissue would give an oversll view of
pever2l important ticsues ot once, a procedure economical
of time and effort. But of course, decaleification of

these and the head blocks (for brain and thyroid) was
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necsssary before wax infiltration, and this was carried out

by immersing the blocks in 5% nitric scid in 70% aleohol,

or in & mixture of 8N formic mcid in N sodium formate.
Neither decaleifying agent seemed superior to the other,

| end ebout 2 to 4 days were usually required for complete

decalcification. ‘

‘'When removed from the fish livers and spleens were
embedded in polyester wax (Steedman, 1957), but the
decalcified blocks of tissue, after repeated washings in
70% alecohol were infiltrated with ester wax (Steedman,
1947).

Heemalum and eosin were found suitable as general
purpose stains, especially where 1t was required to stain
o number of different tlssues in each section (and often
serial sections of a given region) with sufficient
differentiation and c¢larity both for rcady separation
and identification, and to mcke out something of fine
structure., Mallory's trichrome was itried o number of
times but found less generally satisfactory.

(e) Experimentael Procedures

The main experiments were designed primariiy to supply
informstion on the manner of heat impairment and the
events leading to death. 0f the dozen performed to this
-end ten are set out in surmary in Table 3. It can be

seen that they fell into three groups.
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The first natural groupAcompriaeg fish which were kept
for a considerable time (several weeks) at the low
acclimatiz-tion temperature of 7.5 or 7.6%¢C, Moreover,‘it
should be noted that they caﬁe from Dumbrock Reservcirﬁ
when the temperaturs was only a degrce or 8o above this
levels As indicated in Table 3 a numher of fish in this
group were raised to their lothal temperature at the rate
of 4°C, per hour, | |

The second group comprises perch which were acelimatized

to 17.5°C, and 20°C. which are thought of as moderately

high temperatures, being something of the order which
might be encountered in cooler, temperzte, surfazce waters
during the‘summer¢ As table 3 snd Figure 1 show, the
perch wera'expoéed (acelimatized) to these temperatures
for various perlods before lethal testing,

The fourth natursl grouplng represents fish acclimatized
to what were definitely ‘high' temperatures, Of the batch
acclimatized to 28°C, 4t can be said that all seemed in
good health, though a few died on the way up to this
temperature. HMuch the same applieé to the 30°C, batch.

Figuré 1 shows the thermsl backgrounds in the
equarium of perch in Experiments 3, 4, 6, 10, 11 end 12,

Whenever a lethal temperature tect was performed on

fish from the scelimatization tanks a few were fixed before
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the test began for future histological examination.
Pish were also taken from the lethal temperature tanks_.»_
Just before disablement and immediately after death,
and as controls to all experiments fish were removed
from the low-temperature stock tank and fixed each time
an experimént was performed. In the results to folloﬁ

the four categories may be referred to as followst-

{ -
Low temperature controlas those coming from the

low-temperature stock tankj

Experimeiital controls: those taken from the acelim-
‘atization tanks immediately before the beginning of a
lethal temperature experimentg

#  Fich before disablement: | those fish removed just
before disablement during a lethal test;

* Fish after death: <thoss removed immediately after
death,

* heae fish were removed from the lethal test tank fmmediately
after the first fish in the sample had shown signs of discblement,
though they were not themselves dlsabdled.

¢ It must de emphasised that throughout this study, with the
exception of perch in Experiment C, Section ¥V (a) (v), when 1t te

' stated that fish were removed after dealh during a lethal test it
i2 meant that they were taken from the tank as soon as movement
had ceased and placed directly into Bouin'e fluid., Hence, any
differences detwesn the hiatology of such fish and those fired
bdefore disablement cannot be due to ppat changes, but must
havg occurred in the emall period of time (and of rising tempor-
atura) vhich elapaed detwesn the drink of disablement and daeath.
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The weights and total lengtha (Le Cren, 1947) of all
the fish involved in these experiments were recorded. ‘
The means and ranges of these data are given in Table 2,
These small fish were all sexually immature and 1t was

not possible to-sex'them by ordinary internal examination.

Fuithar information on methods employed in experiments
arising out of the acclimatization series (Section IV) is
given in Section V, Larger fish were employed in this
second group of experiments, because it dld not prove
possible to capture.any more of the very small fish used
in the first series; but the source of the fish was again

Dumbrock Reservoir,
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111. THE ROLE OF HIGHER TEMPERATURES IN
| LIMITING DISTRIBUTIOR OF PERCH

(a) Results of Upper lethal Temperature Experiments

(1) Upper lethal temperature and acclimatization temperature
0f the lethal temperature experiments perforued as

descrived in Section II six are represented graphically
in FPigure 2. Here mean upper lethal temperatures have
becn plotted against temperatures of acclimatization for
Experiments 1,5,6,10, 11 and 12, The plotted values

. reveal the direct relationship between these variables
frequently described for many species of treaﬁwater
teleosts (e.g. by Brett, 1944, 1952, 19563 Fry, Hart

& Walker, 19463 Hart, 1952; Cocking, 195%a). Table 3
shows the data from whieh Pigure 2 was constructed, and
indicates the range of lethal itemperatures (as well as
the mean lethal temperature) for each experiment. Only
those results were selected for plotting in Pigure 2
which came from tests carried out on fish deemed
thoroughly acclimatized to a particular temperature
(see Figure 1 and Table 3 )s

Figure 2 also contains values obtained on Tasmanian
perch. in Qasmania; Perca fluviatilis is an introduced,
though flourishing, gﬁecies. and these fish came from a
p@rch popﬁlation established by the present writer



Figure 2. Upper lethal temperature versus temp-
erature of acclimatization for perch. See Table
3 and text for further information. Values for

Scottish fish, black circles; for Tasmanian fish,
open circles,
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in a large hatchery pond in southern Tasmania, from
.Iiah that he had captured in the field. (see also

Tables 2 and 3). lLethal temperatures were determined
on these perch at various times of the year, using a
method much the same as that described in Section II .
and as given for tench (Weatherley, 1959). Temperatures
of acclimatization were calculated as fhc mean temper-
atures in the pond during the two weeks immediately
.proceding each lethal test. These mean values were

- calculated from routinely recorded daily maxima and
minima in the pond. The normal daily range in winter
was only about 1°C. and in summer no more than 2-3°C.
The trend of these upper lethal tempofaturea against
acclimatization temperatures 1is rémarkably similar to
thos§ for Dumbrock (Scottish) fish, and proiides an
additional point for acclimatization temperatures boiow
59¢.. ‘!hcugh these Tasmanian fish formed only a small
sampls, representing just a few specimens available from
a pond population with other primary uses, yet the small
range of lethal temperatures for each experiment
suggests that the values in Figure 2 are reasonably valid.
Therefore, in addition, the values give some assurance
that the acclimatization methods practiced in the
aquarium yielded valid data.
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0f course, Figure 2 implies that wild fish will
die at lpwer temperatures 15 winter than in sunner, as
Brett (1944) clearly showéd for several species of
fresh-water fish collected from the field immediately
before tésting. A similar phenomeron has also been
found for the tcnch,;&ﬂgg tinca (L.) (Weatherley, 1959,
and Figure 3). That it does in fact apply to the
perch is illustrated in Figure 4. Hers, vglﬁoa |
obtained for lethal temperatures of Tasmanian perch
have been arranged aecording to tine of year at whiahv
they were determined, with ‘the mean temperatures for the
months shown by means of histograms, These values,
then, signify the change in uppar lethal temperature in
one population of perch in & pond over a period of many
mnonths, during which water temperature changed season-
ally in a natural manner. The water supplying thiaipond
came from the adjacent Plenty River, and the pond's
temperature closely approximated that in the river.

The Tasmanian perch were ﬁneh 1arger=thau‘thoao'uaud
in the Scottish experiments (Table 2), so that size is
unlikely to be significant in influencing upper lethal
temperature. It s interesting to note in this connexion
that Hathaway (1927) and Hart (1952) detected mo signi-
ficant aifference in upper lethal temperature between size .
groups of the North Anerican yollow perch Perca flavescens. .



Figure 3+ Temperatures of disablement and death
for tenech at various times of the year. This
is Figure 1 from Weatherley (1959).
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Fig. 1. Temperatures of disablement and death for tench at various times of the year. White columns

represent the range of temperature over which fish became disabled; black columns indicate the range

over which the disabled fish died; hatched columns indicate where the two overlapped. X signifies the

mean temperature of disablement for a givené)attlzligf fish; —, fish from L. Tiberias; — — —, fish from
oal River.



Fipure 4. Curve of seasonel variation in upper

lethel témpemtum for Perca fluviatilis in Tas-

wanian hatchery pond suppiied with running
river water. ' Histograms repraseht nmecn daily

temperaturs for each month of year.
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Pry (1958) has suggested that an absence of relation

between Bize and heat death may signify *that heat

death ts likely to be due to the breakdown of certain
critical cells,” wnich 48 a way of re-stating the
belief of Brett (1956) that nervous tissue masy be funda-
mentally involved, But such a sBuggestion peems to be

a non sequiter, since there are really only two possible

viewa about heat deathﬁ either it follows the "dreakdown

of certain critical cells” or the system as a whole

becomes defective, in which case, as an accompaniment or
consequence, cell breakdown may, certainly, occur, But
there appears to be noc more reason why the vulnerability

of certsin cells should be unrelated to size thon that

systemic degeneration shouldy nor, of course, is there

any obvious reason why they should be related.

Sbma early lethal temperature tests were performed
on Loch Lomond perch, but for several reasons they were

considered unsatisfaotory and are not included here.

(i1) Behaviour of perch during lethal temperature experiments.

When the temperature of the water is being ralsed,

" in an experiment, from a given acclimatization temper-
ature perch vary somewhat in individual'behavioﬁr. but in
general their behaviour is typified in the following

account s~ |
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If the starting temperature be low (5-10°C.) the
f£ish will not vieibly react much to0 the normal elevation
of 4%C. per hour until the water temperature has been
reised 10-15°C. above the initial level. Then they
begin to move mround the lower part of the tank more or
less frealy.'aomatimea exhibiting considerable mobility,
at others becoming quiescent at the bottom, usually for
& short period, even though temperature continues to
rise, and thaugh.tha& way have been moving Ifreely Jjust
previously.  This kind of pattern tends. to be repeated
"right up to the {ime and temperature when actual lethal
effects supervene, though their movementis become
increasingly rapid and seem to be more desperately
‘exploratory' as the lethal level ié approached. As
these latter stages draw near mény 0of the perch probde
into every coraner and cxevice of the tank and meveral
Bay 6ften be seen Jjostling each other in the corners.
About tuis time, at least some of the fish begin o make
monentary visits to the surfacs fros time to tiwme.

The first 'sign of disablemgnt' is very similar to
' that for tench (Weatherley, 1959) and involves loss of
balance and co-ordination. - such‘a'gondition nay
prevail for aomé«time, boginﬁing'gradually and increasing
steadily until total unco-ordination and immobility result
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or it may pass-directly and almost immediately into this
final phase. But the change from slight functional
impairment to death (total cessation of movement) is,
anyway, usually much more rapid for perch than for tench
(Weatherley, 1959), so that the difference beiween that
temperature causing disablement and that at the point of
death, which were distinct enough to Justify seperation
on the graph in the case of tench (Figure 3), are very
slight and not worth separate recording for perch.

ﬁuring the.perioa that perch #ra impaired but not
yet badly diaablaé they néy continue %0 cruise, often on
their sides or upeide down, occasionally darting spas~—
modically but vieiantly around the tank, behaviour which
ageln resembles that of tench. In addition, Amei ’
§gggg;;§g..§ggggg;gggg,Hgtag;gogun and Perca flavescens
(Brett, 1944) end Rutilis (Cocking, 155%a) appear to
behave in & similar way when approaching thermal death,
60 this xind of behaviour is probably general for
talﬁoata under these conditions. I} ; fha point of heat
death p@rch lose the dark, vertical bars, which are g0
| charaeteristie'a feature of their colouration during
life. Cocking, (1959a) deseribed the development of &
hlack‘pattern’in the voach during the finsl stage of
distress before heat death.
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rish-which have been acolimaﬁizeq to higher

tomparaturos'(éay 20-30°C., especially above 25°C.)
behave somewhat differently when the subjects of a
lethal test. Their activity ia already higher, fox
perch held at temperatures much above 20°C. move about
more freely and actively at all times than those held
at lower temperatures. 1Indeed, at 6-7°C. they either
merely maintain their position in the water or rest
upon the bottom. with minianl activity unless moving
after food or when disturbdbed. However, when fish
acclimatized to 25°C. or more are exposed to the rising
tempcrafure of aflefhal test their freedom in swimming

changes but litile with increasing témperéture, sincs
| they will‘aiready have been swimming fairly activaly at
the beginning of the test. |

While the curve in Plgure 2 shows that perch
acclimatized %o 30°C. may survive temperatures several
degrees above this for a short time at least, it is
rore important t0 observe horﬁ that during thias siudy
two groups of fish were acclimatized to 29 and 30°C.
respectively and in each case, apart from their high
- activity, they seemed completely healthy by super-
ficial exanination. Even colour was much as normal,

though somewhat lighter. Yet slevation to temper-
atures even of 1-2°C. above 30°C. fur mcre than a few
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hours killed off a part of the fish in one case, and in /
the other case the whole batch.

Thus the strong lmpression emerges that though'
pérch,oould tolerate temperatures up to 30°G, in the
laboratory, given an appropriate acclimatization back-

- ground; tolerance of temperatures in excess of this
level was posaible only for very limited periods,

The data of Hart (1952), though obtained from rather
differently designed‘experimenta, leads to a closely
similar impression of the thermal tolerance of Perca
flavescens, the Rorth American species which is such a
near relative of Perca fluviatilis.

(b)_Zoogeogfaphy of Perch with Special Reference
) ',-toAxhe Effects of Water Temperature
(1) Zhe background to_the problem
 Brett (1956) has claimed for freshwater fish that

'-while the “Righest seasonal lethal temperatures rqcbrdod
for“..... siz species ranged rrom 32°C. to 35%°C., yet the
Jull scope for temperature tolerance had noit been tapped,

as laboratory experiments revealed, The adility to exceed
consideradly the hRighest environmental temperatures to be |
azﬁected in the common range of the species signifies that
Jethal temperature rel&tions must play aAreJattvaly
uﬁtmportant part in the limiting of many Rhardy apéetea.

Yet, in their general order of increasing heat tolerance,
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they show a correlation with an ecological succession
ffom cold streams and deep lakss to warmer sireams and
dittoral mones, and ftnaliy 10 marsh conditions seeee

Some_other property or attribute of the organism, roughly

reflected by the upper lethal temperature must be operating

as the restricting factor to distridution®.

Breit goes on to claim that there are but few
recorded instances of heat death in the literature
(see Iqtroductiou)m HéﬁeVer, such negative evidence
seems a weak criterion, since it is notoriously difficult
to demonstrate, except by inference, the extent to which
a glven factof’of supposed importance 1s producing
lethal or limitihg pffects on a specles, except, for
1nstgnce,'ih caaes.of diréct and obvious predation or
.diséase. " Brett also refers to the failure of tested
ébeciea to encounter temperatures *in (their) comaon
range® which are lethal to them under laboratory conditionms.
But this may be because it is not in "tRe common range”
of a species that one would look for or expect to find
a lethal femperature, but rather at the latitudinal
extremés of that range. And 1t 1s hoped to deﬁonstrate
here that it is untenable to suggest, at least for
Perca spp., that high temperature has little connexion
with observed limits of distribution.
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A principal weakness of the approach of Brett (1956)
and Hart (1952) %o this question of distribution and
high temperatures is that they refer to ’typtcal habitats’
.-'of various f£ish spécies, including Perca flavescens.
Brett lists the habitats of this species as "deep and

shallow lakesg.” Such'informationvia both vague and
inadegquate, and 0f»cour§a embraces a huge range of
environmental types, whila telling nothing concrete
about the zoagadgraphy of the species; while a fundamental
eriticism of this habitat designation is that perch are,
after all, coummonly found in rivers of a certain type
as well as in lakes.

In considering'the zoogeography of a species; with
a viaw to eatimating the lwmportance of a factor in
1mpoaiug &iatributional limits, 1t is first necessary
to determine the actual limits of the distribution as
praqiaely as possibles In addition, the fuller the
appreciation of the general biology of the species
under consideration, and the more complete the knowledge
of local or regional barriers to distribution, the more
‘preciaely will it be pOSaible to test the effectiveness
of the factor deemed important.

In the present instance the task is eimplified in

several ways. Thus Perca fluviatilis has at present a
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wide distribution, being found in Burope and Asia and also,
tﬁrough the sgency of man, ln Ausiralasia and South‘Africa
as well (Figure 5). Zxcept for South Africa it was
ihtreducaa into the goﬁthern hemisphere in the 1l9th
Century. ,Sé it 4s apparent thatvan hypothesis concernihg
the perch’s distribution may be tested over a comsiderable
'fraction othhe earth's surface. Again, the biolégy of
B, fluviatilis has been 80 extensively studied by numerous
biologists that its 1life history, habits and behaviour
(Maxwell, 1904j Schindler, 1957), growth (Alm, 1946,
1954; Deelder 19513 Le Cren, 1947, 1958), food (Allen,
1935), breeding cycles (Le Crem, 1951, 1958) seasonal
movements (Alien, 1935), etces, are among the better known
of these for freshwater fish. The yellow perch, E.
;;aveéceng. in North ‘America 1s an equally well-known
species, whose general habdits coincide almost completely
with those bt{g. flﬁxiggilggﬁ And not only are these
two specles of the same genus, but their connexion may
‘be even closers Thus Giinther (1880) wrote that P.
tluviagiigs was "generally distributed over Surope and
Northern Asta; and equally common in North America,
:here'betng no sufrtctent ground for separating specifically
the specimens of the Western Hemisphere,” 0f more recent
authorities Berg (1948-9) suggested that P. fluviatilis
- of north~eastern Siberia were transitional to what he



Figure 5. World distribution of perch. PercaAA
flavescens is restricted to North America.

Perca fluviatilis is found in Britain, Furasisa,

Australasia and South Africa, though in the
latter the extent of its distribution is
épparently not accurately knowne Main areas
of occurrence are shown in black.

This figure was constructed from the data

of numerous authors referred to in the texte.
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conslders as the American subspeciess On the other hand.
Jordan & Gilbert (1882) indicated that there were réally
more differences between the two stocks than had often
been acknowledged, and listied some 0f these. Whiie

most modern authorities seem to assuwe a valld saparation
of the species their remarkable similarity of appearance
and habit i1s acknowledged. |

It ie2 apparently lmpoesible to obtain any help. fron
paleontological evidence in deciding this and related
problems, for though a Northern Hemisphere origin for
perch may be assumed and the recorde seen t0 suggest
their presence at least as far back as the Plelistocene
(esgs Leriche, 1951), it is not, beyond this, poasible.
t0 localise their origin; with certainty though
Macfarlane (1923) argueslperauasively for a North
American origin, basing his beliefs on the relative

abundance there of Percid genera and specles.

Perch are not usually found in the oligotrophic
highland lakes where, for 1n9tance. Salmonid_spp. 80
oftén find a sultable habitat.s Teep and shallow lakes
alike, of a more eutrophic character, often contain them.
" Pearsall (1949) has pointed out that in the English lakes
~a perch-pike association 1s often found in the more

silted (evolved) waters. In rivers they rarely occur



in ahort, Btaap,>rapid atreams where, as in oligotro;hic

Zlakes, Salmonids often flourish., Rather are they found

in slow, matﬁre streams, especially in the meanders,

| holes, ox~bows and backwaters of these. Indeed, it is
conspicuously'trua} aé‘the writer found in Tasmania,
that even in a stream in which perch are abundant thay
way have a remarkably discontinuous and localised
distributions. Thus they could be reldably trapped in
many of the quiet and stagnant sections of such a
stream, but‘where the rate of flow was more rapid,‘even
if this was only about 30-40 yards from the successful
trapping site, hardly any perch could be taken.

Perch deposit their ova in weed beds or on other
suitéble substrata such as submerged sticks or rocks,
to which thé adherent sirings of eggs are attached, but
oniy where such substrata are found in the shallows of
lakes and in quieter stiretches of riverss The swiuming
powers of perch are evidently inadegquate for them to

live  &n the open waters of a swift-flowlng river, and

this, coupled with thelir tendency to school and t0 spend.

much of their tlme quiesceni close to the bottom, or
ewinming slowly among weeds, reduces their ability to
disperse freely throughout their potential range. The
only significant seasonal migration undertaken by : eﬁnh

3z
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appears {0 be a winter one from shallower to deeper waters
in deep lakes (Allen,-1935)- Indeed the conservative
behaviour of perch is such that only half a century ago,
as Regan (1911) pointed out,perch were "Jacal and- |
{ntroduced” in occurrence in Cornish rivers. Regan -
assigned t0 man a prominent rplé as distributional agent

for perch, and in addition for carp, tench and pike.

‘This brief but relevant account of perch natural
history indicates the ‘patchinean' of their distribution,
and the factors in their biology contriputing to this.

It 49 clear that perch are much less likely to populate
| rapidly and thorouéhl& the whole of their potential range
than Salmonid species since the latter are much better
evimmers and have in their catadromous phase the capacity
to penetrate far into marine waters and hence to move

aloﬁg coastlines from one river mouth to another.

Finally it may be noted that the writer's own
observations on Pv fluviatills in nature, during a number
of yeéréin Taswania, have served to confirm that these
ﬁrihciplea of the perch's gemeral bilology alsc &pply to
thls épeciea in this Southern Hemisphere country.

Given this background, plus laboratory experiencs
of the perch's temperature tolerance, it is possible to

atteapt an énalysia of world distribution.
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(11) Critical regions in the distribution
It will be best to consider first a clear example
- of the distribution of perch in a country where the
limits of its occurrence are known falrly accurately,

yet where temperature is unlikely ever to exerclse a

limiting effect..

B¢ fluviatilis was first introduced into Tasmania
from Britain in 1861. The species has flourished in

this island State of Australias, but only in rivers in
which still and weedy conditions prevail for at least a
large part of their course. Their Tasmanian distribution
is thus limited to the lower reaches of one river system
in the nmorth (Macquarie-South Esk River system) and to

, three systamé in the south (Derwent River and its lowland
tributaries, and the Jordan and Coal Rivers)s In the
ﬁany r;vqré with shoft, ateep courses discharging into

the sea.along.Tasmania'a north-west coast, the perch is
not found, or occurs only in a very few, suitable, isolated
sireams torwhich.it haa been locally introduced., It is
_épparentl} also adsent froum similar short, steep streams
of‘tpe eaét'and weat coasts. There are three river
systems of the west coast (Arthur, Pleman and'Gordon),

end one in the south (Huon) which all seem as if much of

their courses would suit perch, yet‘appeér to lack them.
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Probably this is merely because these rivers are
effectively separated from those containing perch and no
attempt has beén made to introduce them. The steep
‘streaﬁs flowing from the Tasmanian Central Plateau lack
perch and only one lake in this Plateau contains them.
This is Lake Echo (Figure 6), and though the lower réachea
of the River Dee which flows from Lake Echo contain perch
they d1d not enter the lake origihally from this river,
since the lake was effectively isolated from river perch
by the steep highland stretch of the River Dee itself.
Perch were introduced into lske Echo by the Brock family
of Tasmania about 40 years ago. Whilé they have
flourished in the lake it should he.noted that lLake Echo
is mesotrophic in coﬂtraat 10 the oligotrophic lakes
characteristic of the Tasmanian highlands, and has an
extensive shallow littoral, with numerous large plant
beds. : o | |

In Taswmania, then. the principal factors which limit
perch distributibn seem to be the higher land masses,
nhich isolate one river system from another and produce
so many steep highland streams both on the coasts and

coming from the Central Plateau.

The action of very similar factors will explain
present distribution of P. fluviatills in New Zealand,



Figure 6. Present limits of distribution faor

Perca fluviatilis in Tasmania are shown stippled.

In the north is the Macquarie~ South Esk River
system (1); in the south the Derwent Ri%er and
its trivbutaries (2), and the Jordan {(3) and
Coal {4) Rivers. The Arthur.(5); Pieman (6),
Gordon (7) and Huon (8) Rivers are alsb ghown;-
The highlands, from which perch are léréely :
excluded, save for Lake‘Echo‘(marked with |
arrow), and which probably influence their
absence from some coastal rivers (see text),
are éhown as areas enclosed by broken lines.
These 1ine5 enclose regions 2000 ft; or more

high. ‘ |
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to which the specles was introduced about the same time
as t0 Australia. Allen (1960, personal cOmmunicétion)
says that *They occur in a scattered fashion froa théi
extreme south to the north Auckland Peninsula seseee They
are ses. found in shallow lakes and sometimes in the
guleter reaches of rivers. I suspect that the very
scattered distribution is due to the fact that they have
not been introduced into many waters for which they would

be potentially suitable.”

When Britain is considered {(Figure 5) it is seen
that perch are missing only :rom the Scottish Highlands,:
i.e. Scotland north of Loch iomond, in Loch Lomond itself
they are abundant. = Actually perch do occur in a very
scattered fashion in many parts 6f northern Scotland,
but their distribution is pfobably due mainly to mah,
especiéily where they are occasionally found in hill lochs.
They seem, however, to be absent from hili streams. The
writer is'iﬁdebted to members of the staff of the Freshwater
Fisheries Labdrétory; Pitlochry, for information on perch
distribution in northern -Scotland.

All ovér Bri%ain the perch possibly owes 1is present
ubiquity mainly to wman, especially when its limited
occurrence in Cornwall only 50 years ago is remembered.

But again stream gradlent seems to play a most important
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part in impoaing limits. Low temperature cannot be
very important, as the specles l1s found in rivers all
over Eurasia within the Arctic circle (Berg, 1948-9

& FPigure 5).

It should now be apparent that it is not enough to
say with Darlington (1957) "I tRink that climate has a
sees profound effrect on the distridbutton of .seess freshwater
Jishes, although tts importance ts'not’qften recogniged
tesea® '(though this statement ﬁay'be. essgntially,L
perfectly correct), because high land masses, resuliing
in streams with steep gra&ients may oppose effective
dispersal of perch. | Sﬁch factors might well produce a

superficial appearance of the kind of ™zonation with

climate” that Darlington and others have shown for marine
f£ish faunas of the world. -

There gppear %o be only two obvious regions in the
world, where'gggég spp. are common, which are suitabdle
for testing an iypothesia that higher water temperatures
may 1imit thé penetration of perch towards the equator.
One of ‘these is the Mississippi-Missouri-Ohio River
syateﬁ_of the U.S.A., the other being the Murray-Darling
River system of New South Wales. Perca spp. accﬁr in
each of these systems and their tributaries. The

systems have certain features in common: They are very
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extensive, covering a wide latitudinal range, from
approximately 47° to 30° in the case of the American
system, and 34° to 26° in the case of the Murray-Darling;
they have oﬁiy a very élight gradient over the major part
of their courses, with a comparatively slow rate of flow
and a sometimes wandering bed} '1arge material obstacles
likely to provide effective barriers to'perch_are 1acking.
Thus it seems probadble that temperature will be the maiﬁ
physicai characteristic likely to change in a graded
manner with latitude along the course of these systens,
though of course there way be.lgcal or pgriodio variations
in such factors as oxygen valﬁgs. levels of diséolvad”

substances, flow rates, etc.

Figure 7 shows the present distribution of 2.

flavescens in America based on the most recent information

the writer has beed'able to obtain. West of the
Appalachiah'ﬂountains perch do not occur further south

than the{nbEth»eéstern corner bf Kansas. To the east of
thislppiﬁf_the southern limit moves progreasively,lthough
s8lishtly, further north through Micsourl, Illinois,
Indiana'aﬁd Ohio, and in Ohio perch are found only rarely
south.of the centre of the State. East uf'the Appalachians
perch appear in the large rivers running to fhe coast, and

extend down into southern South Carolina. They have been



Figure 7. Limits of distribution of Perca
flavesaens‘within Narth America. The species
i absent frcm the higher parts of the Appa- _
lechians, and the Rocky Mountains chain'prev?pta
it reaching the Pacifio caagt. Along the
Aﬁlantic’saaboard 1£'occurs further soutﬁ than
in the Middle West. ~ The massif of the Rockies
to the west and the appalashians to the east are-
indicated by broken lines. - In the case of the
Rockies the ground so 1ndicated is at least 3000

ft. above sea levale.

Theramall rectangle signifieé the section
of the Hisbisaippi'niver depiﬁted in'ﬂigure 8e
The confluence of the Missiasippi and Missouri

Rivera is marked with an arrowe
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released in several inland reservoirs and are doing
well ;n\at least one of these as far south as north
Georgia (King, 1960, personal communication). Earlier
authors (e.g. Jordan & Evermann, 1896) and recent ones
(e.g. Traut;nn.‘1957) are agreed that perch have always
‘been practicaelly absent from the Ohio River proper.
Trautman (1957) writes that "firtland ..., in 1850
belteved that the perch was movirng southward from the
newly constructed canals (from Lake Zris) and would
eventually extend iits migraiions into the Ohio River;
‘dut later ovcntc proved that this southward extension
progressed no further than central Ohto (Buckeye Lake).
After 1900 many thousands of Perches wers taken from Lake
Erte and liberated in the atreams of southern Ohte, but
these introductlions failed except for occasional strays

in streans or aat#bliqhuent. orten of dwarfed individuals,
tn some thpoundnants; During the 1920-32 filash survey a
totgl'oj'fbwcr than 20 Perches were captured in southern
éhio,:dcspttc the Jact that I made a practice of seining

tn the vicinity of recent plantings,»  Inis interesting

ptatement is reproduced here because it indicates clearly
that nearly all perch failed to survive in water which at
face value looked suitable for them. Furthermore, it is
clear from the above references that perch are plentiful |
in the waters of northern Ohio, lakes in northern Indiana,
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and in the tributaries of the upper Missiesippi;
Trautman mentions the upper waters of the Scioto River
(a northern tribvutary of the Ohio River) and the Wabash,
11linois and Rock Rivers, which are all Misslissippi

tributaries .

Now for the purposes of this evaluation it is
considered that the maximum water tempoiaturo of
midsumwer (ususlly July or August in the Northern
Hemisphere, Januafy or February in the Southern
Hamibphere) are thoée which will be cfitical in
controlling perch, 1f high temperatures are at all
responsiblo. »  | | |

~ In Buckeye Lake, central Ohio, there is a record
of surface tomperaturoa between 29 and 3190. in late
July - early August, 1930, though it is likely that
lower temparaturos may have provailed over much of the
lake, while it is also prodable that higher temperatures
occurred than those recorded' (Tressler, Tiffany & Spencer,
1940). There seems also to have been a small but
definite vertical temperature gradient in the lake, of
the order of 7°C.  So when the surface was, say,
30 - 32°Ci, it prodadbly did not exceed 25°C. at the
bottom (6.25 n.). Since perch can live for a prolonged
period at 25°C., and since, anyway, Buckeye Lake does
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‘eontain an enduring perch population, this lake ie
painly of interest in showing that shallow ponds,

whose depths are pot greater than a couple of metres,
would be likely to exceed 30°C. in summer in central
Crio.  Purther south, still higher temperaturesz can
bé expected, and the critical level for perch is ‘
apparently reached in the Ohio River. Trautman (1960,
peraonal communication) has added to the above extract
from his book. He dbelieves that high temperature is
the principal factor responsible for the relativa
absence, or stunting, of perch in southern Ohio;'atating
that water temperatures in this part of the Stata are
often betwesn 26.7 and 31.7°C. for hours and days at &
time. whough.he finds that perch may tolerate
temperatures in the field of about 33°C. for short
intervals, they.ara absent from, or rapreaéntaﬁ by
stunted individuals in, waters whore the summer
temperaturs is frequently ebove 29°C.. In view of the
iunense experience and authority of Trautman in the
natural history, syatematies and diatribution of fresh-
water fish, especially in Ohio, his views can bve sccorded
great respect. '

Galtsoff (1923 -~ 4) published a limnological survey
0f the upper Mississippi including & map and temperature



dede for this river erd some of its tributarles in
ridsummer ¢ver & stretch which is very important in
this studys Pigure 8 is a map based on his Figure 3
and shows that at 2ll points surveyed from Falrport,
Towa, downstream to Keokuk, temperatures were in the
range 27 %o 33.390. The mean temperature of this
section of the river was therefore about BO.SQC.. but
1t would be the highex temparatﬁrosin this range (say'
30 to 33.3°C.) which would be most critical for perch.

The latitude of this part of the Mississippi, from
Fairport to Keokuk, is very nearly the same as for
central Chilo, Indeed, there is only about 1° of.
latitude difference between central Ohio and the north-
east corner of Kansas which, aa.mentioned earlier, is
the southernmost limit for perch in central North America.
It should be noted thaé the dhio River enters the
Mississippi far below the most southern occurrence of

perch in the 1atter or 1ta tributaries.

However, the data of Galtsoff fail to tell the whole
story. Platner (}946) collected temperature data from
the same sectionﬁof the Misaisalppi during 1944. The
highest ﬁidsuﬁﬁer temperature he recorded was 28.5°¢.
(August), for a site just above the middle of Iowe during

low water, Further south temperatures did not even
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reack this values Cericinly perch sare sbundant in

both the Miswiesippi end Misscuri Rivers wherc they
berder Iowa (Trautwaun, 1560, peréunal coununiication).

Thus 1% seemé Yest to suggest that though the very high
teupcratures Galtsoff recorded for the sumusy of 1921n.
may not occur every year, vet the faet that they do occur,
and that pereh are very xare below lIowa, aéems to impiy
that tewperature is limiting their peneiration further

south in this system.

Also indicuted in Pigurs 8 1s Champalgn County, an
aréa of stream systems in Illinois whose fish populations
were extensivalj ¢enaused by Thompson & Hunt (1930 -2)
These stresms eventually discharge into the Mississippi
River, either dilrectly or via the Illinois or Ohio Rivers.

The sireams do not contain P, flavescens, though there is

a long list of other fish species, and fron the descrip~
ttions 02 the streama by the authors they would appear

%0 have many stretiches suitable for perch. There are,
however, two probable reasons, both connected with high -
texzperature, why perch ars lacking. Pirastly the confluence
of these streamws with the iississippl, whether through

the Illiroie or Ohio Rivers, or directly, are below the
lower fringe of &istributieﬁ.of 2. flavescens (Figure 8).

In the second place Thompson & Hunt state that temperatures
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in the stireams may exceed 32°C. in unshaded sections in
nidsummer, So the streams both enter the Mississippi
further aduth than the limit'of what has been considered
thermally tblerabla for perch and contain, within th&m-
 $salves, streatches where temﬁeratureé may reach or exceed
this limit. *

It is woll-known that the Misslssippi-Kissourl
gysteam ie extrexely 4urbld (%ﬁyacially the Wlasowel;
Platner, 1946, provides values), and in case it ba
thought thet perch might be liuited by the effects of
811t and turbidity 1t is worth pointing out that Trautman
(1960, personal coﬁmun1¢étion) believes this to be orly
.of minor 1mporfanée. lie has indicated that perch in
Ohio frééuént turbid waters an& that "Sandusky Bay, an
' emb&ymenthf'zaka Erte in Chiv, has turbid weters with
much stlt in suspenston, especially tn the spring, yet
perch spawn adbundantly in Sandusky Bay”.  The present
writer has alsc seen actively growing and reproducing
rerch populetions in farm dams in Tesmania in which tha
water is very turbid (turbidity several hundred pep.d@e. ).
i1} is only where great turbidity or silting way destroy
plant beds that perch are likely to be affecied.

' The distributional liuits of P. fluviatilis in Victoria
- and New South Wales are indicated in Figure 9. Though

not very common in the Darling River they occur, but



Figure 9. Limits of distribution of Perca
fluviatilis in the Murray-Darling system of

New South Wales & Victoria shown as
accurately as can be deteimined at presentu
(neavy line). The Australian Alps & the
Great Dividing Range are indicated by the
area enclosed by broken lines, and which
represents land over 1000 ft a£ove sea level.

See text for temperature data.
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apparantly not furtha» narth 4han Wilseamyia (Lake,
1953 ). Maximal %teuveratures in the Darling et both
Wilcannia and Bourka apnear to bha 29%C. in a normal |
sunzer, with but 1littls decreass with dep%ht Parch
are common in the Iachlan, Murraﬁhiﬂgaa and Murray
Rivers, bsing blocked in the Lormer two by the Wyangﬁla
and Burriniuvck PRegerveirs, or by the hill sireams which
flow into them: 4t iz nct certain which. Thne Hurray
is usually adbout 39C. cooler than the Darling in summer,
but in the lower lLachlan, duriag a protraétod heat wave
in the summer of 1958~59; tamparafuras reached 32°c.
Doad perch wewre seen hove and others, gill-netted, dled
goah afterwarda (Jeko, 1560, personal communicsation). ‘
Downstreanm roar llldure the témperatura in the murray-

Darling system rarely excceds 26.5°C.

Thus it begims to appear likely ithat 29 $o 32°C. 4s
the approxiuate range for higher temperatures which may
conirel distribution 6f‘gggg§ appa'fawarda the eguator,
esvecially when 2ield experience is considerad in
conjunction with laboratory data. Of course, the actusl
~ temperature imposing a thermel limit will vary somewhat
with the thermal history of the fish, the duration of
its exposure %0 the highest tampefature enccuntered, and
other factors such as oxygen and carbon dioxide tensions,

otc



46

In applying the principles which appear to govern
perch distribution to explain the present limite af‘the
world range of perch several points must be born in mihd.
There may be numérous waters outside the present range
where perch will eventually flouriah, through man's
activitiens, For even when the surface tomperatureé of
such waters exceed the lethal level for pérch the
 profundal of deep meso= or oligotrophic lakes way be
6002'@nough, and have sufflcient oxygen reserves, to
permit perch to survive a difficult summer. Alternatively,
| where the nltitude of a lake iz sufficient to offset the
effects of low latitude (naéiuéss to equztor) perch
could ggrvivs¢ But here they would certainly need to be
introdﬁcea'by man, since the barrier of helght (i.e.

- siream gradient) would usually prove impsssable. A
typical examﬁle of this kind 1a afforded by'thé iakes
of the Sierra Hevadavaf California. These are far to
the west of the range of perch in America, and further
south than-thé 10weaf 1imit of {their distribution; yet
because of their high altitude the suwmer temperaiures
in these l=kes do not exceed sbout 15”0.' {Reimers,

Maciolek & Pister, 1955).

However, it 1s 1& rivers of a certain kind, and in
shallow ponds, where wa may expect to witness high

-
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temperatiures nost cleariy exercising their influence. -
Though 1t obviously cannot be expscted that daita will

be available for temperctures in the innumeradble ponds

at the scme or lower latitudes than the limits of perch
distribution, it may be that water temperatures will,
often éuough, apéroximate to prevalling air temperatﬁres
in nijsummer to eﬁabie 5 reasonable prediction of the

one to be made frbm the others In Fizure 10 maximun
monthly water temperatures in the top meire of two
Tasmanian farm dams are ploited against the mean monthly
maxinum alr temperature for Hohart:' th§ alr temperature
data having been collected at a station only a few ;ilea
distant from the dams and 2t much the same altitude
‘(atation at l??fft.).. These dums have been described
'1imnolagicaliy in connexdion with L{ishery investigatians
(Wéatherley, 1958). The cerqupondencé of woter and alr
temperatures ie aoparent, though it‘is‘not to be inferred
thet water témperaturealare ceysally related to air '
temperaturos, The line in Figure 10 hzs the slope which

# ' fThese and all other air temperature data in this
~ study were obtained froam Tables of Temperature,
Relative Humidity and Precipitation for the Forld,
compiled by the Neteorological Ojfice of the Air
Yintstry, and published by K.¥. Statiomary Offics,



Figure 10. Surface water temperature versus
corresponding mean monthly maximum air

temperature for two small Tasmanian farm dams.
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would represent a one-~to~one ratlo between air and water
temperatures As is obvious, 1{ serves us a good
regression line for these data. Thus air tenperature
is likely to be very useful in predicting approximate
water temperature in shallow, easily-mixed water bodies

near sea level.

1t appears also that the temperatures in slow=-flowing
rivers may often corréspond to maximuu alr temperatures,
especlally in midsummer, znd when the water is sufficlently
far from hills or wountains from which cooler water may
‘flow. The mean maximum sir temperature for July for
stations near the critical section of thbMissisaippi
River, covered in the report of Galtsoff (1923-4), are
arranged in Table 4, S |

In Buckeye Luke, centra}thio, the surfacs temperature
maxima are very close to thé mean maxiﬁum alr temperature

at nearby Coluambus.

Thus it appears that it may bde practicable to infer
water temperatures from known air temperature maxims in
surmer in those reglions where 3t seems possible that

perch may be encountering a thermal barrier.
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(111) World-wide d;striﬁutiOn of perchy a detailed analysis

This will now be attempted on a country~by-couniry

basis.

America A

Figure 6 shows the limits of . flavescens in North
Americas Parch are not found in the north. This way
be because this i& largely a region of gfound permafrost
_where the lakes are often frozen for a great part of the
year, and where general thermal conditions are too low
t0 permit survival. To the west perch are turned back
by the steep stream gradients associated with the huge
massif of the Rocky Mountalns, and are also absent from
tﬁe North Agerican Paclific Coast, both of Canada and the
UsSeAe  Because of the moderating influence of the
| Pacific Ocean, air temperatures at coastal stations even
~ in Californius are quite appreciably lower in midsunmer
- than those at siuwllar latitudes in the Middle West o the
ﬁnited States, but fhe Rockies have afféctively prevanted
| perch ffom antaring 4his region. Howeveyr, 1t remaina
doubiful whether perch could becoma widely astaﬁlished
in the Pacific Coaat'rivers, even 1f they could gain
access to thew or were massively introduced, since most

of them are short and swift, descending rapidly from the
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Rocklies into the Pacific.

In considering liumits of perch distribution in the
Middle West of the U.S.A. Figure 1) should be taken into
accounts It is apparent that west of the Appalachlans
the southern ffinge of perch occurrence is, in general,
associated with eir temperatures of 30-31°C. Where
temperatures exceed this level, és they do in a southward
direction right down to the Gulf of lisxico, perch are |
lackirng, Oh the castern side of the Applachians numerous
rivers run into the Atlantic and‘here perch are found
down fo saufhern South Carolina (Figure 1ll). They thus
exterd further south on the east coast than in the kiiddle
7est, probably because of the moderating influence of the
Atlantic Océan (= view. 1nc1denta11y. that 1s shared by
-Trautman) 1960, personal communilcation). In additioa
these east coast rivers with their rélatively short yet
largel& lowland courses arise in the Appalachians where
somewhat cooler conditions prevail.

Perch have survived in at least one rorth Georgia
reservoir (Figure 11), though from the map it looks as if
'-théy would encounter a rather abrupt thermal barrier in -
lower Georgila.

Wegtern “urope

In YWestern Europe (Pizure %) only northern Scotland,



Figure 11. Southern distributional limits of

Perca flavescens in North America in relation

to mean maximal air temperatures of midsummer.
Location where perch are surviving in North
Georglia indicated by hatching. . See text

for further explanatibn.
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the greater part of Norway, Spain, most of Italy and much
of Greece lack perch P. fluyiatilis, and as Britain hag

already been considered the survey may start with NHorway.

Norwayt It seems falrly certain that much of Norway lacks
perch bYecause the few rivers in the nofthern half of the
country are so short and steep, arising as they do in the
Kiglen ilountains and descending rapidly to the sea. In
additlion, wuch of this part of the bountry ig within the
Arctie éircla. and since it is also high must be extremely
colde Only in south-eastern Norway are there numerous

lakes and some rivers with fairly extensive lowland

zbre#chea where perch might find suitable habitats, and

these waters do contain them (Pigures$ & 13).

Spaint  Porch are absent from the Iberian Peninsula,
evidently being excluded by the Pyreneces. Temperature is
apparently rot involved since alr temperatures to the
north of the Pyreneces (i.e. of the msouth of France), from
Bayonne to Nice, do not exceed 28°C,, while the waters
descending frow the high altitudes 0f the Pyrenees will

be cooler than the bigger river systems of southern
France, Indeed air temperaturees 4o not become unduly high
until nearly halfway down the Peniﬁsﬁla; the mean maximum

air towperature does not touch 31°C. until limdrid is
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reached. S0 temperature ie unlikely to have barred
perch at least from northern Spain.

On the other hand, though much of Spain is high,
because it is a plateau extensive rivers exist, with
wandering courses of slight gradient, and there seewms no
obvious reason why perch could not live a¢ least in the
uore northern of these if they could cross the formidable

barrier of the Fyrenees in sufficiently ldrge nunbers.

Italy:s Italy furnishes one of the more interesting
examples of perch distribution in Europe. Figure 12
shows the limits in Italy today, based mainly on the
information of D'Ancona (1960, personal communication).
Perch are not fougd in the waters of the high Alps, and
thelir limited occurrence in Italy, restricted as it is to
the highland lakee of Lombardy and to the Po Valley, is
likely to be the result of introduction by man, since it

5e.

is almost certain that the Alps would have been impassable.

Though perch are present in the major part of the FPo
River and most of its northern tributaries, many of which
flow from the lakes of Lowbardy, such as Lakes laggiore,
Lugano and Como, they do not inhablt the highland reacheé

of these tributaries, even though wany of the tributaries

come directly from lakes which do contain perch (D'Ancona,



Figure 12, Distributional 1limits of Perce
fluviatilis within the Po basin of north
Italys limits signified by heavy line.

The high lands of the Alps and Appenines
are enclosed by broken lines, areas within
them representing countr& 1000 ft, end more
above sea level. Humerals correspond to
cities for which the mean maximal alr

temperatures of mideummer are given below.

Yo, City Ay temp. (°C.)
1l Turin ‘ 20,8

2 Milen : 29.8

3 Lugano " 28

4 Bolzano | 29

& Udine 28

6 Venice 27.8

" Bologna 31

8 - Florence 31.6

9 Ancona 2746

Sae text for additional informatione
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1960, personal comuunication)s This is apparently a
further very clear demonstration of the effect of
unsuitable gradicnt conditions on perch distribution
even within rivers containing theu.

0f southern tridbutaries to the Yo only thé Tanaro,
Taro and Parma Rivers carry perchs This is curious,
though these rivers assem to be.among the few southern
fributari&s with extenslve lowland yeaches. In ﬁhe
southern tributaries to the upper Po perch are prohably
turned back by the Appanineé.

The apparent absence 0f perch from the River Reno
which traverses the southern part of the Po Plain ie
interesting. It is possibly a temperature effect, since
the air temperature at nearby Bologna is 31°C., close to
what is considered critical, and the Reno 1é wainly a
slow, lowland stream, presenting good opportunity for
equilibration between air and water temperature. Indeed,
Bologna is probably the hottest locality in the Po Valley.

The streams running into the Adriatic from the
Appenines do not carfy perch, though in the north this is
probably due to¢ unfavourable gradients, since Ancona on
this part of the coast is rnot unduly hot (Figure 12).

Now since perch have, by whatever means, managed %o
cross the Alps the difficulties of reaching other parts of
Italy would seen relatively slight. Yet the remainder of
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the country is evidently unsuitable on either, or dboth,
of two counts. The "spinal® chain of the Appeniﬁea neans
that the majority of Italian rivers are short and swift,
vwhile the few that are otherwise; e.g. near Rome, Naples,
Foggia and Taranto (in the south) are likely to be at or
near the thermal liwit for perch, sincs the respective
mean maximum»air tenperatureas for these loeaiitiea in
widsummer are 31°c., 30°C., 34°C., ana 31.5°.

Greece: Perch are plentiful in Doiran Lake on the
Graeco=Yugoslavian border, Thoy extend into Greece as
far south as Thessally. .Air temperatures a#cdod 30°¢.,

in midéummer all around the Greek coast, but where rivers
of an apparently suitable type exist, in northern Greece,
perch are present. These northern rivers flow from the
highlands of Bulgaria, Yugoslavia and of Greece itself,
In Thessally the air temperature in midsummer raacﬁas
14%c, (at Larieé, on the largely lowland River Pinios).
Slightly cooler water from the Pindus Mountains 4in the
west whers the Pinios rises, probably keep the lower

reaches of the river Jjust below the thermal limit.

Eurasia and the l{iddle Easnt

Turkeyt Though perch are found in Bulgaria, where air

temperatures do not exceed 30.5%C. and mostly are below

54,
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3000. and there are several suitable rivers, “urkey
lacks perch es do the lands to its souths ZTurkey is, of
coursae, separated from Eﬁrope by the Black Seas This
separation is very slight at the Bosphorus, though it still
represents a few miles of salt water which way prove a very
difficult barrier for perch to bridge. Iilowever, most of
Turkey is topographiecally unsuitable, being mountainous,
and though the major part of the country pariakes 61 the
nature of &n uneven plateau, in which certain localitien
have moderate air temperatures, these are usually very
elevated (e.g. Erzerum, 6402 ft., mean waximuns air
temperature 2645°Cs 3 Sivas, IB8B fie, 27+5°C.). |

On the Black Sea Coast temperatures are moderate,
but there the rivers drop fairly steeply into the séa
from high altitﬁdea. Otherwise, especially in the gouth,
nidsuamer, mean maximua, alr temperatures are very high,
esgs Urfa 18,5%. near the Syrian border} Izmir 3300; and
Bursa 31°C. on the west (Mediterranean) coast, whera; in

addition the few shortish lowlasnd rivers are to be found.

U.S.S.R.: The most extensive and contlnuous occurrence

of B. fluviatilis in the world is found in the territories
of the Soviet Union. In the north they extend along the

margin of the Arctic Ocean from the Kolar Peninsula in the
west %o the Kolyma River which 1is not far from the eastern
tip of the U.S.5.R. Berg (1948-49) gave & general account




of their distribution, and Figure 13 is based mainly on
his wap of their distribution in Eurasia. It may be
broadly stated that most of the major water boiles,
especially river systems, of the U.S.S.R. carry perch.

If they lack them there is usually no obvious reason for
this, except perhaps isolation from other perch-contalning
drainage systenms.

But though perch inhabit the southern reaches of the
huge mature rivers which dissect the northern edge of the
vast, high massif which culminates in the Himalayas, and
separates the U.S.S«Rs from China, they do not appear to
extend wuch above 3000 f£t., save perhaps in some lakes.
Evidently they are not found much in Mongolla, in which
the few exzating rivers coums from great heights and aqme
are completely inland systeums.

One area in Russia has sufficiently high air
teuperatures in widsuumer to throw doubt on its ability
to carry perche This is the low country of Turkmeﬁistan
and Uzbekistan at the south and south-east of the Aral
Sea. Here air temperatures are as high as those associated
with perch limits elscwhere (Figure 13). TYet perch are

certainly present in the Syr Darya, the Amu Darya end in

‘the littoral of the Aral Sea (Berg, 1948-9, 1950). It is
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Figure 13, Limi»ta'of distribution of Perca
fluvietilis mainly within the U.S.S.R. (heavy
1ine). Mean maximum eir temperature of mid-
summer folz.' various places more or less close
to the southernmost edge of this distribution
are figured:'théy are genei'aliy less than the
1-ara.luea associated _with thermal limi;ts; but
see text in connexion with perch in Persia.
Areas indicated by broken lines are all ;ooo
fte. or more above sea level} mnehvof'thia is
below 5000 ft. and especlally in the north-
east apparently contains perch watera. But
the species has evidently been unsble to
penetrate ebove 3000 ft., and this very high
land with 1ts stecp stream gradients governs

southwards spread of the species.

As ’Syr Daryas By Amu Darys.
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quite probable that the rather iow reletive humidity of
this region accelerates heat loss frouw water through
evaporation, thus keeping water temperature# rather
lower than uight be expected from the high air teumperatures
(see also section on Australia)e Indeed Berg (1950) does
state that ratea of evaporation in this area are extremely
high.

Perch also occur in the Caucasus region, in the
Terek and Kuma Rivers. Here temperatures are not unduly
high and the same applies to the Transcaucasian Rivers
Rion and Kura, euptying into the Black end Caspian Seas,
respectively, though 1t is interesting to note how
completely fhe latter two rivers, in their valleys,

appear to be isolated from other major systems.

Peyrsiat Berg (194E-49) indicated that perch occur in

northern Persia around and beyond the southern edge of

the Caspian Sea. It is very difficult to understand how

they would have become established in these highlands
where no suitable river types seem to exist. Air
teuperatures are very high, too (Pigure 13), but in
northern Persia, as around the Aral Sea, relative
hupldity is uncommonly lows o if Berg (1948-49) 1s

correct about- the presence of perch here it is posasible



that they can survive because water teupsratures are

lowor than might appear from alr temperatureds

S th Africas Perch have been introduced into South

‘ african waters, but the information it was pcaaible to

obtain on their distribution was too slight and fragmentary

to-add anything of interest to the present survey.

Agéggalasia:' The Victorian, New South Wales ande+Tasmanian
distributions of perch (Figures 5, 6 and 9), together with
that“of New Zealand, formed part of the basis of this study,
but the Rew South Wales distribution bears several other
featurea which merit closer examination.

In the first place conditions are very dry in wmost of
1n1and New South Wales, which is separated frouw the narrow

Qtiip 0of the east coast by the Great Dividing Rangee Low

'gﬁmidity over moat of this inland region probably helps to

éxpléin the fact that while water temperatures of the
3ar11hg River at Wilcannia and Bourke rise as high as 2900.,

’ mean maximum air temperatures at these places in midsummer

‘reach 3% and 38° C.. respectively.

" The absence of perch from coastal streaus of New South

/

- Vinles is probably due simply to their not having been

1ﬁtreduced into theuw. Yor uwuch of their courses these

éiréams cross the relatively narrow coastal sirip, but



teuperatures cannot be to0 high here, for even as far
north as Port liacquarie (some 180 wiles north of Sydney)
the air temperature has a mean midsummer maximum of only
28°C. Furthermore, these coastul streaus arise in the
relatively high, cool conditions of the Dividing Range.
Rochford (1952, 1953a,b) has published teuperature data
on many of these streaus which make it ¢lear that most
of thew would be thermally tolerable for perchs

Lake (1960, pereonal communication) has noted an
additional point of interest here. Perch »gecur in the
Bombala River, a tridutary of the Snowy River, dut Rave
not penetrated into the Snowy River i1tselfl «.v. . The
Bonbala is a rather sluggteh stream conmpared wtthvthc
Snovlesees” (Pigure 9). Here, again, is presumably seen
the inability of perch to live in lively waters, even
though they may inhabit other more suitable partes of the
sage river system.

(¢) Discussion

The kind of correspondence betweén maxiﬁum ailr and
water temperatures that has been suggested, and used to
evaluate the influence of the latter in governiﬁg ﬁérch ’
distxribution, has a ﬁumber of imperfections. Some of
these are brought about as follows: by the effects of
uncommonly low humidity, prqbably day length, excessive
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turbidity, die; temperature range, the fact that water at
the point of interest mey be coming from & cooler highland
Bource, Or a warmer laie. Kevertheleaa,'wheia 2iy temperw-
atures have been aﬁploygd to infer water tenperaturesl |
caution has been exercised in whatever ways uere”potaihla
in the interpretation, and tha possible effects of racfora
which might spoll correspondence were eohéidarad. Relative
humidity has becn aapacially noted for carfain relevant
regions, where it is oconepicuouncly low (1.6; New South
Wales, Peraia’south of the Caspian and the area to the
south of the Aral Sea). 1In othér places, such as central
Korth Amerlca, the Po Valley, and certain other'regiona
where temperature may de important, relative humidities
have usually been moderate; i.e. something of the order
of 60-80%. |

I? close similarity between the thermel responses
of P, fluviatilis and P. flavescens be ﬁﬁaumed several
generalizations may be advanced to account for world

dietribution patterns of perch. In many instances the
1imits imposed may be atiributed to thaiabaénoe of
sultable habitats in highlend streems with their steep
gradients, 8o perch will ususlly be turned back by high
hills or mountalns, Thess may elso form a very ©ffective
barrier to thelr epread 1nfo waters which,might in
themselves be suitable (e.g. lakes in the Sierra Nevadas),
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In addition we'will not f£ind perch 1n‘sfreams with short,
steep courses (e.gs in much of Tasmania, on the Horth

American Pacific Coast, much of Scotland and Italy, etc. ).

Streams with steep grades ave obstacles to perch diffusion

in two wayat The water will flow too rapidly for the fish
to live comfortadbly, and such swift and turbulent streaums
will lack plant beds which perch need in which to deposit
their ovas, Thus, topographically unsuitable streams play

‘an extremely important part in deteruining world patterns

of distribution in these specles.

The direct role of high temperature is probably only
seen on a large scale in New South VWales and in the
American Middle West, in very large river systems, where
no extensive materinl barrier is apparent, and perhaps on
& lemser scale in parts of Italy and Creece. However, if
the range for linmiting temperatures may be acceplted as
between 29-32°C,, then even if the highland barriers
preventing perch froz reaching tropical latitudes in
Eurasia could be overcome, temperature would still operate
eventually to limit their spread towards the aquafor.

On the other hand, perch could almost certainly survive
in some regions frow which mountains at present exclude
theme

As examples of the first poasibility let it be

\
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supposed that perch could cross the Himalayas into
Pakistan and northern Indiae It is true that below the
slopes 0f the Himalayas large, mature rivers are
encountered, which might seen suitables But air
teuperatures in midsummer are exceedingly high (of the
order of 38%C.) so that even with the low relative
humidity prevailing in this region 1t Saema very doubtful
that these streams would‘be thermally tolerable. In
these ldtitudes. even in the cooler part of the year 1t
is about as hot as in the North American midsummer, and
husidity is high. Similar conditions obiain in southern
Persia and Chine in sumper, and highgr‘hnmidity pf@vaila

~ than in northern Indis.

Manchuria furnishes an- instance of the sscond
possidility. Here air temperatures are warw dbut not
undﬁly high and large mature rivers and lakes ars present.
Perch could probabdbly live in llanchuria if they should gain
accass in sufficient numbers to become estadlished.

CEPRAPYRBEIRENASIENDS

| This stndy has not included en investigation of the
effects of higher temperatures on perch during the breeding
season, 1.9, On thelr developing gonads and fertilized ova.
In the first place perch spawn in mpring.'thua aissing the
hottest part of the year during this phase of their life




cycle, and ensuring that the bulk of any 0 group fish

would be well beyond the 1arVa1, and immedlately post-
larval, stages of their lives ﬁerore encountering the
worst heat of summers However, it may be of intexest to
glance at Figure l4. Here are shown the‘annual cycles of
air teumperature, and water temperaturse for the Darling |
River, at Bourke, New South Walea. The curve for the
Darling at Bourke was constructed from data kindly
supplied by J+S« Lake, 1960; he has given his assurance,
founded on consideradble exparience of the region, that
tenpsratures in the river at Bourke are very similar to
those at Wilcannia (Figure 9), which, it will be recalled,
is the northernmost limit for perch in the Darling (lLake,
1959)s These curves are contrasted with the mean N
midcumner water temperature in the Fairport region of the
Wississlppi (trom Galtéoft. 1923-4), together with air
temperature curves from Kansas City which 4s not far away.
Thé mwain point to note 1s the much amaller amp11ﬁude
between summer and winter air temperatures and water
temperatures in the Australian environment. This has the
effeoct that water temperatures in this region of the
Darling (the record is very similar, though not quite so
complete for Wilcannia) rewain above 21°C. from mid-

Octoder until early May., Indeed, in the whole world range



Figure 14; Water temperatures in the Darling
Rivers and air temperaturea; at Bourke (New
South Walel); in the rairport region of the
Miaesissippi River and at Kansas City; |
Vertical lines striking the temperature curve
for the Darling River indicate the spawning
period in 1t for 2; Fluv] s tilia:‘. end the

corresponding water temperature.

mean monthly maxirum & minimum air
temperatures af Bourkes Q--~--- mean monthly
maximum & mix;imum eir temperatures at

Kansas cztyl; —-—-— eurve of water temper-
ature in Darling River at Bourkej *°**°**°**
curve of water temperature in Mississipi

River at rFalrport.
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of perch the Rew South Wales environment probably
provides the most equable yearly thermal nonditiong, and
the warmest spring. The North American apring, even on
the southern fringe of perch occurrence, will presaﬁt
considerably cooler water conditions, to judge from the
numerous air teumperature datas. In England and Europe the
spawning perioed for PB. fluviatllis extends frcu mid-March
to June - but ﬁsually April and lay ~ (Schindler, 1957),
varying agcording to prevailiﬁg physical conditions 4n
the watqr.(eapecially temperature, light (?), etce)s In
Lake Windeimere moet percﬂ spawn in May (Le Cren,1951)
when the tomperature is about 11°C. (Jenkin, 1542). As
Figure 14 shows, temperatures in the upper Darling River
may be several degrees warmer than this during the apawning
period there of P. fluviatilis. 2. flavesceng spawns in
North America over much the sawe period as P. fluvietilis
in Furope {e.g«. Fearse & Achtenberg, 1917-18). It may
prebably be concluded that if high temperature i1s not
unéuly affecting perch during their life cycle in New
South Wales it 1s nét likely to be doing 80 elsewheres.
Nevertheless, it 1s possible at léaat for some fLish
species that early thermal history may profoundly affect

their teuperature tolerance in later life, irrespective of
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future acclimatizations. Thus Gibson (1954) found that
Lebistes was affected by its early temperature dackground

to a considerable degree, at least in relation to

laboratory tests of temperature tolerance. She suggested
that apparent "geographic® differences in lethal temperature
which Hart (1952) reported for several specles of fish, may
have been due t0 the early thermgl beckground of the various
populations he examined. If this view is tenadble it could
be argued that perch from places where the young fish ere
exposed to warmer conditions might have different thermal
tolerance than those from cooler climates. However, if
there ls such an effect it seems unlikely to be large encugh
to be of much biological significance, and 1s certainly %oo

~ small (if present) to be appreciated in the present study.

LA AN ENERENNNEENNENEY R

As yoiﬁted out in the Introduction, certain workers,

- especially those concerned mainly with Salmonidae, have

suggested that fish rarely encounter lethally high
teoperatures, or anything approadhing them, in naturs, even
though there may be a recognisable relation between upper
lethal temperatures and habitat typé for various spécies.
In recent years several workers have investigated tha

question of temperature selection, or preference, among



fish, paying particular attention %o the etfectvot
acclimatization temperafure {Fry, 1951; Sullivan & Fisher,
19533 Pitt, Garside & Hepburn, 19563 Garside & Talt,
1958)s It 45 difficult to estimate the sigunificance of
such studies, since they depend wainly on laboratory
investigations with a rather stereotyped approach, and
corroborative field data are usually lacking. However,
work on the speckled trout Salvelinus fontinalis,
sunmarized by Fry (1951), is more complete than for most
other species, and it appears likely that this species
does actively avoid high teumperatures in the field. Thus
Creaser (1930) showed that speckled trout wsie absent from
atrenms where teuperature exceeded 19°C. in summer, even
though such streams were in other ways (including chemical
properties) quite similar to those where temperatures were
below 199C. and in which speckiled trout flourished. Fry
(1951) has described how speckled trout acclimatized to
less than 149C. seek warme? water, and above 19°c. seck
cooler water. In the range 14 to 19%c. they tend to remain
in the temferatura to which they have baén acclimatized. |
The upper preference teuperature of 19°C.113 well bdelow
the highest temperature tolerable for a prolonged period
(25.3°C+ )s  The work of Graham (1949) indicates that
between 16 and 20°C. is the optizum temperature for the

66
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speckled trout, because it ia able to move and respire
wost effectively within thies range. That is to say that
both the greatest speed which speckled trout can maintain
indefinitely and the :greatest difference between their
oxygen uptakes during minimal and maximal activity were
found in thia temperature ranges

-information on these subjects of teumperature
preference, respiration and activity seem to be lacking
for P. fluviatilis and P. flavescens, but as already
indicated they can occur in water where temperatures can,
at least temporarily, oxceed 30°C, And in the unnatural
environment of the aguarium tank they can live at 30°C,

vithout superficially unfavouradble symptoms, save perhaps,

'waight loss and excessively high activity. It seems clear

then that perch can live within a degree or s0 of thelir
thermal limit for prolonged preriods, and they certainly
do not indulge in the eensitivé avoiding reactions %o
dangerously high temperatures which seem to characterise
at least sowe 0of the Saluonidae. Yet Just above this
critical level of temperature perch die in the laboratory
if exposed for any considerable length of time, nor are
they found in waters aignificantly warmer than this in
nature.

Now it could be argued that perch must exercise



temperature selection 80 a8 t0 remain Just below their
lethal level in nature. But it seems simpler to0 suggest
that their spreed towards the equator is prevented by
the direct effects of upper lethal temperatures in those
parts of the world where other limiting factors, such as
strean gradient, or isolation of one :1ver systeu from
others, are not the prineipél oness It is hoped %o
reinforce this viewpoint in the sectione which follow,
and to demonstirate that the ability of perch to live 8o
close to their lethal teumperature is only obtained at the
expense 0f a considerable call upon their blological

resourcess

68
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IV, EFPECTS OF EXPOSURE OF PERCH TO HIGHER TEMPERATURES.
{2) Results of Himtological Examinations,

Reference should again be made to Figure L end Table )}
t0 appreciate the nature of the various exposures or
acclimatizationa; results described here will be in the
order of the Experiments given in Table 3, Effecta of
prolonged high temperatures, of moderately high temperatures
end of lethal and near lethal temperatures will be recounted
under the»headings of the various tissues and organs
examined, in the fqllawing ordert Hesd kidney, interrenal
tissue, rencl tubules, 'spleen, liver, thyroid, axisl
nuscles. |
(4) Head kidney.

In most teleosts the head kidney is basioezlly derived |

from pronephros, largely throigh replacement by lymphoid
tissue, Baecker's {1928) amccount of the head kidney of
P. fluvietilis is very good, especlally as it was based on

only two specimens, being part of a wide comparative survey

of heed kidneys of many teleost species. But his descriptions
do not nake it easy tO'viauﬁiise the shape of the head kidney,
and his account falls to consider thegmcrphology of the

kidney pr0per; or its bloocd supply. Part VI, of tﬁia.theaiﬁ
descrides the blood vascular pystem of these organs end

certain other points of thelr morphology.

Por preseat purposes it is guffioient that the head



kidney consista of two lobes composed largely of lymphoid
tissue, conjoined medinlly by a narrow bridge of the some
tissue, each lohe situanted at the anterior end of ons of
the kidneys. The cardinal velns, each of which traverses
one lobe of the head kidney, have, arranged eround their
lumina within the head kidney, the interrenal tissue which
may vary from one to many ¢ell layers in thickness. But
even at any one location clong the courss of the veins these
layers tend to vary in thickness, and are usually erranged

discontinuously around the lumina of the veine.

In low temperature control fish (i.e. perch acclimatized
to low temperatures) the main substance of the head kidney
aonsisted of dense masses of lymphocytes arranged in e close-
knit, compact reticulum, interpenetrated by fairly obvious
blood copillaries and numerous narrow blood channels
(Plate 1, Figure 1), In the reticulum are found both largs
and small) lymphocytes, with the 1attar’pradom1nat1ng. Yoffey
(1929) gave an excellent account of the various cell typéa,
which m:y erise from en origin as small lymphocytes in the
spleens of teleosts and elasmobranchs; ond it hos been
inferred from sppearances that much the same applieas to the
lymphoid tissue of the hecd kidney. |

The offects of rapid and severe temperature etress, as

when (Experiments 1 & 5, Table 3) %emperaturs was elevated
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from an acclimatization level of about 7-500.'to a point Just



Plate l. Appearance of percl head kidney.

| Flgure 1. Dense lymphoid mats of head kidney
of perch aéclimtizad to low temperature (7 .5°0.).

Hote narrow blood channels,

Flgure 2. Head kidney of perch just before
diseblenment during lethel terts aé’éimaﬂzation
temperature 7.5°C. Channels have here become
mich wider and contaln many red cells and

lymphocytese

‘Figure 3+ Head kidney of perch after death in
lethal test; had been held at 17.5°C. for 2 days
before test.  Widespread lymphoid depletion
with broad channels.

All X 62610-‘.



Plate 1.

Pig. 1

Pig.2

Pig. 3
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before diseblement, at 4%, per hour, prcduced the results
pictured in Plate 1, Figure 2. Marked lymphocyte losses
have occurred, so that the channels have increased greatly
in extent and are much wider, The lymphold tissue iemain—
ing is still firmly packed. In another perch removed
before dipablement and in two fixed immediately after death
the eppesrance of the heed kidnoy was very rmuch the some es
thiss In interpreting this type of lymphoid depletion it
has been inferred that an increased blood flow accompanylng
rising temperature and asctivity has gimply swept awaj the
lymphocytes lining the blood channels,

In Experiment 7 the condition of the head kidney in
fish exposed for 2 days to 17.5°C, féllcwing rapid elevation
to that temperature, resembled that for the stressed fish of
Experinment 5; except that the blood channels were less wide
but more numercus, But after death, following a lethal test
produced dby heating from 17.5°C., advanced lymphoid depletion
of the head kidney was found, about half its substance being |
lost to the ecirculation. Most of the channels had become
wide and branched freely, and many of the packed lymphocytes
geemed to have become imolated into seperate masses
(Plate 1, Pigure 3).

The loss of lymphocytes in head kidneys of fish held
at 17.5°C, for 7 or 18 days (Experiments 3 & 6, respectively)
wes similar, thouéh gprarently less severe than in Experiment
7, but in lethal tests, bosed on fish from both these
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experimental batches, heavy losses of celle were apparent
before diseblement or after death. |

Anong £ish exposed to 20°C. for 6 or 30 days
(Experiments 4 & 10) only slight to moderate lymphocyte
losses were seen, so that 1t seemsa fairly likely that some
measure of lymphoid recovery is possible in fish exposed
to moderately high temperatures for sufficiently long periocds,
though as ususal during lethal tests, before disablement and
after death, lymphoeyte depletiona were severe.

Extensive and irresular channelling of the lymphoid
tissue wea Seen among the fish from Experiments 11 & 12,
which represented those acclimatized to very high tempera-
tures (28 and 3000.). Here the edges of the channels were
no longer at all clear cut, as typified in FPlate 1, Figurea
2 & 3, but unevens the overall appearance was that of a

broken maze. .

The conception of the hgad kidney which emerged from
this examination under varyiﬁg.thermal conditions was that
of a dense lymphoid mass, capable of losing many of its cells
rapidly via its bdlood channels - which themselves progress-
ively widen -~ when temperature is elevateds But in addition,
the lympho-reticular structure of the head kidney seems to
be permanently less closely-knit in perch acclimatized to

vary'h;gh temperatures, The condition of the tissue may be
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largely determined by the higher rate of blood flow through
the head kidney at higher temperatures* Certainly whenever
blood flow could be presumed to be very higii the head kidney
rapidly lost many of its lymphocytes and the blood channels
could often be seen to be packed with huge numbers of

erythrocytes and some lymphocytes.

(1i) Interrenal tissue*

Critical appraisals by such workers as Aboim (1946)
and Chester Jones (1957) appear to have established with
certainty the homology of the interrenal tissue cf fish
with the mammalian adrenal cortex* This homology was
accepted by Rasquin (1951) and Rasquin & Hosenbloom (1954),
in work which included observations on the interrenal tissue
of Astyanaxt and is also accepted in the present study.
Cheater Jones (1957) described the *basic unit of the
vertebrate (adrenal) cortex” as “essentially, a cord of
cells*, .é”. He also demonstrated some of the ways in which
growth, including the more or less complex looping of this
basic cord of cells, may occur within the various vertebrate
groups. Perch interrenal tissue often shows a cord-like
arrangement of its cells, and the cells also tend to become
arranged in the form of hollow cylinders, which are to be
seen whether the fish have been exposed to higher temperatures
or not, though the tendency is greater at the higher

temperatures. This point will be returned to later.
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In perch living at low temperatures (6-870.)
interrenal cells were characteristically rectangular,
cuhoidal, Bubcuboidal or polyhedral in shape, with a very
distinct, markedly spherical nucleus. As revealed by the
adopted methods of fixation and staining the rather
considerable cytoplasmic mass of these cells had a fairly
granular appearance. These findings accord well with those
of Baecker (1928) who also described the perch interrenal
tissue. Baecker rather aptly referred to the prominent,
globular nucleus as "bubble“Iike”. The cell cytoplasm was
acidophilic and the nucleus basophilic with haemalurn and
eosin, which again agrees with Baecker*s finding (he used
the same stains, among others). Figure 1, in each of
plates 2 to 6 show characteristic examples of interrenal
tissue of the perch from low temperature control (unstressed)
fish, since, naturally, its appearance has a certain

variability from one fish to another.

Now in Experiments 1 ft 5, the ".ppsarance of interrenal
tissue 1n perch after severe temperature stress, but before
disablement, differed markedly from that in the low tempera-
ture controls. The cuhoidal shape of many of the cells had
become emphasised, with the angles of the cells more clear-
cut and the margins very clear, as if some shrinkage of

cytoplasmic contents had occurred. Many cells seemed more



Plate 2. Interrenal tissue of perch from Expte S

Figure 1. 1In the right top corner may be seen
lymphooytes of the head kidney, to the left
erythrocytes in the lumen of the cardinal vein.
Between them are the interrenal cells. This
is a section from a fish acclimatized at 7.5
dege Cent.

Figure 2. I'ish removed Just before disablement
in a lethal test. Cylinder formation apparent
in interrenal tissue, also some distortion and
atrophy of cells, Some lymphocyte depletion
seen at left.

Figure 3« Interrenal tissue of perch immediately
after heat death. Erythrooytes f£ill spaces

among cells,

All X 600,
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ylg. 3
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elongated, though this proved to be merely an impression
derived from their having shrunk more in one dimension
than in others. This oellular atrophy was accompanied
by a change in position of many of the centrally located
puclei, which now appeared, at least in seetion, to
occupy one end of the cell. Iho cylinders of interrenal
cella, cften one cell thick, were of ¢ommon ocourrence,
end these, together with the other spaces in the
interrenal tissue, frequently had blood cells in them
(Plate 2, Pigure 2). In these two experimentes, fish
efter death had interrenal cells which looked even more
angular and atrophied. Cell margins had become still
clearer and more conspiouous, and many of the cellms were
now quite tear-shaped as seen in seotion, brosdest at the
nucleus, which in many inetances ococupied one end, and
tepering to a point at the other end. Others wexre
somewhat fusiform or approximately spindle shaped

(Flate 2, Pigure 3).

After 2 days exposure to 17.5°C. (Experiment 7),
perch interrsnal tissue resembled that of fish 1& the
lethal test of BExperiment 5, only that now the cells had
definitely becoms longer and mo more rectangular, thus
appearing in many instences to have hypertrophied
initielly and subsequently atrophied (Plate 3, Figure 2),



Plate 3« Interrenal tissue of perch from Expt.7.

Figure 1. Low temperature control: interrenal
cella'of fish acclimatized at 7.5 deg. Cent.
To the right a compact mass of heaﬂikidney
lymphocytes.

Figﬁre 2+ Interrenal of perch exposed to 17g5
dege. Cent., for two days. Cn the right dgpleted
lymphoid tilssue, on the left erythrocytes in
cardinal vein. Between them layer of interren-
al tissuej appesr ance suggestive of initial
hypertrophy followed by atrophy.

Figure 3. Interrenal of perch immediately
after lethal temperature exposures lNote
great cellular atrophy, marked cord &
oylinder arrangement, massive lymphocyte
depletion on right, with clearly-defined,
broad channels through head kidneye.

Al X 600.
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After death, induced by elevation of temperature in a
lethal test, cells were in many cases reduced to tear-
shapes, spindle-like and fusiform shapes, pointed and
wasted rectangular and polyhedral figures. As a
result of this striking atrophy the cell margins were .
exceptionally olear, and c¢onsiderable numbexrs of
cylinders were prominent (Flate 3, riguro 3);

The sppearance of interrenal tissue from fish in
Experiments } and 6 (exposure to 17.5°C. for 7 and 18
days) was similer to that after 2 days at 17.500.. but
with certain differaencest In Experiment ) the cells
had definitely hypertrophied (Flate 4, Figure 2), while
in Expei'imont 6, 1f they had hyportrbphiod initially
they hed subsequently shrunk again, so that they were
even more distorted then those in Experiment 7. The
added tffocts of a lethal test produced the degree of
atrophy of the éolll noted in other Experiments
(Flate 4, Pigure 3). |

In hpérimout 4 the interrensl tissue of fish held
6 days at 20°C. looked stressed, though, as usual, the
xéietura Just before disablement and after death wam
mors severs. But for fish held 30 days at 20°c.
(Exp;rimmt 10) and for those of this group subjected
t0 a lethal test, appearances of the ihtorrcnal tissue

- ,»',“V/'
.{?/



Plate 4. Interrenal tissue of perch Irom ixpte 3

dlgure l. Interrenal tissue of low tempercture

control riph accliratized ut 7.5 dege Conts

adpure 2. lLeiinite hypertrorhy of interrenal
cells Iollowing 7 doys &t 17,& dege Conte
liote usual lymphécyte depletion wnd renal
tutule at lowver right.

Figure 3 Thoush gomc atrophy of interrcnal
callo has occurred Juct befocre thermal

disublements 1t hue not yet become extienes

Al X 6c0
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signified heavy stress (Plate 5).

The most significant differences between the eppear-
ance of interrensl tissue of fish exposed to high temper-
atures and those held in the low range was seen in |
sections from fish in Experiments .11 & 12 (16 days at
28°0C., and 7 days at 30°C., respectively; see also
riguré l). Interrenal tissue of fish from both these
cxpufivmantsv had greatly atrophied cells, some appearing
as merely a thin bovoring of oytoplasm investing e still-
spherical, and epparently undamaged, mucleus (Plate 6).
In one of two fish fixed after death, following a lethal
test on the batch of fish in Experiment 11, the cyto-
plasni¢ investment of many of the cells was reduced %o
such a slight vestige that mach of the interrenal tissue
locked almost like collections of muclei alome.

Though by no means certain in the earlier experiments,
in Experiments 11 and 12 there was definite evidence of
interrenal hyperplasia, That this was not immediately AN
apparent on examination wes due to the very considerable
celluler atrophy which hed cocurred, which tended to mask "y
the hyperplestic condition. | "

{411) Renal tubules

Sections through the head kidney permitting



Plate 6.  Interrenals of pserch from Lxpt. 10.

Figure 1« Interrenal tissue from low temperature
control fishs acclimatized at 7.5°C.

Flgure 2. Figh held 30 days at 20°C.y interrenal
atrophy plus moderate lymphoid depletion.

¥igure 3. ¥rom fish acolimatized to 20°C. then
subjected to lethsl test) removed Just before
diseblement. QNote pronounced interrenal
atrophys cytoplacm of many ¢f the cells so
reduced as to appear as mere rim mmrrounding

apparently undamaged nucleuse.

Fie;uré 4. mch as for Figure 3, but from fish
immediately after thermal death.

All X 600.
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Plate 6. Interrenals ¢of perch from Expt. 12.

Figure l. Interrenal tissue from low temper~

ature control fish mcclimatized at 7 degs Cent.

¥lgure 2. _biah held 7 days at 30 deg. Cent.
Interrenal tissue, to the top and right, is
greatly atrophied and interpenetrated by blood
spaces containing erythrooytes. Lymphoid
tiseue - bottom & left « much depleted.

sigure 3. Much as for rig. 2, but for fish
(acclimatized to 30 degs Cent.) Just after
deathe

All X 600.
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sxanmination of lymphold and interrenal tissue also
involved regions eontaining glomerull and renal tubules;

‘gee Section VI. - Thess were routinely sxamined when-

ever posaible.

The characteristic appearance of the glomeruli and
tubules in histological section are well enough known
end require no detailed description, but it may be noted
that the wedge-shaped, cuboidal, or columnar cells
composing the latter had acidophilic cytoplasm and
basophilic, spherical muclei. Theres was no evidence
from any of the experiments performed either by prolonged,
moderate or short exposure to various levels of temper-
ature, or as a result of any of the lethal téatl, of any
serious deterioration of rencl elements to the extent that
Resquin & Rosenbloom (1954) detected in Astyanax mexicanus
naintained under prolonged conditions of total darkness.
However, in fish exposed to 30°C. (Experiment 12) the
¢olls of many of the tubules had a more shrunken appesr-
ance than those from any other fish save those from two
£4sh of Experiment 11 (16 deys at 28°C.). Their
appesrance i piotured in Flate 7. Essentially this
shrinkage or atrophy ﬁeant that many of the affected
tubules appeared consideradly more thin-walled than usual,

It 13 interesting {n passing to note that Abvoim (1946)



Plate 7. Renal tubules in hecd kidney of perch.

Figure 1. Typioal.appeaxance of renel tubules
in low témperaxure control fish {acolimatized
at 7.6%Ce)e

¥Flgure 2. Renal tubules from parch held 16
days at 28°C. (Experiment 11). In gontrast
to Figure 1 note utrobhy of both cells and

their nuclei.

Both X 600e
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points out that there is o superficial resemblance
between the cells of renal tubules and those of the
interrenzl tissue, and that this caused mome confusion
in the past, |

{iv) Spleens

Yoffey's (1929) excellent account of elasmobranch
and teleost spleens was found useful in elucidating
the struoture of the spleen of P. fluviatilis, and

evaluating the changes produced in experiments. While
no attempt was made to study the detailed siructurs of
the spleen for its intrinsic interest, the following
general notes of observations made during the present
work may be appropriate hers, especinlly since the
spleen of the perch does not seem ¢o have been the
object of much previous examination,

The perch splean has the simple elongate shape
commonly associated with this organ in the various
vertebrate groups, and is almost invariably triangular
in cross-section., It lles in close approximation to
allbop of the anterior part of the intestine. Some~
thing of the structure of the spleen can be made out
when a lerge part of its normel contents have disappeared
through the amction ¢f the bloocd stresm during the last
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phases of & lethal temperature sxposure. The espsule
appears to be of simple, non-muscular structure, es
Yoffey (1929) showed was commonly the case fcr many
teloosts, and as his acoount indicated, the spleen has

a8 large central vein and a maein artery, which is
conspicuously thick-walled, though not partiocularly wiglo.
The numerous ellipsoids (cepillaries) Yoffey mentioned,
vhich open into the pulp of the reticulum conteining the
lymphoid tissue, were also seen, | When the perch spleen
loses lymphocytes this loss 1s clearly featured by the
relativeiy open spaces which show in the reticulum, which
are normelly densely occupied by lymphold tissue.
Sometimes these lossem of cells ere reflected by the
presence of very larga numbers of lymphocytes in tho

lumen of the splenie vein.

In genaral, the acclimatization temperaturea at
which perch wers held in this experimental meries, for
whataver period, apreared $0 have no significant ofZeot
upon the spleen (Flate 8, Figures 1-4). The spleen is
normally filled with lymphoid tissue (Yoffey, 1929,
gave a comprehensive account of the cell types), so that
spart from some ellipscids end the main arhry and vein
structural elements cen hardly be distinguished.

Though the presence, in a few instances, of lerge numbers
of erythrocytes hinted at a possible function for the



Plate 8s Appearance of the normal perch spleen.

¥igures 1 & 2. Spleens from perch acclimatized
at about ? degs Cent, Large concentra&ioq of
lymphocytes masks most elements of structure,
though something 6f the reticulum mey be made
out. In Fig» 1 erythrocytes are seen,

especially top and centre.

Figures 3 & 4» Spleens from perch acclimatized
at 20 degs. Cent, (Expt. 10) and 30 degs Cent.
(E:ptoglz); respectively. Théy are not signife
icantly different from the low temperature
controls (Figss 1 & 2). In ¥g. 4 a speaic blood
vecsel has been longitudinally sectioned.

All X 600,
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spleen as a blood storage organ, the general impression
obtained was that in the perch it normally functions as 
an haemopoietic organ.

On the other hand, in almost every case where spleens
were examined from fish fixed immediately after death
during lethal tests, considerable losses of cells from
this organ were apparent. As indicated above, such
depletions exposed the reticulum, ete. Plate 9 shows two
such spleens in section. Loss of cells - very largely
1ymphocytes - was usually associated with a somewhat
collapsed appearance of the spleen in section. As‘Yoffey
explained, the spleen, though in fish incapable of active
contraction, may undergo considerable passivq change in
volume to accommodate more or less lymphoid tissue or
blood than usual.

As in the case of the head kidney, lymphocyte deplet-
ions of the spleen were attributed to a much increased
blood flow, especially sincé this would be very likely
to accompany the violent activity occurring as an immed-
iate prelude to death (Section III (a) (ii)) It
was perhaps surprising that many erythrocytes were not
found pooled in the spleen after death, in view of
its large venous supply, but perhaps the presence of
elastic elements in its capsule (Yoffey, 1929), helps

to expel blood from a spleen already



Plate 9« Spleens of perch 1mmediate1y after
thermel death. | |

Figure 1. ZFrom Ezperiment'sj perch acclimatized
to 7.5°C. = ©Spleen shows considerable lymphocyte
depletion, some capillaries are visible and a

good deal of the reticulum may be distingulshed.

Figure 2. Much as for Figure 1, but from & perch
ascclimatised to 30°C. before thermal death. At
top centre of picture small branch of splenic

artery appearse.

Both X 600
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impoverished of lymphoid tissue, end this would, of
course, account for its collepsed appearance after
death,

The pigment nodules noted in teleost spleens by
Yoffey were found in a mumber of perch spleens. Yoffey
epparently considered these nodules as products of
erythrooyte disintegration, as indicated mainly by the
presance in them of iron.{ and by their greenish-brown
$0 brown colour. JIn the perch they were always amber-
brown, There was no tendency for the nodules to be
more prevalent in thermally stressed fish.

(v) Livers

The studies on liver morphology by Elias (1955)
wers found very helpful in estimating the effeots of
temperatures on perch livers. Elias conceives of the
liver as a mralium (his term) or system of walls,
forming a continuous, complexly-folded mass fPtunnelled
dy a ladyrinthr of lacunge”. This muralium is one
cell thick in the livers of the higher vertebrates, but
in the lower vertebrates, including f£ish, is two cells
in thiocknessj the functional and cvolntionaty
significance of this difference has been mtorontmgly



discussed by Ellas. He also discussed the basio
shape of liver cells, which vary acoording to their

position within ths muralium, the physical stresses in

the liver and so forth., Apparantly the typieel liver
cell should be visualised in terms of figures such as
ootohedra, dscchedra, etc., rather than as roughly
cuboidal, or spheriical, figures.

It was found that to appreciate the normal
histological appearance of the perch liver sections
from mumercus fish had‘ to be examined, for as Garven
(1957) writes *The cytoplasm (of tAe ltver) ts of
very varfable appearance ..... due in part to a true
variation wiih verying functiornal states and in part
to the changes produced by varying fixatives and

sudsegquent treatments, e.g. the solution of contents”.
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With eosin and haemalum the oytoplasm of the perch liver

cell stained pink or pinkish mauve, and had a gramlar

‘appearance, while the predominant nuclear shade, if

staining was good, was usually the kind of deeper
mauve piotured by Garven (1957) for this kind of
staining. ‘sametiaeﬁ the cell walls stained eluariy;
at others they were faint or even indimcernible.
Because of the variable appearance of the liver, Plate
10 (Pigures 1, 2 & 3) pictures a selection of seotions,



Plate 10, Sections of perch livers reflecting

various thermal backgroundss

Flgures 1, 24 ds« Sections of normal livers

from perch acclimatized at about 7 degs Cent.

Figure 4+ ¥rom perch acclimatized to 7.5 dege
Cent. (Expt, 5) subject in lethal test, but

removed just before disablement.

Figure 5.i Liver of perch exposed to 17456 degs
Cent. for 2 dayb (Expte 7) and then raised to

1t§ lgfhal temperature.

Figures 6 & 7+ Livers from perch acclimatized
to 20 dege Cent. for 30 days (Expt. 10) &
to 30 dege Cente for 7 days (Expte 12)e

All X 600.
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indicating the range in appesrance accepted as normel
in this work., :

Below 20°C, the temperatire at which fish were
held does not seem to have male any difference to the
normel histology of the liver. However, in Experiments
1,344,5,6,7 (Table 3), among the livers of those fish

fixed ma&iatoly after death at high temperatures, there

wag observed what has been interpreted as a partial
disintegration of the organigation of the liver,. This
was manifested in tha near, or complete, separation of
ths cells of the liver from each other. Suoh a
degenerative change 41 not affect the whole of a liver
squally, but in patches the breakdown was severe, while
sometimes separated celle seemed to be undergoing further,
individual, disintegration, In general, such changos
in the liver mppear to have hYean a result of rapid
slevation of temperature sbove the acclimatization
level, occurring during a lethal test. BEven then it
seemed to have been restricted to the last few minutes
of 1ife, since such signs were usually ebsent from, or
nerely inciplent in, ¢he livers of fish fixed just before
disablement (Flate 10, Figures 4 & 5). However, the
changes were not an inevitsble mccompaniment of heat
death, since not all the livers of figh fixed just afier
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heat death displayed it.

The livers of fish from Experiment 10 (30 days
at 20°C.) veried the most remarkably from the nmormal in
appearsnce as Flate 10, Figure 6 shows, In four such
livers examined there wes a general eellular degeneration
with some necrotic patches.  Many cells walls had
disintegroted, many nuolei seemed to have lost their
oytoplasmic investment, snd mearly all the nuclei them-
selves were shrunken and distorted, in marked contrast
t0 the smoothly spherical eppearance of the normal nucleus
of the liver cell. In many of the cells of whioh the
wall etill seemed reasonably intact, cytoplasmie contents
hed largely disappeared; this could signify fatty
degeneration of the liver of a sort similar to that noted
in Astyanox mexicanus kept in darkness as a siressing agent
(Rasquin & Rosenbloom, 1954).  On the basis of gross
appearance of these sections it is roughly sestimated that
thess affected livers hed not more then one third as many
functional cells as those from control fish, and it seems
probable that sven many of these were nﬁmly inmpaired.

It 48 not easy to see why this form and extent of
liver deterioration ocourred in these perch kapf at 2o°c.;
for in Experiment 11 (16 days at 28°0,), the prolonged
high temperature did not ceuse any change in the normal
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appearance of the liver.

| Liver histology in perch from Experiment 12 (7 &ayz

at 30°C.) was rather difficult to apprehend. However,

in one of four f£ish examined the liver appeared to contain
gsome necrotic patches, while one other fish had liver cells
with misshapen nuolei and some degenerating ¢ell walls with
consequent cytoplasm losses (Plate 10, Figure 7).

(vi) Thyroids,

The thyroid tissue is located by section cutting;
it lies in the throat region, occurring diffuesely around
the ventral aorta, but mostly where the first pair of

gi1ll erches meet the lower jaw. Sections of thyroid were
cut from perch from Experiments 5, 6, 7, 10 & 12,

Insufficient material was cxaminéd t0 secure more
then an impresaion of the effects of temperature on the
histology of the thyroid, BShort-term effects, as & result
of the relatively rapid heating during lethal tests, 4id not
effect the histology of the tissue, but among perch
agclimatized o verious temperature levels for longer
periods it appeared that thers was a similar kind of
inverse relation of thyroid epithelial height with
temperature to that noted for the bdrown trout by Swify
(1959). The appearance of perch thyroid tissue at low
temperntures (6-8°C.) was that of colloid-filled follicles
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composed of a very low epithelium, the cells of which had
oval or bean-shaped nuclei. This cell form is in marked
contrast to galmonid thyroid cells, which ax'e muoh more
cuboidal or ecolumnar (depending on the state af tha t1ssua).
But they resembled that figured for Aatgﬁnax by Banqﬁin 2
Rosenbloom {1954), At intermediate temyeratufc lavels
(Experiment 10) the epithelium appeared flaxter‘étill, and
at 30°C, {Experiment 12) 1t was so fla% that 1% appeared
merely es a thickish boundery line to the follicles, muolel

_eppearing as thickenings on this line.

{vii) Axial muscles.

The muscles of the trunk region mdjacent to the head
kidney were sectioned simultaneously with the latter, and
80 wera routinely examined whenever head kidneys wers
ntuﬂiedg Plete 11, Figure 1 shows & typical section
through norﬁai muscles in this region. Close paoking of
the fidbres is apparent, as is the presence of the fibrils
of which the former are oompo&o&. Some nuclei are
visible on the sarcolemma. While there are parts of such
sections through the trunk region whers the packing bf the
fibres im not nearly so close, nuclel are still, in the

-mein, epplied t0 individual fibres, and the £ibrid - - - - - -

struocture remains clear.

However, in Experiments 11 and 12 (28 and 30°C.) some
of the fish exsmined showed notable changes in many of the
muscle fibres of this region. Not only was there general



Plate }1. Sections through perch axial muscles.

Figure 1. Muecles or_low temperature control
fish (mcclimatized at 7.5%°C.). Close packing
of fidbres and normal fibri} structure are

apparent. Nuclei may be seen,

Figure 2. Muscles of fish acclimatigzed 7 days
at 30°C. {(Lxperiment 12). Note wide separation
of fibres, with loss of struoture. Sea text

for detalled comment.

Both X 600
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atrophy of individual fidres, so that these had shrunk from
their parcolemmas in such a manner that many nuclei now
eppesred to be suspended betwaén fihres, instead of at their
usuel position at the -periphery of fibres, but, in sddition,
in many {nstances the £idbril structure had degencrated to a
condition where the fibre appeared to be almost a solid,
homogenecus whole (Plate 11, Figure 2.) CGradations

between this condition and one of mere shrinkage could be
found in the one section, but thq great bulk of muscle fibres
in these affected fish were thanged in this manner. |

(b) Condition Factor (K)

Most of tha observations on high temperaturs effects
were histological, but & note on condition (K = W 10°) may
be inserted hers, L3

" Though Le Cren (1951) hes extensively reviewed various
methods of c¢alculating and expressing condition, length-
weight relationship, pondersl index, etc., with special
reference to P. fluviatilis, the present writer is not in
general agreement with his views, preferring the simple and
traditional ratio indicated adove. It would not be pertinent
to connider here the severgsl reasons for this preference,
but Beverton & Holt (1957) have provided a sncqinét review
of the subject, and the writer is in wide agreement with
their conclusions, In any event, the simple "K®" factor
provided an edequate rating of heaviness per unit length
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for a group of fish in which the pize range wan améll. and

which were immature at time of measurement: =ee Table S.

In the aquarium tanks i1t had been noted that perch
held at 20°C. or more for any considerable length of tims
began to look somewhat thinner than usual, even though they
wvere fed much more heavily than at the lower temperaturesy
1% will be recalled that normal daily activity at these

higher temperaturea greatly exocedsd that at lowex temperatures.

Table 5 shows that the condition of perch held at 20°C., and
nore, was lesp than at the lowesy temperatures.

The actual rate at which condition was lost at higher
tenperatures is not known, nor is the level known at which
condition.migh# stabilize agein at these temperatures, though
visnal impressions suggested that condition had, in fact
becoms feirly stable in Experiments 11 and 12 at the time of
their termimation. Pry (1951) referred to similar condition
losses among freely fed speckled trout held at the higﬁeaf
temperature compatible with e eontinued existencs (25.3°O. in
the case of %hat species), snd Cocking (1957) reported the
seme for roach held at high temperatures. Cocking (195C,h)
also found that emmonia excretion by roach rises with ‘
increasing temperature. This is certainly indicative of
incressing protein catabolism,
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(o) BisouBSlon#

The faot of overall Importanoca emerging from thie”
study so far is that the interrenal tissue of peroh sqowed
a graded change in appearanoe# increasing with the level
of temperature at which the fish were held# But the lability
of this tissue is suoh that even a short-term exposure to
higher temperatures (e#g# during the rapid heating of a
lethal test) was sufficient to alter the appearanoce of its
cells considerably# Sinoce with exposure to progressively
higher temperatures for prolonged periods (of acclimatization)#
cellular changes were also progressive# it seems reasonable#
on an histological interpretation# that the condition of the
interrenal tissue noted at# say 3070 .# was merely a more
advanced stage of essentially the same condition noted at
17.5 and 20°C.# or during the relatively rcpid elevation

of temperature in a lethal experiment.

Of other changes# those in condition (K) were only
notable for perch exposed to high temperatures for prolonged
periods. But under these condition it was clear# even from
visual inspection$ that fish had become thinner. This loss
in condition is of course correlated with the marked
degenerative changes observed in muscles. As Plate 11
showed there was pronounced wasting of muscle fibres coupled

with advanced loss of structure.
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Losp of lymphocytes by the head kidney seemed to be
graded with temperaturs, though with soma indication of an
ability for lymphoid recovery if the stress-producing
temperature was not excessive, and given sufficient time..

Renal tubules and the oells and livers of muscles
displayed responses to prolonged higher temperatures,
though not graded responses: Thum in Experiment 12 (30°C.),
and to a lesser degree in Experiment 11 (28°C.) many of the
renal $ubnlee of perch were mors thin-walled than usual,
beccuse of cellular atrophy, though the nuocléi of the
atrophied cells looked normsl if somewhat shrunken
however it was not until such higher acclimatigation tem-
peratures weres reached that renal changes of this kind were
seen.

Such changes iero evidently insufficient to‘inpair

~the ability of the fish to carry on a day-to-day existencé;'

end were certainly not of the order of the major tubule

mtcpangeg Rasquin & Rosenbloom (1954) desorived for Astyanax

under stress. Nor was there any resemblance to the
*endocrine kidney" or other marked degensrative changes

- rgported for the kidneys of stressed rats by numerous

workers (Selye, 1950).:

The livers of perch fixed immediately after heat
death showed a tendency for tissue disintegration
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(abparémly oscurring during the last few minutes of

| M:a), lmt other, more profound changes were found

artor proam %0 20%C. for 30 days, and to 30°C. for

7 am. though, strangely, not at 28°C, The former
| iypi or change, tha‘u of tissue breakdown, nomcd : {4
result mrely from the tandancy :tor simple separation

of one liver oell frm anothcr. ~In thin connexion it
nay be observed ‘Ehat Elias (1955) gave an aocount,

| hmd on studies with the electron microseops, of the

way in which 1iver cells appear t0 be fastened to each
other by structures in their walls resembling snap
fasteners, This separation of cells was in many
instances followed by a tendency for disintegration of
the wall of the gell, leading to loss of cytoplasmio
contents., The lattnr;. nore profam; 1iver changes
somewhad rosembled the fatty degensration of the liver
recorded for streused A!!I.!M by Basquin & Rosenbloom
{1954).

The literéture does not meem $0 contain descriptions
of snything very similer to the changes cbseryed in _
muscle cells of some perch at prolonged high temperatures.
Selye (1950) desoribed various kinds of degeneration of
mugoul oy :unnﬁm in men and rats following exposures %o
atress, dut nothing as structurally notable as in ﬁcrch.




Rasquin & Rosenbloom (1954) found that pronounced
muscle wastage accompanied other symptoms of siress in
Astyanax kept in darkness, which certainly sesms o be
degeneration in the same &irection, though from theiy
photomicrographs of sections of these thers is mot
mich indication of marked change in appaaranea of the
structure of the fibres. |

0f the brgann'and tissues exanined, only the spleen
uhawnd no apparant change cvan after prolong.d cxposnro
to very high temperatures, On the othnr hand. the
spleen could mlways be relied upon, no mattor what the
thermal history of the tiah from which 1% haa beent
rcnovud, t0 become uonuidorably dnplwtod ot 1ymphoeytas
as a result of sxposure to ;ggggl,tompcraxurna.

The follioulay !pithglzwm of the thyxoia. thaush
not oxxonaivuly ntuﬂicd, appcarid %o ohango nouawhax
at prolongcd higher temperaturqs.

rigure 15 presents in nummary the blnantlal pointu |

arising from this section of the woxk. It indicates
thad 1nﬁatruual tisana. head kidney and (probahlx)

thyroid, showed histological ehangns whiah norrasponé-d

to the level of tamperaxure to whioh tho poreh were

exposed. It is nssumnd that the ohange 1n 1ntorrennl
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Filgure 16+ Diagrammatic representation of
observed histologicsl changes in Perca
fluviatilis fbliowing exposure at various
lovels of temperature.

Responses of interrenal, heed kidney
and thyroid tissues) manifested as described
in Seotion IV, are closely geared to the
thermal backgrounds in this connexion thyroid
is not as labile as the others, but appears,
nmonetheleass o be affected in a graded manner
during longer periods of exposure.

Liver tissue is only significantly
changed'iq-appearance after the more extreme
sction of temperature, whether this be a
prolenged exposure to some higher temper-
ature, or as a result of a lethal test.

Renal tubules {kidney) are only involved
during long exposure to véry high temper=-

atures, and much the same applies to ﬁuacle;

okl e s
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tissue which occurs even at moderate temperatures

signifies either a direct relationship between temper-
ature and the activity of this tissue# or one in which

the pituitary has the role of an intermediary# It

will be recalled that this change takes the form both

of hypertrophy or atrophy of interrenal cells

(depending on circumstances)# and at very high temperatures

hyperplasia may also occur#

As indicated previously it is considered that blood
flow# as influenced by temperature# may be the main
determinant of the lymphocyte losses seen in the head
kidney following exposure to rapid temperature elevationi
or to hi“er levels of acclimatization# This view is
perhaps strengthened by the fact that blood supply to the
head kidney is very considerable# fhe dorsal aorta
passes between the lobes# and the organ is drained by the
very large cardinal veins which directly traverse its

substance#

The writer wishes to avoid making any firm statement
about the possible significance of thyroid changes in
relation to temperature# As Hoar (1959) has recently
pointed out *thyroid acttoity in fish has bees associated
with seasons of rapid yroioth, sexual deoelopment, osmotie

changes 1in the environment and with transformations sueh
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as the cmlt chcnga tn aalnonida and thc nctazar‘phosu
of flﬂ*ﬂﬂk‘ 8o far as tho relaticn %o the wmpor- |
stare of the snvironmental water is concerned the =
ﬁndingu of va.rioua vmrkoru appoar %0 he in some contrast
to each othor. A :rinal noto on the thyroid 1: deferred
nnti). the Gonoral Diaouuion (Bea‘tim VII)-

© Histologieal changes in liver, Kkidney end mscle all
ocourred at higher levels of tempsrature when the
sxposure to nuoh fompﬁratufo’a wss prolonged. Though »'
none of the fish ‘diapl'ayina thon‘chang‘u"éau'ad super-
fiolally :hnpaiz-cﬂ 1n their mobility or general behaviour
the changes are seen as uscntiany deg norativ '
indicative of w.mospreaa incipient oz*.gmio aotorioration
of ':ha animal. though they had not progr.uﬁoa rar ‘enough
to couse actual aﬂd obvious din‘tru!. It may be that
the changes would never have gonc mich further, or that
aotusl repalr would eventually have taken place even in -
the coniirmed presence of stressiul teaperatures.
But even though not ell the fish living at these hiehor
Yeuperatures displayed the lesiona the faot tm saug
413 1s taken to mean thahy the group as s whole were
arriving at e oritical point in thelr alaptive potanﬂal,
and that just & litile more call upon this potemtial by
the thermel enviromment would have been enough to tip




96

the balance agaim them, 'thmby involving murc
seriously those already affected. and dz-axdng into tha
affacted group those ptill withoui obvicma hinologiczal
change.

An attempt i maan 1:1 rigura 16 ta auggast
schematically the matim botwom ‘ﬁamymtur. and thi
changes wrought in tho organn and 'ti.samn which m.
been considered.  Because of its poaiﬂon ae
adrenocortical homologue mton'anal tissue has hnn
aspigned the probable role of an endocrine organ, and
the suggestion is made that it m have affected othw |
organs directly or 1néix-ouuy. The hesd kidnoy t- |
perhaps largely sxcepted from this conmgt. besanas of |
the suspected importance 6f'b1nbd £low in :lnﬂmneing
ite appesyance, and .the uphm”hu been Mttod | |
complately, because its changes ta‘ke";:laeo'_venly iq thg
last fow mimutes of 1ife before heat desth. The
thyroid is thought to be aep'mfuly mvolv.a; hdcmt
its activity 1is prcmabl:r dateninod by the 'thyro-
trophic hormone &f the pituitary,

There would seem to de rd_asmbh grounds for
allowing -ariichﬁa aang thn'a_umg-"; since most oL the
lesions found in perch are not dissimilar to those
found in certain stages of the ﬁqhirdhuptatim



Filgure 16. This indicates a possible relation between
temperature, interrenal activity and damage to tissues.
The scheme implies that interrenal secretory rate depends
on level of temperature, =0 when this is low secoret~
ory rate iz low, end wice yersa. The region between
the two c¢ircles represents tho rangs of levels of
thermal exposures used in the préaent series of expere
iments. The lines leading from this.région to the
names 0f various tissues signify the spproximate thermm-
al level asaéoiatéd.with histological change. Thus the
line trav3391ng the region between the circles and
continuing to INTLRRENAL indicates that this tissue
would appear to ve delicately geared to temperature at
all levels between 7 and 30°C, to judge from histos
logical appearances. Muscles on the other hand, is
only affected by exposure %0 high and prolonged temper-
ature, so its line staris from the outer cirole.
However, it is proposed that the tissus changes ocour
via interrenal influence, rather then as diréct results
of temperature; thcugh'head kidney may be something

of an exception here. The interrogation sign is to
suggest that the interrenal itself is probably under

the influence of some central control system (the

..pituitary. in all likliehood) on vhich tempsrature . . ... ...

exerts ite primary effect.

The thyroid is probably largely independent of
the changes to the left of this scheme, though here
also the pituitary i{s prodaly an intermediary.
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Syndrome described by Selye (1950), while Rasquin (1951)
and Rasqﬁin & Rosendloom (19%4) have reported changes
epparently rather akin to these in Astyanax exposed %o
several kinds of stress including eola ane darmman.

If there is here a ayndrome for tnlecatu at all
rnembling that for mammals axpoaod t0 prolonged noxious
stimll it should be testable by somewhat similer
methods, and the next section is devoted to such tests
and their consideration.

The essential points to be investigeted further
seenm to bo as followss Is the effect of temperature
on the interrenal a direct ome on tha secretory (and
metabolic) astivity of tnia t1ssue? sinco after all
the pexrch 1o a poikilot hem, o 18 the intemnal
tissue¢ under pituitery control a3 in noumals?

70 what extent 19 the level of tolerance to0 higher
temparatures (ss exemplizied in lethal tempersture
teats), and ite variation with varying thermal history,
affected by the netivitiens of the :intarre,nal tiasue?

Justification for this last quaatibny ariﬁea Irom &
bellef that interrenal tissue is & mecretory issus with
a funotion closely akin to mamﬁalian hdrancaartieai
t1ssus, and 4t would therefors follow that 1% may be



involved in the combatting of stress in %ﬁi teleont
‘body in much the same way ms thc adrenal eortox 18
known %0 be 1n thu nammalien body.
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Y. MECHANISM OPF TISSUE IMPAIRMENT AND LETHAL EFFECTS
ACCOMPANYING EXPOSURE T0 HIGHER TEMPERATURES

Pronounced activation of the sdrensl cortex under
atress 1s one of the classical attributes of the General
Adaptation Syndrome of mammals, Thetalucidaﬂian of
this syndrome has shown that cortisone, the active
principle secretsd by the ndrenal cortex, is the main
hormone responsible for the nmumesrous systemic and organ
changes in the hody following exposura to a 'siresaor'
or noxicus stimulus, In mammals the rate of
secretion of cortisone im governed hy the secretion of
an active prineiple of the anterior pituitaery
(corticotrophin or ACTH), so that it appesrs feasibdle,
in interpreting in greater detail the scheme outlined
in Figure 16; to suggest that in the peroh, too, the
pituitary may be the intermediary between higher

%emperature snd observed changes in the interrenal

tissue, This view pssumes of courss that interrenasl
changes indicate genuine funetional changes. B
Buggestive indirect evidence comes from the studies of
Dittus (1940), Rasquin (19%1) and Rasquin & Rosenbloom
(1954) who phowed that the interrenals of certain fishes
showed pronounced changes following expomura 40 utrusa;
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or ofter administration to the fish of memmalian ACTH,

In 8ll, three procedures suggested themselves as
tesis of whether ACTH or some closely similar substance
is involved in the response of perch to high
temperaturs. |

(X) A fundemental feature of the Adaptation
Syndrome of mammals is fhat a great varisty of noxious
stimuls of very diverse character slicit eesentially
the same broad changes in the body, and these chenges
may often be identified through histological appesarances
of spoéﬂio organs or regions of the body.  If the
mortality of fish exposed to high temperaturs is not to
be thought of just as a simple summation of the reactions
of verious tissues, but as the final breakdown or
disfunction of a general systemic response system, whose
cepacity has been excesded, then other stimmli or |
stressors, not fundamentally related to high temperaturs,
should be able %o call forth much the seme basio response
by the orgemism.  Therefore the histology of scertain
tissues of fish which had been exposed %to several lavsls
of cold, oxygen lack, and osmotio load was examined to
see whether the changes wrought in any measure resembled
those elicited by high temperature.
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(2) Others have claimed that memmalian ACTH can
change the interrensl sppearsnce in fish, so perch

from the aquarium stook tanks wers injected with ACTH N
and also with cortisone, adrenslin, and isotonic %
saline and compared histologically with uninjected \\
controls from the meme stook tank. A
~ (3) In this study high temperatures nrs regarded \
as noxious stimali. If the interrenal tissue be | \\\

engaged in combetting their effects it follows
retionally that 4% would be both sound therspy and a
demonstration of the involvement of the tissue if its
activity could be stimulated artifioclally, and
temperature sireecs thaereby relieved somewhet.
Experiments were performed to test this line of
ressoning, the main oriterion for sucoess hoiﬁé whether
the lethal temperature wes significently raised es a
rosult of treatment.  In thess experiments injections
were given of ACTH, cortisone, sdremalin, end heed
kidney and pituitary breis. |

(4) A fourth « and obviously basic - method would
have involved extirpation of the p‘i’euitary; Lor if the
h‘ypbtheaia of the role of coﬂicot:c‘rphiﬁ or scas sinilar
substance 1s correct extirpation would have heen tant‘a»
mount to removing the main centre of control for
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ncehanisms desling with noxious gtimuld., Fuarthexrmore,
it removal of the pituitary had proved possible 1%
would heve deen most interenting to discover whether,

in tixe firast place, tha lethzl temperature was
significently lowered by thie meens, and secondly if
puch lowered tclerance could be restored by administration
of ACTH, eto. ~ Howgver, unlike the pituitary of the
minnow, for axample, which is readily accessidle above
a thin layer of bone forming ‘the roof of the mouth, and
ims guarded by more bone from the drain, the perch
pituitary unfortunately lies above a deep ridge of bone
sgainst the unprotected optic region of the brain.

The surgery required to epproach it proved too drastioc
t0 permit survival. Moxreover, the branches of the
dorsal aorta which lie in the way meske the cutting of
any hole in this viecinity exceedingly hazardous.

After nmumerous sttempts to solve thim prodlem 1t was
abandoned - reluctantly since its aolu‘kipn seemed to
hold such cbvious promise,

The saline control injections given in the
experiments described in this Section were based on the
osmotio pressure of the serum of P, fluvintilis
(Xrogh, 1939). This is the aprroximate equivalent of
0.84% sodium chloride solution, which was the concentration
employed.
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The length and weight date for the fish used in
the experimentsdescribed in this section are as followsi~

| I{!ﬂﬁfh ‘ﬁt) Waight (8.)
Range 9.7 - 13.5 9.0 ~ 24,5

About 687‘ 6:’ then wars males,
(a) Stimuli Other Than High Temperature

g 1[ Osnotie log

The osmotic pressure of perch blood is ebout one
quarter that of sea water. Concantrations of 10, 3’0,
and T0 % sea water were prepared by diluting sea water
with aquarium wgter. Ons peroh, removed from the
aquerium stock tank in which it had deen for more than
a week previously, was pleced in each of three glase
maseum Jars containing 2.3 1., of one of the above
eoaoon‘tration; of nea water.  The water in each Jar
way asrated from the agquariumt'g compresped air line,
During the experiment the tenperature in the fors was
6—760., which had aia-o been .th§ epproximete rangs for
several weeks in the stook tank, |

After 12 hours the psrch.in 70% sea water was
removed and f£ixed in Bouin's fluid; those in 10 and



30% sea water were removed and fixed after 4 days.
A control fish from the stock tenk was also Lixed
in Bouin's. o

.. After one hour in the %arioup concentrations
of sen water the three fish looked rather irritable,
the one in 707 chowed e slight loss of lateral

stability and rather spasmodic respirstory movements.

After two hours the corneas of this fish had dbecome
nearly opaque and after four hours the eyes looked
almost completely blind.,  Though s$ill edble to
wriggle vigorously when handled this fish had loat

nearly all co-ordination, attar 12 hourn in T0% sea

water, end oy helpleasly at the bottom of its
container, At thiq point it wes romav.a and fixed
in Bouin's., I is worth fecording thet in the
lest few hours of its exposurs the formerly opaque
corneas had claarad again, though the lences were
atill oloudod.

The two fish in 10% end 30% sea water were,
supsrficizlly, unimpaired ab time_nf fization
( 4 days affer heginning of exposure).

The histological exsmination of these thres £ish

revealed tha following as compared with the control
fishse

104
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Head kidneys

Coneiderzdle loss of lymphoeytes had occurzed from
tha head kidneys of the three fish in diluted sea water,

Interrenals

. The appearance of ¢he control interrenal tissue
wag of the usual plump cuboidel or polyhedrsl cells with
gramlar eytoplasm. Interrenal cells of fish from
10 and 30% sea water looksd scmewhat "stressed" in the
manner associated with thermal exposurss described in
Section IV, It appeared that initiel scellular
hypeirtrophy had occurred ,' followed by afrophy, since
the calls wera longer than norms) but of wasted
appesrancs., luch cylindsr formation was seen, und
many blood ppacaes smong the ocells. In fish which had
been in T0% sec water very marked atrcphy "w'aé evident.

Rensl tubules
- A1} oppeerod much as normal,

| The greateat 4ifference fron the control liver was
meen in the fish which hed been in 70% sea water, In
this the cells had tended to shrink apart strongly from
sach other, though the nuclel and :nytoplénm looked quite
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normal and there was no evidence of necrosis. In tha
£iah from 30% sea water the liver had small §atches. whioh
appearsd ,n‘ecrot'ia, end there was even o alighf auggta_a't;ion
of celluler separation inm the £ish from 104 sea water.

The only splesn departing signifiosnily from the
normal in appearance was that from the fish whiech spant
4 days in 10% sea water, in which slmost the wholo» of the
lymphocytes hed been replaced by erythrocytes, with which
the organ was packed. o

There was little to note here, save perhaps a
slightly thicker epithelium than usual in the follicies

of the 707% sem watar Fich.

Kuscles
Only those of the perch exposed %o 70% ses water

wei-a abnormal . These muscles appeared very similar

to those already describsd for fish exposed to very high
temperatures for long periods (Experimenta 1l & 12,
8ection IV). That is to eay, thers was extrems
shrinksge causing separation of the fibres and disappsar-
ance 0f theiy typicel fibrillar structure.
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(11) Low Oxygen

- As 1n the experiment described obove perch were
placed in jars, which this time were filled completely
with aquarium water ond then sealed, so that the fish,
by their cwn respiratory cetivity, lowered the level of
oxygen in solution end raised the carbon dloxide level.

Table 6 supplies information on these pointsa.

The fish were killed and Bouin~-fixed at the oxycen
end carban dioxide volues shown in the Toble. Subsequently

their tissues wers excmined histologicolly. .

Head kidneys

‘Moderate losses of lymphocytes &ppeafad in the heod
kidney of Fish 2 as compared with the control, and there
was evidence of very vigorous circulatory soativity at the
time of fixation, since the blood vessels and channels of
the hesd kidney were pocked with erythrocytes. In Fish 3
the position wes rather similer, but in Fish 4 the head
kidney wan seversly depleted of lymphbcytes so that the
reticulum of this organ was clearly discernible,

Interrenals

Even in Fish 2 the interrencl tissue had the sppearance
" of much stress, with morked atrophy and distortion of cells

in Fish 3 conditions were similar. In Fish 4 however,



PABLE

6,

Perch erxrposed to'oxygen lack fbr btst010gtcaléputpo:ea

Pish Ko, Tgmps " Oxygen Carbon dtoxtde
(“c.) ng/de ng/le

d (control) 9‘5, 10,52 2¢3

g | 9.6 545 7.5

3 9.6 2,08 14.9

‘ 708 10,56 2402

The volues given were obtained a% the end of

the experimental perioed vwhen the fish were removed from the

sealed jJars ond fixed in Bouln's,




atrophy of interrenzl celle was extremes The charaégaxiatic
tear shepes, reduotion of c¢ytoplesm to a mere rim arouﬁ; the
nﬁclaus, but with the macleus itself apparently undahagea.
all assocliated previously with exposure to great thermal

stress; were again present,

Renal tubules

Though the control and Fish 2 were as. normal in
eppesrance, the tubules of Fish 3} showed, perhaps, hints
of deterloration, and in those of Fish 4 there had appeared
the most obvious signs of degeneration. [IMueh shrinkage or
atrophy of the cells of the tubules was evident, and in some
instances cellular disintegration with nuclear extrusion
appeared tovbe teking ploce {Plate 12). |

Livera

In Fish 3 and 4 the livers showed evident impairment.
The liver cells were somewhat strophied, misshepen, and

tended to be separated from bne snother.

Spleens
Exeapt i Fish 4 there was little indication of any
departure from normsl. However, this fish wos moribund when

fixed, and slight loss of lymphooytes was apparent.
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Plate 12: Renal tubules in perch head kidaey.

Fighre"lo Degenerating condition of cells of

~ rensl tubules in highly anoxic perchs  Some

nuclel sppear to be in the process of being

extruded, See taxt for further explenation.

X 600.



Plate iz.

Aig.
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~Thyroids and muscles

No changes detected,

{141) Low temperature

In this experiment, ogoin in museum Jars, 2 fish were
cooled down to low temperatures, Fish 1 was lowered over
6 hours from 6,1 40 1,2°C., while Fish 2 was cooled from
Tel to 0,6°C, 4n 13 hours, then held for 11 hours at ebout
0.,5%., At the end of these periods of exposure to low

temperature the fish were fixed immediately in Bouin's,

Haad.Kidngx

Only very slight lymphocyte losses were manifest in
either of the etiressed fish.

Interrenals

There wus noticeable cellular hypertrophy and apparent
hyperplesia in Fish 1, There had also apparently been a
hyperplesia in Fish 2 but subsequent cellulay atrophy hed

tended to obscure this,

Renal tubules

Ko changes seen,
Livers
In Pish 2 there was indication of tissue disintegration.

Srleens and muscles

No chanzes seen,



110

Thyroids
It appeared that 4n Pish 2 there may huve ocourred
come proliferation of the cetusl number of folliclea.

(iv) Effects of ACTH (corticotrophin), sortisone, sdrenalin

and saline.

Five perch eoclimetized et nbout T7.5°C, in the smoller

stoek tapk were used in this experiments Dosoges of sub-

stances injected were os followsyw

2
ACTH 0.05 IsUs 1n 0,025 mls isotonio saline
cortisone 04,05 mee " "o » "
edrenalin  0,00014 mg, no " "

Of the five perch three were sncesthetised and given

one each of the sbove dosagese A Tourth fish was

snaesthetised ond 1n36dted with 0,025 ml. sanline, and a
fifth was neither anaeathetise&Anor injécteda The five fish
were pluced in aﬁ serated tank for 3 hours after thg
injections, then killed and fixed in Bouln's, Subseguent
histological excmination ylelded the information which 1s

given below,

4 4 note on these proprietary preporations, on th
anaesthetic used, and on metiaeds of injectiion,
is given tn Section ¥ (c), wAich tncludes a
descriptton of the main body of injection
experiments ailmed at influencing uppar lethal
temperature.
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" Head _kidney

Fairly considerable lymphocyte depletion of the
choracteristio kind wes found in the four injeoted fish,
but there was‘liptlevto»chooaa,batweeu then on this écéount.
‘The uninjecte@ control fish wos approxim:tely normal in
appearance; a slight desree of depletion had probably
resulted from handling. ’ |

Interrenals

The interrensl of the ACTH-injected f£ish showed
evidence of hyperplasies with subseguent cellular atrophy;
the cortisone~injected and saline~-injected fish showed only
moderate ctrophy, but pronounced atrophy of interrenal cells
was present in the fish which had been injected with
adrenalin, The interrenal of the uninjected fish had the

typleal "unstressed" eppearsnce.

Kldneys, Spleens, thyrolds, muscles

Ro significant differences from the control appesared

in any of these tissues.
Livers

Tha livers of the fish receiving ACTH and cortisone
showed considercdble evidence of itissue breakdown and even
cellular disintegrotion.
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(v) Experiments of longer durztion 1nvolvjhg ACTH

administration

Other results from these experiments are olso reported
in Seetion ¥V (c) in which the effeots of ACTH on lothal
temperature ore described, Hére, however, the purpose
is to describe the histolozical effects of ACTH when
administered to £ish repeatedly.

ExPerimeht A

In the first of these experiments a batch of 16 perch
were held in an acclimatization tank at 9.500. and injected
dadly for 10 days, nine fish receiving 0,1 I,U, of ACTH in .
0,025 ml 1eot6n1o scline per doy, the seven controls being
injected daily with 0,025 ml. soline alone {see Section V
{b) & Taﬁle 7, Expte 42 for fuller details). At the end
of 10 days o sample of the fish was £ixed for histologicel
examination, eud for purposes of comparison an uninjected
fish from an adjaoent stock tank in whioch the temperature
hed been the same, was also fixed, Histologloal examination
provided en interesting picture of contrasta,

Aﬁead‘Kigngl

'mhough,the head kidney of the uninjeoted.perch was much
as misht be expected for a low temperature control f£ish,

viz., a more or less compact mass, in the perch which had
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"been saline-injected for 10 days there wos the clear'develoP~
ment of fairly extensive blood channels cssociated with -
aven moderate - gtress. In the cose of the ACTH-injected
fish, though some lymphoid depletion was apparent, this was
nuch less marked than in the séline«indeqted fish, |

;nter:endla

The cells of the 'saline control' showed a moderate
appsaronce of stress, with some cells rather spindle~shaped
or fusifoim, but with a good deal of cytoplasm remaining,
withal, But the interrenal cells both of the uninjected
fish and of the one which haod received ACTH were similor
to one another, end appesred as would de expected in
unstressed fish held_ét & rother low temperature. They
differed from each other through the existence of a
considerably hyperplastic conditlon in the ACTH-injected fish.
Not only was 1ts totel bulk of interrensl cella much greater,

but many cords end oylinders of cells were present,

Kidneys & livers

Appéarances were normal in all the fish.

Spleens
Only in the ACTH-injected fish did the spleen seem %o
have lost some (in perticular smell) lymphocytes, since much

aplenic reticulum was visible.
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Thyroids
There was perhsps a tendency of the follicular
l epithelium of the fish receiving ACTH to bs thinner than
in the other two.

Experiment B

This experiment resembled Zxperiment A in its
essentials, save that its duratidn woa 9 days, that 15 perch
were used and that tamperaturé wos raised initially from |
9.5 to 20°C,, then to 23°C., sna finally to 25°C., at which
it remnined for the last 4 dnys of the experiment. The
results of injections on lethal temperature, given this
thermal backgyround, are indicated in Teble 8, Experiment
,éé. Histological examination of tissues of n saline-
injected and an ACTH-injected perch, os compared with an
uninjeoted perch from the low temperature stock tank, gove

the information recorded below.

Hesad Kidnqxg

- In this instence only the uninjected fish had head
kidney tissus which was of compact eppearances In the
saline-~ and ACTH-injected fish blood channels were present,
thoush not excessive in extent,

Interrenals

| The interrenal tissue provided an interesting picture.
%hile in the uninjeoted f£ish the %ispue had the mppearance
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characterisﬁia of an unstressed low temperaturé control,
thet in the soline~injeoted fish had the stressed
appearance to be expected in perch living et fairly high
tamp;rature.. But that of tha\ACTH—injacted perch
displayed no obviéus indication of its thermal backgrdund.

' ‘Certainly the ihterrenal cells wers smoller than they would

be at low temperatures, but they'were-alan compact and
well~tormed; 1nateéd of distorted and attemueted which is

the usual condition associated with cellular atrophy 1nA

this tissue. Moreover the ¢issue appeared to be hypeiplaatio.

Kidneys, spleens & muscles

All seemed unaffected.

Livers

. The liver of the ACTH~injected fish looked rather es

might Ye expected if this fish had 3nst suffered haat death.

The others were normel in appearance.

Experiment C

A third experiment in this group was started
fundamentally as & study of the effects of daily injsctiona
of ACTH on e group of fish beins gredually acclimatized to
hizgher tazmperatures. It was hoped to raise this boteh of
fish gradually to 30°C, muech in the manner of fhose in
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Lxperiment 12, Section IV. Moreover, it was hoped to
continue the acclimatization upwards very gradually to
some still hisher temperature, to determine whether the
ACTH~injected members of the group could eveniually surpasse
the saline-injected controls in the £inal temperature they
could endures However, this hope was circumvented when
the thermostat folled somewhat ond the temperature ross
from 2900.5 to vhich the perch had been gradually elevited
over the perlod of one month, ond ot which they were living
apporently in good condition,to 31,1°C. over the course of
one day« Oince it hzd tcken so long to raise them 4o
29°C,, and this had included the labour of daily enaesthesia
and injeotion of 18 fish, the dead £ish were preserved by
firation in Douin's fluid, in the poosibility that they
misht reveal enough histologieally partly to Justify the
time expended in looking sfter them: Vhen they were
discovered dead in the evening the water temperature heod

fallen to less than 29°C,, but there was no indication, %o

within sbout 12 hours, how long they hod been desd. It

is therefore extremely Adifficult to cssess the effects of
the post mortem period at 29-31°C. on the condition of the
tissues, But tho histological evidence was interpreted
with csution, and only the facts that seem inocontrovertible

are stresseds TFour fish were exomined. Two of thesa had



received 0,1 I.U, ACTH 4in 0,025 nl. saline dally for 28
days; +the other two were controls injected Just with
0,029 ml, saline daily.

Heod kidﬁezg

In 211 f£ish excapt one of the ACTH-injected there wes
very considerable development of blood chonnels of the |
diffusa type previcusly amssocinted with fish exposed to
hizh temperatures for long periods {Experiments 11 & 12,
Section IV (&)(4)). This diffuse channelling was not
irmediately obvious beccuse the spaces ﬁera ao completely
filled with erythrocytes, denoting very active blood flow
at deaths In the one fish (ACTH-injected) which lacked
this type of channelling, the nctual amount of channel
development was much the same, it was jJust that the channels
were wider and leas'diffuse, ﬁore easily apprehended ot
first glances However, 8ll four fish showed marked
lymphocyte depleticn 4n the head kidney.

Interrenals

The interrensl cells were of typically stressed
appearance in the two saline controls, with the atrophied
end distorted cell forms of puch e conditiom. It cppeured
that there nmight have been some hyperplasia in one of the
controls, and there was a rather high frequency of cords
and cylinders. In both the control fish interrenal cell

117
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mergine scemed, in many instzances, to ve cotually
disintegrating {(though this msy have been a post morten
effeot). | |

The interrenale of the two ACTH-injected fish were
alike in not cppearing misshapen or markedly atrophiéd‘
1ﬁ the manner tb ba expecfed after prolonged exposurae to
very high temperg&ures. with subsequent heat death, A
hyperplestic oondition seemed probable in one, and éﬁé
elmost cartain in the other, in which many extensive cords

end eylindera were present.

Rgna; tubulea

¥hile the kidney tubales of the control f£ish scemed
of relatively normal eppesrance, in the ACTH-injected
fish there was a tendency for the type of atrophy previously
reported in Ixperiments 11 aond 12 for f£ish exposed to high

temperatures for extended ﬁeriods.

Livers

It was impossible to draw any resl conclusion concerning
the condition of the liver in these fishs In the first
place all the livers locked, as might be expected, os 1f
they had come from fish which had suffered heat death,
Cellular phrinkuge seemed to have gone further than would

be usual, probably becouse of long exposure to post mortenm

hizh temperaturea.
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Sgleenu
Here the lymphocyte depletions associated with heat
death had taken place.

Muscles

0f the four perch only one (o saline-injected control)
had a completely normal muscular pietures The musecles of
the other control looked largely like those of other fish
acclimatized tdltemperaturea sround 3000. (Experiments 11 &
12); with marked loss of fibrillar structures The two
ACTH~injeoted fish showed a condition between degeneration
end normality, some fibres oppeoring normal, othersshowing
nearly total loss of structure, while meny fibres were

intermediates in appearence between these.

While it could be argued that prolonged péat mortem
exposure to a temperature of ebout 30°C, sccounts for
these changes this seema mosb unlikely in view of the fuot
that in one of the four fish the muscles looked normal,
Indeed.thd variobility of the appearance in the four fish
suggests o varieble level of muscular degeneration among
them accounted for by slight variation in thermsl
resistance, from one £ish to esnother.

‘(b) Experiments to offset Thermal Stress.

As previously mentioned, the aim of these experiments

was to determine whether thermal stress could be somewhat



120

allevioted by procedures caleculated to render the response
pyatem of the perch more resistant to higzh temperatures.
The criterion of success was whether the upper lethal

temperaturé could be significently raised.

The experiments f£all into thres groupdss those in

~ which mammelion ACTH wap used, those in which mammalien

cortisone and cdrenalin were employed, and finally those
in which an attempt wos made to bring about an effect
through the injection of pituitery and head kidney breis
made from tissues of freshly-killed teleosts.

Most of the relevant information for this seories of

experiments is given in Tables 7, 8, 9 and 10.

The ACTH employed has the trade nome of ACTHAR cnd
is manufactured by the Armour Laboratories.s It ds a
lyophilised substaonce, readily soluble in water or saline.
Cortisone was in the form of cortisone acetate {miscible
with water cr scline), as prepared by Upjohn of Englend.
Adrenalin, ss adreaslin chloride (111000 adrenslin), was

a Pork, Davis product,

Pitultery and head kidney breis were made from freshly-

killed fish ceptured especially for the purposes  The
pituitaries were ground in a mortar, then filtered through

fine silk net, with minimsl washings of selins. The fluld
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thus produced looked slmost completely clesr. The object
of injecting teleost pitultaries wes, of course, to inject
corticotrophin (ACTH) or some similar ective principle in
an effort to combat stress, Similarly, the reason for
injeoting heand kidney substance was becouse this organ
contains the interrenal tissue with its (supposed) sctive
principle (cortisone?), The finely~pulped head kidneys
were simply mixed with o little saliﬁe, toifhin thelr

consistency scmewhat, before injection.

All injeotions in this serles, and those snlready
mentioned in this thesis, were m:de into the dorsal muscles

of the perch, except in Experiment 7a (Table 8) in which
they were interperitoneal, lWhera a geries of injectiona_'
was given the injection sites were alternuted from one |
side to the other and vuried from place to place on the
dorsal muscles of any.one gides The volumes of fluid
injected voried among experiments as the Tables aLaw, but
were kept as smgll a8 was practicuble, consistent with

dilutions and dosages.

Pereh were anaesthetised before all injectlons with
the water soluble amnaesthetic M,S. 222, As Gilbert &
Woocd (1957) have pointed out, this ansesthetic acts
- quickly, and apparently there 1s no.cumnlativg effect,

The concentration used was 131000 aqueous solution, which



122

is the highest recommended by Gilbert & Wood. Howevér,
as the result of a small prelininary test it was decidéd
that the rapld effects on perch of exposure to this
concentration were preferable to a longer period at a
lower concentration, and the recovery was swift and
complete, with no oveft after~affectd, It is worth
noting thet in an ettempt to reduce extraneous sources of
streas, in certain experiments of s preliminary nature not
reported here, it was discovered that M.8. 222 could
produce lethal effeocts. Thus it had been though advisabdle
where the tempereture in an experiment was being raised
progressively during a series of injections, that M.5. 222
should be pre~hencted before use €0 tha temperaturs prevailing
in the acclimatization tank, However, 1%t was found that
at 20°C. end above perch died ropidly in a 111000 sclution
of the ananeathetiec, This f£inding was not followed up,
but 1t meant that the temperature of the anassthetio hed
always té bekept at or below 15°C, {in practice generally
at about 4-5”0.), no matter what the temperature in tha;
experimental tankes: As the immersions in .5, 222
sufficlent to couse znagsthesisc were only of 1-2 min,
duration, this is not thought to have been m very serious

objection.

e
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The experimentel and control fish were merked on the
todls with small, distinguishing cuts while under thy
influence of the anaesthatac. 80 that they could ba readlily
1dentified.

(1) The effeots of mammalion ACTH

fhese éxperiments may be subdivided intb two grours,
in the first of which fish were acolimatized to low
temperatures and remained there before tésting (Table 7).
In the second group of experiments tha temperature of the
water was progressively raised to higher levels, the'fish
being concurrently injected several times (Table 8);7

In Experimenis la, 2a and 3a the perch; acolimatized
to0 low temperatures, received just one injection of ACTH
{or seline in the case of tha controla) before lethal
testing.  In Experiment la highly significent aifferences
between mean upper lethal temperatures of ACTHAinJedted
fish (0.1 & 0.01 I,U,) @s compsred with saline~injeoted
ocontrols were found (*t' test, Fisher; 1954)s 1In
Experiments Z2a snd 3a differences were not significant -
hera 0.2 I,Us and 1 I.U, AGTH; reapectively; taxa injected
into each £ish. |

In Experizents 4a ond 52 f£ish amcclimatized, end hsld,
at low temperatures were given 0.1 I,U. ACTH daily for 10

ond 9 days respectively. The mean upper lethal temperatures
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of these, as compared with controls receiving saline were
highly significent, being sbout 1°C, higher. Thim difference
is o3 if the ACTH-injeoted fish had been acclimatized to a
temperature about 2°g, higher than the controls (ses Pigure
2),

The summerized detalls of these five experiments is
given in Table 7.

In Table B sre shown the results of giving a series
of injections of ACTH to perch whose temperature was
elevated to progressively higher levels as the experiments

proceeded.

In Experiment 6a this procedure led to & significant
difference in upper lethal temperature between the fish
recelving 0,1 I,U, ACTH and the controls, In the other
bateh of fishin Experiment 6a (those receiving 0,01 I,U.
ACTH) differences were not significant at tha 5% level,
and the same holds for Experiment 7a where tha general

procedure was very similar,

In Experiment 8a, too, where the final tamperaturo
wes prolonged at 25°c., rather than 20005. es in Experiments
6 aﬁd 7a, ACTH did not affect the upper lethal temperature
significantly,

(11) Cortisone and sdrenslin

Table 9 shows that cortisone, injected in three different
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dosagesy failed to produce a significan%mﬁfiggf on upper
lethal temperature, though in all 1nstanoe5hdifferencea
were approaching significance. However, the influence

of cortisone would eppesr to be, if anything, unfavourcble,
except in the single case in Experiment 9a wherse fish

received 0,05 mz. cortisone per injection,

In the one experiment tried, Experiment lla, edrenalin
hod no effect of statisticel significance, though it

eppeared to lower upper lethsl temperature slightly.

(111) Pituitary end hend kidney breis

Table 10 showa that two experiments were performed
with pituitaries end head kidneys of P, fluviatilis and a

third with pituiteries and head kidneys from the powan

Coregonus clupeoides, specimens of which were obtained from

Loch Lomond where it 4s the most abundant fish.

These experliments were difficult to appraiée. To
begin with the amounts of head kidney brel were lorge
compared to most dosages of other substences injected,
and .the brei was of semi-solid consistencys In nddition,
head kildney sdministration involved the injection of much
foreign protein, It was felt that the lerge concentration
of unabsorbed solid materisl in the muscies cround the
injection site must hove led to inflammation, and f£ish
injectad with head kidney brel certainly looized 'uncomfortable?

and stiff 4in thelr swimming movements for some time after,
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While the volume of pituitory brei, which was alweys
much more ecompletely liquid, was not as great, except in
Experiment 12a, the fish injected with it were always readily
identifieble by the rapid sppearance of a prominent pale -

patch on the skin surrounding'the injection puncture,.

When upper lethal temperature tests were performed the
behaviour of perch injected with pituitsary or head kiénﬁy
Yrel was more viriable thon for fish receiving injections
of purified products. There maﬁ*he two méin reasons for
this. First, a reesction between the tissues of the
reciplents and donors will vary somewhat from one fish to
cnothery second, some fish seemed more inaommodaﬂ.hy the
sheer bulk of the head kidney injJections than others were.
‘Vhether these foctors really affected thie results of the
experiments sufficiently to nmullify them cennot be certain.
However, the fect remains that this group of experiments
was felt to be very voriable ond unsatisfuciory cs compared

with those in which smaller quantities of purified substances

were injected,

In Sxperiment 12a 1t will be observed that there was
a mean difference of cbout 1°C, between the mean wpper
lethal temperature for the head kidney-injected fish =os
compared with the controls., Yet this difference was not
gotistically sicnificant, ss 1t mainly depended on the
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parformance of one particularly resistant fish which failed
%0 sucoumb until a temperature of 28,9°C, was reached, even
though the mean upper lethal temperature for ita batch wcoa
only 27,1°C. (Table 10). |
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{c) Discussion

Experiments described in this Section were designed
primarily to determine whether o siﬁilar set of histological
chenges in the pereh could bevproduced by noxious stimuall
other than heat (i.e. cold, high salinity, enoxis), whether
injected substunces, particularly ACTH, could activate the
1nterrenal tiesue and produce other chonges, and finally
whether any of several practices would be affective in
offestting the etress of high temperature. The oriterion
for success in the letier was whether the lethal temperature
could be raised slgnificantly.

Certuinly the stimull other than heat produced saveral
remarkable porallels with the thermal effeots described in
Section IV. Thus lymphocyte depletion of the head kidney
wag found in perch exposed both to osmotio loads and anoxia,
It d1d@ not accompany eold stress to any significant extent,
but if, as is believed, it is much influenced by rate of
blood flow, then this would be likely to be high in perch
in water of high salinity, where a considerable rise in
respiratory and cireulatory notivity would be exﬁecte& to
accompany the increased work to be pertormed in osmoregulation,
Blood flow would elmost certainly elso be high in an anoxie
f£ish, and very likely low in o f£ish exposed to cold.
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In the interrenzl tissue both hyperplesis and subssquent
cellular atrophy were detected: Certainly atrophy hed teken

- place in the ccses of more extreme stress,

Only in the highly enoxic Fish 4 (Section V (a}(41))

_was there important renal deterioration resulting from these

- other atreaaéra. but the liver showed the appearance already

femiliar in this tissue from the study on thermel stress
(Section Iv).

There was only one remarksble splenic change and it
differed from other effests on the spleen noted in this atudy.
This occcurred in tha fish which spent 4 days in 30 per cent.
soa water, and here tha epleen lost tha great bulk of its
lymphoeytes and at time oflfixation was erammed with red cells.

The slight thyroid changes which aoppeared to have taken
Place were insignificent and insuffieiently clear compored
with other changes to charoecterise them confidently.

It would not, in general, be expected that the degensra-
tive changes found in perch livers and muscles when these fish
were given long-term exposures to high temperatures would be
duplicated during the comparatively short-ﬁerm exposures to
these other stressors. . Nevertheless ths muscles of the

fish exposed to TO per cent, sea water for only 12 hours did
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remarkably resemble those from f£ish in Experiments 1l and
12, But this dramatic effect was probably mainly the
result of shrinkagze of fibres through osmotiec loss of water
to the outside medium. |

It would seen, then, that these other, and diverse,
noxicus stimuli or stressors, may produce changes in perch
tissues surprisingly similor in eppearance to those of heat,
This argues oonvinoingly for the notion that changes as a
result of thermzl stress may be merely a general manifestation
of broad systemle changes elicited by any of various noxicus

agents once the adaptive potential of the fish nears its

limithr begins to be excceded.

( EENNRSRERSERSREE RN Y|

- Lymphoeyte depletion of ths head kidney ie perhaps one
of the most pensitive responses to stress in the perch,
From many experiments involving handling and injection, it
is felt that even quite moderate menual manipulation may
apperently proéuce e modicum of depletion. Injection itself
{merely of saline) seems to couse loss of lymphocytes with
foirly olear davelopment of channels: Rasquin (1951) aend
Resquin & Atz {(1952) found much the scme for Astyanax héad
kidneys following saline 4injection,
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Injection of ACTH in cne dose seemed to stimulnte the
interrenal tissue to become hyperplastic, and the individual
cellé to atrophy. This seems to imply an ineressed bulk
of secretory tissue coupled subsequently with a stepped up
rate of secretion, which is also the characteristic piqture
seen on exposure to promounced thermal atress énd other
noxious agents. A tentative hypothesis was advanced
eorlier that ACTH or en ACTH-like substance (secreted by
the pituitary ?) might be responsible for these changes .«

A single injection of adrenalinn produced marked
interrensl otrophy. It 1s difficult to evaluate this
obaervatiqn for there is not enough background informafion
on its offecta, though Chester Jones (1957) hos pointed out
that 1t has been proposed that adrenalin might pley an
importont part in the mechanisms controlling secretion of
cortisone by the sdrenocortical tissuge« In this event,
its effeoct mizht have been sbeeirieally stimulatory. |
Howaver, in view of the excited cppearonce of perch injected
with adrenalin it seemp more likely that it pimply acted as
5 non-apecific stimalus, ellciting the same interrenal
reaction as many other stimuli, a viewpoint dorne out by
1ts inability to influence upper lethal temperature
significently, 1Indeed, if enything, the effects of
edrenzlin were unfavourable in thia'regard, suggesting that

’
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the fish receliving it did euffer a slight degree ofyahock-
1t 48 interssting to note further in this connexion that
Dr. H.Ds Slaok {1960, personal communication) has informed
the writer that in Tilspis sp. injection of adrenalin
resulted in stress, as manifested in the condition of the

gonadse

While the effects of gortisone on the interrenal tlssue
were not significant s compored with saline injections,
this 48 rother what might be expected if cortisone or some
similor substance is itself the secretion of the interrenal,
for 1t 1s ACTH {or some similer ectivator) which will

stimalate the interrenal, not the interrenal's own secretion.

In experiments involving & series of injections of ACTH
several illuminating points emergeds At low temperctures
the Interrenal cells of a fish recelving repeated doses
were of similar asppearance to those of an uninjected control,
end quite in contrast to the relatively stressed appecrance

of a saline-injected controls But in addition a hyperplestio

- condition obtained in the fish receiving ACTH. Even more

interesting was the interrenal tissue in fish elevated %o

- 25°%. while receiving ACTH daily, for here, though the cells

were somewhat smaller than unstressed cells at lower
temperatures they were not at all malformed, in complete

oontrast to the whole of the former experience with this tissue
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ot higher temperatures, while a hyperpleostic condition agein
seemed evident, In yet o third instance, following a
month of gradusl elevation of temperature to 29°C, (when
cccidentol mortality occurred), acoompanied by daily
injections of ACTH, perch had interrenals both hypertrophic
end hyperplastic as compared with their controls receiving
galine, It is important to note, moreover, that after this
extended period of LCTH administration, the interrenul dslle
did not look atrophied es would have been expected after
heat death, following all previous experience, In case it
might be thou;ht thet this apparent leck of athphy was an
artifact coused by an indefinite post mortem period in
water at cbout 300 « it should be remembered that the
paline~injected control fish, which had a similar post
mortem exposure, did show fairly typical interrensl strophy.

Thus the evidence indicates that mammalien corticotrophin
(ACTR) may considersbly modify the uppeorance of perch
interrennl tissue, and ss further experiments showed, may
elevate the hpper lethal temperature of f:sh receiving 1t.
However, the indications cre thot temperature tolerance
¢an only be increased apprecisbly, even with the present
rather drastic method of intramuscular or interperitioneal

injection, i1f the acclimatization temperature is less than
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25%%.,

Finally it oppears that ACTIH or cortiscne injeection
causes atrophy end sone diatortion of liver cellsi thie
seems to susgeost that liver changes in pereh.dua.to high
teﬁperature._aspeoially those which ocour near the decth
point, take plzce nainly unﬂef the Influence of ACTH,

rather than under the direet influence of temperaturs.

I I AN R ER AN NANN Y YN XS

ACTH definitely hod some effects in offsetting thermal
strees (Tubles 7 ond 8)e The clearest successes were
obtained when the fish were ot low temperatures prior to
tasting, and where dosage d1d not exceed O,1 I,U. ACTH
per injection. Above this dosage 1t seemed to ba
insffective or even harmful, probcbly through an effect
of overstimuletions Vhile a single dose neemed adble to
raise the upper lethal temperature by a statistically
significant amount 1t was not certain that repeated doses
apprecicbly improved upon thisgt From the ccrralated‘
histological evidence 1t seems that elther one, or more,
doses affecta the bulk ond activity of the 1htérrenal tissue,
Vhen the idea of repested injections with ACTH firat.occurred
it was thou ht possible thut proloni.ed exposure of perch
tiocues %o higher levels of the secretion of the interrenal
might render the animal, s o whole, more tolerant to high
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temperature than merely a sin*le dose eould do« But 1t is

very dnubtfui whether this possibllity was raaliseds -

Quite apart frcm the statisticol evidence for tha
elevation in 1ethal temperature followiug ACTH administration
1t was very persussive to observe the perch directlyh;n the
order thet they dieds In the most succesaful axpegiégnts

most of the saline-injected controls dled, or were\qgriously

discbled, before the ACTH-injected fish were affeetéé;. So
there wos the craphic visual evidence of the ACTH fibh left

mostly intact, with the controls quite helplesss . °

Despite thoe encouruzing histological pleture diacussed
earlier 1t was only in IExperiment 6a, among those in which
daily ACTH injections co~incided with progresasive elevation
of temperature,.that lethal temperature was significantly
nltereds It is felt that the stress of repeated injéétione
themaelves operated cgoinst suceess in these experiments,
since the fish were concurrently undergoins the stress of a
rezime of pro-ressive temperature elevation. This view
epplies especiolly to Experiment 8a, vhere the perch had 4
doys at 259C.

The effects of cortisone and a2drenalin om thermal

tolerance were, if anything, mostly negativae, Perh:ops

doseges were unsuitable, though in the e¢nse of edrcnelin the

dosage is thouzhtto have been £ ‘Physiological ™ one for the
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size of the fish, being based on that which Mott (1951)
employed for Anggilla.4 It 15 felt that the effect of
adrenalin merely added to the stress of the fish =~ to"
Judge from thelr exoltability after injection and the
appeerance of tissues. Vhere so little is known of the
effacts of mammalisn ACTH on teleosts there is slways a
danger thut effects produced may be phermacologioal, yet
incorrectly interpreted as phj5101031ca1. Often this

will meon that the doses injected may have been larger
than necessnry to produce a valid physiologioal response,
However, Rusquin & rtz (1952) used, considering the wei hts
of their fish, far lorger doses of ACTH in moking what they
recarded os o valid histophysiologicul investigntion of
Actyonaxe  Considerations -of parsimony, thaet is the wish
to obtain a significant response while employing very emall
amounts,'qoupled with knowledge of the standard amounts of
ACTH usually administared to mun for taerapeutic purposes,
determined the emounts used in the perch work (0.1 & 0,0,
I.,0.). Thus it was hoped to obiain = response by using |
much»less ACTH than Resquin & Atz (19%2) employed, end the
emounts which produced positive results did fall in the
region of the amounts used in human therapy, making o due
(epproximate) proportional adjustment for the difference
between the approximote weight of the fish used ond the 
welght of a mon, . Any more detalled analysis of this

problem would have required an extensive separate investigation,
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but failure of amounts of ACTH greater than 0.0l or 6§1 
I.U, to elevate lothal temperature sugzested that at‘légat
the right order of magnitude had been struck, nuéh fhe Xﬁk
samo reasoning lay behind the cortisone dosages emplcyed¢ A}“

Now while 1t 1s postulated that ACTH stimulates the i
interrenal tissues into secreting its active principle ;gh{
thia may, of course, not be cortisone, Therefore, while
ACTH may offset temperature stress via the interrenal, ‘xi
mamnalian cortisone fiself need not necessarily be expected ;\
$0 have any such effect,

Effeots of pltuitary and head kidney breis have
already been dealt with, It nmeed cnly be mdded here that
to inject whole pituitaries, or breis made from them, into
& fish is very different from injeoting simply ACTH, éven
if the former contains the latter. A8 with all teleost
pltuitaries (Hoar, 19573 Pickford & Atz, 1957) the perch
pituitary 4s a complex organ of many (often uncertain)
functions (Kerr, 1942), but capable of secreting many
hormones. Some of these very probably control the interw
rcnal's~eecretiona; but to adminiater & brei of the
| pituitary is to mdé &ll that it contains; while destroying
the integrity of the pituitafy'ab an orgen, which glfen»
it ite péwer of control.s  Many of the hormones injected
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may well serve to offset the influence of an interrenale
specific hormone, whether ACTH or amother. It i felt

in retrospact that it would have been a sounder procedure
to make implants of whole pitultaries, ,,"
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V. TROTES ON THE HZAD KIDNEY AND KIDNEY
OF THE PILRCH WITH SPLCIAL REGARD TO
THE BLOOD VASCULAR SYSTEM

(a) Methods
There seems to be no detailed account of the anatomy

of the hezad kidney and kidney of edult {or anyway postw
larval) P, fluviatilis in the literature, Stréer (1932)

gave a brief report of the development of the pronephros
in thio species, and Baocker (1928) described the hasd
kidney of the adult, though its form is difficult to

vioualise from his accounte.

The head kidney and kidney were studied by the
examination of serisl sections end by the dissection of
numerous fish. Injection of the vascular systems offresh
specimens with Indian ink was one of the main technigues |
employed, coloured latex proving relatively unsuccessful,
Hovwever, it was often posaible to distinguish even the
finer branchings of the venous system in the kidneys by
direct exomination under the dissecting microseope,
provided that suitable 1llumination was used. To this
end, 4t was found useful to direot the beanm of a microscope
lamp on to the outside of the f£ish body, somevhat dorsal
10 the kidney, when sufficient diffused iight wes transmitted
through the muscles of the fish itself to show up the venous
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systen very effectively. This technique was zlso
effective when lnk-injected arterial systems wera belng

excmined,

(1) Hezd kidney

As indieccted in Section IV the heed kidney in teleosts
is apporently derived from the promephros by replacement
with a mass of lymphoid tissua, Pigures 17 and lBVdepiot
its characteristic shape in the post«lorvel perch. The
orzan consists of two curlously shoped lobes Joined
postero-medially by a thin bridge of the same 1ymphoid
tissue which cleo forms the madn substance of the organ.
The anterior part of each lobe is somewhat lozense-shaped
and 1s marked off from the body of the lobe by a constriction.
Behind fhis constriction each lobe broadens at the base,
while bearing a ridge, which slopes upwards end backwarda.
alon: $ta middle, Bach lobe bears a wing-like
poatero~lateral outzrowth of lymphoid tissue, directed slightly
downward, All thesa features may be mode out in Figﬁre 17.
The éhapa is botter oppreciacted 4f 1t 4s renlised that the
cesophagus or anterior part of the stomach f£its smugly
between the lobes, and is closely applied to the bridge
Joining thems Ventrally, the heart 1s partly accommodated
in the space ecrented by the constriction separating the

anterior from the posterior parts of szch lobe.

Picures 17 and 18 deplct the blood vascular systems



Filgure 17. Stereogram of perch head kidney from
fronte Csctions through the right lobe are
enlarged to show structures typically encountered
a8 the organ is traversed in an antero~posterior
directions These structures lie within the more
or less dense lymphoid mass comprising the btulk
of the head kidney, The wing=like postero=~ ‘
lateral procesaes of the organ scem to be composed
aelmost entirely of lymphoid tissue and lack renal
structures and blood vessels.

RAC, LAC, signify right and left anterior cardinal
veins respectively} HPCy LPCy right and left poste
erior ocardinalsey DA, dorsal aortas

Sectional views

As Right anterior cardinal vein runs halfe-embesdded
ventrelly £n hesd kidney. A few renal tubules
or corpuscles are present {(solid line), and some
blood vessels (dotted), all within the matrix of
lymphoid tissues

Ee Much as for A;_

Ce Much as for A, though here there may ba a thin
layer of interrensl tissue (shaded) around that
part of the lumen of the anterior cardinel which
lies within the head kidney,

D. The bulk of the interrerd tissue (shaded) occurs
herss. Renal tubules and corpuscles are also plenti~
fuls | T | |

-2 & ¥+ These are sections through the right end left
kidneys respectively. The kidney igc essentially a
mase of renal structures (especially tubules), with
the posterior cardinal half-embsdded in it in the cass
of the right kidneysy and running wholly within it

in tke case of the left., Note the difference in

bore betwesn right and left poaterior cardinal veinse




LAC
RAC
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of the head kidney and kidneys The oardinal veins,
which traverss the substcnce of the former, drain into

the sinus venosus via the common cardinals, = The antefior

. cardinals run embedded in grooves on the ventral surfcces

'wa the head kidney lobes for somewhat more than half the

1ength of the latters Each anterior cardinel then enters
its lobe, cur&ﬁng upwerds and slightly 1nwatda. ¥ithin
the heed kidney it is met by the corresponding posterior |
cardinel vein descendingz from the level of the kidney.
Together they form en Seshuped figure, and ot their Junction
they aore drained ventrally, through the ccmmen cardinal,

into the sinus venosus,

The dorsal eorta aﬁparently gives off very short and ’
slender connexions to the head kidney (Pigure 17 shows its
course relevant to this organ). It was not possible to
distinzulsh these branches from epithelial and connective
tizsue strands in this study, end they could not be injeocted.
Their preserce ds inferred from the presence in the head

idney of numerous capillaries,

As mentioned earlier the head kidney 4s essentially
1$mphoid - o denge masp of oloaelynpécked lymphocytes in a
very 8light matrix, interpenetrated to a grealer or lesser
extent with blood channels (the extent being found to vary
with thermal background in the present study)s The numerous
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blood vessels within the lymphold tissue are readily seen
in section, their seotional shape depending, of course,

on the plene in which they were cut.

As Pigure 17 shows, renal convoluted tubules were
present in the head kidney. Renal corpuscles were also

| present, but, of course, appéared-much less oftens These
renal alémenta were found thrgugh practically the entire
length of the head kidney, tﬁough they were very infrequent
in the most anterior parts of the lohess The greatest
density of tubules and corpuscles occurred well back in the
body of the lobes, especially where the anterior end
posterior cardinel veins jJoin. Here the tubules ere
large, often appearing considerably folded in section.
Theéa tubules have brush borders, Thise region of maeny

renal elementa is also richly vasculorized.

The presence of interrenal tissuc esround the lumina of
the cardinal veins 4in the heed kidney haa'airaady been
described, together with an apc0unt of the sppearance of
these cells, Pigure 17 indiecstes that the interrenal
tissue first mekes its appearance in the head kidney {other
than for a few isolated patches of cells) where the tissue
bridge Joining the two head kidney lobes begins., Here it
forma a thin leyer, esgainst the lumen of the anterior
cardinal, a few caells, or even one cell, thick, It oppears
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only around that part of the cardinal embedded in the head
kidneys Furthermore, it must be understood that 1t does

not by eny mezns zppear in this region in the masorify'of
perch; bdut it may be found here, Further bock, especially
where the anterior‘cardinale bend upwards end join the

YT posterior cardinals, the greatest quantity of interrensl

tissue i foundy here the pi}ing up of cells described
by Baecker (1928) mokes ita appearance, This 4s the
inveriable region of ite greatest abundance, The main
“acouﬁhlation. as Pigure 17 suggests, often occurs mostly

on tha ventral side of the lumina of the cordinel veins,

(11) The kidneys

The kidneys are slender and run the full length of the
body cavity. In section, they are flat ventraliy and
convex dorsally (Figure 17), The kidneys become united
medially cbout halfway along thelr length.Aaﬁd‘aa Figure
18 shows they ore segmental in form bofh antérior and
posterior to this union. Internally, in cpntiaat 40 the
heed kidney, the great bulk of spece is given over to
renal structures,especinlly collecting tubules, 61 more
or less circular croéa section; the lymphoid elements are
reduced to & minimum, DBaecker (1928)-atated that the
united kidneys were thickened nt their posterior end
through acoumulation of lymphoid tissue at that location.
No such thickening was ever encountered in the many perch

kidneys examined in this study, and exzminution of seoctions
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through this area revealed no deposit of lymphoid tissue.

The segmentation of the kidneys corresponds to the

spacing of the ridbs, and the arrangement of the kidneys'

vascular system tends alsc to Z0lle¢w this arrongement,

but only rather vosuelys Thus when one £irst examines
the arterisl and venous systems it is noticed that most

of the larger costal arteries branching from the aorta have
en accompanying veinj but the pattern is varieble} not
all the segments have a large costal artery and the lerge
veins are much less reguler in distridbution and disposition
than the erteries: Figure 18 suggests more order end
regularity than usually existsy 4t has been made semi-
diegroammatio and synoptic in the interest of clarity.

The main coatal arterial branches depiocted merely traverse
the kidney substance, without giving off any emaller
branches to the kidney itcelf, Some of these costal
arteries follow the line of the rid well up the inaide

of the body wall, branched, if at =2ll, only simply for the
greater part of their course., However, especlally towards
the posterior end of the kidneys, some of these coatal
erteries tend to run straight, orossing several ribe in

80 doing, rather than following closely the line of the ribs.
Other main arterlal branches may often diverge from the
costel arteries close to their bases to supply the

dorso=lateral muscle masses, or vertebral arterial bronches



Figure 18+ Vascular system of head kidney and kidney
of perch (semi-diagrammatic, ventral view).

‘BR. branches of right posterior cardinal vein drain-
ing left kidney in 1ieu of degenerated left posteriox
éardinelz CAs costal arteriesy CAV, caudal artery &
vein} CCy common cardinaly CV, costal wainsi DA,
agraal aortas HKy head kidneys HTy hearty Ky kidneys
LACY, left anterior cardinal veing LPCV, left postere
ior cardinal veing Ry, ribsi RAy renzl arteriesg
RACV, right anterior cardinal veing RPCV, right.
posterior cardinal veing RPS, remal portal aymteﬁa
RV, renal veing GV, sinus venosuss

For simplicity the renal arteries appear only
at the lower left of the drawing, and all other

blood vessels have been omitted from this region.
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may turn ateeply ﬁpwards, thelr main fimoetion apparently

being to supply the dorsal muscles, It was not, of
course, possible to depict these latter two sorts of
arteries in Figure 18, in which only the costals are
shown, But, anyway, branches of these three main types
may often be given off from one main erterial dranch
(sec also Holstvgood, 1936). Once again it may bde
stressed that such arteries appear to Sa functionless

as far as the kidney itseclf is concerned, merely paasing
through it on their way to the muscles. ﬁbwever,-the-
function of such arteriecs as regards the kidneys
apparently vﬁrioua emong teleoats (Holstvgood, 1936).

The renal arteries were revealed by injection as
short, simple branches of the aorta which directly enter
the substance of the kidnaey, brﬁnching profusely and
narrowing progressively therein, _Tﬁey are much less
noticeadle end of narrower bore then the larger arteries
desceribed above,

So far as the venous side of the renal circulation
ia concerned the right posterior cardinal vein runs the
whole length of the head kidney as a large, obvious |
structures It 18 closely spplied to the ventral aspect
of the kidnay; though not decply embedded.

145
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By contrast, the left posterior cardinal vein narrows
on leaving the head kidney and is deeply emdedded in
the kidney, But the left posterior cardinal terminates
at about the meventh or eighth segment, when the right
cardinal assumes the task of draining the left as well
as the right kidney, The branches performing this
function pass below the dorsal aorta as quite thiok
venous trunks from the right posterior cardinal vein..
Figure 18, depiots these features. .
There are ourious connexions bhatwecn the veius
dreining the kidneys and those coming from the body
walls 1.0. 'bét\veen the rml end costal veins. Thus
while the costal veins may empty directly into the
posterior cardinals, simply traversing the kidney
structure on the way, they may alternatively join one
of the main {runks of the renal veins, or they may break
up into a network of venmules on entering the kidney to
make cosnexions with the fine branches of ths remal
veins, The latter of these two kinds of comnexions
thus comatitutes a renal portal system (Figure 18).
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VII. GINERAL DISCUSSION & CONCLUSIONS

In this study an ettenpt was made firstly to illustrate
that the influence of high temperatures on Perca fluviatilis

and its close relotive Perea flavescens is of real importance

in nature and therefore constitutes n valid prodblem for

further investigution. To this end the approximate range

of unfavourable temperatures was eatoblished as 29—3200.

for P. fluvietilis and it appears from published data that

1t 1s much the same for P. flavescens. A zoogeographic

appralasnl of ths two speoies fhan suggested that there erae
at least two large river systems in the'world -~ in North
America ond in Australia =~ where higher temperatures do
probably 1imit the spread of perch towards the equator.

It 15 believed that North America furnishes the best example

of the influence of the two primary réotora'that have been

- 1dentified ©s moulding perch distribution. These two

fectors are, of course, high temperature and steep stream:
gradient,

In order to underline, finally, the importance of these
two faotors and the way in which they ¢an so profoundly

4influence distribﬁtion Ficure 19 controsts the distribution

of P. fluvescens with that of Salmo trutta the brown trout - en

{ntroduced species in America. The brown trout inhabits
many of the high altitude regions denled the perch (i.e.
the Rockies cnd the Appalachians). On the other hznd this

specico is absent from the moin lowland river system of the



Figure 19+ The differences in distridution betwgen
Percg flavescens and the brown trout Salmo trutta
in North America, based on maps and date Ifrom
Trautman (1957). | Bs, flavescens, ====-
S. trutta, limits of distribution.  As is

obvious the brown trout live in some of the ve:y_’\
places barred to perch, such as the Rockles and

the ‘Appalachians. On the other hand, the maﬁor
part of the Miesissippi-Missouri-Ohio system is
uninhabitzble for trout, mainly because of high
sumzer temperatures, lack of sultable spawning
facilitiea;, nursery streams, eto.

This is intended to show how & contrast in
1ifs habits and thermal tolerances between two
species has led to differences in distribution.
See text for further information.
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Middle Vest frequented by the perch {i.e. the Miséiaslppi»
Missouri~Ohio system), except possibly for some of its
highland reaches, Now the habits of brown trout contrest
nmerkedly with those of perch. The former 15 a strong~
swimming species, passing much of its existence in swift-
flowing highlend strecms especially necessiary for its
spawning cvotivities, and thuc essential for the completion
of its l1life cyocle. Thé reverée is true of the perch,
Howevef. the perch's superior thermal %toleronce (upper
lethal temperature of brown trout seems to be about 24%.,
(Treutman, 1957)) sllows it to inhabit much of the
1i1ssissippi-Missouri-Ohio system, from which the brown trout
is barreds It is hoped th:t this demonstration, of how
opposed tehdencies in the blology of these species has
resulted in their ccoupyin: almost mutually exclusive
habitats, will be convincing.

Now both laboratory end field experiences have shown
perch as capable of remaining slive indefinitely at
temperatures close to their thermal limit, It is concluded
that it is probably by a process of thermal adaptation
father than temperature selection that these two Perca species
are notmally eble to avoid heat death. But this means
~that in certain large river systems those members of a perch

population nearest the eguator may vell be in continual’
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denger of suffering heat desth in midsummer., I% may be
esked therefore why larga, even mass, mortalities are not
seen at this time of the year. DPossibly the anawer is
that they might be'aaen 1f population density were
sufficiently high. However, if the effeots of high
temperature are insidious, carrying off a few fish at a
time, rendering others, through méladaptation. prone to
other kinds of mortolity than deat dezth, then many fish
mizsht dde in summer without ever being accounted for,
NMoreover, 1t will only be the oomparafively few fish
whogse environment is 8t the critical temperature that diae.
Those o short distonce away, in water perhaps only
Fraciionally cooler, will survive, It is srgued that
for perch something like this must obtaln, to produce the

recorded distribution in relation to temperature,

Cussrensisdodnovasy

What sort of theory may be inferred from the observa-
tions on tissue impairment etc., to mccount for the effects

of high temperaturae?

The theory which is tentatively advenced is one
foshioned in eimplified imitation of the Genercl Adaptation
Syndrome of Selye (19%50). This syndrome. as stated in the
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Intradﬁction. drave atiention to the similarities of
response ihieh occur in the mammalian body &s a result of
eprsure to anmeruﬁs diverse noxious utiguli or atressors
(e.g. heat, cold, post=operative tréﬁga, mechanical
cruahiug,'prolnnged'violent eiarciaé. emotional shock,
etarvatiau. atc. ). éelye (1950, 1952), in & generai
eccount of his thaeny, nttenyteﬁ to demnnatrate the OVere
riding significance of tha anterior pituitary, and through
it the adrcnal cortex, as controlling ngenta in eliciting

these aymptoms. He claims that the active prinoiple or

the adrenal cortex (cortiauna in menmals) is aecrated
under the influence of the pituitary, following a sustained
etimﬁlubg Cortisone has as 1te function the maintenance
of general physiologicalland histological intagritiéin
the‘faee‘of an “alarming stimulus™. Selyé sees the

estahliahment of e mataholic discrder, or a breakdown of

‘some of the architeeture of the body. as what he terms a

"derailment” of the normal defence mechanian of thg'budx;
among which the action of cortisone occupies a key phaitiant
z'On fhis interpréiation it wonld seem $hat cortiéono
{or tha aotive principle of figh 1nterrennl tiesue. whataver

it may be) is critioally involved in preserving the'f
1ntegrity_of the tissuea againat atressors. If damage. or
impairment of function, eventually follews aprlication of a
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etressor, then it should probably be consldered that the
secretory activity of the interrenal hes been unable to
maintein the level required to preserve integrity. v
Alternatively it mey be that the resistance threshold of
the tissues hove bean lowered through prolonged exposure
to stress, despite continued interrenel anotivity. No
f4rn cnswer to this problem can be forthcominz at this
level of knowled: e, though 1t does appear that ACTH is
fundomentally involved in cotivating the interrensl tiasue,
and by 1ts injection the thermal resistance of o fish may

be railsed somewhat,

The question arises of the ultim:ute importence of the
interrenal tissua in controlling thermal resistonces It
is certainly not held to be the only fector ot work. The
vulnerability of the centrul nervous system as a weak link
in the failure of the system as a wholes during heat exposures
15 ptill unessesseds, Although not reported here in detail,
it was possible in mony instances during the inspectlon of
other tissues to note the condition of sectlions of brain
and spinal cord of perch., Gross or obvious lesions were
never observed, even in instances of extreme thermsl stress,
end os far the metheds employed permit 1t, 4t can be stated
that the histological intesrity of the central nervous
system was preserved. It is felt that data on the bernh

thyroid were fur too insdequute to form any firm impression
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of its funetion in relation to higher temperatures.

Though thyroid cell height i generally accepted as an
index of the siate of aetivity of the gland, the relation
of this height to temperaturs appears $o vary betwesn fish
species, DBarrington & Matsy (1954), working with ninhawv
Phoxiras phoxinus, found that, while there wsi e oycle of
thyroia'activity for this species in nature, 1t doeas not
sppear “that it ts a direct response to temperature”, y..
is rather to be correlated in some manner with the
reproductive cyole. However, in aquarium experiments,;
these writers d14 f£ind that cell-height was positively
ooriolaxca with temperature, albeit, as they pointed oﬁta
the effsot wes not large: In perch the seffects of
temperaturs appearsd ¢to be in the reverse direction; thas
is oell heights (anq activity ?) wers less at higher
teuperatures, as Swift {1959) elaims for the brown trout;

Swift interprets his findings 08 Jurther evidence that
the dastc Jungtion of the thyroid ts concerned ia the

control of the animal’s metadolism, in thts case in such a
Jashton as to coipcnscto Jor chargex in tAe environmental

-

tenperature”. mnis view appears to have been foreshadowed
by a tentative hypothesis put forward by Barrington (1952).
Hoar (1557) has pointed out that soms £ish species show no
apparent thyroid response to chenge in environmental
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temperaturs and hes sugsested (Hoar & Robertson, 1959)
that photoperiod may influence thyroid abtivity, and
through 4t thermal toleramce, |

Pronounced depletions of lymphoid storage organs
are prime uy#ptem- of stress in memmals (Selyse, 1950),
Such depletions occurred regularly, and sometimes
| epectacularly, in the percsh in the face of siress,
Iﬁt perhaps the parallel aliould mot be pressed too
closely., Selye describes the complete disintegration
of many of the cells of such organs as the thymus and
splecn, picturing this as beneficial to the organiem
beceoune "1t uay de of great import by supplying special

matertals needed for aystemto defenss (e.g. antidodies,
agtivatars of tha rettculo-endotAeltal syetem)”,

Rasquin (1951) and Resquin & Rosendloom {1954) aleo
reporthd much the same response as thit typicel of stressed
mammale for AstyanaXx given injections of ACTH or cortisone,
pituitery imwlants;<or kept in oonstant darkness. But

in the perch head kidney this kind of destruction of
lymphoid tiluue; with consequent presence of cell debris
¢learly visidble in that organ; vas not encountereds
furthermore, it was believed that the main cell losses
were, fundamentally, an accompaniment of increased

blood flow, However, it is quite possible that

the erosion of lymphocytes from the head kidney was
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effected partly through imterrenal sctivity, incressed
pecretion lesding to "fragility" of the lymphoid tissue
8o that cells were more sanily Qinplac.a>rros the
~ petienlunm andflwipt away into tﬁc.gindral oirculation.
Except for the interrenal ahango-'and the lability

of the liver at the thcrmal doeth point (ylun the o0dd
éhangoa in thnt orzan aﬁ the only nodoratnly high level
of temperature of Exporimont 10) marked changes in .
response %o heat of muuulo, liver, thyroid and renal
tubules only ocaurrtd et high and prolonged tomperaturo:.
These ohangol arc similar to those eppearing during the
advanced stages of the General Adeptation Sundrome.
When this qinilarity is eouplod w1th the nihiitivt
riépmiﬂnuu of the interrenal tissue and head kidney
t0 several diverse kzndu of strees, plus the effeocts of
ACTR on the interrenal and its ability to sounteract
thermal stress, it really sppesars likely that the response
of thi'purbh %o high_tampornxnra"is'o-iontially an example
of the deterioration of a general response mechanism of
this telsost rhaarkably'limilar to that in memmalm.

© It is 1ikely that this ronponsc iy!tnm also spplies
to other teleosts, Rasquin (1951) found thet carp
pituitary implantation or ACTH injection produced interrensl
hypertrophy and hyperplasis in Ant;gha; mexicanus. In
addition, the head kidney was greatly depleted of its
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lymphocytes by thess treatments, in o menner rather
similar to that in perch, As & rssult of cold stress
Rasquin found that in the interrenal timsue "fhe amouat

of eytoplasn was greally reduced. The cells Rad sArunx
auay Jros eagh ather? 80 thal spaces appearsd, sharply
denarcating thea from one another.” This would sarve as
a good deseription of the atrophy following thermal stress
in the perch -~ end indeed the other kinds of gtress
(4noluding cold) to which they were subjected. Rasquin
& Rosenbloom (1954) continued thism work on Astysnax, o
inolude &n histological study of fish kept In continuous
darkness s & satressor, Hers, too, there ware changes
in the interrenal tissue, lymphoid Sepletion =nd, in more
advenced cases of stress, changes in muscle; liver, thyroid,
renal tubules and other tissues. Rasquin & Rosenbloom
oonsidered that muscle wastage and fat accummlation 4in the
tissues of afreased Astyanax involved an endoorine
imbelence in which ectivity of the interrenal featured
prominently. They meem to believe that strese in the
£irst instance suppresses the secretion of gro«uﬂsh hormone
by the pituitary, and this is probably true since growth
pessez, Growth hormone promotes protein bduild up and fat
oxidation, 80 4n ita ebsence thoy feel the catabolio
tandency of interrenal tissue - supposing it o be very
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similar in this function to the memmalian sdrenal cortex -
ceused protein breakdown in the muscles. The present
writer is unable to follow clearly how Rasquin &
Rosenbloom sttempt $0 mocount for fat storage, but they
ses 1% as reciprocally releted to musole protein
catabolism., Certainly in the perch, acclimatization to
very high levels of temperature resulted in msole |

‘wasting and loss of struoture, dbu¥ ihis was unaccompanied

by any marked fat storage in other orgens and tissues,
However, the very high activity of perch et high
tenmperature may help to eccount for this latter fact.
Cocking (1957, 1959,b) elso found that increased mmmonia
sxcretion and oorrelated !'!oigh‘b losn, indicative of
slevated muscle nataboliam', 'acoompunim exposure of roach
$0 high temperstures. It is feli thut the stunted size
of P, flavescans essociated with 1ife near thelr thermal
limits in nature (Trautman, 1957) is consistent with a
ourtailment of growth during the heat of midsummer, and
is probebly related to these phenomens of growth cessation
and muscle wastage seen in the laboratory. |

In an attempted interpretation of the effects of
dietary fats of differsnt iodine values and nolﬁng pointu
on thermal resistance Hoar, with two colleagues, (Hoar &
Dorchester, 19493 Hoor & Cottle, 1952,a) was able to show
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that diets rich in xatn-witbtg}ttcronx valuea of the

above two propertiss could indeed modify the temperature
tolerance of goldfish Carmssius purstus. But the
mechanism for this change is osgﬁure,vana the
investigaticns failed 4o besr cut either of the early
euppositions of ﬁoar & Dorchester {1949) that it was
degrea of unsaturation or the meliting points of the fats
which wes important, However, lloar & Cottle (1952 b)
did point cut that the water content of goldfish tissuaes
waﬁ dixaqtly p:vpoxfional %0 tha temperature a% which they

‘woere meintained., They inferred that this ie probably

beccuse of the increosed tendency for watar to entor the
tissues at high tempei'aturas. Though water conteni
volues sre not available for parch.,frou_the-appearanca.f
of the muscles at high tempara&ﬁra,.:t seams very livoly
that their water conténﬂ would be high.

- EEERERREEENEENNRE S .

A few lasi points ore worth uentioning.
The firat is that the 1ocatibu of interrensl tissus,
which surrounds the lumen of the cardinul voln in the
proximity of the couzion cardinal, l1s such that it le
edmirobly located es a gecretory orgen to relense 1is
active principle directly into ona of {he main wvenocus
trunks very close to the heart. This means that 1te
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distribution throughout the body will be both rapld and
efficient, |

The second point concerns the oylinder formotion in
the interrenal tissue. Selys (1950) has desoribed the
presence of "tubules” in the edrenal eortex which appear
to resemble the interrenal cylinders rather closely,
He indicates that these ore most common 1n' "the adrenals
of animals ezposed to very sudden intense atreas”, and
certainly they are seen under such conditions in perch,
though thay are by no means restricted to f£ish which
have suffered stresas. Selye consilers them to be mainly
the result of eytolysis following s mildly hyperplestio
condition, In this he may be correct, but the avidenocs .

for the mode of formation of the cylinders in the perch

is not clear, and their homology with tubules in mammals

~ 48 not entirely definite.

Cocking (1959a) found the heart atill beating in
specimens of Rutilis examined after heat doafh. and the
present writsr found the same in numerous perch,

Cocking proposed that the heart had probably deen
funotioning ebnormally before death, despite its
contiming to beat afterwards, and that it was therefore
inefficient at a time when anything below maximum
circulatory efficiency would dbe llkely to lead to anoxia,
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Lastly 1% msy be noted that though it was not
reported 4in anyvdatail en attempt was made to determine
pomething of the ability of the interrenal tissue to
reocover following exposure to thermal atress. This
was done dy heating perch from an acclimatization
temperature of approximately 6°C, until juet before
disablement (26°C) at the usual rate of 4°C. per hour,
They Wwere then cooled down at the same rate to 6°C,
again. Ten days later they were flxed. On examination
their tissues looked much as would be expeoted for fish
gcolimatized to low tempé}atnre. 8o the inference may
be drawn that peroh.nay'recovéi cdmploté;: from even

saevere temperature stress.
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- IX. APTENDIX.
Tadle 1.

Ccmpositicns of "Lacsie" & "Bemax™,

lasnie *
Constituent Percentage composition
iihale meat ‘ ' 30
Cow meat & offsl 25
Beef liver . ' 5
Cround fresh bone with
adhering meat & rwarrow 5
Cereal 20

Plus small mdditions of salt, sodium nitrite, dye
end Vitanin Bl, together with sufficient water to give
a filleble conaistenoy. v

% Composition variable, dul geuerally as above,

Bemax

Constituent |

Vitamin Bl S 0.45

Vitanin B2 : v 0,2

Nicotinic acid : , 1.7

Vitamin B6° = o ‘ 0.45

Vitamin E : : 8.0 ¥g. per 0z.
Manganese S : 4,0

Iron o - 247

Copper - - 0.45

Protein | . ‘ 7
Carbohydrate 50 %
Fibre - | 3(not more) |
Celorific vulue . 10

Esgentiel Arino Acids Fresh wt.baaia 16% X, Bauis
Arginine . 245 8.3
Histidine . _ 0.9 2,0
Lysine 1.3 6.0
Tryptophan ' - 0.l 1.0
Phenlyalanine ' 0.9 3.0
Cystine 0.3 1.0
Methionine ' 0.5 1.6
Threonine 1.2 4,0
Leucine 2.1 7.0
iso-Leucine . ) 4.3

Valine 1.6 5.3
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DM ZiyuCTS 0 HIGH TiMPERATUR:SS ON THE PLRCH

PLRCA JLUVIATILIS (LINWAEUS) AWD THuIR IMPORTANCE
s
IN INFLUZNCING, DISTRIBUTION.

By A. He Weatherley
SUMMARY o

The upper lethal temperature of the corron perch
Perca fluviatilis (L.) was determined experimentally in
ralation to acclimatization temperature. The inform=
ation thus obtained was combined with knowledge of the
distribution of the species in nature, to determine the
extent to which high temperature limits its proximity
to the equator. This analysis was aided by knowledge
of the distribvution of the very closely related yellow
perch Perca flavescens (iitchill) of Korth America.

It was concluded thai the distribution of both species

is controlled by two principal factors. The first of
these iz their inability to live in streams,; or sections
thereof, with stecp gredients. The second, high water
temperature in midsummer, appears to e¢xercise its effects
in at least two extensive reglons of the world. ilowever,
it appears almost certazin that perch can live in waters in
vhich midsummer temperatures may be only a degree or £0
below their upper lethal temperature. The conservatlve
behaviour of perch, which inhibits frea digpersal of these
species, prebébly plays an important secondary role in



influencing the distribution patterns

It is believed, then, that the more or less direct
effects of temperature cén coniiolnperch diatributian, |
sometimes over a wide front, and that the mechanicms by
which heat bfinga_abeut its aisabling or lethél effects
are thereiore of eanaiderablé importance for these two
species.s  The major part of this thesis describes an

investigation of some aspects of these mechanisms.

\hen specimens of Po fluviatilis wvere examined
:histoiugically it was found that exposure to (efan"
moderately) high tempcratures led to lymphocyte depletions
in the head kidnay and +0 céllular'atrophy'af the interrenal
tissue. Higher levels of thermal exposure led, in
addition, to more profound changes, so that when perch
were exposed to temperatures of 28-30°C. for 12 weeks or
mores even though elevation to such temparétar@s_had baen
graduals histological changes were found which were
considerecd degeneratiie or 1ncipientmy £0e | The liver,
renal tubules, muscles and possibly thyroid were among
the affected tissues. Colleatively these changes
rather resemble the cormplex of adaptive and deganerative
effects found in marmals axpeseé t0 prolonged noxlous
stimill of many different kinds. Such changes in
memmalss a5 well as many others ef_a non~histologleal
character, were first described and named the General

Adeptation Syndroms by the Canadian clinical investigator



Hs Belyee.  Iuring the last ten years or so a few workers
had already suggested that t;a hisﬁological reactions of
f£ish exposed to certain'atressea were similar to those

¢f mammals. .  There thnalsgemed gbod grounda for proposaing
that the,resgénse of perch to thermal stress might be
integrated into this view, and that further experiments

to test the vallidity of auch{a standpoint.were indicated.

In the mammels the antérior‘pituiﬁawy governs the
secreticn of cortisone by ;ha,adranal cortex in combatting
stresss  The telecat-hémglegaa 0of the adrenal cortex
is the interrenal tissugs; and the pranﬁﬁmceﬁ'lability of
the latter in the face of thermal stress led to the view
that it was similarly involved. It was therefore
reasoned that stressors otherﬂthan heat (e;g. cold, anoxia,
ogmotic load) should amlter the appéarance of the perch
interrcnal in a similar fashion and bring ebout other
chenges resembling those produced by heut.  Suitsble
experlments showed this to be the cuse, while the histo-
logical effects of injection of mammalian corticotrophin
cr "ACTH" (the secretion of the pituitary which activates
“the adrenal cortex) gave a further fllustration of the
involvement of the interrenal iiwsua. furthermore,
injections of corticotrophin were effective in raising
thae upper lethal temperature éf'perch by a statistically

significant emount on several occasions. Injections



of cortisoney adrenzlin and braia made frem fish pituitaries
wnd head kidneys were slso gliven for reasons explalned in'
detail in the thesis, though thess were generally inefiective

in offaatting thermal stress.

It was concluded that the interrcnel tissue oif perch
is involved in combutting variocus forms of streasy ¢f vhich
heat stress is Just a particular casce. Degenerative
changes accompanylng exposure to more extreme strevs are
geen as indications-that the adaptive potential of the
fish (cbntrulled at least in part by the interrenal) is
about to be exceeded, It is of course not held that
theiinterrenal tissue is the only line of defense against
noxious stimili; such a geﬁeralizatiou is much beyond the

scope 0f the present studye

Since 1t has becn of such importance in this vork
a8 description is given of the wvascular system and general

morphelegy ¢f the head kidney and kldney of the perche



