processes that take place in their body. All such proce

Thermoregulation

Introduction

[ Each and every activity of living organism is the result of biochey,,

SSES are 5o Mg

iemperature sensitive that even a slight change in iemperature alters the "
of these reactions. Therefore, arises a need of maintenance of , Speciﬁe
body temperature for the life of an animal o be carried on ip 4 pgr&;
order. The way in which the organisms maintain their body tempury.
athin 2 cerfain limited range is termed as thermoregulation™

Al the animals arc_known to inkabit either aquatic or terrestrial o
aerial habitat. Temperature within the water bodies does not vary my
because of the high specific heat of gl
water and thus the effects of change of i
temperature on organisms as such are
not much. But the animals of terrestrial
habitat are directly exposed to the
radiant heat and also because of low
specific heat of air, the temperature
changes, with the diurnal and seasonal s

s gt . SIRPE -50°  desert anim

variations, are much prominent. Thus -

45" turife and camd
the temperature changes which g5 ‘igil brds i
terrestrial animals face, effect them to g% r“_gg | most mar g
a much greater degree than to aquatic = S+ _o5e  shore lnvert?
animals. Same is the case with acrial (X
animals. They too have to face quite %’:;
large temperature variations. Here »

their high rate of metabolism makes

ol
iy ani®
1aprqnce 1B

i T ature tolerad
Fig. 7.1. Temperatur
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higher temper: T

(0 [olcrﬂlc - peratures, Tempers sd whi A :
ok rs, b, in Big, U, peratures which different
'mais
19' Thu

< the emperaturc adjustments are controlled by the physiological

s Mo als with a low rate .

(5. Anim ~a low rate of metabolism ¢ i
L me? = of o ; abolism _can not adjust
B s, 10 oxtremes_of_temperature, but those with a hig ratcj"?{f'

et scl //J—'-- m é Rllechoont M it

, lh?.‘gﬁ;lfsm arc €2 ab.l.%_s;l!__mémpu!gung_,zhg rate of meiabolism so a5 to
w’cfg"r with the thermal_changes taking_place in the P ——— L
| ﬁC'- o ————————r=a et .

1 -

- (ipeS of Animals
: C'onsi del’iﬂg various aSpccts of temperature regulation, animals are classified

hree different ways :

ending UpOD the body temperature the animals are grouped as

in L

(i) Depene e cold blooded. But th

() blooded an€ SEC RN ut these terms are now replaced by

| Tore authentic terms 1.€. homoeotherms and_poikilotherms. Animals °
which inspite of fluctuations or great variations in the atmospheric

emperatures maintain a relatively constant body temperature are

L"—’fi/fg ) ~Where
categorize undf,r hqmoeotherms_.., Whe-l:@w&y@/_ whose_bod
o peraturc varies vath changes in cnvironmental (emperane %2
under {he category 'Qfg@gﬁms. The former i.c. the homogotherms

—_—

igdode_birds_and_mmammals;_and aguatic_animals, . invertebrales,

hibians are included in the group poikilotherms

% W o> _—”‘\_/ -."
(2) Because of therr own oxidative metabolism some animals are capable of
producing sufficient heat to maintain a constant body temperature.

- ———

Y fse-animals are femed (he enolhermic aniials. While others have
low' production and high conduction of heat with th_e‘rgsﬁlfdie/y have

to depend upon - fc atmospheric hedt fof mainta g their body

e St gl are-put fogetier under (e €1 €200

e ude vast number of anifals c.g. the mveriebrates fishes,

,\ay;hj!iam\,_'_,r,qugg, etc. Examples of endowmﬁmﬂﬂfefm
and mammals. ‘

(3) There is a term heterotherms Or the facultative- endoderms 10 describe

those animals which show variable characteristics of being able to
generate heat and maintain their body temperature themselves at mes
when they are active and being unable to do so when they are at rest.
So during the time of low metabolism they have to depend upon the
atmospheric heat to regulate their body temperature like ectotherms
and when active they behave like endotherms. Such animals, present
just on the critical line, like monotremes, SOME marsupials, armadillos

©,Bte,, are thus termed as facultative endotherms or heterotherms.

Tempe;

ftf,m““ related changes in metabolism ‘ e

Sensiti ted earlier too, the physiological processes are highly lempi: :
e and are confined to very acute temperature measurements. 2

]
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ange of temperatures within which all the life processes fall i als,

Environmental temperature whether rising or fay; B
abolic processes accordingly. This fact has b,”
van't Hoff describes this generalisation in thn |
ten degrees rise in temperature the rate 0¢f¢ ;
uble, This is known as Q1o law 4y | &

ke aw ang 8

overall r
very narrow.
manipulates, the rate of met
studicd by various authors

following way—for_eve
becomes_almost d

biochemical reactions

is expressed as : |
(ki + 10)

Qi ="} _ .

t temperature t, and ki + 10 is the velociy, &

where k; is the velocity constant a

constant at temperature (t + 10). . | 4
f Q1o are found to be€ quit;

In the case of chemical reactions the values 0 dto
constant. However, in case of enzymatic reactions this law_is_not applicable

lincarly. At low temiperature_the cnzymes become inactivated and at highe
h_logical that under such

temperatures_they get destroyed. It is_very muci. : I
t_.,follow_@.r_ly.su_ch_law,_:_llherefore, in the case of

circumstances.they will.no
enzymatic reactions the Q10 law is followed but 1n a ver

temperaturcs.. ;
With change in environmental temperature the rates of metabolic
““‘N.,: processes change consequently changing the body temperature. This is the
M case of poikilothermic animals. But we find that in homoeothermic animals
the change in external temperature has no or very little effect on body
temperaturc which remains almost constant and this is possible only becausc [
%f?ﬂ_ certain_temperature regulating mechanisms present_in_their tissues. | |
o ;msc their fissucs too behave in the fashion like those of poikilotherms
Also w ) : oy e -
lwer gradccai?;;ﬁ?t b poikilotherms having low body temperatures are
t lls as compared to birds and mammals having higher body
emperature. Thus, it can be said tha@igher bod i ' 4
more complex form of life. <r, body temperature favouts

——

EfTect of low temperature

Response of animals to i
cold is varied. A f
cold conditions whilc - A lew of them mi avoid the
e ‘;hc::tr (ﬁlc others who face such low telir;::iatl(:lrgoﬁllﬁf
temperature_effects th ngl): or are sure to be effected adversely. The low
—chects e animals not only by slow d Pelhgl C”Ojf
ng down the ratc 0L

metabolism but also b i
Y causing the i
As a result the wate ooe-ie to be formed j .
- €d_1n extracellul: d
omes out of the cells by osmogjs ai(ltc;acoxlllstimr[*]::::"

of salts within the cell ‘
cells change, This produces lethal effects and the anima/s

are prone to die if the s
¢ same effect continu_cg This lethal temperaturc for

-

.temperature and (o the temperatyre
its exposurc to low temperaty e{;»
red-On the oth
er hand ]
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o by st cooling. In this case the lowering of temperature is too fast to
it any ice cr}fstal§ to be l:ormed and the condition is thus less injurious.
o fight the conditions of low temperature, phenomenon of antifréezing.
;cﬁi‘;ﬁ;‘?’fweang_sy_bﬁg@_ s present in the body ]Iﬁ?ds_IﬂhEng;g]q; the
*auic content but lowers the freezing point and thus protects the animal
o ljﬁfﬁ frozen. This is found inpoikilothermic animals. In homoeotherms
7 {5 & done by the temperature regulating mechanisms /but it is found
m’t;,s“areslﬂt of severe cold, these mechanisms, if break down to operate
cosult in the death of the animal. :

There arc a number of theories explaining the cause of death because

of cold but there is no general agreement and none of them is universally

socspted.

sffect of high femperature

The cold temperatures are found to be lethal in their ultimacy. Similarly the

kich temperatures are found to effect the life of animals and the effects of

-5 temperatures are much more severe than those of low temperature,_

acein the dependence of animal for temperature is based on the exposure -

<5me and temperature of environment that the animal was inhabiting befc

:t= high temperature condition. As also clear from this aquatic animals face
lss variations in temperature because of high specific heat of H20 and thus
2oir lethal temperatures are lower as compared to those of land animals.
Various ways in which the high temperatures are found to effect the animals

may be one or more or all of the following.

~Afier a certain limit, if the temperature rises the body activities cease
dowm and the animals finally die. Protoplasm constituting the animals
contains proteins and the enzymes (which are also proteins), coagulate and
szt denatured at high temperatures. Thus they effect the body activities in

zeneral and Tinally result in death. Also the excess of heat leads to an
e result vacuolation also takes

increased viscesity of cellular fluid. ‘With_th
place. Vacuolation leads to release of 6 i jc_'g_s)_,Yithin.._thjc___ccﬂshﬁll_@i]_le
T3 ——— o .

Ca~7 ions so released have a disruptive influence on | the cell by affecting.
the permeability of plasma membrane. All these factors copbmedl)_' or alone
affect the organisms adversely./Effect of high temperature is opposite to that

of low temperatures if the increase in rise and fall respectively are rapid in
clamatise itself to the changing

that the slow heating permits the animal to ac :
temperature whereispethu fast healing suddenly aufmks anc_i de§U0ys .the
activities of many enzymes Of almost all of proteins causing immediate
death,

Mechanism of heat regulation in poi
Their body temperature changes 2¢€

they don’ | on it. This is
¥ o-nthavc any contro il to a very small

kilotherms _ _
ording to that of the environment and

because they lack the temperature
degree a regulation of
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is is by their behavioural 4y

ure is scen

temperatur® 15 ..
metabolic actht and lizards) are often found to bask in sun. Thi,
20°C. This is becayy,

ten
- tiles (snakes
e ( dy temperature by even 20 -
i e ion by thc SUbStralC, B‘j
to raise the temperature of 3

i ings a j :
Yﬂl%rgf;?ggmo;x;iﬁﬁ the extent to make ttfc ﬂight. poss:ble. '(I;hls mf"t_fiorj of |
generating metabolic heat is also very officient as in bees and can raisc the |
temperature by 10—12°C. Generally 10 fish an.d other aquatic p01k110thc£n}3 .:_

there is no appreciable difference between their _E??Pﬁrffﬂ_f_ffﬁ,&{i@__“’f e §
sarrounding water. The heat produced as 2 result of muscular activity durin, |
swimning is exchanged and equilibrium in temperature with that of the |
surrounding water is maintained. owever, there are a few examples such |
~ as Tuna—a large and fast swimming fish .1 which the body temperaturc is §
be because of that the heat |

higher- than that of the water around it. This may
produced due to muscular _activity is regulated by the counter curren |

mechanism to some extent and this reduces the dissipation of heat. Besides
these, there are certain special methods also which are in practice to §
overcome the handicaps of being poikilothermas. Such as larvae of butterfly, |
Vanessa group together in cold weather. This-group as a whole is able to |

maintain a temperature of 1'5 to 2:0°C higher than that of the surrounding
air. Workers of Polites (a social wasp) fan with their wings to produce 2 |
cooling effect. In extreme hot weather they put water on their combs which §

because of evaporation produces a cooling effect. |
In this way it is seen that inspite of lack of heat regulatory mechanisms -i

poikilotherms do have adopted different ways to adapt themselves to the hot §
or cold conditions. ' j

Thermoregulation in homoeotherms
Homoeotherms, in contrast to the poikilotherms definitely maintain 2 |
cc?ns.tant body temperature (which may, however, vary to a very small extent |
within a certain limited range). Although reptiles are influenced by |
temperature as far as their body temperature is conccrnmé[ﬁeﬁ‘
animals to_show some Kind of thermoregulatory device ‘Though at 3 ¥ |
_primary level. Birds and mammals are the groups that possess “highly |
deyclo‘ ed thermoregulatory centres, situated in the hypothalamus d o \
quite efﬁciet.lt. Homoeotherms work like a themib‘g‘t?it'”a“’nﬁ“”i—ﬁéi_fw bod! §
tcmperat_urt.: is regulated in the following manner ./Whether heat produ‘?"’ i
or lost, it is adjusted against the covironmental temperature by physi
processes and the production is regulated by alteriﬁ ﬂll)e metaboﬁc rates
chemical regulation according to the body requircmgcnts ,
In cold the heat is lost from the body by C‘aﬁeﬁﬁoﬁ:@d radiatio? Th; |

oW §

loss is reduced by lowering the temperature of body surface s0 2 to
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¢ heat gradicnt between the animal and its atmosphere, As a result
dow? L ven LO the surroundings gets lowered and is conserved in the body
(he he animal isell. Also the loss of heat occurs by the process of
of 55 tion. This is quite_much. in_homocotherms because of their higher
c__gpd,,t‘;.%ﬁg‘ vate. This may be reduced by the presence of an insulating, laycr
mc-ln‘t the body surface and the tissue proper. Blood circulation in skin
: yresence of layer of fat below the skin which works as an insulating
i combination_with the fur or feathers in the homoeotherms are the
’ i%h’am"b“—tﬂ the loss of heat by both of these, probabilities.

a
mech e form of frec nerve ondings there arc a number of temperaite.
. ccpj,QLS—iu’amm]m'.‘ skin, In c(.)fd oondnt‘:ons the cold receptors get
xcited, incrcase the discharge gf impulses into .ocntral nervous system.
com there comes the reflex whlc.h causcs the withdrawl of blood. As 2
consequence the temperature of inside of the body rises which in turn
(imulates the receptors 1n the brain and finally the local skin reflexes are
Jiven. This ultimately leads to the erection of fur or hair. These enclose air
within them forming an insulating layer. ’Also the central reflexes come into
Jay and these cause some changes in the posturc of the body as curling up
of the body, shivering etc. e wng T
Likewise heating produces the reverse effects. More of blood is allowed
to move to the skin to cause redness of the skin when more blood circulated
through skin it causes more of heat loss. The rate of blood circulation also
goes up and the fur and feathers are lowered down so that the insulating
layer gets reduced. |
The loss of water from the body in the form of sweating is also a
" method of controlling temperature. More and more water is given out as the
temperature rises. For this there are present the sweat glands in the skin of
mammals. However, birds, marsupials etc. lack these glands and therefore
have to use some other methods for evaporation of water. The extent to
which these means of prevention of body heat are present in various animals
varies to a large degree. Animals inhabiting the polar regions or Arctic
regions have to live in a permanently cold environment and accordingly
possess a very thick coat of fur. For example the polar bear. Just opposite
to it is the case of desert animals. They have to live almost permanently in
hot cli‘matc, As a consequence their dermal fat is aggregated to a limited
place in the body so that the heat loss may take place through rest of the
smff{Cﬂ easily. Here example of most common desert animal i.e. camel may
l:: cited i.n wl.lich.' the dermal fat is found to be concentrated in the hump
thigcll(:lm ‘lecmsc in aquat'ic 'homocothcrms €.g. St.:al,.\yhales etc. body is so
sk y insulated that ;he{ ms.ide temperature 1S quite different from the body
Sllr'ro(ile :lﬁfmperature, which is onl.y slightly different from the tem.perature ?f
e nding water. The extremetics of body are not found to be insulated in
way and to compensate this there is found a thick network of arteries

Lait

Scanned with CamScanner



Thenr Nnore Bul, w
0,

124 | .

f ‘h‘ er f _J’
oyl 1

ypor).
the

——— ] S — s S, T

—
L]
-
o

: t ’ | 3
t t ty 4 ' .
! ' external temperature 4

ot get lost. . '
and:lz:olcleothgermic animals are further assisted by a few chemig

inechanisms in-addition to these physical methods in regulating their bOdy
temperature. Increased activity of thyroid.g‘lan.d and of adrenal cortey
(which finally cause) increased metabolic activity in a &,’"Y, tissues as muscle; |
liver etc. leading to the increased heat production are a few.o.f them, Patten |
of changed heat production as a result of metabolic activity effected by

changed environmental temperature is given in Fig. 7.2.

Control of homoeothermy ' ‘ E
Control of homoeothermy by the central nervous system is mainly carrief

out by hypothalamus in the brain. There is one centre for heat and three &
centres for cold stimulation. As soon as stimulus for heat is received the | .
immediate response given to the skin s dilation of vessels and sweating |
Slmﬂarl)_r the cold centres respond by constriction of blood vessels, muscular
contraction, shivering, retardation and finally cessation of sweating ic. all}
the means of retaining heat in the body.

Pituitary gland controls the process by its hormonal secretions and
nervous effects are ‘broyght about in addition by the motor neurons of spinil &

Some ' . |
not vc]r(;wxiiﬁee?f? n-lmak-; like Ech{dna, Opossum, Omithorhyncus, ﬁfc-f"j
large fluctuatiop ?em N maintaining a constant body temperatur¢, " N
temperature ¢}, 9" temperature jg observed in them, They may ha* i

at1s a bit lowey than that of the environment, To some X7 |

their body ¢ |
Y temperature changes with (hay of the environment. Similarly 2

o
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Land smaller mammals (endothey .

blfds ature and this i n!s) show dj

bofi.y‘wgg;rand night, g‘c:’?;:c]atcd with thejr cl::!::’,Cd ‘

guring £. diff cause of the irregular ingylati o C 2ctvity
wre of different parts of bo dy surface r nsulation of body the

d also from the inside body tcmpcm«’lrc found to differ from cach

al variationg in their

emPer?
ther
a ,_-,'a'nS,'Of temperature regulation work uncvclllrc. Also the other physical

5 nly, leadi .
ten.,per.at.ure. hMl(:rcc:‘ or less the chemical sz:: . cf:dnzg to vanab.lc body
maintaunngt ¢ body temperature of these animals, ll:IOU;(;l irncipor-l(sllb]c for
jbernation wide range.
[n cold climatic conditions the food is scarce and also the food
00d re

=) al metaboli — uir
o conduct norm abolism becomes very h quirement
mcausc of starvation. N Mh,.lhcsc__lcad__tq__@@y

"WﬁnLd@athsjr_om such situation many anj
o " Y. animals pass their winter i
ethargic_states. It 15 a pattern_of adaptive hypothermia fou;m%%aiﬁ

-

_;@f.'lia-l‘c’r—hke rodents, msectivorfas-, .bats etc. Because of low body
femperatures the heat losses get minimised and thus only a small amount of

m——

food is required by the animal. Consequently the metabolic rate reduces

down. Most of the body activities come to a very low level however, vital

activities such as heart beat, respiration etc. continue. During_hibernation
the animals lives_entirely on reserve foods and because they perform very
less activities they are said to be in a sleeping state.

Generally the hibernating animals undergo this stage till winter lasts but
there arc a few in which the phenomenon is known to take place at other
times also. For example in Bats we see diurnal changes and they sleep at day

_time, with a little search for food at night, Thus they behave as hibernators

every day and the long winter sleep found in them may be considered as.an

extension of this daily hibernation.

The arousal from hibernation is a slow and complex process. Slowly and
slowly the animal comes to its original metabolic rate and })ody temperature.
The cause of this is thought to be shivering and nonshivering thermogenesis.

Hibernation, in homocotﬁé‘fiﬁé,_iliﬁ?“is"ﬁw"tﬁ‘()"dé” -of ~temperature

regulation against the cold conditions an K ;
‘ng"lkl;lothermsg to some extent. It is ,fEL‘l‘-d T’lh:atflfdthﬂ*ﬂnmﬂllmcrﬁgal
temperature goes below zero the ; animal r_egaw,s_zts,g@m,b_ogy_}«?mp%zsﬁ
Ao (ar e so much and starts all its metabolic IGCTHEL 0
Wh—ﬁ; virtue of which hibernators t i ;wt:;e i
adverse climate and thus is biologically jmportant as it preser

AestiVation . ko . d
. tions an
H_ibemation is a phenomenon adoplcd e hy}:l?:rlfnril::“gofl(c)l?li;ns. Many
aestivation just opposite to it. used to tackle hyperthet o ———
pPOs ’ are

small animals as Amoeba, molluscs, ST fish f higlwu—re'

L] . te O
Protection by cocoons. This follows a sta
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2 . T % 1
gt} d water (lua“[‘ty”"ﬁwm@m‘”'ng}l\cc‘
. T > ‘asc' _:_4:-»—'5"““"?"”-#0 gl . 1 aSSis ¢ ] ‘:~.
sth this the _ﬁ..SiP_n‘i‘-:‘f“"“‘ . arotoctive cog_cjlllg&,imdﬂlﬂmtdughQ-
Along W aia, These PrO-2— == off-of metabq:
conditions 2% cue_dehydration,  SREFRE-S lic
e ST ] =
co‘},@i}gﬁ.&ww*’w‘"‘*’"’ .
‘mechnisms, &tC. . :
2 et smatic_and metabg)
Acclimatization orrelating the climatic ADalj,

0 pHONONIE. od 1o include the met?}voli:. Chang,,

iy of climate but ng
- atod with the change in _tcmpcrature_amcl..hml:ut:hty.q_e(lm()-z“-c—_——_‘ﬁomcm»__(\]yr _
i ludes. all-the metabolic E‘l@l‘ges*b_ﬁcause—- th ovgr-all behaviour*gf
A ity food ctc, With the climatic changes T 5-r == =oe o B
%? mchang,@s and tl1cref0§‘§...!9..._§tu,d¥-—-mlm--r, auma —=> T
anlm als SO _Cidd et ettt

Tonditions are be studied. il
%ﬁrﬁﬁi; and other climatic . factors at every place and p
Y

i ecologi
: mat has a constant environment. Thus to difine the ptt'ocess the gigy
anim L e ‘ .
factors of a particular place are to be taken as constant.

: : 1d _and
Factors 013 D of animals all _over the world and i,
Discontinuous dmtnbuﬂ%m Mﬂgg@_c\hmaﬁc

ioratory ch that ‘ natiy §
migratory changes show . ! e
—onditions and which donot move, either die or have to_change clves |

accordingly.
Homeostasis 3y . i
Animlas have evolved in such a way that there 1s more control and leg |
“Vanability in internal environment with respect to changed temperaturg,
concentration of different nutrients, pH, O2 content, degree of hydration £
and other factors and this control is termed homeostasis.

Acclimatization 18 ‘
changes. Earlier this torm Wa

Important Questions :

1. What are the effects of extremes of temperature on animals ?

Discuss the mechanism of heat regulation in poikilotherms.

3. Write short notes on : (i) Hibernation, (ii) Aestivation, (iii) Heterotherms,
(iv) Poikilotherms, (v) Acclimatisation.

4. Describe the mechanisms of thermoregulation in a homeotherm animal.

5. Describe why the lower vertebraies undergo winter sleep. Mention the changes brougl "
about by the animal during hibernation. ,

N
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