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a. u\i·~u M.A.NAGEMENl 
WESTERN AUSTRAi.iA 

"'Native cat• i s a misnomer," r emarked the 
Senotor, ns we climbed the bank. "The animr1l 
belongs to the Dasyuridae, not to the F elidae. 
Th~ di stinction i s nn extremely far-reaching one; 
it i s more than specific, it is generic. Worth 
knowing, that the Dasyuridae are peculiar to 
Australia, Tasmania, nnd New Guinea; whilst 
Australia, Madagnscar and the Antill es are the 
only parts of the world des titute of indigenous 
Felid~e. AppArently, however, the native cat i s 
ichthyophagous upon occasion, like the domestic 
C:>t •II 

''Well, no; he ain't," repli ed Dixon, 
polite ly captious toward 8 rival ped<1nt. "He' s 
~lwrys snotted - white on top o' yAll erish grey. 
Now ;in ' l'lgen, he's spotted white on top o• block, 
but th et' s on'y A c?s e of exceptio proh?t (Pdj.) 
regul Pm, rs the sayin' i s . Curious thing, Rigby, 
the notcy cat he'll eat any (adj.) thing, and no 
(adj .) thing'll eat the nat ey cat." 

Joseph Furphy Rigby' s Romance 

Firs t published in the 
"Barri e r Truth" 1905-6 
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SUMMARY 

1. Dasyurus geoffroii produces litters of six after a 

gesti'ltion period of 15-17 days. Th e n eonates weigh about 

15 mg. Young C\re born in late autumn or winter (May-July) 

vnd b ecome independent of the parent in the spring 

(September-November). Reproductive maturity i s r eached in 

the first breeding season after birth. 

2 . Age-relative growth of three measurable features , 

development of topographical features and tooth eruption 

sequenc e provide 11 1 andmarks" for comparison with other 

speci es and a means of aging pouch-young. 

J. Juveniles <ire homeothermic at 16 weeks when the 

pelage i s fully de veloped. 

'•. Adult thermoregulfltion is efficient at ambient 

tcmpcri'ltures of o0 
to 4o0 c. 

5. Body temperature i s vari ab l e b e low the thermel 

neutr<.>l zon e 1md s hows El circadian cycle in ,,·hich t empera.-

ture i s lowest during the morning and highest in early 

ev ening o r pre-dawn. 

6. Torpor wa s occasionally observed. Arousal from 

torpor was ;iccompanied by shive ring a s body t emperature 

ro s e at a rate of 0.1-0. J degr ees per minut e to "normal" 

l e vels (35°-38°C). 

7. Rate s. of o2 consumption, brc·athing, evaporative 

\\°ater lo ss and heart rate within the therma l neutral zone 

(27° -JJ°C) are comparable with values determined for 

other marsupials. 
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8. Long periods when o2 consumption falls close to the 

bllsnl level occur below the lower critical tcmrerAture. 

Such periods arc AccompMied by flllling body temperatures. 

This phenomenon must result in savings in energy usage. 

9. Dody tempcreture increases at embient temperatures 

~bove J0°C until it equ~ls ambient temperature at J9°C. 

Thus a gr~dient is maintained from the body to the 

environment so that non-evaporative heat loss can occur 

until J9°C. Evaporative heat loss, facilitated by panting, 

c~n exceed heat production at higher ambient temperatures. 

10. Rates of o2 consumption and evaporative water loss 

are significantly correlated with body temperature. 

11. Thermal conductance below the thermal neutral zone 

approximates Mc.Millen and Nelson's (1969) empirical 

rclationshi p for the dasyurids. 

12. The mean of weight-re lative blood volumes of 

individu~J Pnimals fall s within the normal range of blood 

volumes of eutheri~n mamm~l s . 
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xix. 

1\BnREYIATIONS USED IN Tim TEXT 

EXPLANATION 

Ambient Temperature: nir tem~erature in 
the immediate environment of the onimPl. 

Dody Temper~ture: mel' sured by a thermistor 
~robe or R mcrcury-in-gl~ss thermometer 
inserted through the clo~cR to a depth of 
8-10 ems in the colo11. 

Stmdard Metabolic Rate: M0en res t inn rate 
of 02 consumption at Ta J0.0°-30.9°c, 
token to be the centre of the thermal 
neutral zone. SMR is e>..11ressed as 
ml o2~cg.min. or, assuming n respiratory 
quotient of o.8 and a caloric equivalent 
of ~.8 cal/ml o2 , as kcal / day. 

Heat Production: calculated from o2 
consumption assuming the caloric 
equivalent of o2 as above. 

Evaporative Water Loss : The combined 
evaporative wate r loss from the s kin and 
the respiratory surfaces, whether insens ible 
loss in the absence of thenna l stress o r 
with pulmonary lo ss fncili tated by high 
breathing rates . 

Insensible Water Loss: the combined water 
loss from the skin P.nd respiratory surf~ccs 
in the :1bsence of thcrm:-1 s tress , i.e. below 
the p:mting <!nrl/or swe<!ting thresho ld. 



DEFINITim~s 

STANDARD METABOLIC RATE 

The rate of oxygen consumption (as an index of the 
rate of metabolism) n~asured when the animals were resting 
durin~ the daytime, fasted for at least 24 hours, and in a 
therlllQl neutral environment. 

THERMAL NEUTRAL ZONE 

The ambient tempera ture at which metabolism is minimal, 
below which and above which the rate of me tabolism rises ; 
the ambient temperature at which the resting animal expends 
least thermoregulatory effort while body temperature is 
maintained above torpid levels . 

LOWER CRITICAL TEMPERATURE 

The ambient temperature below which the rate of metabolic 
heat production of a resting, thermoregulatin g anin:al increases 
by shivering and/or nonshivering thermo genic processes to main~ain 
thermal balance (Bligh and Johnson, 1973) . 

UPPER CRITICAL TEMPERATURE 

The ambient temperature above which the rate of metr.bolic 
heat production of a r esting animal increases above min i;~.al 

, levels and active evaporative cooling coT!l!r.ences (as measure~ by 
increase in the breathing rate above th-e minimal l eve l ) . 

I 

TORPOR 

A state of inactivity and redeced respon~iveness to s~imuli 
associated with a reduction i.n metabolism .:md body tempe rature 
(Bli gh and Jclmson, 1973) . Animals with body tempera tures below 
Jo0 c we re considered to be torpid. 



CHAPTER I 

INTRODUCTION 

Studies of the Western Australian carnivorous 

m2rsupials are few although there are nine contemporary 

species which occur in the south-west of the state. 

1.1 

This is due to their cryptic behaviour, rarity and 

difficulty of capture. Furthermore they are difficult to 

maintain and breed in captivity. The Western Native Cat, 

or Chuditch, o~syurus geoffroii is one such native carnivore 

which he.s been little studied. 

The species is of special interest because its range 

extends from the temperate south-western corner of the 

Austrelirn continent, through the dry sclerophyll woodland, 

to the r.rid interior (Ride, 1970). Thus it can be 

expected to displcly a.daptations which would fit it to life 

under stringent environmental conditions. A further reason 

for studying aspects of the biology of the species is its 

appnrent r arity. The meagre evidence available suggests 

thnt it is at present much l ess common than earlier in the 

period of European settlement. 

It was apparent that the success of a field study 

would be uncertain because resources were too limited to 

mount an effective investigation of this rare species. 

Instead, attention was turned towards establishing and 

maintaining 8 captive colony of D. geoffroii from which 
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<mime.ls could be drawn for laboratory studies on aspects of 

the energy metabolism. At the time when the study was 

started it was becoming clear that the herbivorous macropodid 

m~rsupials h~d lower energy requirements than analagous 

eutherian mammals, but that the kangaroos and wallabies could 

in no way be regarded as less efficient or 'second-class' 

mammals. I set out to determine whether the same could be 

said for the carnivorous Dasyurus geoffroii. Since that time 

much evidence h as accumulated to show that species from all 

of the . mrrsupi~l groups have lower resting metabolic levels 

th~n most eutheriP.n mammals, and at the same time display 

p~tterns of energy usage which fit them for diverse 

environments. 

The study centred on a study of thermoregulation of 

the species, in particular: 

1. the effectiveness of temperature regulation, and 

2. the 'cost' of maintaining body temperat~re as it could 

be measured by rates of oxygen consumption and evaporative 

water loss over a range of environmental temperatures which 

approximated that likely to be encountered by the species 

in the wild. 

The breeding colony founded to supply adults for 

metnboli c studies provided the opportunity to document the 

growth and development of the species and aspects of the 

breeding biology. The results of this portion of the study 

permit comp~rison with other marsupial species and provide 

r-. mei'.\tls of estimating the age of the pouch young. 

__ ..... ___________________ ·-- ····- ··-· 
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CHAPTER II 

MATERIALS AND METHODS 

The AnimPl 

D~syurus geoffroii Gould, 18~1 (M2rsupialifl; 

DPsyurid~e) is ?. nocturnal CDrnivore. Its distribution 

extends from the west coast of Australia south of the 

Fitzroy River, as far east as the Great Dividing Rrnge 

(Ride, 1970). Figs 2.1 and 2.2 were provided by Mr. Alex. 

Baynes of the Western Australian Museum. Fig 2.1 shows the 

distribution of live and fossil specimens collected since 

European colonization in the nineteenth century. Fig. 2.2 

shows locnlities of live specimens captured since 1957, and 

indicPtes th?. t present distribution of the species appears 

to be restricted to the temperate and semi- arid south-western 

region of the Austr~lian continent. Shortridge (1909) 

conside red th Ft it did not extend f rr inl Fnd from the west 

co~ st rnd 'w; s killed off P S much PS possible in the 

r gricultur ~ I -nd more thickly populated districts on Dccount 

of be inn s o de structive of poultry'. Although peo ple who 

hr ve h :·d long pssoci etions with rur?l Dre DS in the south-west 

of Western Austr?lin comment thnt it us ed to be well known, 

p Prticul Prly for its depredations on poultry yards, it is now 

r nr ely seen. Nevertheless, it still extends into s emi-arid 

ar eas. I obtained one live specimen from Hyden in 1969, · 

350 km east of Perth, ~nd a sighting was reported in 1973, 
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Fig 2.1 M~ p of Austr~ li n showing loc elities ~ t which 

Drsyurus geoffroii h3s been c aptured since 

Europe~n explorotion and settlement or at which 

fossil m~teri al has been found. 

Fig 2 . 3 
Map of Australia showing loca lities at which 

live specimens of E: 2eoffroii wer e c aptured 

in the years 1957-1973· 

Symbols: tt modern specimen 

C fossil specimen 

.both modern rind fo ssil specimens 
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by a relieble source, from Ravensthorpe, 560 km south-east 

of Perth. 

It was thought that words used to describe the 

~nimal in Aboriginal languages may indicate the distribution 

of the species. However, the only words which clearly refer 

to it come from Njungar, a collection of survivors of 

dialects from south-western Australia. These words are 

tr8nsliternted as tjutidj, or djuditj meaning native cat, 

P-nd ~ mePning spotted native cnt. There appears to be no 

known word for the animal in the inl~nd languages in which 

wiyu is ~pplied to the fer~l domestic cat (Dougl?s, 1968). 

The common name of Dasyurus geoffroii is 'western 

nrtive c <t' or 'chuditch'. Shortridge (1909) gave chuditch 

?S the nrme used by ~boriginals of the Beverley ?rea (1JO km 

e?st of Perth). The n8me chuditch is obviously derived from 

the Njung~r word and is generally recognized by people 

f ~milir.r with the animals. It has been used as a common 

name for the species by Ride (1970). Chuditch will be used 

throughout this study as a recognized common name for 

Dasyurus geoffroii. Its use avoids confusion which may 

arise from the use of the word 'cat' with feral domestic 

c ats which are now widespread in many parts of Australia. 

Source of Animnls used in the Study 

The localities from which animals were obtained for 

the c?ptive colony are shown on Fig 3.1. The first 

r I 



opportunity to form the colony arose when a female with a 

pouch litter, trapped by Mrs. Slater at Karragullen, and 

a second fem ale with a litter, from Collie,. were obtained 

in 1966 and 1967 respectively. These two females with 

their litt ers and a further five femal e s and six males, 

c ?ptured in the forest areas within 170 km of Perth, 

t ogether with a mal e obtained by Mrs. Feehan of "Hyridge", 

East Hyden, formed the basis of the colony. Six of the 

f ema l es h~ d a total of 31 pouch-young when taken from the 

wild. During the study, 33 animals were born in c aptivity. 

The birth d; t es of 23 of these were known with some 

Pccur?cy. The colony was supplemented from time to time 

by nnim ~ l s which were trapped near poultry runs following 

reports of losses of chickens . The chuditch being protected 

by l aw, suc h dPm?. ge w~s reported to the Depertment of 

Fisheries end Fauna which agency made the information 

?v nil eble t o me and gave permi ssion to trap in the vicinity . 

Mainten nnce o f Animal s 

The animals were cage d singly, in mal e/f emal e pairs 

or in small groups cons i sting of a f emal e and her litter. 

It was found t o be necessary t o r emove mal es from cages 

containing f emal e s with litter s as the mal e s often kill ed 

the young animal s when they b egan to move about the c age 

away from the f emale. 

The ca ges were of two s i zes, either 2 m x 2 m x 2 m, 

o r 1 m x J m x J m. They were roof ed, h ad concre te floors 
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rynd were enclosed on at lenst one side with glass or 

g~lvPnized iron. The remaining sides of the cages were 

enclosed with wire-netting. A nest-box was placed within 

ench cnge, together with a stout tree-branch on which the 
I 

animals could climb. The animals were fed on raw meat, ~ J 

fresh fish end eggs. Drinking water was freely available 

at all times. 

I found the animals difficult to handle at first. 

The cost of early experience was badly lacerated hands, 

either from slashing strokes of the canines, or from rapid 

repeated bites from the molariform teeth. With practice, 

however, it w.1s possible to handle them without gloves, and 

without undue disturbance either to the animal or the handler. 

Observrtions on Breeding 

In the first autumn after the colony was founded, 

copulrtion w's observed between litter mates r eared in 
•. J 

c<ptivity, but no young were born . In the next two ye~rs 

litters were born to captive animals. Observations on the 

<nimPls mPint fi ined in the colony as well as on animals 

c?ptured from the wild were used to obtain information about 

the breeding biology of the species. 

Season of birth. 

The season of birth in captivity was determined from 

the observed birth dates of six captive-born litters. Birth 

dctes estimated from body weights and lin'ear measurements of 
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six litters of females trapped in the wild with pouch 

litters were used to estimate the breeding season in the wild. 

Reproductive maturity. 

When the birth dates of animals were known from 

observation, or could be closely approximated by measurements, 

it was possible to determine the ages of reproductive maturity 

by determining the date of birth of their first litters. This 

WAS possible in the case of three females and two males. 

Gest~tion period, birth weight, litter size~~ r atio. 

Observrtions of copulr.tions by c~ged pairs in the y2rd 

colony ~nd regulPr exemin~tions of the pouches of the females 

en~bled estimc. tes of the gestotion period to be mnde for four 

different llilimAls. In three instances the gestation period 

w~s estim~ted from the date of the last observed copulation 

of continuously associAted pairs to the first observation of 

a pouch litter. In a fourth instance a female, which had 

been in a c~ge on her own for nine weeks and then caged with 

a male for only six days, gave birth to a litter 15-17 days 

after it s separation from the male. 

Six litters were born in captivity. One animal was 

removed from eAch of four of these litters immedi a t ely the 

litter WAS first observed in the pouch. Pouch young removed 

from these four litters were weighed to the nearest 0.1 mg. 

These weights were used to approximate the mean and range of 

birth weight. 
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The number of individuals in each of the six litters 

born in captivity and in a further six litters taken from 

the wild, was recorded to allow the calculation of mean 

litter size. 

It was not possible to determine the sex of very young 

animals from externel features and there was considerable 

mortality of pouch young between early exrunination of the 

pouch ?nd subsequent observations. The sex of the animAls 

could be determined et ~bout six weeks of age. Insufficient 

observPtions were made to est~blish whether it could hPve 

been determined ePrlier. When the sex of the animels could 

be determined on the first observ~tion (i.e. in litters 

trken from the wild) or when there was no mortality between 

the first count of the litter and that at which the sexes 

could be distinguished, the numbers of males and females 

were recorded for a preliminary estimate of the sex ratio. 

Growth and Development of Pouch-young 

Growth. 

Anima ls from three litters of known age were weighed 

~nd head Dnd pes lengths were measured repeatedly in order 

to establish three growth vs. age relationships. Only a f ew 

mersurements were made on ~nimals younger than seven weeks 

because it w?s found early in the study that they were unable 

to re~ttach to the maternPl te?t ~fter they had been removed 

for me Psurement. Weights of four new-born ;:inimAls and a single 



set of me~surements from each of three ~nimals aged between 

14 ~nd 42 d ~ys were obtained. These seven animals did not 

survive. Two animals removed from the pouch for measurement 

nt 49 days of age survived. Eight animals aged between 56 

and 126 days of age were weighed and measured at weekly 

intervals. Subsequently these eight animals were weighed 

and measured less frequently until they were J65 days of age. 

Weights and measurements of these eight animals when 

nged one y err, ~nd weights and measurements of 11 animals, 

known to b e ?ged two years or older, were taken to colculate 

the me?n ~dult weight, heed length and pes length of m~les 

~nd fem~les. 

Weights rod me?surements of the known- r ge animr ls, 

when they were ~ ged one ye?r or less, were displryed ~s 

scrtter di PgrPms vs. ?ge, rnd smoothed curves were fitted 

by eye. 

Inst P.nt aneous (or geometric) growth rates for weight, 

he~d length end pes length were calculated using the formula: 

x 100 = k 

where v1 nod v2 are values of consecutive measurements, 

t 2 - ti is the time interval in days between the measurements, 

nnd k is the instantaneous, or geometric, growth rate, per 

cent per day (Brody, 1945). 

Mean daily increments (arithmetic growth rates) in body 

we ight, he?d length and pes length were c alcul ated for the age 

interv?l 0-32 weeks. 
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Smoothed growth curves for body weight, heP.d length 

~nd pes length, in conjunction with geometric end arithmetic 

growth r~tes, were used as ~ meens of relating growth to 

stP.ges in development and to provide a basis for comparison 

with other species. 

Development 2!. pelage, topographical features, dentition 

!!!!! ~ responses. 

When known-age animals were weighed and measured, notes 

were nlso made on the development of the pelage 1 of topo-

gr~phical features, of the tooth eruption pattern, and the 

de velopment of motor responses. 

(c.) Development of the pelage. 

Seri~! observations of the growth of under-fur 

rnd gu~rd h ~ irs on individu~ls enP.bled estimptes of the ages 

r t which under-fur: 

( i ) first eppeered on the he ;-d, 

(ii) first <.>ppec>red on the dorsum, r nd 

(iii) covered the whole body ; 

"'nd the .- ges ?t which gu;ird h c- ir: 

( i ) first 1>ppel'red on the head, 

(ii) first appeared on the dorsum, 

(iii) extended to the base of the tail I and 

(iv) covered the entire body. 

(b) Topographical features. 

Note was taken of whether: vibrissae were visible 

or not; lips were fused laterally; or free; eyes were 

I 

~ I 
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closed or open; and ears adhered to the side of the head, 

or erect. These observations enabled the development of 

these topogr:>phic~l features to be determined. 

(c) Dentel eruption sequence. 

The Pges at which ~11 incisors and cenines, nnd 

the cusps of the molP.riform teeth first nppeared through 

the orrl membr Pnes were recorded, enobling the p~ttern of 

dent • ! eruption to be established. 

(d) Motor r esponses. 

The ~ges P.t which certain motor responses becrune 

est~blished were observed. These were the ability to: 

(i) crawl, 

(ii) right themselves when placed on their backs, 

(iii) stend erect on four feet, 

(iv) perceive and avoid precipices, 

(v) display co-ordinated locomotion, 

(vi) snarl and show teeth when teased, 

(vii) inflict painful bites to h andler , 

(viii) run when unrestra.ined, 

(ix) chew meet. 

Estim:--tes of Age 

Weights rnd herd and pes length mer surements of 

known-:oge ,..nim :- ls were used to construct growth trends 

which were used ~s a merns of estim~ting the eges of enimals 

whose birth dntes were not known. The curves were constructed 
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from the weekly mean values of body weight, head length and 

pes l ength graphed against age. 

In order to assess the age-predictive accuracy of 

these curves, age estimated from body weight and length 

measurements of animals of known-age, not used to construct 

the curves, were compared with their actual 8ges. These 

known-age animals came from a single litter which consisted 

initinlly of six animals. One of these was removed to 

determine birth weight. Four of the remaining five anim?ls 

survived to 51 deys of age when pes length of one ~nimn l w~s 

me~sured. A complete set of mePsurements W?.S obtc-ined from 

one ~nim~l Pt 64 dPys of P.ge. At 84 days of ?ge only three 

survived Pnd rll were weighed and meflsured. By 91 days, 

when only two rem nined, both were weighed and measured. 

These two ;-nimiils were also weighed and measured when aged 

108 days . These nine sets of measurements were compared 

with the growth curves to see how closely the age estimates 

so obt ained agreed with known ages. 

Sets of measurements, one from each of four young 

litters taken from the wild, were compared with the growth 

curves in o rder to estimate the date of birth of each of 

the litte r s . 

Members of two litters from the wild were weighed and 

meAsured e1t regular intervals over sever~l weeks and these 

seri Pl me~surements were compared with the growth curves in 

order to 0ssess the vari ation likely to arise in r.ge estimntes 

derived from the growth curves. 
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Me <. surement of Body TemperPture 

Two methods were used to mePsure body temperature: 

1. Single mersurements using quick-recording 

mercury-in-glass thermometers. 

2.13 

This method was used to measure body temperature of 

pouch-young and juvenile animals, of adults when they were 

m~intained at constant runbient temperatures, and of adults 

before entry into, and on removal from, the metabolism chamber. 

Depth of insertion of the thermometer through the cloaca was 

1-2 ems for young animals. Initially, during a trial when 

body temperatures of adults were measured in the cages in 

which they were normally resident to provide comparison with 

body temper~tures of juveniles (see p. 5.3 below), the 

thermometer was inserted to a depth of 4 ems into the rectum. 

The v? lues obt~ined are considered to represent 'rectal 

temper~ture'. Subsequently thermometers were inserted to 

5-6 ems to give body temper atures which more neArly represented 

deep body or ' colonic temper~ture'. 

2 . Continuous records ~body temperature using 

thermistor probes. 

Continuous records of body temperature of animals 

confined within the metobolism chamber were obtained by 

inserting a thermistor probe through the c loaca into the 

colon to a depth of 8-10 ems. The probe l ead was covered by 

a flexible me tal sheath to prevent the animals biting or 

scrotching at it, and was taped firmly to the base of the tail 

with . adhesive tape. The animals were unrestrained within the 
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mct?bolism ch:mber, ~pert from the thermistor probe connection, 

~nd could ch-nge position freely. The thermistor probe wes 

connected to r telethermometer (Yellow Springs Instrument 

Comp;ny) from which ve.lues could be re nd directly from the 

di ~ l. A continuous recording of body temperature was a lso 

obt~ined by mePns of which general trends in levels of body 

t emper ?. ture could be monitored. 

Estnblishment of Homeothermy 

The development of the ability to maintain a stable 

body temper~ture was investigated in three groups of animals : 

1. five pouch litter-mates caught in the wild, whose 

~ ges were estimated by comparison with growth curves, 

2. eight c aptive-born animels of known age, end 

J. six members of a second litte r from the wild 

which were fully furred and semi-independent end 

estim~ted to be 17-19 weeks of Pge. 

Individu ~ls from the first wild-c~ptured litter were . l 
t ~ken from the pouch or nest-box ?.t weekly interv~ls <nd 

. I 
pl~ced in sm -11 wire crges in the lAborPtory f t room temper ~ture. 

They were otherwise unrestr ained. Rect a l temperetures were 

me Psured immedi~tely after removal from the pouch or nest-box, 

rlnd ~g~in efter one-hour and three-hour sojourns in the 

cages. These measurements were carried out weekly for eight 

weeks and twice subsequently at intervals of three weeks. 

The estim~ted age of the animals at the beginning of this 

procedure w~s 12 weeks. 
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The eight nnimAls of known 8ge were tre~ted similPrly 

but body temper~tures were me?sured ~t ten-minute intervPls 

over ~ period of one hour. RectPl temper~tures of these 

eight ~nim~ls were me~sured in this w•y rt weekly interv~ls 

from 11 weeks to 17 weeks of Pge. Five of the ~nim~ls were 

tre·ted in this w~y ~t 10 weeks ?nd three at 18 weeks of ~ge. 

Members of the second wild - captured litter were 

judged to be homeothermic. The rectal temperatures were 

me~sured in the cage in which they were normally resident 

six times daily (0600, 0900, 1200, 1500, 1800 and midnight) 

for three days in order to determine whether, in the period 

immediately following the establishment of homeothermy, body 

temperature fluctuated with environmental temperature or 

whether it followed the adult pattern which is independent of 

environmental temperature variations. At the same times, as 

P control rnd for comparison, rectal temperatures of four 

adults were mePsured in their 'home' cages. Air tempere.ture 

within the c ~ges was also recorded. 

Determin ~tion of mern Body Temper Pture ; nd Circrdi r n Cycle 

in Body Temper~ture 

Six ~ dult Pnim?ls, three mrles F. nd three fem ~ les, 

were kept in ~ const~nt temp er Bture room st embient temp-

0 0 0 0 
er~tures of 11 , 15 , 20 and JO C. Variations in air 

within the constent temperature room was of the order of 

O O 0 0 0 +O 
±1 at 11 c, :0.5 at 15 and 20 C, and -2 at J0°C. A 12-

hour photoperiod was maintained in the room by means of a 
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time switch which turned lights on at 0600 hours and off at 

1800 hours. During the 12 hours of darkness a 1<M blue-painted 

light bulb provided faint illumination in the room . The 

~nimAls were kept singly in small cages (1 m x 50 cm x 50 cm), 

e~ch of which w~s provided with a nest-box. They were fed on 

k~ng~roo ment, fish Pnd eggs. Clean drinking water was 

provided ;>d libitum. One group of ~nimAls w~s mP.intained 

under these conditions for periods r~nging from three to seven 

weeks at the one Pmbient temperature from March through July. 

A second group of six P.nimAls, three males and three femnles, 

wrs kept under the snme conditions at an ambient temperature 

+ 0 of 15.0 -0.5 C in October-November. 

Body temperature of the a~imals was measured with a 

mercury-in-glass thermometer inserted into the colon to 

5-6 cm. Two people were required to make the measurements; 

one captured and held the animals, and the other inserted 

the thermometer and recorded the temperatures. The animals 

were measured in varying sequence and care was taken to 

move about quietly in the room. In order to minimise 

disturb~nce of the animals the room was entered no more 

th -n twice , ~nd usua lly only once, daily, the anim als being 

fed rond given fresh wPter immediRtely ::ifter tempe,r?ture 

me~suremcnts hrd been mP.de. 

Body temperrtures were recorded at least once for 

eroch 2nim~l rt ePch hour of the day end night. In a few 

cr-ses, when ;-nim::-ls were difficult to catch or were very 

nggressive, high body temperatures were recorded due to 
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activity. Such values were discarded. Mean values, standard 

de viations , stAndnrd errors and coefficients of variation 

were calcul ated using no more than one value per animal 

per hour. A number of additional body temperature measur-

ments were ma de during the morning hours (at the same times 

on different mornings) in order to determine when the 

anim~ls wer e to be found in torpor. These additional v a lues 

wer e not included in the daily me ans as the low and vari able 

temperature s r ecorded would h ave produced spuriously low 

me rn v:>lues. 

The ~mplitude of the circadi~n cycle in body tempereture 

for m ~les ~nd fem ~ les was c a lcul ~ted as the difference 

between the highest and lowest hourly me Dn temperature 

f or the 24-hour period. 

Me ?n body temperatures were also c alculated for the 

three-hour period when the animals showed greatest activity 

~nd for the four-hour period when they showed the least 

act i vity ~nd were usually asleep. 

On four occasions when animals were found in a torpid 

condition body temperatures were r ecorded at fr equent 

intervals during arousal from torpor to determine the rate 

at which t empe r ature approached norma l levels . This 

procedure W;)S followed twice with one fem ale and once with 

each of two other females. The former anim~l was also found 

torpid in the l Aboratory on several occasions and its body 

temper?ture during ~rousal w~ s recorded twice. 
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Body temper Pture mersurements in the met ubolism ch amber. 

At first body temperatures were measured with 

mercury-in-g l ~ ss thermometers be fore entry to, and after 

remov al from, the metabolism chamber. Subsequently 

continuous records of body temperature were obtained from 

animals confined within the chamber. Thus it was possible 

to rel at e body t emperature directly to r ates of oxygen 

consumption, ev aporative water l o ss and breathing rate 

while ambient t emperature was either maint ained at constant 

l eve l s o r r a i sed slowly. 

Oxygen Consumption 

All ~ nim~ls were deprived of food but not of water 

f or 24 hours be fore they wer e pl P.ced in the met abolism 

chr mbe r. They wer e weighed inunedi ately be f or e they enter ed 

the ch rmber. 

Oxygen c onsumption WPS measured while animal s wer e 

confined in r st ~ inless stee l met abolism chember of ebout 

s ix litres crpPcity. This ch amber was enclosed in a j acke t 

t hrough which t emper ature -contro lled wat er was circul at ed. 

The wnt e r was mAint ained at the r equired t emper ature by 

~ ltern ate duty cyc l e s of a r efri ger ator coil and an 

imme r s i on he nt e r controlled by a cont act t hermomet er in 

t he j acket of the chamber. Air was passed through gl ass 

cylinder s which containe d about 500 g of silica ge l and 

500 g of dri eri te (granular, anhydrous Caso4 > to r emove 

wa t er vapour . It was then l ed into the met abolism chamber 
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vi 1' ·' copper coil in the WC'ter jacket to bring it to chamber 

temperRture. Flow retes of 900 ml/min to 5000 ml/min were 

used, depending on the size of the ~nimAl e.nd the 

temper~ture of the ch~mber. The flow rate was measured 

by ~ c~libr~ted flow meter and converted to stendard 

temperature end pressure. A fraction of the effluent air 

(100 ml/min) was passed through two drierite columns, each 

containing about 250 g drierite, and the partial pressure 

of oxygen measured by a paramagnetic gas analyser (Beckman 

Model E2). The calibration of this instrument was checked 

regularly with reference gases. In some cases trends in 

oxygen consumption were monitored by a temperature-

compens~ted oxygen electrode placed in the effluent air 

duct c.nd the output coupled to a D.C. runplifier and strip-

chrrt recorder. 

0 0 At chc.mber t emperatures between 0-30 C, with dry 

~ir input, ch,mber humidity remained low. Above 30°c 

flow r ;• tes were increased to lower the humidity. When a 

hygrome ter bec~me ~veilable it was possible to maintain 

the rel~tive humidity in the chamber below 30 per cent. 

Re.l ~tive humidity within the chamber was assumed to be the 

mc;m of rel lltive humidities of outflow and inflow. 

Oxyge n consumption rates of the animals were 

calculated from the flow rate and the partial pressure 

of oxygen in the effluent air. Rates were expressed as 

mls o2/kg. minute, using the weight of the animal measured 

before entry to the chamber. Rates of oxygen consumption 
' ) 



were converted to rates of he at production in calories 

assuming a r espiratory quotient of 0.8. This assumption 

has been mrde in many recent studies on mamm al energetics 

(e.g. Schol8nder et al, 1950 ; W. Dawson & Bennett, 1970; 

T . DPwson, 1973; Hudson & Deavers, 1973; Hulbert & Dawson, 

1974). The c~loric equivalent of 1 ml o2 , ~t R.Q. = 0.8, 

i s 4.8 c~ lori es (Brody, 1945). 

The Pnim ~ls responded well to confinement within 

the met ~bolism ch ~mber end generally rem ained quiet, 

e xcept f or brief periods of activity. Me asurements of 

oxygen consumption made during these periods of activity 

wer e not included in the calculations of mean values. 

Animals did not suffer any apparent ill-effects from their 

confinement in the chamber. 

Breathing Rates 

Respiratory movements of the animals wer e counted 

e ither by direct observation through the transparent 

fnce-plate of the metabolism chamber, or by observation 

of oscill Pt ions of the fluid in a manometer connected to 

the e fflu ent ~ ir duct. In the embient temper ature r cnge 

o 0 to J6°c, bre::ithing r etes could be determined 

~ ccur"tely but with the onset of p anting, with breething 

r nt es in excess of 150 breaths/ minute, some in ::iccur ::icy 

•rose in the counts. 

I 

! 1 
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Evnror;'\tive wl\tcr lo ss wns mea sured concurrently 

with hody temperature nnd oxygen consumption while <1nimols 

1>·crr. confined within the me taboli s m chvmbcr. Humidit~· 

sensor s conncct.ed to ;m electronic hygromet e r (Hydrodynvmics 

Inc .) wcr~ insert ed into the air ducts nnd re ~dings were 

convert ed to rel~tive humidity u s ing calibration curves 

provided by the mnkers of the appAratus. The calibr~tion 

curves wr.r c:- checked agAinst s tandard humidity so lutions 

(Winst.on :-nrl llntcs , 1960). Aft e r p<is!'i'ing through <lr)'ing 

co lumn s th C' relative humidity of the air entering the 

ch:imbcr '~r. s less thP..n three per cent. Relative humidity 

of the o ut flowing air was maintained at levels below 

60 per cent by adjustment of the flow rate. 

lfs inp tnbles giving the density of pure water 

vnpour at snturation over water (List, 1953) in conjunction 

'd th thr. t c mpr.rature , the flow rate and the r e l at i v c 

humidity of the rdr stre~ms, the ;;imount of wat e r v 1.1pou r 

~nt.r~ rin(l <'nrl Jr.nving the chamber was ca l cul ated . The 

~iffcrrn~0 hctwccn the water in outflow and inflo~ wns 

t::>l<cn ''5 .• mc!:>surc of the cvaporl'tive w<>ter loss of the 

:-nim:-J . For compnr ,.t ivc purposes the weight-relotivc rote 

of e v :-por;itivc w~ter loss (mg H20/kg. min.) w?s u sed . 

No rt.tcmnt ,,,,,s m"de to pertition the pulmon,.ry and 

cutrncous components of the water ~oss. Loss of borty heat 

due to cv;iport't ion was calculated, taking the 1 atent heat 

of ev~ror~tion to be 0.58 calories per mg of wotcr • 

.) 



evrpornted (Schmidt-Nielsen, 1964). The r~tio of evr.por~tive 

he .· t loss to hel't production, estimr.ted from oxygen 

consumption, could then be cr.lcul~ted for P-ny ambient 

temper;ture. 

As the ~nim?.ls rarely defaecated or urinated while 

• I 

they were in the chamber, no problems arose from water vapour 

from these sources. On the two occasions when an animal 

urinated while in the chamber, no further measurements were 

m;ide. 

Response to Water Deprivation 

A short trir.l was carried out to observe the response 

of two Pnim?ls to water deprivation. Two animals, one male 

<nd one femrle, were confined separftely in sm~ll c P. ges in 

the lnbor~tory. E~ch Pnim~l wrs provided with fresh me r.t 

e~ch evening ~nd for the first four d ~ys of confinement hPd 

cle:n w~ter rd lib. For the following nine d r ys no wrter 

w:s provided. Weighed qu ; ntities of fresh krngaroo me r t 

.~nd beef f:•t were plrced in the cages Pt 5 p.m. e c.ch evening. 

The rem r ining m?teri Al w;is r emoved the following mornings 

r t 9 r .m. rnd weighed. Samples of me;it left in the labor~tory 

were found to lo se about 5 per cent of weight due to 

dehydr~ tion over-night. We ight of the remaining meat in 

the cages w~s ndjusted for a 5 per cent weight loss. This 

represents a rather crude approximation to real weight loss. 

The animals were weighed each morning. After nine days 

without access to free water the animals were again provided 



with wat er ~.!i.2, and maintained under the same feeding 

regimen for a further six days, in order to compare body 

we ight ~nd f ood int ake in absence and presence of water. 

0 0 
Ai r temper cture in the laboret o ry ranged from 14.5-22 C 

during the trirl. 

He,.rt R.,te 

Att empts were mPde to me ?sure hePrt r ~te of three 
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: nim r l s : t the s ·me time PS oxygen consumption r ate, skin 

temper:-ture :·nd colonic tempernture. ECG e l ectrodes made 

from s urgicr l suture clips were ctt ached to the skin of 

fore Pnd hind limbs and of the ventr a l thorax . As the 

nnim al s would nttempt t o r emove the cl amps by biting and 

scr atching they were r estrained by me ans of a perspex 

(plexiglass ) frame consi s ting of a collar which immobilized 

the head and fl anges to which fore and hind feet were bound 

with adhesive tape. The fr ame was designed so that the 

nnim al s could ns sume a norm a l crouching position. A flat-

tipped thermi stor pr obe was fixed to a sh aved aren of the 

fl nnk and ~thermi stor probe was insert e d t o n depth of 

e ight cm i nto the colon . The ~nimals were pl aced into the 

met~bolism ch •mber through which ~ir w~ s flowed ~t the 

r ~ te of 1-2 litres per minute . He ~rt r nt es were r ecorded 

on r Beckm :- n Dynogr,ph. Colonic nnd skin t empe r r tures 

~nd oxygen consumption were me P. sured as previously 

described. The Pnim nls did not respond well to res tr eint; 

they did not sett le readily into a r esting condition and 



two of them showed prolonged periods of activity, high 

oxygen consumption And, as a consequence, elevated body 

temper~ture . 

Blood Volume 

Blood volume determinations were made under the 

guid anc~ o f Associate Profes sor I . Kaldor, of the Department 

of Phys i o logy. Professor Kaldor devised the t echnique and 

pre par e d th e mnrker solution. Calculations were m?de using 

~ compute r progrvm written by Mr. K.C. Lee. 

The blood volumes of ten anim 2ls were mevsure d, 

inc luding three males and seven fem ~ les. All the ~nime ls 

wer e m ~ture , being r ged 1! ye~rs or more, r.nd h r d been in 

c ; ptivity for r t !er st six months. Those c aptured six 

months previou sly h ~d been ~ dult at the time of c apture . 

The body we ights of the enimals were : mean and r ange for 

10 Fnimcl s: 0.985 kg, 0.70- 1.90 kg; mean and r Clllge f or 

J m~ les: 1.J4 kg , 0. 95-1 . 9 kg; me an end range for 7 

f emales: 0 . 831 kg, 0.70-1.075 kg. 

Pr epar ation of ~ marker mixture. 

A marker mixture was prepar ed by inj ecting a dono r 

~nimn l two weeks before the determin ations we r e c arried 

ou t with 60 µ Ci of Fe 59 (Fec1
3 

solution, s pecifi c activity 

J - JO mCi / ml) intravenously. On the day of the de terminations 

the donor wns exsanguinated under ether anaesthesi a , using 

hep r. rin t o prevent co agulation of the blood. The blood 

J I 

I j 
' 
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s·mple WP S centrifuged lightly ~nd the plrsme WPS set ~ side. 

The red cells were WPShed twice with ACD solution Pnd the 

fin ~ l supernrt cnt WPS removed rnd discarded. The plasma 

wrs ! : belled by Pddition of a sm8ll volume of 1125 labelled 

serum Plbumin (RlHSA-1125 - Radioiodinated huml'\ll serum 

Plbumin). The in vivo labelled red cells were then 

re- su spended in the lebelled pl asma and the resulting 

m~rker mixture w~s kept on a rotating mixer until used. 

The h~em~tocr it va lue of the mixture was J9 per cent. 

Injection of the marker mixture. 

During blood volume measurements the animals were 

r es trained by hPnd, h~ving been injected J0-60 minutes 

e?rlier with Diazep?m - Valium Roche 5 mg/ ml (1 ml/kg) 

intrPmuscul rr ly. This dos ?ge h~d previously been found 

to m~ke the : nim Fls trPnquil. They rem~ined re?sonPbly 

quiet throughout the procedure of injection end subsequent 

srmpling. 

A volume of 0.5-1.5 ml of the m~rker mixture, depending 

on the size of the ~nimAl, was withdr?wn into r polythene 

C?nnul ~ of 2 ml displPcement volume with a 26 g?uge 

inj ect ion needle ?t the tip. The cannul a. was at t ached to 

n 2 ml syrin ge which was used only to control volume 

displPcement. The cannula and syringe combination was 

weighed on an an a lytical balance, the mixture was injected 

into a marginal ear vein of a study animal and the syringe 

nnd cannuln were re-weighed after delivery of the mixture. 
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The cnnnuln w~s washed and dried between injections. 

Inj ection strnderds, one at the beginning ~nd one after 

~ 11 ~nim?ls h Pd been injected, were prepnred by delivering 

~ volume of the mrrker mixture into A volumetric fl ask 

u s ing the c•nnul? nnd syringe in the s r me wry A S described 

rbove. Dilutions of the injection st •nd ~rd were preprred 

for r•dio •ctivity counting . 

~ srmpling and processing .!£!:. anPlysis. 

Fifteen minutes after injection, a mArginal vein 

on the contrPlPteral e ar was nicked with a scalpel bl ade. 

A JOOµl aliquot of the issuing blood was run into a 

microlitre pipette and eight to ten microhaematocrit 

capillary tubes were a lso filled. The blood from the 

pipette wn s washed into a radio activity counting vial 

containino 2 ml distilled water. The c apill ary tubes were 

flPme-senled, centrifuged and the haematocrit v alue was 

(H ?wksley microhaematocrit Centrifuge, 14,000 r.p.m. 

for five minutes ?nd Hawksley Microhaematocrit Reader). 

The c r pill Fry tubes were cut ~t the cell-p~nsmn boundrry 

~nd duplic • t e 50pl Pliquots of plrsmr were run into 

micropipet t es •nd subsequ ently wr s hed into counting vi r l s 

cont r ining 2 ml distilled wr t er . With five of the ~nimFl s , 

s · mpling w•s •lso c rrried out 60 minutes Aft er injection. 

Rrd i orctivity counting. 

Counting was done in a du al ch~nnel Packard Auto-

. 59 125 spectrometer , us ing optimal setting for .Fe and I 
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for the two ch~nnels respectively. Pure standnrd solutions 

of the two i sotopes were used to determine the rate of 

cross-counting between them and to derive ~ correction 

which wes subsequently ?.pplied to P. 11 rPw counts. 

Counting times were chosen to m "int ~ in a SFmpling counting 

error of l ess th~n five per cent. 

c~lcul -tion Pnd expression of results. 

The number of counts of each isotope injected into 

individu ~ l ?nimels w~s c al culvted, using the counts 

de t e rmined on injection standards and the r atio of weight 

o f inj ection mixture injected to that in the standard. 

Red cell volume was calculated from the ratio of Fe59 

counts injected to counts in the whole blood sampl e , using 

the haematocrit value to express the actual volume of red 

cell s in the sample. The total haematocrit value was 

corrected for trapped plasma , assuming a trapped plasma 

fr~ction of 10 per cent (Shie ld, 1971). Plasma volume 

wn s CPl cul "ted in a similRr way to red cell volume, 

. 125 using the inj ected count to sample count r at io of I 

rnd t he percent Fpe haem Ptocrit v alue to express the ~ ctu c l 

volume of pl~sm- in the s~mple. Pl ~sm ~ volume wzs 2l so 

cr l cul Pt ed from the r Ptio of inj ect ed counts t o count s in 

125 t he sep: r rt ed p l r sm ~ s ~mple for I • Results were 

expr essed ~s : 

red cell volume , ml 
r e l Ptive red cell volume, ml/kg . = body weight, kg 

rel ative pl?.sma volume, ml/ kg 
= pl asma volume , ml 

body weight, kg 
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F factor cells = total body haematocrit 
large vessel haematocrit 

where tot a l body haematocrit = 

red cell volume, ml 
red cell vol, ml + plasma vol, ml. 

All c~lcul~tions were done with the nid of a computer 

progr~m written for the purpose . 

- .. ------- __ ,, __ _ 
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Accuracy of Measurements 

The level of accuracy of measurements made in this 

study is listed below: 

MEASUREMENT LEVEL OF ACCURACY 

Body Weight 

newborn animals .. ...... ... .... 0. OOCl g 

up to 20 g .. .... .. ....... 0.01 g 

20 - 500 g ... .......... .. 0.1 g 

more than 500 g ....... .. ...... 10 g 

Length 

pes and head l ength .•.........•. 0.1 mm 

Temperature 

r ectal, co lonic 

and chamber 

Oxygen Consumption 

Evaporative Wa t er Loss 

.... .... ....... telethermometer 

probe and mercury thermometer 

accurate to 0.2°C; r eadings 

a pproximated to 0.1°c . 

.. ...... ....... 0.01 per cent o
2 

t ension 

rela tive humidity 

rea d to nearest one pe r cent; 

converted t o absolute amo unts 

of water using chamber temper­

ature and met eorologt""l tables 

(List, 1958). 
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CHAPTER III 

THE CLIMATE IN SOUTH-WESTERN AUSTRALIA 

A brief description of the climate of the region in 

1 J 
which the chuditch occurs is included to show the conditions 

r 
with which it must contend. This account relies on macro-

clim~tic d~tP and does not take into account the microhabitat 

of the species which wes not studied. 

The clim~tic f rctors which m~y prove limiting to ~ 

species ~ re not readily indicated by average conditions. 

i . 
>' 

This informPtion is more likely to be g~ined from data on 

'· r extremes of temperature Pnd Pridity and the frequency with 

which such extremes P.re likely to occur. I have chosen to 

illustrate extremes by tabul~ting, in ~ddition to average 

~nnu~l or monthly vPlues, average rainfall in the driest 

m9nths, the aver?ge number of days on which maximum air 

t emperDture exceeds J7.8°C (100°F) and the average number 

of days in which minimum air temperature (in meteorological 

screen) f alls below 2.2°c (J6°F), i.e. in which frpsts are 

likely to occur. Table J.1 shows climatic data for six 

represent at ive meteorological stations within, and at the 

outer limits of, the area of south-western Australi a from 

which chuditches were drawn for this study (see Fig. 

3.1 for position of meteorological station~. 

The south-west of the Austr.ali on continent h :.-.s a 

reli~ble winter r~infall and dry summers. The mean 
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vrrirbility of the rAinfAll from the C1nnu11l averAge is 

less th?n 20 per cent (Leeper, 1960). The winter 

temper11tures :>re mild ?nd the sununers cire. hot. Highest 

me ?n m:>ximum temper <tures occur in Jcinuary when average 

rainfall is very low. 

Inl11nd from the coast the rainfall is reduced, 

its variability is increased and the trend is from a 

largely winter rainfall to an increasing proportion of 

rainfall in late summer. There is an increasing frequency 

of high summer temperatures and, because of reduced cloud 

cover in the winter months, an increasing frequency of 

frosts. 

The 11pp11rent range of the chuditch at present is 

in the least climatically stringent portion of its range 

11s determined by collections made during the early pert 

of Europe rn settlement • 

... _, 

.· 
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Location 

Collie 

Es perance 

Merredin 

Narro gin 

Perth 

Southern 
Cross 

Table 3. 1 

Climatic data f r om six represen t a tive l ocat i ons 
i n south- western Australi a (Bartlett , 1974) 

Rainf a ll (mm ) Temperature ( OC ) 

Annual Average Mean Maximum Mean Minimum No . days 
Average Total fo r in hottest in coldest when 

3 driest mont h month max. > 
mont hs J7.8°c 

987 45 30.2 J . 9 5.5 
Dec-Feb Jan Jul Nov-Mar 

676 51 25 . 3 7 . 4 J .8 
Dec-Feb J C1n Jul Nov- Mar 

326 '36 JJ.8 4.6 17.0 
Nov-Jan Jan Au g Oct-Aµr 

506 37 30.8 5 . 1 5.3 
Nov-Jan Jan Jul-Aug Nov-Feb 

880 31 29 . 7 8.8 5.0 
Dec-F eb Jan Ju l Nov- Mar 

281 40 J4 . 6 3.9 27. Li 
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Fig J.1 Map of south-western Australia showing 

localities to which reference is made 

in Chapters II and III. 

Symbols 0 localities from which 
chuditches were obtained 

0 1973 sighting 

• meteorological station 
(Table J .1) 
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CHAPTER IV 

BREEDING BIOLOGY 

Preamble 

Marsupials in temperate regions nonnally have 

restricted breeding seasons. Sharman, Calaby and Poole 

(1966) concluded that diprotodont marsupials living in 

the coastal areas of southern Australia are adapted to 

.. 
breed at a time which ensures that pouch emergence occurs 

in the spring. The flush of green feed at this time of 

the year provides favourable conditions for the young 

animals as they approach independence. Tyndale-Biscoe 

(1973), in reviewing the breeding patterns of marsupials, 

has pointed out that whereas eutherians with seasonal 

breeding usually give birth in the spring when conditions 

are most conducive to survival of the young, for marsupials 

it is emergence from the pouch wh i ch is so timed. 

Species from arid or wet tropical climates s how 

different breeding patterns . The desert kangaroos, 

Megaleia and Macropus r obustus, (Sharman, Calaby and Pool e, 

1966) breed continuously throughout the year so that young 

animals are available to take advantage of pasture growth 

that follows s poradic rainfall. Some tropical marsupials 

have extended breeding seasons. Biggers (1966 ) found that 

Philander opossum and Didelphis marsupialis tabascensi s in 

Nicaragua were reproductive for the greater part of the ye ar, 

.J 
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whereas Didelphis marsupialis virginiana from Pennsylvania 

exhibited a more restricted breeding season. 

An exception to the generalization that marsupials 

from temperate regions have restricted breeding seasons is 

found in the quokka, Setonix brachyurus. A population of 

this species on Rottnest Island has a season of birth ' ! I 
res tricted to six months, from January t o August, whereas 

a mainland population from the same latitude breeds con-

tinuously throughout the year (Shield, 1965). 

It would be expected that Dasyurus geoffroii from 

south-western Australia, where seasons are well-defined 

and there is a reliable winter rainfall, would have a 

r estricted breeding season like other dasyurids from 

temperate r egions. Antechinus stuartii (Marlow, 1961; 

Wooll ey , 1966), Dasyurus viverrinus (Hill and O'Donoghue, 

1913; Fleay, 1935; Green, 1967) and Sarcophilus harri s ii 

(Green, 1967; Guiler, 1970) have all been shown to have 

i. I 
short breeding seasons restricte d to the autumn and winter 

months. Some d asyurids from desert regions, on the other 

himd, are ceprble of breeding over a greater part of the 

yc~r. Thi s cepacity enables them to breed at any time 

when environmental conditions are suitable in a r eg i on 

where the climate is very variable. Ewer (1968) found 

that female Sminthopsis crass icaudata may breed continu-

ously without intervening anoestrus. Godfrey (1969) 

found th at ! . . froggattL (larapinta) has a breeding season 
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of eight months duration with the possibility of producing 

two or three litters per year. Michener (1969) and 

Sorenson <1970), however, found that another desert species, 

Dasycercus cristicauda, had a restricted breeding season 

and Sorenson considered that this was also true for 

Dasyuroides byrnei. 

Where the breeding 'season is restricted to a small 

part of the year the age at which reproductive maturity is 

reached is governed by seasonal, as well as deve lopmental, 

factors. It would therefore be expected that r eproductive 

maturity i s reached either in the first or second breeding 

season after birth when the animals are approaching either 
.. 
( 12 months or two years of age. Woolley ( 1966), in a 
;~ . . : 

syrvey of data on reproduction in the Dasyuridae from 

various sources, listed five species with restricted 

breeding seasons which wer e r eproductively mature at one 

year, whil e Sarcophilus is probably reproductively mature 

at two years. Sminthopsis froggatti in captivity was found 

to come into oestrus at four months and males had sperm in 

the urine at 7~-9 months (Godfrey, 1969) , so that thi s 

species with its l ess restricted breeding season lacks 

the seasonal constraints on the attainment of r e productive 

mnturity. 

A restricted seasonal breeding pattern places a 

further constraint on breeding; it limits the animal to 

a s ingle litter per year. This is particularly true of 

marsupial s with their prolonged pouch-life. 



Gestation periods in marsupials are short, ranging 

from 12} days for Isoodon macrourus (Lyne, 1974) to J8 

days for Potorous tridactylus (Hughes, 1962 ). Gestation 

in the dasyurids ranges from 12! days for Sminthopsis 

froggatti (Godfrey, 1969) to 26-35 days for Antechinus 

stuartii (Woolley, 1966). 

The dasyurids are all polytocous. Woolley ( 1966) 

tabulated data on reproduction in the group from various 

sources, showing that pouches contain from four (e. g. 

Sarcophuli s , Myrmecobius) to twelve nippl es (e.g. 

Antechinus flavipes, Planigal e) and that all nipples may 

be occupied at one time by pouch-young. 

Results 

Breeding Season 

The following r esults show that the chuditch has 

one breed ing season per year, both in captivity and in the 

wild. Young were born in the captive colony only during 

the months of May and June. Estimated birth dates of 

litters taken from the wild s howed that births occurred 

in June and July. Table 4.1 shows known birth dates of 

litte rs born in capt ivity and est imated birth dates of 

those captured from the wild. Animals in the co l ony were 

observed to copulate in April and May and al so in August, 

but no young were born as a r esult of the late matings . 

11 
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~ 
. I 

·, 

Table 4.1 

Known birth dates of animals born in captivity 
and estimated birth dates of litters taken from the wild 

Litter 
Birth date of Litter 

Estimated birth dates 
litters born of Ii tters taken from 

No. in captivity No. the wild 

3. 22.v.1968 1. 21.vii.1966 

h. 27. v .1968 2. 1.vii.1967 

5. 3 .vi.1968 9. 6.vi.1969 

6. 28.v.1969 10. 9 . vi.1969 

7. 10. vi.1969 11. 1).vi.1969 

8. :28. vi .1969• 12. 14.vi.1969 

• Estimated from body measurements. 
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The pouches of the captive f emales showed a marked 

change as the breeding season approached. During spring 

and summer (September through February) the pouche s of 

juvenil e females were inconspicuous and were covered with 

dense white fur like the remainder of the ventral surface . 

At about the beginning of March a reddish, waxy secretion 

appeared on the fur of the pouches of some animals. By 

mid-April this secretion was generally observed in the 

pouches which had become much deeper, the posterior rim 

be ing enlarge d and swollen. The nipples were enlarged at 

this stage. Pouch development reached a maximum in May 

and June. Pouches were then very deep, they were markedly 

gl andular with long, sparse hair, and the red secretion 

was no longer present. As the nipples increased in si ze 

they were s urrounded by a swollen rim of tissue. The 

cloaca! r egion became swollen and ther e was a marked 

reduction in t he fur in the mid-line be tween pouch and 

c loac a. 

In animal s which had not given bir th the pouch was 

r egr essing by mid-July; the posterior rim became l ess 

swollen an d the fu r r e turned t o the condition of that 

covering the r emainder of the ventral surface . Dy the 

end of J ul y the pouches had r e turned t o the non-breeding 

condition. One pair o f animal s was observed to mate in 

mid-Augus t; the pouch of the f emale, which had pr eviously 

r egressed following enlargement during autumn, was again 

observed t o b e in a fully developed condition. 

1 1 



.; Age at Rerroductive Mnturity 
'• 

Of animals born or reared in captivity, four females 

produced litters and two males sired offspring in the first 

breeding season after their birth. Captive animals there-

" 
z. 

fore are reproductively mature when they are slightly less 

than 12 months of age. It was not possible to age females 

taken from the wild with litters in their pouches to 

determine whether they too were reproductive at one year 

of age. 

·1 

~ [ ·~ 
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Gestation Period 

Table 11.2 shows the time intervals between the last 
1' .-.? 
't< .~ 

* )l 
... 

observed copulation, or of separation of the parents, and 

the discovery of litters in the pouches of four captive 

~· 

~~ 
females. For litters 3, 4 and 6, where the male/ female 

"· pairs were continuously associated, the gestation period 
-
" 

was estimated as the interval from the last observed 
I 
~: copulation to the discovery of the litter , taking into 

~: 
account the interval since the pouch was previously examined 

and found to be empty. For litter 5, the mal e was . assoc-

iated with the f emale for six days and was removed 17 days 

before the li tter was first observed. The female was 

examined 15 days after r emoval of the male when its pouch 

was found to be empty . Examination on the seventeenth day 

revealed a litter. The minimum duration of the gestation 

period , therefore, was 15 days and the maximum duration, 

assuming that fertilisation occurred very soon after the 

,,J { male was placed with the female, was 23 days . 
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Table lt.2 

Observations on the gestation periods 
of four litters born in captivity 

Litter 
Age of litter at 

Days since last 
Gestation 

first observation 
No. (days) observed copulation 

J. 0 - 4 16 

4. 0 - 2 18 

5. 0 - 2 15-23• 

6. 0 - 1 18 

* Copulation not observed, female caged with male for 
s ix days. 

period 
(days) 

12 - 16 

16 - 18 

15 - 2J 

17 - 18 

r 
\ 



The overlap of these four different observations 

suggests that the gestation period is 15-17 days. 

Litter Size and Sex Ratio 

Al l of the females examined had six nipples in the 

pouch. 

Table 4.J shows the numbers of young fir s t observed 

in each of six litters born in captivity and of six litters 

taken from the wild. Five of the six captive-born litters 

were aged l ess than four days when fir s t examined (Litter 

nos. J-7) and the sixth (Litter No. 8) was estimated to be 

between eight and nine weeks old. The most common number 

of young per litter in these 12 litters was five with a 

me an of 5. J 

Table 4.4 s hows the numbers of males and femal es in 

five litters which suffered no mortality between the time 

when they wer e first examined and the time that sex could 

be determined. More than twice as many f emales as mal es 

wer e observ ed <17 f emales 8 males) but the sex ratio is 

2 
not significently different from parity tx.::(l) = 2 .56 , 

us ing Yate' s Correction, p > 0.1). 

Though it appears that all nippl es are u sually 

...... occupied in young litter s , there was some mortality of 
: ~ 

pouch-young in captive litters , even when they were handled 

on ly rarely. Ther e is some evidence that mortality al so 

occurs in wild litters. One female captured from the wild 



Table 4.J 

Numbers of individuals in six litters born in 
captivity and six litters taken from the wild 

Litter Litters born Litter Litters taken 
No. in captivity No. from the wild 

3. 5 1. 6 

'*. 6 2. 5 

5. 6 9. 5 

6 . 6 10. 4 

7. I 5 11. 5 
I 

8 . I 5 12. 6 

Totals: JJ Jl 

Means: 5.50 5.17 

Overall meon : 5.JJ 

4.10 

I 
l J 



Table 4.4 

Number s of males and f emales in five litters in which 
sex coul d be de t e rmined on complete litter s (i.e. in 
which no mortality occurred be tween first obs ervation 
and observation when sex could be determined) 

Litte r No. of 
Males Females No. individual s 

Captive-born 7. 5 2 J 
li ttcr 

Litte r s t ak en 1. 6 J J 
from the wild 

2 . 5 1 4 

10 . 4 1 J 

11. 5 1 4 

Total s: 25 8 17 

Means : 5. 0 t. 6 J . 4 

4.11 



.< 
•, 

in January 1968, had only five of the six nipples elongated, 

indicating that she had suckled five young in the previous 

breeding season. Another female, found killed on the road 

in August 1971, had only three of its six nipples elongated 

with surrounding mammary tissue enlarged and was probably 

suckling only three young when she was killed. 

Longevity 

1\.,.cnty-three enimals survived in captivity for two 

years or longer. Of these, two known-age animals (one 

male, one female) died at Ji years of age, one known-age 

female was killed by her mate at four years of age, 

another female died when 4i years and one male died at 5~ 

years of age. Two males and two females captured in the 

wild as adults survived in captivity for four years so that 

they must have been at least five years old when they died. 

One female, caught as a pouch-young in the wild and 

reared in captivity, gave birth to litters in two successive 

breeding seasons when she was age d one and two years 

r espectively. 

From these observations it appears that animals are 

likely to survive for at least two years and may live for 

51 years or more. It appears that females have the 

potential to produce more than one litter during their 

lifetime. If this is the case then the animals have a 

reproductive potential sufficient to maintain or increase 

existing populations. 

{ 
! I 
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Discussion 

~ chuditch, in the reliable rainfall area of 

south-western Australia, has its breeding season restricted 

to autumn and winter (May to July) so that young animals 

emerge from the pouch from August to November, during the 

spring and early summer (Chapter V, Growth and Development). 

The breeding season was not changed by conditions in which 

the captive colony was maintained. The related species 

from south-eastern Australia, Q.• viverrinus , throughout 

the whole of its range, appears to have a breeding season 

similar to that of the chuditch. Hill and O'Donoghue (191J) 

reported that D. viverrinus in New South Wales has one 

breeding season a year which begins at the end of May or 

early June and extends to the first fortnight of August; 

Fl eay (1935) described the observation of a pouch litter 

born in mid-June in Victoria; Green (1967) found that of 

13 f emales captured in north-eastern Tasmania in July, 12 

had young pouch litters. 

At least some animals in the captive colony of 

D. geoffroii were r eproductive ly mature in the fir~t 

breeding season after birth. Fleay (1935) made a s i milar 

observation for D. viverrinus . 

The factors which determine the onset of the breeding 

season in D. geoffroii have not been dete.rmined. ·As the 

breeding season commen.ces when days are shortening with 

the approach of the wint~r so l s tice, photoperiod is a 
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likely f~ctor in determining when breeding will begin. 

The gestation period of the chuditch cannot be 

es tablished with precision from the observations available 

as additional matings may have occurred after fertilis-

ation snd observations of nocturnal matings were not made. 

The most precise statement that can be made is that 

gestation cannot be shorter than 15 days nor longer than 

23 days in the one case where a male was caged with a 

female for a limited time. Other observations suggest 

that it is closer to 15 than to 23 days . 

There is confusion about the length of gestation of 

the related species £.• viverrinus. This has arisen from 

differences in definition of the gestation period, either 

as the time from copulation to parturition or as the time 

from ovulation to parturition. Hill Nld O'Donoghue (191J ) 

found thet ovulation in £.· viverrinus was ,.spontaneous and 

quite independent of copulation and that the time interval 

between copulation and the finding of unsegmented ova in 

the uteri ranged from four to eight days, the average 

interval between copulation and ovulation being about five 

or six days . They r eported one case, which they regarded 

as being 'perfectly trus tworthy', of a female in which the 

young were born 16 days after copulation. Subtracting 

five days (the average interval from copulation to 

ovulation) from the sixteen day period between copulation 

and parturition, they concluded that the gestation period 



4.15 

is about eleven days end that from evidence available • ••• the 

gestation period in Dasyurus is not less than eight, and 

does not exceed fourteen days'. Waring, Moir and Tyndale-

Discoe (1966) end Woolley (1966) 1 quoting Hill and 

O'Donoghue (1913) cited the gestation period of Q· viverrinus 

as being 8-14 days. Tyndale-Biscoe (1973) stated that there 

is no doubt that the gestation period of £• viverrinus is 

nine days but gives no reference to subsequent observations. 

Hill and O'Donoghue described, in considerable detail, one 

case in which a female newly captured from the wild was 

observed to copulate immediately with a captive male and 

to give birth to a litter eight days later. In spite of 

their statement 1 ••• that a female once served will not 

under normal circumstances again copulate', they suggested 

that this female may have been fertilised earlier and did 

not regard thi s record as absolutely conclusive as to the 

l ength of th e gestation period. The possibility that the 

~articular animal had previously copulated in the wild is 

given more credence by the observation that£· geoffroii, 

in captivity, will copulate on several successive days. 

I think thi"lt D. geoffroii and Q· viverrinus probably have 

similar gestation periods, from copulation t o parturition, 

* ' of about 16 days duration. 

Obs ervations of new-born chuditch litters suggest 

that normally all nipples are occupied to give a full 

complement of six young, though there may be some mortality 

during subsequent pouch development. No female was found 

.J 



to have supernumery neonates as described for Q.• viverrinus 

by Hill and O'Donoghue (191J), but it is possible that such 

occurrences were not observed. Hill and O'Donoghue 

described two c8ses in which eighteen and ten newborn 

animals respectively were observed. They also found that 

a much greater number of ova were discharged at each 

ovulation than could be accommodated in the pouch in 

either D. viverrinus or D. maculatus. Godfrey (1969) 

reported that Sminthopsis froggati (larapinta) produces 

large numbers of ova per ovulation. Didelphis marsupialis 

virginiana is also known to produce more young than can be 

accommodated on the nipples (Hartman, 1923; Reynolds, 

1952). 

The observed ratio of males to females in young 

pouch litters of D. geoffroii suggests an excess of 

females. Observations of Fleay (19J5) and Green (1967) 

also showed more females than males in litters of 

Q.• viverrinus, and Guiler (1970) found a predominance of i I 

females compared with males in pouch young of the Tasmanian 

devil, Sarcorhilus harrisi. In all four cases srunples are 

very smal I and chi-squared tests show the sex-ratio to be 

not significantly different from parity. 

Shield (1962) put forward the thesis that, as 

marsupials have a short uterine life compared with 

eutherians and lack the heavily male-biased causes of 

death in utero and at birth which have been demonstrated 
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for some eutherian species, the sex-ratio of new-born 

pouch young would closely approximate the primary sex-ratio 

of the srec i es being investigated (i.e. the sex-ratio at 

conception). As estimates o f the primary sex-ratios of a 

number of euther ian species show a significant excess of 

males t o females it might also be expected that a high 

proportion of males to females might be found in mars upial 

pouch-young if s imilar determinants of sex-ratios act in 

the tlw groups. The sex-ratio at birth for eutheri ans 

(secondary sex-ratio) is closer to parity than the primary 

sex-ratio , due to the relative ly high mortality of mal es 

in utero. If pouch life in marsupials is equated to 

uterine 1 i f e in eutherians , it might be e xpect ed that 

differenti al mortality during pouch-life would be r ef l ected 

in changes in the sex-ratio at birth compared with sex-

r atios t o be observed late r in pouch-life . 

Sh i e ld (1962 , 1968) found that the sex-ratio of 

quokka joeys aged 40 days or l ess was close to parity while 

that for j oeys of more than 100 days was significantly 

different from that in the young joeys, with a deficiency 

in mal es compar~d with f emales. Caughley and Kean (1964) 

found a s ignific~nt excess of males to f emales in a 

snmpl e of grey kangaroo joeys from south-western Queens ! and, 

but a 1:1 sex-ratio in joeys of Megale ia rufa from the same 

are a. In reviewing data for five other marsupial speci es 

<inc luding Shield' s data f or t he quokka, cited above) 
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they were unable to demonstrate that these species showed 

a significant disparity between the frequencies of male 

and femal e pouch-young. Poole (1973) found that the 

sex-ratio of 713 young grey kangaroos from Mt. Hope in 

New South Wales was not significantly different from 

parity. Neither Caughley and Kean (196/l) nor Poole (1973 ) 

I 

( l 

f ound evid ence of diffe rential mortality of mal e and 

fem~ l es during pouch-life. 

It can be concluded that the s horter gestation 

period of marsupials does not in general favour a high 

sex-ratio and that the primary sex-ratios at fertilisation 

ar e probably not significantly removed from parity, as 

has been s uggest e d by some eutherian studies. 

~ l 



CHAPTER V 

.!' 

GROWTH AND DEVELOPMENT 

Preamble 

A study of the growth and development of the pouch-

young of Dasyurus geoffroii was undertaken for two reasons. 

Firstly it was necessary to establish a calendar of develop-

ment and thereby a means of aging pouch-young captured in 

the wild. As a corollary this made possible comparisons bet-

ween the development of this species and that of other 

marsupials whose development has been documented. These 

aspects will be considered in this chapter. The second, 

more r el evvnt aspect of development in r espect of the 

energetics of the species was the determination of the age 

at which the young animals were able to maintain a stable 

body t emperature . The ontogeny of the establ i shment of 

homeothe rmy will be considered in Chapter VI. 

Mars upials, when compared with eutherians, are 

characterised by a proportionately small birth weight, 

but when they emerge from the pouch they are as fully 

deve lo ped as many neonatal eutherians . Consequently pou ch 

development of marsupial s has been compared to fo e tal 

deve lopment of eutherians. This cannot be strictly correct 

as a number of functions not required by the foetal 

eutherian must necessarily be established early in pou ch 

life (e.g. motor activity ne cessary to move into the pouch, 



respiration, alimentation and suckling). A calendar of 

pouch development distinguishes between precociously 

developed features and those upon which little demand is 

placed because of the protection afforded by incubation 

and nursing within the pouch. 

This section of the study is concerned with the 
) I 

documentation of growth from birth to adult status using 

body weight, two linear measurements, five external 

features and the development of motor responses. These 

data arc presented as a calendar of development and will 

subse~uently be used as a means of aging pouch-young and 

a comparison with other marsupials and eutherian perinatals. 

·~ 

Results 

New-born Animals 

Table 5.1 shows the body weights of four individuals, 

from four sep ro-ate litters, measured when the litters were 

first observed in the pouches. The maximum possible age, 
I ; 

in hours, of each of the animals is also shown. As it is 

known for certain that one neonate weighing 15 ,l1 mg was l e ss 

than 21, hours old, it is likely that the two animal s 

weighing less than 15 mg were also less than one day o ld. 

The remaining animal, weighing 25 mg, could have been as 

~1ch as 54 hours old. From these data, the neonatal weight 

of Dasyurus geoffroii is estimated as between 14 and 15 mg. 

Insuffici ent numbers were available to estimate the 

variation in birth weight. 
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Table 5.1 

Neon atal weight and maximum age when we ight 
dete rmined for four pouch-young from 

four litters born in captivity 

Litter Body weight Maximum age when 
No . (mg) measured ( hours) 

J. 14.5 96 

4 . 14.7 44 

5. 25 . 0 54 

6. 15.4 2/1 

5.3 

weight 
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One new-born animal had a crown-rump length of 6.2 mm 

(weight 15.4 mg). A second new-born animal had a crown-rump 

length of 6.5 mm (weight 14.7 mg). 

Figure 5.1 shows a line drawing of a new-born animal, 

I i from Litter 6, known to be less than 24 hours old. The head 

of the neonate was set at right angles to the trunk. The 

mouth wos a triangular orifice with laterally fused lips. 

The nostrils were lateral in position. There was no 

external evidence of eyes or ears. The animal was pale in 

colour and translucent, with blood vessels visible through 

the skin. The forelimbs were strongly developed in 

comparison with other features and four digits bore 

deciduous claws. There was a pronounced cervical swelling 

situated on the ventral surface below the head and between 

the forelimbs. The hindlimbs were small buds with no 

evidence of joints or digits. The tail was extremely small 
1.I 

and curved between the hindlimbs. 

Growth of Known-age Animals 

Three metrical characters, body weight, head· length 

and pes length, were selected to typify the growth of the 

chuditch. Figs 5.2, 5.4 and 5.5 are scatter diagrams of 

log body weight, head length and pes length respectively 

vs. age for known-age animals during the first year of 

life. Trend Hnes were .fitted by eye·, anq separate trends 

for males and females are shown when sexual dimorphism in 

-- ··----· ----------



5.5 

Fig 5.1 Lateral view of a neonatal chuditch. 
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size becomes apparent in juvenile animals. Growth rates, 

per cent per day, for individual animals are also shown 

with associated trend lines. Fig 5. 3 shows a smoothed 

curve of body weight vs. age, on linear axes, together 

with mean daily increments in body weight calculated both 

as per cent per day and as grams per day. Fig 5.6 shows 

smoothed curves for both head length and pes length vs. 

age, together with mean increments in per cent per day 

and in mm per day. Growth trends and growth rates for the 

three variables measured are considered in turn below. 

Body Weight. 

Fig 5.2 is a scatter diagram showing body weight 

(log scale) vs. age of fifteen known-age animals (from 

Litters J, '• and 5) between birth and 365 days of age. 

Equivalent-age males and females of less than about 120 

days of age showed no difference in body weight. For 

animals older than about 120 days, males consistently 

weighed more than females of the same age. The mean body 

weights of four males and four females, when they were one 

year of ag e , were 1)00 g and 864 g respectively. Percentage 

increments ~n body weight, per day, were calculated from 

successive measurements of individual animals (except for 

young animals for which calculations were made using 

weights of different animals). These growth rates are 

shown as individual points on Fig 5.2 and the eye-fitted 

trend line through these points shows the decline in growth 

rate which accompanied the increase in age • 



Fig 5.2 Scatter diagram of body weight (log. scale) 

vs . age (days) for known-age chuditches, and 

growth-rate s (pe r cent/day). 
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Fig 5. 3 shows the smoothed curve of body weight 

(linear scale) vs. age compared with the mean daily 

percentage growth rates and the mean daily increments in 

body we ight from early pouch life to 32 weeks of age. 

The growth curve shows its inflection at 20-22 weeks of 

age . The mean percentage growth rate fell rapidly from 

about 21 per cent/day between birth and two weeks of age 

to 7. 7 per cent/day between two and six weeks, and there-

after fell more slowly to between 2 and J per cent/ day 

between 14 and 20 weeks of age. By J2 weeks the mean daily 

percentage growth rate had fallen to 0.2 per cent/ day . The 

mean daHy increment in body weight rose from less than 

0.05 g/day b etween birth and two weeks of age to more than 

2 g/day from 10 weeks to JO weeks, after which it fell to 

1.4 g/ day at 32 weeks. From 18 to 26 weeks of age the mean 

daily increment in body weight was greater than 6 g/ day. 

Thus the gre atest daily increments in body weight occurred 

wh en the percentage growth rate was about 2 .5 per cent 

per day and nt about 20 weeks of age , corresponding to the 

infl ection of the growth curve . 

Head Le ngth. 

Head l ength measurements of 11 animals aged from 

14 days to 365 days of age are shown on Fig 5.4 with eye -

fitt ed t rend curves. As was the case with body we ight, 

from about 120 days of ag_e males tended to be larger than 

f emal es of equivalent age. Mean head l ength at one year 

I 

' J 

I 

i J 
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Fig 5.J Trend line of body weight (linear scale) vs. 

age (weeks) and mean geometric and arithmetic 

growth rates in body weight for known-age 

chudi tches. 

Symbols: ••--•• mean geometric growth rates 
linked by trend line 

o--- - -0 mean arithmetic growth rates 
linked by trend line 
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Fig 5.4 Scatter diagram of head length (mm) vs. 

age (days) for known-age chuditches, 

and growth rates (per cent/ day ) . 

Symbols: as for Fig 5. 2 
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Fig 5.5 Scatter diagram of pes length (mm) vs. age 

(days) for known-age chuditches, and growth 

rat e s (p~r cent/day). 

Symbo l s: as for Fig 5.2 
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of age was 91,.1 mm for four males and 84.1 mm for four 

females. Growth rates (per cent per day) calculated from 

individual measurements, are also shown on Fig 5.4 and 

indicate a decreasing growth rate tending to zero by JOO 

dnys of age. 

~Length. 

Fig 5.6 shows the smoothed growth curve for pes length 

together 1vith daily increments in l ength (per cent/ day and 

mm/day). As for head length the pes growth curve passes 

through it s inflection at about 10-12 weeks of age. Daily 

growth rates lper cent/day) rose from less than three 

rcr cent/day between weeks two and six, to a peak in excess 

of four per cent/day between weeks six and eight. Thereafter 

the growth rate was variable but showed a decreasing trend. 

At the age when the growth curve passed through its inflection 

the mean percentage daily increment was 1-2.5 per cent/day; 

at 18-20 weeks it was about 1 per cent/day and by 32 weeks 

it was l ess th1!n 0.05 per cent/day. The calculated daily 

increment in pes length (mm/day) was also rather v ar iable, 

ranging from 0.11 mm/ day at 2-6 weeks, 0 . 32-0.72 mm/ day in 

the age ranpe 8- 20 weeks, falling to 0.2J mm/ day at :.W-22 

weeks and to 0.02 mm/day at 32 weeks . Relatively large 

increases in pes length therefore occurred at the age when 

the growth curve was inflected. 

Body weight, head and pes lengths of adult animals. 

Ta.ble 5.2 shows means, standard errors and ranges of 
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Fig 5 . 6 Trend lines of head length and pes l ength (mm ) 

vs. age (weeks) and mean geometric and arithmetric 

growth rates in head and pes length for known-age 

chudi tchcs. 
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body weight, head length and pes length of captive adult 

animals. There is little difference in either head length 

or pes length between one-year-olds and older animals but 

both males and females of two years or more weigh about 

200 g more than animals of one year. The relatively 

greater weights of older captive animals may be due to 

the rather sedentary life they lead in captivity, rather 

than to a reol difference from the younger animals. At 

one year of aoe then, when captive animals are known to be 

reproductive ly mature, they are close to their maximum 

linear measurements but are 15-20 per cent lighter than 

animals of two years or more. 

Development of other Features 

The progressive deve lopment during pouch life of the 

pelage, of topographical f eatures such as the lips, eyes , 

ear s and claws, of the dentition, and of motor responses, 

was docume nted in order to provide some easily identifiable • l 
landmarks in the calendar of development of the species. 

In formation on deve lopmental events which occurred during 

i..hc fir!';t seven weeks of pouch life is incompl ete because 

the animals we re examined infrequently to minimi ze the loss 

of pouch-young due to disturbance of the mother. 

Peloge . 

Und er-fur was first seen on the head at 28 days of 

age , it cou ld be seen on the dorsal body surface at 49 

days, and by 60 days it covered the entire body. The 
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Table 5.2 

Means, :!: 1 standard error of means, and ranges of 
body weight, head length and pes length of captive 
male and female Dasyurus geoffroii aged one year, 
and two years or more. 

Age 
Body Weight Head Length Pes Length 

( g) (mm) (mm) 

On e ienr 

m<tles 1)00 + 71.4 91! .1 - ! 2.9 63 .6 :!: o.4 

1175 - 1500 87.5 - 101. 5 63.0 - 64.8 

(n=4) (n=4) (n=4) 

fema l es 864 + 59.5 85. 1 + 2.5 57.1 + 0.9 -
705 - 960 79.6 - 90.3 54.6 - 58.5 

(n=4) (n=4) (n=4) 

Two rears 
or more 

males 1523 + 157.0 95 .1 + 2.5 64.2 + o . 8 -
1190 - 2075 81.9 - 108 . 8 62 .4 - 66 .7 

(n=5) (n=5) (n=5) 

fern Ill es 1047 ± 50.1 89.0 ! 1. 9 58.4 + 0 . 5 

965 - 1285 81. 9 - 93 . 3 56 • '• - 59 . 8 

<n=6) (n=5) (n=6) 

5.21 
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thicker and longer guard hairs also appeared progressively, 

being first observed on the head between 77 and 84 days of 

age, and on the dorsum between 84 and 91 days. The body 

was completely furred, both with under-fur and guard hairs, 

to the base of the tail by 91-98 days of age and during 

this time long black hairs appeared on the tail. By 105-112 

days the pelage of the animals resembled that of adults 

except thot the juvenile fur appeared longer and more 

dense. Fig 5.7A shows the ages at which certain stages in 

development of the coat are reached. 

The follicles of the vibrissae were clearly visible 

at 28 days of age. The first observation of erupted 

vibrissae was made on an animal aged 42 days. 

Topographical features. 

Until 1,9 days of age the lips were fused except 

around the nipple which remained permanently in the mouth. 

At about this age the lips began progressively to separate 

until at 70 days all animals had the lip-line free to the 

angles of the mouth. Two neonates and three animals ag ed 

tit, 28 ancl It :'. days respectively, failed to reattach when 

rc>moved from the nipple and then r eplaced in the pouch. 

The fir s t successful re-attachment occurred at 49 days of 

age. Thi s coincided with the age at which the lips started 

to separate. 

No external vestige of eye or ear was visible at 

birth. The eye rudiment was apparent as a pigmented ring 
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Fig 5.7 A. Deve l opment of pelage vs. age for known-age 

chuditches. 

n. Development of other external featur es v s. age 

for known-age chuditches. 

Symbols: -I:=.:::: ::I 
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beneath the skin of the heed at 14 days of age. The line 

of the fused eyelids was visible at 28 days and by 42 days 

the eyelids were well formed and the follicles of the 

eyelashes could be detected. The eyelids remained fused 

until about 77 days but all animals had their eyes open by 

84 days of age . At 14 days of age the ear orifice was not 

vi s ible but the pinna could be detected as a small ridge . 

The earfold was present but the ear canal was still no t 

perforated by 28 days. By 42 days the p inna was pigmented 

and l ay fl at over the ear orifice. The pinna bccrune e r ec t 

wh en the animals were aged 77-84 days. 

By 14 days of age the deciduous claws of the neonate 

were no longer present. The ankle joint and the digits of 

the hind-foo t were then form ed. Permanent claws were 

present on the digits of the forelimbs by 28 days of age , 

end by 42 days of age claws were present on all digits 

exccrt the fir s t digit of the hind foot which character-

isticvlJy does not bear a claw in the adults of this species . 

(The first digit of the hindfoot i s absent from the east e rn 

native c~t O. viverrinus). . I 

Fig 5·7B shows the ages at which c ertain of the 

features described above become establi s hed· Only those 

features for which the age of establishment could be 

determined to within one week are included. 

Dentition. 

The incisors first became visibl e through the oral 
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membrane when ~nim8ls were ~ged between 7 0 and 77 d ~ys. 

At 811 days of Bge four of the eight animals had at l e ast 

one erupted inci sor. At 91 d8ys all animals h ad o n e pair 

of upper inci sor s and one to three pairs of lowe r inciso rs. 

Th e lower c::inines had pi erc e d the oral me mbran e in all 

~nimals by 98 day s o f age. At 105 days there were two or 

three pairs 0£ up per incisors and three pairs o f l ower 

incisors. Bo th upper and lower canines and the cusps of 

some of the molariform t eeth were visible at this age . 

At 11 9 d~ys 0£ age all animal s had three pairs of inc i sors 

in each j~w. The fourth pair of upper inci sors eru pted 

between 131 ~nd 147 days of age . The time sequence of the 

e ruption of the t eeth is s hown in Fig 5.8A. 

The d ev e lopm ent o f moto r r esponses . 

The d ev el opment of the ability of the pouch-young to 

~rogress ~nd to co -ordinate movem ents occurred as follows:-

they were able to crew! forw ard at 56 days; to right 

themselves when pl eced on the ir backs ~t 63 d8ys; to 

s hive r ;it 70 d::iys : to stC1J1d e r ect on four l egs , and to 

s how n1vcireness of h e ights at b e tween 80 and Bit days; they 

were cPpAb l e of well -coordinated movemen ts and exhibite d 

t hrea tening behaviour when 90-98 d ays of age , and at 105 

days they would r e treat or bite whe n handl ed . They we r e 

fir s t observ ed to eat meat at 105-11 2 day s of age. Th i s 

correspond s with the first observation of d ark faecal 

d eposits in th e ir cages. The time sequ e nce of the o ntogeny 

of these dev elopments is shown in Fig 5.88. 
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Fig 5. 8 A. Eruption o f t eeth vs. age in known-age 

chud itches. l 
n. Deve l opment o f mo t or r espons es vs . age 

in k nown- age chuditches. 
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Emergence from the pouch. 

Emergence from the pouch is a gradual process. 

Even when the pouch-young are still permanently attached 

to the nipples they tend to protrude from the µouch 

aperture. They apparently detach themselves from the 

nipples and move about in the pouch from about 10-11 weeks 

of age and may crawl around on the ventral and dorsal 

surface of the mother, clinging onto her fur with the 

fore- and hindfeet. At eleven weeks the total weight of 

a litter of six is 250-JOO g, or more than one-quarter 

of maternal weight. The females appear first to leave 

their litters for short periods during the day when the 

young are aged about 90 days. By this time the pouch 

will not accommodate the full litter. The weight of a full 

litter of six is then more than 500 g, or about one-half 

of mate rnal weight. The age when the animals ceased to 

suckle w;1s not detennined. .Captive animals of 120 days 

of age or more were observed to suckle occasionally. 

Develo1went in relation to Body We ight expressed as 

proportions of Maternal Weight 

Fig 5.9 is a scatter diagram in which body weights 

of known-ag e animals, expressed as proportions of maternal 

weight, are shown vs. age. The trend line was fitted by 

eye and significant developmental events are indicated 

on the trend line. 

I 
Ll 
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Fig 5,9 Dody we ight as a proportion of maternal weight 

for known-age animals vs. age , with eye-fitted 

trend line . The developmental sequence of certain 

features are indicated against the trend line. 
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The new-born chuditch has a body weight which is 

e~uivnlent to 0.000015 or 1/65 1 000 of maternal weight. 

The animnls remein permanently attached to. the nipples 

5.32 

in the pouch for the first seven or eight weeks of pouch 

life. The first successful reattachment of a pouch young 

occurred at 49 days when the animal was about 1/ 210 (0.005) 

of maternal weight and by 56 days of age, when the animals 

were first able to crawl forward, they were about 1/84 

(0.012) of maternal weight. During the interval when 

nnimaJs were 10 weeks to 18 weeks of age, their proportion 

to maternal weight increased from 1/JJ to 1/J (O.OJ-0.JJ). 

This period could be equated to the perinatal period of 

eutherian mammals (see Discussion p. 5.50). 

i\ge Estimates 

Trend lines connecting weekly mean values of body 

weight, head length and pes length of known-age animals 

were used ~s the basis for estimating the ages of young 

;inimnls, r~ther thnn smoothed curves fitted by eye. It 

w;is consider ed that the resulting r e lationships would 

r epresent me:-n weekly growth increments more accurcitely 

th:>n would the smoothed curves. 

Fig 5.10 shows weekly mean body weights, :!: two 

stendard e rrors and ranges vs. age from birth to 19 weeks 

of age for known-age animals. Mean values are connected 

by the trend line . Fig 5.11 shows head and pes lengths 
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tre~ted similarly. Me8Jl body weights, head lengths and 

pes lengths ~t weekly intervals, together with characteristic 

developmental events are given in detail in Appendix A. 

To test the accuracy of age estimates obtained from 

the growth trends shown in Figs 5.10 and 5.11, measurements 

of body weight, head length and pes length were made of 

member s of one captive-born litter o f known age. These 

measurements were not used in construction of the growth 

curves. The measurements were compared with the growth 

trends in Figs 5.10 8Jld 5.11 to obtain age estimates. 

Tnble 5 •. 1 shows the measurements of the animals together 

with their known ages on the dates on which measurements 

were made, age est imates derived from each measurement and 

means of the est imates from the three serarate meosurements. 

Means of estimates based on the three measurements 

provided age estimates which were within : four days of 
•. J 

known age. The greatest single errors arose in est imates 

b£1sed on body weight alone (+2 to +1 0 days) and the smallest I 

d 
errors arose in estimates based on pes length ·alone (-5 to 

+1 d~ys). Estimates derived from the means of the estimates 

from the three separate measurements were more r e liable 

than those obtained from single measurements. Again, when 

measurements of body weight, head l ength and pes length of 

these known-age animals are compared with the weekly means 

in Table 5.3 to obtain estimates of age to the ne arest week, 

both head length and body weight tend to oyerestimate age 



Fig 5.10 
Weekly mean body weight (g) vs. age (weeks) 

for known-age chuditches. 

Symbols: Horizontal lines : weekly means 

Doxes: ! 2 s.e's of means 

Vertical lines: ranges 

The trend line connects means. 
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Fig. 5. 11 Weekly me ans of head length and pe s l e n gth ( mm) 

v s . age (weeks) for known-age chuditches . 

Symbols: as for Fig 5 . 10 
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while pes l ength gives estimates correct to the nearest 

we ek. 

The growth trends were used to estimate the ages 

5.38 

of two litters captured in the wild. In order to determine 

whether age-dependent variation in age estimates would 

arise, estimates were made from successive sets of measure­

ments mad e over a period of several weeks . 

The six members of one litter of juveniles, captured 

with their mother from the wild as pouch-young in 1966 

<Litter 1), were measured six times over a seven-week period. 

The mean values of body weight, head length and pes length 

for th e s ix animals were compared with the growth trends 

shown in Figs 5.10 and 5.11 to obtain estimates of their age . 

For compar ison with the age estimates obtained from e ach set 

of measurements, ages based on earlier and later estimates 

were also calculated. The results of this procedure are 

s hO\m on Table 5 .4. 

Oif ferences in age estimates based on body we ight 

alone were within 14 days of those based on pes length whil e 

those based on head length fell between these two extremes. 

VDriation was also apparent betwee n initial est imates and 

est imates bAsnd on succeeding measurements. For instance , 

according to the estimates based on the first set of meas ure ­

ments, the animals were about 14 days older than estimates 

b~sed on the last set of measurements would suggest. 

Nevertheless, estimates differed by l ess than 10 per cent 

in the age r~nge concerned. 
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19.vii. 69 

1.viii . 69 

20 .viii.69 

20 .viii . 69 

20.viii.69 

27.viii.69 

27. viii. 69 

1 3. ix. 69 

1 3. ix. 69 

... ::: ..... . ~ 

Tab le 5. 'l 

'Oocly l'leights, head l engths and pes lengths o f pouch-young 
of known a g e from 52 to 108 days of age ( Litter No . G) , 
together with ages estimated from growth-trends of a 
different group of known-age anim a l s . 

Age estimate (days ) 
· based on: 

Known age Weight Head Pes Mean 
( days) ( g) (mm ) (nun ) of 3 Weight He ad 1. Pes 1. 

estim 
ates 

52 - - 7.5 - - 48 -
65 22.02 31.6 14 .9 65 67 66 66 

84 71.5 44. 6 24.7 87 86 85 86 

84 72 . 0 45.7 24.6 87 89 85 87 

84 66 .4 44.7 2J . O 86 86 Bo 84 

:9 1 92.4 48.5 27.6 93 93 92 93 

91 102.7 lt4. 9 27 .1 95 8 7 9 1 91 

108 205 57 .Lt 3.3 . 2 118 11 3 104 112 

108 16 5 54.o 32.8 110 105 10) 106 

" ·· 'Ct:t- -... ·: 

Diff. between 
known age and 
estimated age 

(days ) 

-4 

+1 

+2 

+J 

0 

+2 

0 

+4 

- 2 



· :rnrarrmt"' · ·· · 

Mean 

Pa-te Weight 
(g) 

14. "·" 127.5 

it x.,, 135.2 

28. x." 171 . 0 

4 . Ai, ,, 203 

18· ~i ." 262 

.z. tii. "' 406 

Tab l e 5 . 4 

Mean body weight, head length and pes l ength of 1966 litter 
( Litter No.1) for a seven-week period, together with 
estimates of age determined from growth trends of known - age 
animals. 

•. :'.-; - ,~~ ·- · 

measurements 
Age estimate based on: Estimated age using successive 

(days ) estimates 

Head 1. Pes 1. Weight · Head Pes Mean 1st 2nd Jrd 4th 5th 6th 
(mm ) (mm) 

55. 3 39.5 101 108 115 108 104 10J 104 98 96 

58 . 3 )9.8 103 115 116 111 115 110 111 105 103 

58 . 3 42.8 112 115 123 117 122 118 118 112 110 

62 • '· [. 7. 5 118 124 132 125 129 125 124 119 117 

66 .5 50.5 126 132 140 1JJ 143 139 138 1 39 1J1 

71. 0 5 3.0 147 141 147 1t.5 157 153 152 15) 1L17 

, r .. 'Sl 

V1 . 
~ 
0 



Pa-te 

14. ~ ." 
.u. )( . ,, 
28. ~ . ,, 
4. ~i . ,, 

/8 . • ;.,, 

2. riU' 

Table 5.4 

Mel\n body we ight, head length and pes l ength of 1966 litter 
( Litter No.1) for a seven-week period, together with 
estimates of age determine d from growth trends of known - age 
animals. 

Mean measurements 
Age estimate based on: Estimated age using 

(days) estimates 

Weight Head I. Pes l. Weight Head Pes Mean 1st 2nd Jrd 4th 
( g) (mm ) (mm ) 

127 . 5 55.J 39-5 101 108 115 108 104 10J 104 

1 35.2 58. 3 39.8 103 115 116 111 115 110 111 

171.0 58. J 42.8 112 115 12J 117 122 11 /3 118 

203 62 . It 117. 5 118 124 1J2 125 129 125 124 

26 :2 (-,6. 5 50.5 126 132 140 1JJ 11~ J 119 tJ/3 139 

406 71. 0 53.0 147 141 147 1l.l5 157 153 152 153 

successive 

5th 6th 

98 96 

105 10J 

112 110 

119 117 

1)1 

1l17 

VI . 
.i:--
0 
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The five members of another litter, captured in the 

wild with their mother in 1967, were measured at seven-day 

intervals over an eight-week period in their initial period 

of captivity. When the first set of measurements were made 

the animals still had closed eyes; underfur was present 

all over the body but guard hairs had not yet appeared on 

the head; the righting reflex was present but they were 

not able to support their weight on four feet. From the 

calendar of development of known-age animals they were 

considered to be between 6J and 77 days of age. Table 5.5 

shows mee1n body weights, head lengths and pes lengths for 

these five animals during the eight-week period together 

with age est imates based on separate measurements and 

comparisons of estimates made in successive weeks. 

The age estimates obtained for the 1967 animals were 

much more consistent tha'l'\..those obtained for the 1966 

litter. For each of the nine sets of measurements used, 

differences of from two to five days occurred between 

estimates made from the three separate measurements. 

llowcvcr , nccording to the first two sets of measurements 

the animals were about ten days younger than estimates 

from the lost five sets of measurements indicate. 

No syst ematic differences be tween estimates made 

at different ages could be detected. For the 1966 litters 

variations in the order of 10-15 per cent arose in 

estimates based on separate measures in any one week but 



Table 5.5 

Mean body weight, head length and pes length of 1967 litter (Litter No . 2) at weekly intervals for an 
eight-week period, together with estimates of age determined from growth trends of known-age animals 

Mean measurements 
Age est imate in days 

based on: Estimated age using successive estimates 

Pak 
Weight Head Pes 

Wt. Head Pes Mean 1st 2nd Jrd 4th 5th 6th 7th 8th ( g) (mm) (mm) 

4. i'1..~7 24.3 J2.7 15.2 69 68 66 68 68 71 72 76 76 78 77 

JI.i1-.tT 42.8 38.6 19.0 77 76 73 75 75 78 79 83 BJ 85 84 

18. ix.r,,7 69.2 43.7 24.0 87 84 84 85 82 82 86 90 90 92 91 

25. i~. ,, 103.3 lt8 .1 27.) 95 93 92 93 89 89 92 97 97 99 98 

2. Y.. "' 
148.8 53.1 3~-9 106 103 102 10lt 96 96 99 100 104 106 105 

9. x. (,7 181.4 55.5 17.9 113 108 11~ 111 10) 10J 106 107 111 113 112 

'"· ~ . (,7 227. lt 6t.4 '~o.o 121 121 117 120 110 110 113 111.t 118 118 119 

13. x. '7 256.8 63 • 1-t 't5. 5 126 125 128 126 117 117 120 121 125 125 127 

)0. x. r,7 310.0 66 . 6 l1c8 . 8 1JJ 131 1J5 133 12) 12) 127 128 1)2 1)2 1)4 1JJ 

.. - • "Cl, 

9th 

77 

84 

91 

98 

105 

112 

119 

126 

v . 
.i:­
r~ 



estimates based on the first and last sets of measurements 

differed by less than 10 per cent. For the 1967 litter 

age estimates based on separate me asures made at the Sllllle 

time differed by from l to S per cent while differences 

between the first and last sets of estimates again differed 

by about 10 per cent. 

Discussion 

In many respects the new-born of Dasyurus geoffroii 

resembles the neonatal Dasyurus viverrinus as described by 

Hill and Hill 11955). The birth weight of D. viverrinus 

~ 
is 12.5 mg (Hill and Hill) which is comewhat lower than 

,, 
' 

the birth weight of Q• geoffroii (14-15 mg ). Birth weights 

for both spec i es were determined from smell numbers of 

animals and, further, it is possible that Hill and Hill 

measured birth weight after spirit fixation. It seems 

likely that larger samples would show that the birth weights 

of the two species are very similar. 

The birth weight of the chuditch i s about 1/65 1 000 

of maternal weight so that a litter of six new-born animal s 

is equival ent to 1/10 1 800 of the mother's weight. This 

neonatal :Maternal weight ratio is extremely small when 

compared with that of other mars upials. For example:-

Megaleia 1/33 1800; Setonix 1/ 7 1 200; Perameles 1/J ,700 ; 

Antechinus 1/ 11 900. For multiparous species, when litters 

rather than individual neonates are considered, a Ii tter 

of five Perameles nasuta represents 1/750 of maternal 

j 



5.44 

weight and a litter of eight Antechinus r epresents 1/ 2J6 

of mate rnal weight. (References : Megaleia Sharman and 

Pilton, 1964; Setonix Shield, 1968; Perameles nasuta 

Lyne, 1964 ; Antechinus Marlow, 1961) . Only .Q.· viverrinus 

has a birth weight :maternal weight ratio as low as that of 

the chuditch. Tyndale-Biscoe (1973) pointed out that 

marsupial birth weights are correlated with log maternal 

weight but D. viverrinus is well r emoved from the general 

trend in his graphical r epresentation of this r e lationship. 

The weights of neonatal eutherians are of a differ ent 

order of magnitude than those of marsupials. Leitch, 

Hytten and Bill ewicz (1959) r ecorded neonatal and maternal 

weight s for 114 species of eutherian mammal s . Neonatal 

we ights as fractions of maternal we ights f or some small 

eu t hcrian mrunmal s are : rabbit 1/ 40, domestic cat 1/24, 

house mouse and rat 1/ 20, guine a pig 1/ 7. 

Leitch e t al found a s traight-line r e lationship 

be t.ween l og maternal weight and log total weight of new­

born young fo r eutherian mammal s . Thi s line i s described 

by the equa tion 

l og10N = 0 . 8J 2J1 l og10M - 0 . )2628 

where N t ot al we ight of n ew- born young and M = maternal 

weight, both in grams . If this r elationship i s compare d 

with data for marsupials (Fig 5.14) the difference between 

the two grou ps with r espect to birth weight i s graphically 

apparent. Ref er ence s for birth we ights and litter s i zes 

i I 

: I 



. l 

of the 11 mars upial species included on the graph are:-

Didelphis marsupialis, Hartman, 1928; Dasyurus viverrinus, 

Hill and Hill, 1955; lsoodon macrourus, Mackerras and 

Smith, 1960; Antechinus stuartii, Marlow, 1961; Potorous 

tridact.ylus, Jlughes, 1962; Trichosurus vulpecula, Pilton 

and Sharman, 1963; MeQaleia, Sharman and Pilton, 1964; 

Perameles nasuta, Lyne, 1964; Setonix, Shie ld, 1968; 

Dcttongia l esucur, Tyndale-Biscoe , 1968; Dasyurus geoffroii, 

this study. 

A r egression fitted to log maternal weights vs. log 

total weights of new-born young of marsupial species i s 

described by the equation 

wh ere N = total weight of new-born young and M = maternal 

weight, both in grams. The correlation coefficient of 

these valuns is, however, non-significant so that the 

regression c annot be said to be descriptive of marsupial s 

in the same way that the r egr ession of Leitch !.!. ~ is 

descriptive for eutherians. 

The curve of growth versu s age typically follows 

a sigmoid curve , be it describing th e growth of a s ingl e 

organism, or that of a population (Brody, 1945) . The 

growth curve of eutherian mammals, from birth, as illus t-

rated by many exampl es in Brody's discussion of growth, 

r epresents only the upper part of the s igmoid curve , the 

lower part b eing completed in utero. Waring, Moir and 



Fig. 5.12 Total weight of neonates (g) vs. maternal w 

weight (g) (log scales) for eleven species 

of marsupials together with the interspecific 

r egression of total neonatal weight vs. maternal 

weight for eutherian mammals (Leitch ~ ~' 

1959). 

Key: Di = Didelphis; D.v = Dasyurus viverrinus; 

I = Isoodon macrourus; A = Antechinus 

stuartii; Pot = Potorous tridactylus; 

T = Trichosurus vulpecula; Meg = 

Megaleia rufa; Per = Perameles nasuta•; 

S = Setonix brachyurus; B = Bettongia 

lesueur; D.g = Dasyurus geoffroii. 

• Two values for Perameles r efer to 

litters of three and eight individual s. 
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Tyndale-Iliscoe (1966), in reviewing the literature on 

marsupials, stated that 'at birth, the young marsupial is 

at a stage equivalent to the eutherian at the end of the 

embryonic phnsc of gestation when all the main organs are 

differentiated, but little growth has occurred'. Hartman 

(1928) 1 with reference to Didelphis, observed that the I 

l J 
early part of the growth curve of the pouch young exhibits 

a form which is typical of the foetal eutherian. This 

statement may be applied to the marsupials in general. 

The curve of growth during pouch life takes the shape of 

the lower portion of the typical sigmoid growth curve. 

Thus growth and development during pouch life of marsupials 

may be equated in many respects to uterine growth and 

deve lopment of eutherians. 

Drody (1945) divided the curve of growth from 

conception versus age into two principal segnents. The 

first port, of increasing slope, he des ignated the 

' self-accelerating phase of growth' and the second part, 
i, J .. 

in which the slope is decreasing, he designated the 

' self-inhibiting phase of growth'. The inflect i on of the 

curve, at the change from increasing slope to decreasing 

s lope , is accompanied by the greatest arithmetic increments 

in size and by declining geometric growth rates. Brody 

considered that this point of inflection could be equated 

with puberty in animals and could be used as a 'geometric 

referent' for the comparison of age equivalence in 

differ ent species. Throughout his discussion he used 



body weight as a measure of growth. 

Simpson, Roe and Lewontin (1960), in discussion of 

the statistical treatment of growth data, also pointed 

out that the point when the arithmetic plot of size against 

age becomes inflected occurs when the increment in the 

measurem en t per unit time, the arithmetic growth rate, is 

greatest. However they equated the inflection point of 

the growth curve with birth rather than with puberty. 

Thus the earlier part of the curve , wh en arithmetic 

increments incr ease more and more rapidly, i s mainly 

embryoni c , while the latter part, with arithmetic 

increments decreasing, is mainly or wholly post-natal. 

Presumably Simpson, Roe and Lewontin were r eferring 

particularly to eutherian mammals in this di scuss ion 

although t hey do not explicitly state this. From the 

exrunp l es usod they were also dealing particularly with 

Jin ear mea sur ements rather than with body we ight. 

For the chuditch the growth curve for body weight 

i s infl ect ed at 20- 22 weeks of age . At this age the 

animals have completely emerged from the pouch and are at 

l east part ially independent of the mother. It i s at 

about this age that. differ ences in body size between mal es 

and femal es b ecome apparent with the mal es being generally 

larger than the females. 

On the other hand, curves of growth in head l ength 

and pes l ength vs . age are infl ect ed at 10-12 weeks after 
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birth. The inflections coincide with high arithmetic 

increments in length and with falling percentage growth 

rates. At 10- 12 weeks of age the guard hairs first appear 

on the head, the animals detach from the nipples and move 

around free in the pouch, the eyes open and the ears 

become erect , and they have the righting reflex established 

and become capable of standing erect. Shivering is also 

observed at about this age. Eutherian mammals differ 

greatly in their stages of deve lo pment at birth and t he 

extremes can be indicated by the hamster and the rat at 

the one extreme, and the guinea pig at the other. The 

new-born hamster and rat are hairl ess , the righting 

r e fl ex i s just establis he d and both have prolonged t o l er-

ance to anoxia whereas the guinea pig is fully furred, i s 

homeothermic , has r ighting and postural reflexes es tabli shed, 

and has poor tolerance of anoxia (Reynolds , 1949) . The 

10 -1 2 week chuditch is equivalent to a new-born rat in its 

fur and r efl ex deve lopment, wher eas at 15 weeks it has 

reoched a st age of devel opment which can be equat ed with 

that of t he n eonatal guinea pig with we1 I-developed 

coat , pos tural r e flexes , and good thermal r egul ation 

(Chapte r VI). 

Lyne and Verhagen (1957) compared growth curves of 

the brush-tailed possum, Trichosurus vulpecula, mou se , 

s heep , cow and man, using comparable scales of 'ultimate 

linear cqui va l ence , cY body weight> ver sus the time taken 

I I 

! 
; J 



.J 

5.51 

from conception to reach half of the ultimate linear 

equivalence. They demonstrated that the curves for 

Trichosurus, mouse, sheep and cow were essentially similar 

but differed from that of man. The curves for the species 

other than man coincided at about the points of inflection, 

close to birth for the mouse, sheep and cow, and at about 

150 days of pouch life for Trichosurus, shortly before 

its complete emergence from the pouch. 

Examination of growth curves for some marsupial 

species , Setonix (Shield and Woolley, 1961), Trichosurus 

(Lyne Mld Verhagen, 1957), Bettongia lesucur (Tyndale­

Biscoe, 1968), Perameles nasuta (Lyne, 1964), Macropus 

parma (Maynes, 1972) reveals that the inflection of their 

{lrowth curves of linear measurements vs_ age occur some 

time before complete emergence from the pouch, whereas 

the infl ection of the growth curves of body weight occur 

shortly after emergence from the pouch. 

Medawar (1950) considered that undue s ignificance 

s hould not be placed upon the infl ection of the arithmetic 

plot of growth versus age. Neverthe l ess scrutiny of the 

above growth curves, in conjunction with observation of 

the maturation of certain external f eatures docs be ar out 

the generalisations of Brody, and Simpson, Ro e and 

Lewontin in providing referents for inter-specific comparison. 

Estimates of age of pouch young based on measure­

ment s of he11d and pes length and body weight of known age 

animal s together with the stage of development of certain 



external feo.turcs are reliable to within 10 per cent for 

a small group of animals of known age. Linear me asure­

ments provided more consistent estimates of age than did 

body weight. This is to be expected as linear measurements 

wou.ld be l ess affected by levels of feeding than would 

bo dy weight. Successive age estimates of animal s of 

unknown age showed some inconsistencies but again they 

wer e within 10 per cent. Th e data should prove adequate 

f o r aging pouch young but are not sufficient to age 

animals after they have ass umed adult pelage and have 

fully emerged from the pouch. The one event of use in 

aging juveniles once they are fully furred is the 

emerge nce of the fourth upper incisor between 19 and 21 

weeks of age. 

i J 
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CHAPTER VI 

TllE DEVE1DPMENT OF HOMEOTHER'IY 

Pre~mble 

The d evelopment of thermoregulatory mechanisms is 

o f low physiological priority during the e arly pouch life 

o f marsupi a l s as the young are incubated in the pouch at 

high and constant tempe r atures for many weeks after birth. 

In contrast, many new-born eutherian mammals must be abl e 

to r e gulate body t emperature within a few hours or days of 

birth and ~ven those species which remain in an insulative 

nes t for a time after birth develop the capacity to 

r egulat e body temperature within two or three weeks. 

Young Dasyurus geoffroii were subj ected to mild 

temperature stress, in order to determine the age at which 

the pouch-young became able t o maintain thei r body 

tcmrcraturc Clbove 11mbient temperature, and whether a 

c ircndi C1n cyc l e in body t emperature compBrable with that 

of ndults w ~s rresent soon after the establishment of 

homeo thc rmy. 

Result s 

Res!>onse of Young Animals to mild Temperature Stress 

Animals of estimated~· 

Me an body temperatures and mean body weights of 

f ive litter-mates aged from about 12 to 25 weeks, before 
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Tab l e 6 .1 

Estimat P.d age, me~ns and standard e r rors of body weight an d body temperature for 
fi v e litter-mates <Litter No.2) . Body temper ature was measured immediately on 
removal from cage and after one hour and three hours of exposu re in the laboratory 
to the speci fied r.nv i ronmen tal temperature 

Estimated 
Mean body wt. Environ. 

Body Temperature oc 
No . 

Age ±1 s.e . ( g) Temp. oc animals 
(weeks) Initial After 1 hour After 3 hours 

12 69.2 + 1.27 20 31.4 !. 0 . 33 25.5 !. 0 . 18 - 5 -
13 103. 3 ± t.49 20 31.7 ± 0.45 29.0 ! 0.61 - 5 

14 148.8 :!: t.89 21 34 . 5 ! 0 . 56 34:.7 ! 0.30 - 5 

15 181.4 ! 4.71 20- 22 3 3 • 'i ± 0 . 24 36 .1 ! 0.27 35 . 8 + 0.33 5 

16 227.2 ! 6.02 22 35.9 ! 0. 13 37.3 + 0.20 36.5 + 0 .15 5 -
17 256.8 :!: 8.19 22 35.6 + 0 . 25 J6 . 7 ! 0 . 22 36.2 ! 0 .07 5 

18 310.0 + 15.37 22 35 . 7 ! 0 .24 )6 . 6 ! 0 . 21 35.1 + 0.26 5 - -
19 367 ! 14 . J 23-25 35 -7 + o . 37 35 . 8 + 0 . 35 34.9 + o.47 5 -
22 500 + 60. 6 25 36 . 4 + o.47 37. 1 + 0.17 36 .ll + 0 . 35 4 -
25 683 + 44 . 1 26 36.5 + o . 31, 35.9 + 0 . 50 35.2 + 0 . 24 5 : - -

(]\ . 
(\) 
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and after exposure to 8JTlbient temperatures of 2cf-26°c, 

are shown in Table 6.1. At 12 weeks of age the mean body 

t emperature decreased six degrees to 25.5°c during one 

0 
hour of exposure to 20 C. These animals were observed to 

shive r when first removed from the pouch but during the 

l est JO minutes of exposure they s hivered only when 

di s turbed by noises in the laboratory. At the end of one 

hour they were replaced in the pouch and immediately 

hegan t o suckle. At lJ weeks of age they were found, 

for the first time, out of the pouch and away from the 

mother, bu t huddled together in the nest-box. Initial 

mean body temperature was slightly hiQher than that 

r ecorded in the previous week and, during this hour of 

0 
ClX!•osure t o 20 C, the mean body t emperature decreased 

l ess than two degrees. The animals shivered almost 

continuously during the hour. At 14 weeks of age they 

wer e able, for the first time, to maintain body t emperature 

1/1° above air temperature during one hour of exposure to 

2 1°C . At 15 weeks of nge, me an body t emperature was mor e 

th ~n two degrees above the me an initial value aft er three 

0 0 hours of P.XJ'osure at 20-22 C. All Animals older th nn· 

15 weeks m~ intained or increased body temp erature during 

three hours 0£ exposure to the envirorunental t emperatures 

prevailing in the laboratory (22°-26°c). 

Known-age animals. 

Me an body t emperatures of eight known-age animal s 



,. 
' ·}'< 

" 

from three different litters (Litter Nos. J, 4 and 5 ) , 

eged from 10-18 weeks are shown in Fig 6.1. Temperatures 

were measured at 10-minute intervals for one hour after 

removal from the pouch or nest-box. 

At 10 weeks of age, mean body t emperature fell 

0 0 
seven degrees, from 30.4 to 23.4 C, during the first 

0 
JO minutes of exposure to an ambient temperature of 19 C 

and then stabilised at about four degrees above ambient 

temperature. The animals did not shiver during the first 

JO minutes but during the second half-hour slight 

shivering and accelerated breathing rates were observed. 

A similar response pattern was observed for the next two 

weeks, during which time mean body weight almost trebl ed 

<24.7 g at 10 weeks; 63.6 g at 12 weeks). When the 

animals were 13 weeks old they were occasionally found 

away from the mother in the nest -box. At this age body 

t emperature decreased by less than three degrees over a 

period of one hour of exposure to ambi ent temperatures 

Of 17°-1". °C. At 1L k f b d t t , , 1 wee s o age me an o y empera ure 

rose steadily from 31.7° to J2 . 5° during one hour of 

0 0 
exposure to lfl-20 C. Animals older than 13 weeks showed 

a continuous rise in the level of controlled body 

t emperature , from J2°C at 14 weeks to Jf-J8°C at 18 weeks. 

The use of me an body temperatures, as plotted on 

Fig 6 .1, does not s how the variation which was observed. 

Consequently mean body temperatures, standard errors and 

l I 
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Fig 6.1 Mean body temperature of known-age chuditches 

at 10-minute intervals during one hour of 

exro surc to room tem perature when aged from 

10 to 18 weeks. 

Symbol s : 10 weeks 

o- ·- ·-0 11 weeks 

0 ·············0 12 weeks 

·-· 1) weeks 

·-· 14 weeks 

D----0 15 weeks 

·-· 16 weeks 

/}. ········6 17 weeks ,_, 18 weeks 
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ranges o f body temperature measured in this s eries of 

observations are tabulate d in Appendix B. At 10 we eks 

of age the variation was low with standard erro r s of 

! 0 .14 - n . 33°c . The variation incrensed in s ubs equent 

week s . F or example, at 13 weeks s tandard errors were 

0 0 0 .73 - 1. 30 C and the range o f body t emperatures measured 

ot the end of one hour of exposure was 23 .1°- 29 .9°c . 

(The extremes wer e for animal s from diffe r ent litte r s) . 

Thi s i ndic at es that while some animals displayed some 

abi Ii t y t o maint ain body temperat ure , other s s till allowed 

body t emper ature to fall close to that of the environment. 

Variation r emained high through weeks 14 and 15 but at 

15 weeks an i mal s from all three litte r s mai ntained body 

0 
t emper ature above J O C throughout the full hour o f 

exposure to ambi ent t emperature s of 17. 9 - 20 . 8°c. For 

animal s olde r than 15 we eks o f age var iation in body 

temperature was r educ ed, the animals maint aining body 

t emper atur e between 34°-38°c which i s within the no rmal 

r~nge of body t emperatures observed f or adult s (Chapter VII ) . 

Responses o f juvenil es .!.£. diurnal ch anges i n 

environment al t emperature . 

Full )• furr ed juvenil e animal s , judged t o be 17-1 9 

weeks of age on the bas i s of phys i c al meas urements 

(Ch apter V, p. 5.32 ) , were f ound to maintain body t emp er-

0 0 
ature be tween 31.5 -J6.6 C throughout a three-day pe riod 

in Novembe r (au stral s pring ) when ~he mean environmental 
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Fig 6 . 2 Mean trends in body t emperature of juvenile and I 
adult chuditches during three days in 'home ' 

cages wh en the environmental t emperature showed 1 
the diurnal range indicated. 

Symbol s : ••.____~~•• adult animal s 

0- - --0 juvenile animals 

-8- me an ! 1 s . e. 

vertical lines = ranges · 
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temperature ranged from 16.2°c (6.oo a.m. local time) to 

23°c ( 12 noon, local time). Mean body temperatures 1 with 

ronges and standard errors, of six juveniles (Litter No. ti, 

together with those of four adults measured at the same 

time, and mean environmental temperatures in the cages, 

.u-e shown in Fig 6.2. These data are also tabulated in 

Appendix C. Mean rectal temperatures of the juveniles 

0 0 
ranged from JJ . 7 C at 9.00 a.m. to JS.O C at midnight. 

Body temperatures showed an approxim~tely inverse relQtion-

ship to environmental temperature. Rectal temperatures 

of the juveniles were generally lower than those of the 

adults, particularly at midnight when the range of rectal 

temperatures of the adults was higher than that of the 

juveniles. The variation of rectal temperatures, as shown 

by the ranges end standard error~, ' ' as generally less for 

the juveniles than for the adults. 

Discussion 

Chudi tch pouch-young were first observed to shivet· 

at 10 we eks of age, at ambient t c::mperaturE's of about 20°c. 

At this age the shivering response was insufficient to 

prevent body temperature from falling to wi~in ~o of 

ambient temperature over a period of one hour, al t:1ough 

only a slight chenge occurred during the last JO minutes 

of exposure suggesting limited thennal regulation. At 

this age the body weight is three I>er cent of mater1~al 

6 1/0 

' l 



6.11 

weight. The body is covered with fine sparse hair but 

dense fur has deve loped on the head. The coat would 

therefore provide 1i t tle insulation against heat loss 

even if the animals were capable of increasing he at 

production in response to reduced ambient temperature. 

At 1J weeks some animal s showed a capacity to maintain 

body temperature above 29°c whil e others allowed body 

temperature to fall within a few degrees of ambient 

tempr.rature. Th e animals shivered continuously during the 

hour of exposure. The coat i s well developed by this age, 

the who 1 e body surf ace being covered with dense fur, whi 1 e 

the tail is s till sparsely furred. The age at which the 

first marked thermoregulatory r esponse occurs co incides 

wi t h that at which females we r e first observed to leave 

·~ t heir litte r s for fairly long periods during the day. 
J 

The animals showed a capacity to maintain body 

b Jo0 c f h h t h 5 temperature a ove or one our w en ey were 1 

weeks o f age. Dy this age the coat i s fully deve l oped and 

anpr.ars relatively thicker and longer than that of the 

urlu l t s . It i s probable that, at thi s age, the coat i s 

sufficien t to provide e ffect ive ins ul at i on agains t heat 

Joss from t he body surface . The establishment of effective 

horneothermy at 15 weeks occurs at the age when young 

animals first eat meat and appear to be approaching 

independence from the mother. 

Juvenile animals o lder than 15 weeks maintained 
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0 
body t emperature at levels above 31 C. Animals of 17-19 

weeks were found to maintain body tem perature close to 

adult l eve l s during a three-day period. Though the body 

temperatures of these juveniles were very variable, they 

were gen erally less so than those of adults measured at 

the same time and the circadian cycle was not directly 

r el ated t o environmental temperature. 

The capacity to maintain body temperature above 

runbient t empe r atures of about 20°c appear s t o be dependent 

upon the full development of the pelage at 13-15 weeks of 

age. Although shivering is observed some 20-JO days 

c~rli er, additional heat production from this source i s 

orparently insufficient to balance the he at loss from th e 

roorly insul ated body s urface of younger animals. 

Ilomeo thermy i s establi s hed at about the age when t he 

animals begin to spend considerable periods of t ime away 

from t he moth er. 

The deve lopment of the thermoregulatory r esponse 

h as been documented f o r two other marsupi a l . s peci es , 

the opossum Didc l phi s (Reynolds , 1952 ; Morrison and 

Pctajan, 1962) , and the quokka Setonix (Shi e ld, 1966; 

Jones , 1970). 

Reynolds (1952) concluded that for Dide l ph i s pouch 

young, body t emperature control begins b etween 75 and 85 

days of age but i s not eff ective over l ong perio ds 

( '~-1 2 hours) at low environmental t emper 'atures until t he 
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young are 90-95 days of age. However oxygen consumption 

rates of animals as young as 62-65 days showed a peak at 

25°c and were reduced at higher ambient temperatures, 

suggesting that, by this age, they were capable of 

displaying a metabolic response to moderate ambient 

t emperatures . Morrison and Petajan (1962 ) found that the 

earliest evidence of thermal regulation in Dide lphis 

occurred at 60 days of age at an envirorunental temperature 

0 
of JO C nnd that by 90 days they had good thermal 

regulation at •/c. 

Comparison can be made between Didelphis and the 

chuditch in the capacity to maintain body temperatures at 

ambient temperatures of about 20°c . Didelphis was able 

to prevent body temperature from falling below 29°c 

during one hour of exposure to 21°c when aged 76 days. 

This approximates the thermoregulatory response of the 

chuditch wh en aged 91-98 days. The opossum ther e fore 

a!1pears to achieve an equivalent capacity for temperature 

regulatio n when it is about 2-J weeks younger than the 

chuditch . 

Shield (1966) found that. the rate of oxygen consu mpt-

i on in Sctonix joeys be low 100 days of age incr e ased 

directly with increas e in ambient temperature though 

animals older than 20 days did show some reduction in 

oxygen consumption at temperatures of J5°C or higher. 

Joeys of l ess than 100 days had rectal temperatures slightly 



lower than pouch temperatures whereas in older joeys 

rectal temperatures were above pouch temperatures, 

indicating that body heat generated by the joeys was 

sufficient to raise their temperature above that of the 

environment. At about 120 days of age, the rate of 

oxygen consumption at 20°c was about twice that of 

animals of less than 100 days. By 153 days, about JO 
r 

days before emergence from the pouch, a definite thermal 

neutral zone was established 1 with minimal oxygen con-

sumption rates at ambient temperatures above 30°c. 

Jones <1970) extended the investigation of the 

development of the thermogenic mechanisms in the quokka. 

She found th~t it utilizes only shivering thermogenesis 

during development. At no stage are brown fat deposits 

laid down and no significant rise in metabolic rate was 

observed in response to exogenous catecholamines. 

Increases in metabolic rate could be attributed to 

muscular activity, either as an activity response in 

younger animals or as shivering thermo genesis which i s 
.. I 

initiated at 113 days of age. The fur becomes a signifi-

can t clement in insulation at 150-160 days and the thermo-

regulatory r esponse is fully established by 185 days of 

age , at pouch emergence. Shield (personal communication) 

has shown that the quokka joey can only maintain its body 

0 
t emperature at 35 C, when kept at an ambient temperature 

0 
of 20 C, at the age of 165 days or older. Consequently 

the quokka is like the chuditch - it shivers long before 



homeothe rmy i s established and homeothermy ultimately 

depends upon adequate fur insulation. 

Setonix weighs about 500 g, or 18 per cent of 

materna l weight at the time of emergence from the pouch. 

The chuditch, at 105 days of age, is homeothermic and 

6.15 

about 16 per cent of maternal weight. I soodon macrourus 

(Mackerras and Smith, 1960), Potorous tridactylus (Hughes, 

1962), and Dettongia l esueur (Tyndale-Biscoe, 1968) have 

reached 19 - 2 1 per cent, 24- 26 per cent and 22 per cent o f 

materna l weight respectively at about the time they l eave 

the pouch and are, presumably, homeothcrmic. Despite 

considerabl e differences in the duration of pouch life , 

different spec i es appear to l e ave the pouch at approximately 

similar proportions of maternal weight. It is prob able 

that, f or marsupials generally, homeothermy i s establi shed 

just be f ore pouch exit. 

Unlike young marsupials which do not d eve lop a 

caracity to resrond to cold by inc r e ased he at production 

until late in pouch life, most eutherian mammals r espond 

to a co l d s timu lus by an increase in heat production at 

birth . The metabolic r esponse to cold may be due t o 

increased mu sc l e activity, either shivering or ru1 increase 

in spontaneous activity, to local heat production by bro1m 

adipose tissue mediated by the sympathetic nervous system, or 

to a combination of these mechanisms. The ability of 

new-born eutherian mammals to maintain hi gh and stable body 
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temperatures can be related to the maturity of the thermo-

genie mechanisms, to neonatal body size, to the insulative 

capacity endowed by the coat and vasomotor responses and, 

ultimately, to the environment with which the new-born 

animals must normally contend. Thus animals which are 

immature at birth are usually nurtured in an insulative 
F 

I 
nest for some time after birth and generally have a limited 

capacity for thermal regulation whereas animals such as 

the ungulates , which must be able to follow the mother 

within a few minutes of birth, have a fully developed 

therm11l r egulation. Examples from the literature on 

neonatal thermal regulation serve to illustrate differences 

which occur b etween some eutherian species. 

Of the altricial eutherian species studied, only 

the golden hamster (Mesocricetus auratus) is apparently 

unable to rai se its energy turnover at birth. From 

0-11 days of age oxygen consumption increases linearly 

0 
with t emperature between 25 and J6 C. Brown adipose 

tissue dcpo s i t s are not developed at birth and the ir 

maturation at about 11 days of age corresponds with the 

inflexion of the oxygen consumption rate - t emperature 

0 curve at 30 C (Rink, 1969). 

The rat and the mouse are also born at a very 

inunature s tage but new-born rats and mice both display 

an increase in the rate of oxygen consumption on exposure 

to cold (Taylor, 1960; Varnai and' Donhoffer , 1970; 
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Pichotka, 1970). Brown adipose tissue in rats has its 

greatest functional capacity (in ~) around the fifth 

day of postnatal life (Barnard, Skala, and Lindberg, 1970) 

whereas shivering develops sometime later. The early 

metabolic response to cold in mice is attributed to 

non-s hivering thermogenesis where as the capacity to shiver 

i s only deve loped about 11 days after birth. 

Ne1Y"-born rabbits are more developmentally advanced 

tli nn r at s and mice but like them are spnrsely furred. 

They s how a three-fold incre ase in the rate of oxygen 

consumption when exposed to cold but this is insufficient 

t o maintain body temperature (Hull, 196~). Presumably 

thi s i s due to lack of fur insulation. The metabolic 

r esponse to cold is only partially related to muscle 

act ivity and can be mimicked by injection of exogenous 

c atecholamines , particularly nor-adrenaline (Dawes and 

Hcstyki, 196J ). Local heat production in brown adipose 

t i ssue i s consider ed to be the principal source of 

metaboli c r esponse to cold. 

S pecies such as the guinea-pig, pig, s heep and ox 

or e c ap a bl e of e ffective thermoregulation at birth. 

The ir rcli mcc on the diffe r ent the rmogenic mechani s ms 

var i es but all are characteri sed by being r elative ly 

mature at birth. They have well d eveloped motor responses 

and they have well developed coats. The new-born pig, 

s heep nnd ox are relative ly large at bir.th but absolute 



body size alone cannot account for their effective temper-

ature control since the guinea-pig, though large relative 

to mature weight, is small compared with the other species. 

The maturity of the insulation, toge the r with the maturity 

of the thermogenic mechanisms, combines to provide 
\ 

e ffective thermal regulation. ; l 
Non-shivering thermogenesis from brown adipose 

tissue is of major importance in the metabolic response 

of new-born guinea-pigs and its contribution to the response 

to cold is reduced with increasing age (Zei sberger, Bruck, 

Wi.innenbcrg and Wietasch, 1967 - English surrunary only). 

Doth shivering and non-shivering thermogenesis are 

import001t in the new-born lamb. During acute cold exposure 

metabo lic rnte increases greatly. About 60 per cent of 

the maximum increase derives from shivering and 40 per cent 

from non- shivering thermogenesis, apparently from brown 

adipose tissue (Alexander and Williams, 1968) . The contri-

bution of s hivering i s apparently greater in the new-born 

lamb than in many other species although Alexander and 

Williams considered that the contribution of shivering, 

which apparently does not appear until the non-shivering 

thermogenic potential i s approached, may not have been 

fully assessed in some species. 

The new-born piglet and ox differ from other species 

studied in lacking adipose tissue and de pending entirely 

on shivering thermogenesis in the metabolic response to cold 
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(Mount, 1968; Jenkinson, Noble and Thompson, 1968). 

Doth species thermoregulate effectively within a few 

hours of birth. 

It is concluded that Dasyurus geoffroii, in 

company with other marsupials, differs from the eutherians 

in the develo1~ent of homeothermy. Unlike most eutherians, 

there i s no capacity to increase heat production at birth 

and the animols are entirely reliant on pouch incubation 

for maintenance of body t emperature until shivering is 

firRt observed at ten weeks of age. Lacking experimental 

evidence from the application of catecholamines it cannot 

be e stablished that the chuditch is like the quokka in 

!licking chemical thermogenesis . Nevertheless, from the 

obs ervntion that shivering is established r e latively early 

in deve lopment, at the same proportion of maternal weight 

as the quokka when shivering is established (about three 

per cent ) , it seems likely that shivering i s the sole 

mechanism involved in the metabolic r esponse to cold. 

When s hivering is first initiated in the chuditch 

the r e spon se i s insuffici ent to maintain body t emperature 

at high leve l s but it do es retard the decre as e in body 

t emp erature on cold exposure. Full hom eothermy is 

achi eved only when fur growth provides an effective 

insul ati ve s heath. at about the time that the animals 

emerge from the pouch at about 15 weeks of age. As birth 

occurs from late May to e arly July, a pouch-life of 15 

weeks has the young animals approaching thermal 



independ ence from mid-September to mid-Octobe r, during 

the aus tral spring when minimum air temperatures are 

ri s ing. 

The on t ogeny o f t emperature regulation has been 

document ed for r e latively few marsupial species and 

6 .20 

only f or the quokka have the mechanisms for he at pr oduction 

been investigated, demons trating the absence o f brown 

adipose t issu e. Nevertheless it appears like ly that 

marsupi a l s as a gr ou p would not utili se brown ad i pose 

ti ssue as a site o f he at production during pouch deve l op­

ment. The pouch-young neve r suffe r the ri gours o f nest 

life nor do they have to k eep up with the mother at birth. 

Emergence f rom the pouch occurs when the anim al s are well 

insulated and have r e ache d a cons iderab l e pro portion of 

the ir adul t body we i ght ( 15-25 per cent), and, no doub t , 

h ave a well developed capac ity fo r shivering t he rmogenes i s . 

• j 

' ! 
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CHAPTER VII 

OODY TEMPERATURE OF ADULT ANIMAL.5 

Preamble 

E~rly studies indicated that marsupiQls had lower 

body temperCltures (Sutherl11nd, 1897; Brown, 1909 ) and 

lower metabolic rates (Martin, 1903) than eutherian 

mamma l s . Martin's work was interpreted as showin~ that 

mcirsupial s represented a leve l of physiological develop-

ment lower than the 'advanced' eutherinn mammals in that 

the ir capacities for thermal regulation were less highly 

de v e loped . That many marsupial species have relatively 

low body temperatures has been amply confirmed. Morrison 

<19/16) reported mean body temperatures for Didelphis 

marsupial is etensis and Metacheirus nudicaudatus to be 

35.5°c and )1.B
0 c respectively; Morrison and McNab 

<1962) rerorted a mean level of J4.7°c (excluding torpor) 

for n s ingle spec imen of a Brazili;in M~rmosa; Morrison 

f 1965) obt;iined mean values for seven species of Dasyurid 

mrwsupi;ils of from )4.o-37.0°c during the quiet per iod of 

Q 0 
their <1ctivity cycle and from J ? . 4- ) 8.8 C for their active 

periods: D:n.,son and Hulbert (1970) found me;in resting 

body tempr>r;iturcs for eight species of Australian 

0 
mars u rials to range from )J.8 C for Sminthopsis 

0 
crassicaudata to )6.4 C for Macropus eugenii; Hulbert 

and Dawson <1974a) reported mean body temperatures from 
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31l.6°-36.1°c for six species of Perameloid marsupials. 

0 0 
Compari son with me~n body temperatures of 37 -39 C for 

m:iny eutherirn mammals (Spector, 1956) s hows marsupials 

to be 2°-4°c lower. 

Despite the relatively low level at which body 

tempeniture i s maintained by many marsupials, they have 

neverthe l ess been shown to have a capacity to maintain 

their body temperature within normal limits over a wide 

r ange of ambient temperatures which is as good as that 

rlisplayed by most eutherians (Bartholomew, 1956; 

Robinson and Morrison, 1957; Bentl ey, 1960; Morrison, 

Dody t emperatures of Dasyurus geoffroii we r e 

measured in o rder to de termine: 

1. the mean l eve l of body t emperature in a thermal 

neutral environment; 

2. the eff ect of moderately l ow ambient temperatures 

o n mc:in levels o f body temperature; 

1 . whether there was a circadinn cycle in body 

t<-mpc r ature , the amplitude of such a cycle and 

the effect of ambient temperature on the cyc l e; 

1,. the r e lations hip between body temperature and 

oxygen consumption in the ambient temperature 

0 0 
range 5 - 40 C; 

5. the relationship between body t emperature and 

evaporative water loss at ambi ent temperatures 

within and above the thermal neutral zone. 
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Points 1-J will be dealt with in thi s ch8pter; 4 and 5 

will be discussed in Chapters VIII and X respectively. 

The observation that animllls occasionally become 

torpid Pt nmbient t emperatures below the thermal neutral 

zone led to ~n attempt to identify the stimulus causing 

entry into torpor. Observations were also made on body 

t em perature of animals during arousal from torpor. 

Results 

Nean Body Temperature at Environmental Temperatures below 

and within the Thermal Neutral Zone 

Daily mean values of body temperature were calculated 

from five sets of measurements made at different 

environment~! t emperatures. The animals were maintaine d 

in cages in a constant t emperature room at environmental 

f 10 o ( . ) o JOoC • temperatures o 1 , 15.5 two trials , 20.5 and 

ft-foterinl s and Methods, p. 2 .15). Table 7.1 shows daily 

mean body temperatures for ma l es , females and for males 

~nd fem?les together. R8nges , standard errors and 

coefficients of vari8bility are also s hown . Da ily means 

f th 1 d f J5 0° at 20.5°c to J6 .1° at or c m~ e s range rom • 

11°c environmental t emperature . Daily mean values f or 

0 
the females ranged from J).8 in the autumn trial at 

0 6 3° . th . t . l t th 15.5 C t o 3 . in e spring ria a e same 

environmental temperature. 

Pearson's coefficient of variability (V) i s u sed 



Table 7.1 

Mean colonic temperatures of chuditches maintained at 
constant ambient temperatures, together with measures 
of vari11bil ity 

Environmental 0 
Temperature C 

10 - 12 15 - 16 15 - 16 20 - 21 28 - 32 
(autumn) (spring) 

MAIBS (three animals) --
n 71 72 72 72 72 
-
x J(;.12 35 . 31 35.48 35 .00 35 . 87 

s 1. 150 1.421 t.5l•3 1.835 1.372 

s.e . 0. 160 0.168 0.182 0. 216 0. 162 

v J. 71. 4.02 1t • 35 5. 21. 3.82 

rcmge JO.J- )8.6 31.3-37.8 29 . 0-37 . 7 30.6-38.3 34 .11-38.3 

FEMAIBS (three animals) 

n 63 72 71 69 72 

x 311. 811 33.82 36.35 34.88 35.90 

s 1. JJ6 3.359 1.303 2.788 1.308 

s . e . o.420 0.396 0.155 0.336 0 .154 

v 9. 58 9. 93 3. 58 7. 99 3.64 

r<1ng e 2). 1-38.8 25 . 2-38 . 2 )3.7-38 .8 26 . 2-38.3 32 .7-38.8 

MA I.ES & 
(six m im 11 l s ) 

FEMAlES 

n 11'• 1411: 1'13 141 11,4 
-x 15 .52 34.57 35 . 91 34. 911 )5.89 

s 2 . 571 2.684 1.493 2.351 i.31.6 

s . c. n.2'.2'.? 0.224 0.125 0.198 0. 112 

v 7 . 2l1 7.76 4.16 6. 73 3. 75 

range 23.1-)8.8 25.2-38.2 29 .0-38.8 26 .2-38.3 32.7-38. 8 -
n = number of temperature de terminations j x = mean j 

s = standard deviationj s.e. = s tandard error of meanj 

V =Pearson's coeffici ent of Variability. 

: ! 

I 
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as a measure of v~riation of body temperature during the 

twenty-four hour period. For males, body temperature showed 

the greatest variation when the environment was maintained 

at 20.5°C. Fcmnles tended to have more variable body 

temperatures at the lower environmental temperatures. 

Their tendency to become torpid contributed to this 

increased variation (see p. 7.25). 

Daily Cycle of Body Temperature at Constant Environmental 

Temperature below and within the Thermal Neutral Zone 

Colonic temperatures measured in five trials at 

0 0 
environmental temperatures ranging from 10 to JO are 

shown in Figs 7.1-7.6. The hourly mean temperatures for 

mal es and females are also shown, connected by trend lines. 

During the "light" period (0600-1800 hours) body temper-

ature was generally lower and more varia.ble than during 

the "dflrk" period (1800-0600 hours). Within the light 

period, body temperature was lower and more variable from 

oHnn- 11100 hours, thereafter showing a gradual increase 

1d1ic h con tinued beyond the onset of darkness. During 

th e d~rk period, body t emperatures meosured during the 

hour s 1Hno-2200 we re generally highe r and less variabl e 

th:m thosn meAsured later. 

The change from light to darkness and from darkness 

to light in the constant temperature room was an abrupt 

one. The change from light to darkness at 1800 hours 
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did not have a marked effect on the general rise in body 

temperature which commenced four to five hours earlier 

and reached a peak one to three hours after the onset of 

d~rkness. The abrupt change from darkness to light at 

0600 hours did, however, coincide with transitory peaks 

0 0 
in body t emperature at air temperatures of 10 and 15. 5 C, 

suggesting that some disturbance of the falling trend in 

body t emp erature in the early morning hours may have 

occurred. 

Fig 7.1 shows colonic temperatures measured while 

the environmental temperature was maintained at 11!1°c. 

The highest body temperatures occurred one hour after the 

onse t of darkness ( 1900 hours ) and again at the st art of 

the light period. The peak which coincided with the lights 

s witching on may have been an artifact but the peak at 

1900 hours probably represents the activity peak of these I 
' • J 

no c turnal carnivores. Hourly me an body t emperatures for 

the three femal es we re generally lower than those for the : \ 

rna1es for most of the 24 hours and were markedly lower 

during the Jight period. During thi s time two female s 

wnr e found to be torpid at different times (s ee Table 7.4). 

No male ~os ever found in torpor, the lowes t t emperature 

0 
r ecorded for a male being JO.J C at 0800 hours . Hourly 

mean body t emperatures rose during the latte r part of 

the light period, from 1400 hours, to a peak one hour 

after the onset of darkness. From this .high level, 
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Fig 7. 1 Rectal temperatures of three male and three 

fem~le chuditches at 11°c (Ta) in a 12/12 hour 

light/ dark r egime. Hourly me an t emperatures for 

males and for females are connect ed by trend 

lines. 

Symbols: e males 

O females 

trend lines connecting hourly 
mean rectal temperatures for 
males 

trend lines connecting hourly 
mean r ectal temperatures for 
femal es 
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Fig 7. 2 Rectol t emperatures of three male and three 

f emal e chuditches at 15°c (Ta) measured in 

autumn in a 12/12 hour light/dark regime. 

Hourly me8n temperatures for males and for 

fem~les are connected by trend lines. 

Symbols: as for Fig 7.1. 
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Fig. 7.3 Re ctal temperatures of three mal e and three 

f emale chuditches at 15°c (Ta) measured in spring 

in a 12/1 2 hour light/dark regime. Hourly mean 

tcmper~tures for male s and for femal es are 

connect e d by trend lines . 

Symbol s : as for Fig 7.1. 
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temperatures declined towards midnight. 

Colonic temperatures were measured for the 24-hour 

period at 15.5°c in two separate trials. The first was 

carried out in autumn between April 20, 1968, and Hay 10, 

1968 (Fig 7.2) and the second, in spring, between 

September 26 1968 and November 13 1968 (Fig 7.3). 

Considerable differences were observed in the results 

obtained for the two trials. During the autumn trial all 

three f emales were found in a torpid condition, with body 

t t below 30°c, 1 · ( T bl empera ures on severa occasions see a e 

0 
As in the trial at 11 c, no male was ever observed 

in torpor; the lowest body temperature to be recorded 

0 
for R male was 31.3 C at 0900 hours. Hourly mean body 

temperatures rose from 1)00 hours to peak at 2000-2100 

hours. Other peaks occurred at midnight to 0100 hours 

and at the beginning of the light period. This latter 

peak m~y h~ve been artificially produced by the sudden 

ch<>ngc from dnrkness to light at this time. 

0 
During the spring trial at 15.5 C only one body 

0 oc . temperature of less than JO C was recorded; 29.0 in a 

male. In contrast to the autumn trial, hourly mean body 

temprratures of the three females were consistently 

higher than those for the males. Dody temperatures 

during the light period were lower and more variable than 

those recorded during the dark period. Highest tempera-

tures were recorded from 2000-2200 hours and from OJ00-0600 

.J 
.· I 

--



hours. The latter peak cannot, in this case, be attributed 

to a sudden change from darkness to light. 

Fig 7.4 shows individual body temperatures and 

hourly mean values for the 24-hour period when air 
I 

temperature was maintained at 20.5°c. The cycle observed J j 

at this temperature was similar to those described for the 

lower environmental temperatures. One of the three females 

.. 0 
was found to have a body temperature of less than JO C on 

six occasions (see Table 7.4). Neither of the other females 

was observed in torpor although body temperatures below 

0 J.l C were recorded for both animals on several occasions. 

In one of the females unusually high body temperatures, 

in excess of J7°C, were recorded at five different times 

during thP. light period. This animal subsequently showed 

a marked loss of body weight and died. The lowest body 

0 
t empe ratures recorded for males were J0. 6 at 1100 hours 

/, J 
0 

nnd )0. 7 C at 0900 hours for the same animal. The highest 

hourly mean values for both mal es and f emales occurred at . l 
~~on hours , four hours after the onset of darkness. This 

peak occurn~d as the climax of a general rise in hourly 

mean valu es commencing at 1)00-1400 hours. Several other 

peaks occurred: as midnight, and in the hour preceding 

and the hour following the beginning of the light period. 

Colonic temperatures of individuals and hourly 

means for males and females measured when the air tempera-

ture was maintained at J0°C are shown on Fig 7.5. The 
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Fig 7 .1, 

.. 

RcctRl temperatures of three mal e and three 

female chudi tches at 20°c (Ta) in a 12/ 12 hour 

light/dark regime. Hourly mean temperatures 

for males and for females are connected by 

trend lines . 

Symbols: as for Fig 7.1. 
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Fig 7.5 

.. 
Rectal t emperatures of three male and three 

f~malc chuditches at J0°C (Ta) in a 12/12 hour 

lighl/ d<1rk regime. Hourly mean t emperatures 

for males and for females are connected by trend 

lines. 

Symbo l s : as for Fig 7.1. 
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.. 
Fi fl 7 . 6 Hourly me an r ectal temperatures for groups of 

s i x <three male, three f emale) chuditches at 

constant ambi ent temperatures and in a 12/12 

hour light/ dark regime • 

Symbols: . ... ............ 10°c 

0 
o-- --01 5 c (autumn ) 

0 ()- o 1'J C (spring ) 

0 

+-·--+ '() c 
. 0 

<:)----¢ JO C 
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thermal neutral zone, when oxygen consumption rates are 

0 
at a minimum, extends from 27-JJ C (Chapter VIII). Thus 

colonic temperntures measured in this trial should 

r epr esent the body temperature cycle occurring when heat 

production is minimal. Compared with the body temperatures 

meas ured at lower environmental temperatures, the results 

from this trial s~owed less variation. The lowest body 

temperatures were recorded during the light period-and 

were J2. 7°c for a female and JJ.1~0c for a male. Hourly 

meon body temperatures rose from 1400-1500 hours to 

peciks Rt 2100 hours, three hours after the onset of 

d~rkncss. A second peak occurred at 0400 hours, two hours 

before the lights were turned on. 

Fig 7.6 s hows the mean body temperatures of animal s 

(both males and females) for each hour of the 24-hour 

period in the five trials described above. During the 

light period body temperatures are generally lower than 

during t he dark period. The main features of the body 

temperature cyc les observed at constant environmental 

tC"1!)Craturr.s below and within the th ermal neutral zo ne 

are shmm in Tt>b l e 7.2. 

The amplitudes of the circadian cycles in body 

temperature for females ranged from J.2° and J.J°C in 

the spring trial at 15.5°c and at J0°C respectively to 

9 .8°c in the ·autumn trial at 15.5°c. Amplitudes in the 

cycles for males were least at 11°c and J0°C (3.6° and 

J.9°) and greatest at 20°c (5.2°c). 



Tab l e 7.'2. 

Mean ma ximum nnd me an minimum co l onic temperatures of s ix chud itches <3 males, 
) f ema les ) and the time!:; at which maxima and minima occu rre d a t cons tant Ta 
below and within the t her ma l neutral z on e 

Me an Max . Re~tal Temp . oc Mean Min. Re ctal Temp . oc Amp l itu de 
0 Envi ronmental of cycles C 

Temperature Males Females Males Females 
· oc 

Time Temp. Time Temp. Time 
Ma l es F emales 

Temp . Time Temp . 

11 : 1 1900 38.0 1900 17 . J 0800 34.4 0 900 31.4 3. 6 6.3 
0500 29 . 9 

15.5 ~ 0 . 5 2100 37. 0 0600 )6 . 9 1100 32 . 6 1200 27. 1 4.4 9. 8 
( 1 ) 2000 )6 . C) 

<autumn ) 

15.5 + 0 .5 1900- 17 . 1 1900 J8 . o 1100 J J . O 1100 )4 . 8 4 . 1 J . 2 -
<2 ) 2000 

( s p r i n g) 

' 
20 . 5 + 0 . 5 2200 37 . 8 2200 37.7 1 200 32 . 6 1300 31.1 5. 2 6 . 6 -

30 + 2 2100- 38 . 0 2100 38 . 0 1000 34 . 1 1100 34 . 7 3 . 9 3. 3 -
2200 

Oli OO 37.9 



Body Temperature during Active and Inactive Periods of the 

Daily Cycle 

It i s apparent from Figs 7.1-7.5 that colonic 

t emperatures in each of the constant t emperature trials 

were mo r e v ariable during the light period than during 

the dark periorl. Observations of the animals in the 

constant t e mp erature room showed that, during the light 

period from 0800-1400 hours, animals we r e general 11 quiet, 

usually s leeping and e asy to handle. During the first 

three or four hours of the dark period however, they 

11•c rc usually active and were fr equently aggressive. 

In order to assess the difference between body 

temper~turcs of animals when they were judged t o show 

l cest activity and in the periods when they wer e judged 

to be s howing the greatest activity, mean body temperatures 

during 'activ e ' and 'inactive ' periods were calculated for 

the five tri aJs conducted at environmental temperatures 

be l ow and within the thermal neutral zone. These means, 

togcth0r with s tandard errors and Pearson's coefficient 

of varinbility, are shown in Tabl e 7.3. 

The change in me an body temperature between 'active ' 

and 'inact ive' periods at the one environmental t emperature 

ranged from 2.2-3.9°c and no consistent difference between 

me an body t emperatures for male s and females was apparent. 

Ma l es did not exhibit a decrease in mean colonic t empera­

ture with decrease in environmental temp~rature . Females 



Table 7.1 

Colonic temperature <arithmetic means, standard errors of means, and coefficients 
of variation ) for male and female chuditches measured at four ambient temper atures 
in inactive periods (0800-1600 hours i nclusive) and periods of greatest activity 
(1900 , 2000 , ~ 100 hours inc. at 10° and 15°C: 2000, 2100, 2200 hours inc. at 20° 
and J0°C ) . The f i gures within brackets indicate numbers of determinations ( left) 
and numbers of animal s (right ) . V =Pearson's coefficient of variation. 

Ambient Temperature (oC) 

10 - 12° 15 - 16° 20 - 21° 28 - )20 

MAIES 
Inactive x J5 . Lt

0 :!: 0.26 34.3° :!: 0.19 40 + JJ. - 0 . 22 J4 . 8° :!: 0.22 
(27/ 3) (57/ 6) ( 45/ J) (27/ J) 

v J . 9 4.1 4 .5 3 . 2 

Act ive x )7 . 6° :!: 0.35 J6.8° :!: 0.18 )7.2° :!: 0.24 J?.4° :!: 0.26 
(9/ 3) ( 18/ 6) (9/ J) (9/ 3) 

v 2 . 8 2.1 1.9 2.1 

FEMALES 
Inactive x J3.3o :!: 0.76 JJ.50 :!: o.42 l 0 + 4 J5 . 0° :!: 0.22 JJ . l - o. 5 

(26/ J) (59/ 6) (L2/J), (27 / J) 

v 11.6 9.6 8.8 J . 2 

Active x 36.7° :!: 0 . 27 0 + 37-1 - 0 . 29 J7.2° :!: 0.35 37 0 3° :!: o .• 32 
(8/ 3) (18/ 6) (9/ J ) (9/ J) 

v 2.0 J.) 2.8 2.6 

<Table from Arnold and Shield, 1970). 

....... . 
t. 
~ 
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did , howeve~ show a slight decre ase in colonic t emperature 

when me an body t emperature of active and inactive periods 

in the therma l neutral zone were compared with values for 

l ower environmental temperatures . Variations were 

gre ater for both males and f emales in the inactive periods 

than in the active periods, the female s showing greater 

0 0 0 
variation than the males at 10 , 15 and 20 C but about 

0 
the s ame amount of variation at JO C. 

Torpor 

Fema les were occasionally found torpid, with body 

0 
t emp eratures below JO C, in the yards during the mornings 

in the months of May and June , and one f emal e which was 

kept in a cage outside the laboratory in a corrido r also 

wen t into t or por. But torpor was only observed on 

weekends wh en traffic through the yards o~ along the 

corrido r was minimal. Only one mal e was eve r f ound in 

0 
the yar ds t o have a body t emperature be low JO C. 

During three constant t emperature room trial s 

cnrri ed out during the months o f March through June t o 

de t e rmin e c ircadian variation in body t emperature at 

cnvi r onm ent Dl t emperature s below the the rmal neutral 

zone , the f emales we r e occasionally found to be in a stat e 

o f torpor. Thirty such observations were made on three 

animal s (Table 7.4) . Torpor was most fr equently o bserve d 

be tween 0900 and 1L100 hours . When in the t or pid condition 



normally aggressive animals were incapable of biting or of 

giving the throaty threatening hiss with which they normally 

greeted the handler. 
0 

Body temperatures were less than JO C 

and the animals were stiff and incapable of co-ordinat ed 

movement. Torpor was observed only between 0200 and 1400 

hours and most frequently between 1000 and 1)00 hours. In 

a trial carried out in October-November at 15.5°c environ-

mental temperature, none of the females was ever observed 

in t o rpor but a s ingle male was found to be torpid, with a 

0 
body temperature of 29 . 0 Con one occasion (1000 hours). 

For an animal confined within the metabolism chamber 

the lowest t emperature to be r ecorded by means of a 

0 
thermistor probe i nserted into the colon was )1.4 C. This 

and other low body t emperatures r e corded in the metaboli sm 

chamber are shown in Table 7.5. The relationship between 

body t emperature and oxygen consumption will be discussed 

in Chapter VII I. At this point it can be noted that in 

the metaboli sm chamber : 

(i) l ow body t emperatures wer e r ecorded for both males 

cind f emales , 

(ii) low body temperatures occurred mo s t frequently 

before 1400 hours, 

. (iii) body temperatures less than J4°C were, with two 

exce~tions , recorded at ambient temperatures of 

18- 21°c. 

• I 
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Table 7. !.l 

Co lonic temperatures of torpid animals and the local times 
at ...-hi ch the t emperatures were measured at the specified Ta. 

Local Time 

OJOO OliOO 0500 0600 0700 0800 0900 1000 1100 1200 1JOO 1400 

TA 11°c 

2) .1 25.4 29.6 25 . 9 25 . 0 27 .4 27.4 

Tl:! 15°C 

29 . 2 25 . 2 28. 9 29 . 6 26.J 26.8 

25.5 29 .7 29. 1 26 . J 

26 . 0 

Ta 20°c 

29 .7 26 . J 28.5 26.2 29 . 5 29 . 5 29. 7 28.J 25 .5 

26 .8 

29 .11 
--.] . 
I\) 

-.J 



Table 7.5 

Lowest body temperatures measured by colonic probes 
for animals in the metaboli sm chamber; and local 
times when measurements were made. 

Temperature (oC) 
Run No. Time 

Ambient Dody 
.. 

De l an 35 (F )• 19.7 J1.4 1250 

19.7-20.6 J2.0 (or 1110-1338 
less) 

Dehyd 19 (F) 18.4 J3.4 1309 

Dchyd 2/-1 (F) 19.8 JJ .8 1718 

Dehyd 25 (M) o.o JJ.O 1034 

D<~hyd 26 (M) 19.7-22.5 J1.8-J2.2 09't9-11J7 

Dehyd 28 (F) 20-21 33-7-JJ.8 1320-1334 

Dehyd J1 (F) 24:.9 Jt.8 12J7- 1JOJ 

Dehyd J2 (M) 18.8 )2.9 0955-1000 

F =Female; M = Male. 
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In an attempt to determine whether torpor result ed 

from food dP.privation, three males and three females were 

starved for seven days in the constant temperature room 

when the environmental temperature was maintained at 20.5°c. 

During this period water was provided ~ lib. The average 

loss in body weight for the six animals was 25.8 g/kg. day. 

The percentage loss of body weight during the ~even days of 

starvati on ranged from 10.7 per cent for one male to 22.9 

per cent for one female (mean weight loss 16. 62 per cent 

of body weight). One female died several days after 

feeding was r ecommenced having lost 19.3 per cent of its 

hody weight during the period of starvation (changes in 

body we ight which occurred during starvation are tabulated 

in Appendix n). In spite of this severe starvation no 

animal was found in torpor during the seven-day period and 

thus there i s no evidence of a relationshi p between food 

deprivation and entry into torpor. 

When torpid animals were disturbed they r esponded by 

shivcrin ~1 violently. Shivering was accompanied by a rapid 

ri se in body temperature. For three animals , body 

temperature was measured at intervals after thn initial 

observation of torpor to determine the rate at which 

t.cmpcr-at ure was raised to normal levels. During arousal 

from torpor violent shivering occurred continuously. 

Movements became more co-ordinated as body temperature rose 

ancl, as t~mpernture approached normal l eve l s , the animals 



·, ,. 

showed threatening behaviour and regained their usual 

aggressive responses. 

One animal increased its body temperature from 

2J.1°C to J7.J°C in J6 minutes, at an average rate of 0.4° 

per minute . Three other observations of arousal for this 

srune animal showed the following changes in body temperature: 

28.8°- )7,7°c in 2J.5 minutes; 27.6° - J7.6°c in 29.5 

minutes; '27.2°- J5.9°c in 26 minutes. The average rates 

of wnrming we re O.J
0
-o.4° per minute. Two other animals 

s howed slower rates of arousal with body temperature rising 

at about 0.1° rer minute. Fig 7.7 shows Tb vs. lapse time 

during arousal from .torpor in these six cases. 

11ody Tempcr1\ture measured in the Metabolism Chamber 

Fig 7.8 shows mean body temperatures measured by 

thermistor probes in the colons to depths of 6-8 cm when 

::mim~ls wer e in the metabolism chamber during determinations 

of oxyflen consumption and evaporative water loss. Means 

we r e calculated by grouping body temperatures measured for 

indi vidurtl onimals at one degree interval s of ambient 

tcrnpcniturc . The daily means (from T=ble 7.1) of .colonic 

temp erature r ecorded during the trials at constant 

tcmpcrnturcs of 11°, 15.5°, 20.5° and J0°C (described 

above, p. 7.5-21 ), together with the standard errors and 

ranges, are shown for comparison. 

0 0 
In the ambient · temperature range 0-29.9 C most mean 

' . 

r 

~ I 
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Fig 7.7 Ch~nges in Tb vs. lapse time during arousal 

from torpor for three female chuditches . 

Symbo l s : •• .__ _ _.. 1, 2 , J. 

1 adult female on J differ ent occasions 

1. Ta ::5°c 

2 & J. Ta 20°c 

0- - --0 1, 2 . 

1 a~ult femal e on 2 diffe r ent occasions 
0 

1. Ta 15 C 
, , T ')o0 c ...._. a - • 

0 
+ ····-·······+1 adult f emal e at Ta 15 C. 



38 
r. 3 

...o-- ~ 1 LJ JY' , 

u 36 
/ 

J>-·.-<:/ 

" / 
/ 

p' 

.+-··· .... n 34 
;+-······+··· 

... .,. . 
- I. : 

~ • I 

(.) 32 .+ 

~ 
.. 

0 
.. 

I S 

·- ~ 
Cl> 

I r ... 
.d30 

, I 

ci I 
I 

C'O I ... I 

r ! 
Q) : 

c. . / IS 

~28 : L +"' I . 

•i 
~ 

.,. 
"C ~ : 

S2s 
6 

~ f 
i 

L ~·-

' I 24 ~,. 

j I ' '· 

t'} 

t 
I I I I .J. b ~ I J J ill 22 I I I I I ! ~ ! I , 0 20 40 60 80 

Time (minutes) 
I 

l' 
I 

I . 
I 

l: 
l : 
l 



r 

r 

r 

.J 
. I 

7.33 

colonic temperatures measured in the metabolism chamber 

. 0 
ranged between JJ.5-J6.5 C. The daily means from the 

constant temperature trials were J4.5-35.9°c although the 

ranges of extreme values were considerably wider. Animals 

did not drop their body temperatures to the low l evels 

recorded in the constant temperature room trials, no doubt 

because of the cramped conditions within the chamber and 

because of the noise emanating from associated pum~s and 

refrigerator. Although body temperature at ambient 

0 
temperatures below JO C was variable no distinct trend 

relative to lllllbient temperature could be detected. 

0 Body temperatures below JO C were never recorded in 

the metabolism chNnber, but a close relationship between 

body temperature and rate of oxygen consumption was observed. 

At ambient temperatures we ll below the thermal neutral zone 

0xygen consumption would frequently fall to levels equal to 

bas al rates for periotls of a few minutes to several hours. 

Uuring such periods body temperature would also fall 

rapidly. Cycles of low and high rates of oxygen consumption 

associated with falling and ri s ing body temperature las ted 

from a few minutes to several hours . This phenomenon will 

be further di s cussed in Chapter VIII. 

0 
At ambient temperatures above JO C the body tempera-

ture rose so that the temperature difference between deep 

body and air temperatures was diminished from about 5° at 

0 0 0 
an ambient temperature of JO C to zero at J8-J9 C. At air 



Fig 7.8 Tb of chuditches in the metabolism chamber at Ta 

0 o-41 C and means, standard errors and ranges of 
.. 

body temperatures of animals maintained in small 

0 
cages at constant ambi ent t emperatures o f 11 c , 

15°c, 20°c and J0°C. 

Symbols : e mean body temperatures of 
individual animals. 

Short horizontal lines : 
mean Tb for 211 hour period at 
constant Ta· 

Vertical lines: 
ranges of Tb measured in 24 hour 
period. 

Boxes: 
! 1 standard error of mean of Tb 
for 24 hour period at cons tant Ta• 

j 

J 

J 

J 

I t 
I 

' ~ 
I 

I 

I 

I 

t 

~ I[ 

f 

t 



40 

(.) 
0 

(1) 35 :-
1-
:J ... 
~ 
Cl) 

~30 
(1) ... 
0 ·-c 

..Q 25 
0 

(.) 

• 

• 

5 

• 
. . : . : 

•• • • • • • 

10 

• 
t • - II 

• • • • • • • 

• 

:-
.. 
• 

• 

• 
• . 
• 
• 

1 ' 
!a 1' 
• • 

• • 

15 20 25 

a 
: . 

Ambient temperature 0c 

. . • 
• . .. '= .. ' ' .,: .. 

• • • 

30 

• • 
• 

-=- s: 
t • 
• • 

•• I , ...... . . . -.. ":- = . .. -: . .. 

35 

\ 
• • 

40 



0 temperatures higher than about 39 c, the body temperature 

could be maintained below ambient for at least periods of 

one to two hours (Chapter X). 

Discussion 

The mcon body temperature of the chuditch, over a 

2'~ -hour period at environmental temperatures within and 

below the thermal neutral zone, ranged from J4.6° {at Ta 15°c) 

0 0 ) to J5.9 C (at Ta JO C • No clear r elationship between 

environmental temperature and mean body temperature could 

be demonstrated. 

MacMillen and Nelson (1969) recorded body temperatures 

of 12 species of the Dasyuridae. Body t emperatures in the 

thermal neutral zone reported for the two species most 

closely r elated to the chuditch, Q.• viverrinus and Q.• 

hallucntus , were J6.7° and J8.1°c respectively. "Repr esentative 

mean body temperature" below the thermal neutral zone for 

D. ha llucatus was J5.8°c , which is higher than mean Tb for 

D. 9eoffroii at Ta 11° and 20°c , and about the same as at 

T
8 

28~J2°C , in the thermal neutral zone (Table 7.1). As 

body temperntures were measured by MacMil l en Md Ne l son at 

the end of one hour in a respirometer the hi gh values may 

be attr ibut ed to some disturbance of the animals as they 

were removed from the chamber . 

The chuditch exhibits a circ.adian cycle in body 

temperature. The cycle i s characterised by l ow and variable 

t ' 
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body temperatures during the light period and high, 

relatively l ess variable, body temperatures during one or 

more periods of activity during hours of darkness. 

Bligh and Johnson ( 1973) defined homeothermy as 

'the pattern of temperature regulation in a tachymetabolic 

s pecies in which the cyclic variation in core temperature, 

either nychthemerally or seasonally, is maintained within 

erbitrarily defined limits (! 2°c) despite much la~ger 

v~riations in ambient temperature'. Species which display 

greeter cyclic variations in body temperature are termed 

'heterotherms '. In accordance with this definition the 

chuditch must be regarded as a heterothermic species. 

Des~ite the large cyclic variations in body tempera-

ture , the chuditch is able to regulate its body temperature 

e ffectively at ambient temperatures at least as low as o0 c 

and can maintain body temperature below ambient temperatures 

around 1,0°c for one to two hours (see Chapter X). It is 

therefore an efficient thermoregulator. The animals 

heterothcrmy, therefore, does not arise from · inadequacies 

in its phys iological capacities. 

It h«s been clearly established by many workers that 

m;irs upials are good thermal regulators and that their 

abilities to contend with moderately low and moderately 

high environmental temperatures are equal to those of most 

eutherian manunals (Higginbotham and Koon, 1955; Bartholomew, 

1956; Robinson and Morrison, 1957; Bentley, 1960 ; 

.! 
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Mor ri son, 1962, 1965; W. Dawson and Bennett , 1970; 

T. Dawson, 1973; Hulbert and T. Dawson, 1974b). These 

s tudies have di s pose d of the propos al s ,attribute d to 

Martin ( 1903) and subsequently o ft en r e pe ated, that 

mars upial s are less effective the rmoregulators than 

placental mammal s and, with the monotr emes, r epresent an 

inte rm ediate evolutionary s tage in the development o f 

homeothermy. 

Mo rri son (1965) meas ured bo dy t emperatures of 

seven s pecies of the family Dasyuridae , with body we ights 

rt1ngin g from 11-6700 g. Body t empe rature s were me a sured 

in holding cages at ambi ent t e mperature s of 25-30°c to 

obtain informnt ion about the daily cycles o f body t emper-

ature . 
0 0 

Dody t empe ratures we r e al so me asure d a t low (5-10 ) 

nnd hi gh ( J5°-'io0
c) ambi ent t e mperatures to de t ermine the 

r esponses of th e animals t o mo de rate t emperature s tress . 

Morri son ob s erve d a unifo rm r espon se in al 1 of the 

dasyurid s pecies h e s tudied. He found that they di splaye d 

fl a il y eye } cs in body t emper ature with amplitudes o f o. a': 

li .o0 c . During a c tive periods me an body t emperatures ranged 

0 0 
f r om J7 .l1-J8 . 8 C. So me s pec i es exhibi ted a "d aily 

aes t i vation" during which the body t emperature appr oach e d 

ambi ent l ev e l s . All species could maintain their body 

t emperature at low ambient t emperatures and their ability 

to contend with high ambient t emperature s was r e l a t e d to 

bo dy s i ze , smalle r s pecies be ing l ess effective in thi s 

i I 

I 
' j 

' l 
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regard thnn lnrgcr ones. 

The circadian cycle in body temperature of the 

chuditch and its response to low and high ambient tempera-

turcs is similar to those described by Morri son for other 

dasyurid snccies. When the daily body temperature cycle 

is compared with that observed by Morrison in the closely 

related Dasyurus hallucatus it appears that both species 

exhibit cycles with an amplitude of l1°C (at ambie~·t 

temperature 25-J0°C for Q• hallucatus ; 
0 

JO C for D. geoffroii) 

although Q• geoffroii is less regular. 

Godfrey (1968) confirmed the occurrence of daily 

temperature cycles in Sminthopsis · crassicaudata and 

~· froggatti (larapinta) with mean amplitudes of o.79°c and 

~-~~0c respectively. 

Female chuditches were shown to go into a state of 

torpor during the period when the lights were on in the 

constant temperature room, most fr e quently in the three 

hours at the middle of the light period. The tendency to 

enter torpor appeared to be limited to the females and 

there i s a s uggestion that it may be a seasonal ph enomenon 

as it was not observed during spring, but only in autumn 

and early winter. From limited e vidence torpor does not 

appear to be induced by food deprivation. Torpor in other 

dasyurid marsupials has, on the other hand, been shown to 

be related to lack of food. Sminthopsis froggatti (larapinta) 

was found to go into torpor in response both to low 



cnvironmentol temperatures and to food deprivation while 

S. crass icaudata become torpid only in response to food 

.short age ( Crowcroft and Godfrey 1 1968; Godfrey, 1966, 1968). 

Morrison (1965) described "daily aes tivation" in 

some of th e dnsyurids, particularly in Dasycercus. Arousal 

from daily aest ivation in Dasycercus appe ars to be simi lar ) I 
to arousal from what I have t ermed torpor in D. geoffroii 

(p. 7 . 25 ), although Dasycercus i s able to raise body 

temperature at a fas t e r rate during arous al. Recently 

Wallis (1976) has described torpor in Antechinus stuartii 

which 8P!>ears to be a s tarvation-induced winter phenomenon. 

In s ome r espects the torpor in Antechinus r esembles torpor 

in the chuditch: 

1. Wall i s found it to occur only in animals c aptured 

in the winter; chuditches also wer e found torpid 

only during the winter months . 

2 . Tb never f e ll be low 21°c in Antechinus whi ch aroused 

from torpor; the l owest Tb observed for a chudi tch 

0 was 2J.1 C. However some otherwi se unexplained 

deaths of captive animals may have been du e to 

I 

. I 

failure t o arouse from t orpor. 

J . Torpor appears to occur at s imil ar air t emperatures 

in the two species. Walli s shows oxygen consumption 

rat es for Antechinus with Tb l ess than J2°C at Ta 

0 0 0 ( • 2 ) 15 , 20 and 25 C Fig • Chuditches wer e mos t 

0 0 ( frequently found torpid at Ta 15 and 20 C see 

al s o Chapter VIII). 



On the other hand Wallis was able to demonstrate a 

clear relationship between starvation and entry into torpor 

in Antechinus whe reas I was unable to do s o with the 

chuditch. Furthennore there is a marked difference in body 

weight b etween the two species. Antechinus at 25-JO g body 

weight i s of a comparable size to many eutherian species 

exhibiting daily torpor or hibe rnation, whereas the chuditch 

at 700-2000 g is well outside the size range in which torpor 

occurs. Bartholomew (1972) has pointed out that what h e 

terms 'ndapti ve hypothermia' (d e fine d as a pattern of 

dormancy which occurs under a vari e ty o f conditions in a 

number of taxa of birds and mammals) with a daily periodicity 

i s kno1m to occur only in birds and mammals weighing less 

than 100 g. The rate warm-up from torpor has been shown 

to be inverse ly related to bo dy weight (Heinrich and 

nartholomew , 1971) according to the predic tive equation f o r 

birds llild mnmmal s : 

(o I . ) -o.4o Rate of warm-up C min = 2 . 0JW 

wh ere W = body we ight in grams. From this equation the 

rate of wr.rm-up o f 700 g and 1000 g animal s would. be 

rcspccti vcly o .15°c/minute and o .1 3°c/minute , too slow 

according to Dartholome w to fit easily into a dail y pe riod-

ici ty, whereas the rate of wann-up for a JO g animal would 

be o . 52°c/ minute. One chuditch warmed-up during arousal 

from t o rpor . at O.J-0 •. 4°C/ minute, a ·rate considerably fast er 

than tha t predicted by the equati.on of He inrich and 



Bartholomew. Two other animals showed a rate of warm-up 

close to thet predicted. Wallis, however, found that 

Antechinus warmed-up more slowly than would be expected 

from the predictive equation. 

The phenomenon of torpor is not restricted to the 

dnsyurid marsupials. Bartholomew and Hudson (1962) found 

that the pigmy possum Cercartetus ~ exhibits torpor. 

Captive south-western pigmy possums, Cercartetus concinnus, 

and honey possums, Tarsipes spenserae, also are occasionally 

found in a torpid state on cold mornings (Heather Vose, 

personal communication). 

Arousal from torpor in eutherian mammals which display 

adaptive hypothermia is facilitated by thermogenesis in 

brown adipose tissue. Estimates of the size of its 

contribution to heat production during arousal vary from 

s pecies to species from 10 per cent to 60 per cent of the 

total heat expenditure (review: Smith and Horwitz, 1969). 

In Chapter VI I suggested that brown adipose tissue 

i s probably not present in marsupial pouch-young. This is 

s upported directly by the work of Jones (1970) on the effects 

of exogenous catecholamines on the quokka joey; indirect ly 

by the observation that the ability to shiver develops in 

pouch-young of the opossum and the chudi tch before they are 

able to maintain Tb above T8 and that the ability to 

thermoregulate appears to depend upon shivering and fur 

insulation. If brown adipose tissue is absent from the 

~ I 



pouch-young it is implicit that it is also absent from the 

adults. If this is the case then the warm-up during arousal 

from torpo r must involve heat production by shivering 

thermogenesis alone. 

Good agreement was obtained be tween body temperatures 

m e~sured by means of mercury-in-glass thermometers inserted 

into the colon immediately after the animal had been 

r emoved from the metabolism chamber, and by measurements 

made by thermis tor probes in the colon during long-term 

confinement within the metabolism chamber. Body tempera-

tures meas ured in the metabolism chamber by thermistor probes 

were, on the average, slightly lower than daily means for 

the 211-hour period obtained with mercury-in-glass thermometers. 

The differ ences no doubt are due to two factors: 

t. the animals were normally confined in the 

me tabolism chamber during the daytime when 

their activity leve ls were low, and 

2. animals in the metaboli sm chamber had previously 

been s tarved and wer e in a post-absorptive state . 

The body t emperature of th e chudi tch rises at ambient 

tempe ratures of J0°C or higher. As a r esult, body t empera-

t urc r emains higher than air t emperature so that heat may 

be lost by other than evaporative means until Ta = Tb at 

0 
about )9 C. At higher ambi ent temperatures, body tempe ra-

ture i s maintained below runbient by high rat es of evaporative 

heat loss (Chapter X) • 

• ,J 



A number of investigators have dra'm attention to 

the tendency of marsupials to b e come hyperthermic at 

ambient temperatures above the thermal neutral zone. 

W. Dawson and Bennett (1970) observed moderate hyperthermia 

in Lagorchestcs conspicillatus at ambient temperatures of 

0 
)5-'•2.8 C. T. Dawson (1973) found that body temperatures 

of the two l DrrJe kangaroos, Macropus robustus and Megaleia 

rufa t ende d to rise at air temperatures above 22°c. 

Hulbert and D11wson (1974b) found that three bandicoot 

species, Perameles nasuta, Isoodon macrourus and Macroti s 

legotis, showed an increase in body t emperature above 

ambient temrcratures of J0°C; only Perameles and Macro tis 

could maintain their body temperatures below ambient at 

lio0 c . 

The chuditch can be charact erized a s a hete r oth e rm 

in that it has a labile body t emperature with a circadian 

cycl e o f l1°C or more in amplitude. Its mean body t emperature 

i s comparable to that of o the r marsupial s and somewhat lower 

t h at tlrnt of most euther ian mammal s . Th e body temperature 

0 0 
du rina ;:ict ivi ty peaks i s , howe v er, at )6 .9 - )13 . o C and 

si rni l nr to that of euthe rians . Like other marsupials, 

excP.pt the ve ry small speci es 1 the chuditch r egulat es its 

body temperature effi c i ently ove r a wide range of ambi ent 

temperatures. 

Current vi ews on the evolution of homeothermy, a s 

stated by Dligh (1973) 1 contend that neural mechani s ms for 



t.emrcraturc monitoring, necessary for homeothc rmy, preceded 

the ability to maintain a high metabolic rate and a low 

thermal conductance, which are n ecessary for the maintenance 

of high, s tnble body temperatures . The present view is 

that these neural mechanisms possibly exi s t ed in the 

reptilian ancestors of both birds and mammals before the 

divergence o f these groups and that endothermic homeothe rmy 

arose in the birds and mammals as a r esult of improved 

insulntion and e levated metabolic rates . Bligh suggests that 

thrrmal ! abi lity, as it occurs in a number of placental 

mrunme.l s as well as in marsupials, probably repre sents an 

adaptation to particular kinds of environments and may 

have arisen sepi'.lrately in different groups. If it is true 

th at the neural patterns underlying homeothermy are anci ent 

and are shared by such widely divergent taxa as birds and 

eu t heri an mammal s , it seems improbable that marsupials 

differ basically in their homeothermic controls. 
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CHAPTER VIII 

ENERGY METADOLISM 

Preamble 

Thi s s tudy of the energy metabolism o f Das yurus 

gcoffro ii was begun at a time whe n there was growing 

eviden ce that mar s upials have lowe r energy requirement s 

thnn most eutherian mammals. Martin (190J) demons trated 

a l ow rat e o f metabolism for sev e r a l s pec i es of Au s tralian 

m?r surials and suggested that this indicate d a phylogenetic 

differ en ce , the marsupials being more primitive than 

placental mammal s . Bartholomew and Huds on (1962 ) showed 

Cercart c tus ~to have a r e lative ly low r esting oxyge n 

con s umptio n but attribute d this to obesity of the captive 

nnimal s they u sed. Other correlates of me tabo li sm indi-

cated l ow rates of energy u s age in some mar s upial s which 

wer e s ho1m to hav e l ow nitroge n requirements and l ow rates 

of nitroge n excretion (Macropus robustus Brown and Main, 

1967) 1:1nd Jow wa t e r requirem ents (Macropus eugenii Kinnear, 

f'ur o h i t. 11nd · M:- in, 1968 ) . BrO\m and Kinnear · (1 967) showe d 

t h :1t r e s ting h c;1rt rates of 17 speci es of Au s tralian 

m:1r s upic>l s are l ow in compari son with eutheri an mammal s , 

implying n low l e vel o f en ergy met abo li sm in mar s upials. 

Me anwhil e , direct studies of the en ergy u s age of a 

1 arge number of ·speci es appe ared (MacMillen and Ne l son, 

1969; Dawson and Hulbe rt, 1969 , 1970) s howing that 
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hustrali~n mnrsupials have standard rates of metabolism 

some 10 per cent lower than expected on the bnsis of body 

weight from the interspecific predictive equation for 

mct nbol i~ rrt e of eutherian mammals: 

M(kcal/day) = 70 w0
•75 

where W =body weight in kg (Kle iber, 1961). Further 

studies (e.g. Dawson and Bennett, 1970; Dawson, 1973; 

Hulbert and Dnwson, 1974a ; Kinnear and Shi e ld, 1975) have 

confirmed th at Australian marsupials generally have 

mct abol.ic r ates s ignificantly l ower than most eutherian 

mammal s . In spi t e of the relatively low me tabolic level 

marsupial s h~ve been found to be effective thermal regulators 

lscc discussion, Chapter VII). 

A study of the pattern of energy us?ge of the chuditch 

w~s crrrie d out, in conjunction with an invest igation of 

it s Dbility to regulate body temperature, in order to 

de t e rmine : 

1. the rnte/t emperature curve of oxygen consumption vs. 

~mbi ent tcm~erAture end, thus, the the rmal neutral zo ne ; 

~ . the r esting metabolic l evel in a thermal neutral 

PllV i ronm cn t: 

1 . t h e r at e of e nergy usage necess ary to maintain stab l e 

body t empe rature at ambi ent t emper a tures below the thermal 

neutral zone; 

'•· the metabo lic cost of main.taining body tempe r ature 

At ambi ent t emperatures above the thermal neutral zon e. 

) 

. I 
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The l~bility of the body temperPture of the chuditch 

(Chapter VIII) was found to influence All aspects of the 

energy me tnbolism so that both Ta and Tb had to be taken 

into Dccount in the analysis of the results. It was 

expected thnt the relationship between Tb and o2 consumption 

would provide insight into the metabolic cost of controlling 
f, 

! I 
Tb within nnrrow limits vs. relaxation of control of Tb. 

Furthermore it was expected th at the circadian cycle in Tb 

would he reflected in a circadian cycle in. resting rates 

of 02 consumption. 

A number of aspects of energy metabolism in the 

chuditch reported in this thesis have already been published 

elsewhere <Arnold and Shield, 1970). 

Results 

Oxygen Consumption RAtes in the Ambient Temperature 

0..., consumption rates of 26 ruiimals mecisured in the 

:-.mhi cnt tC'mperl'ture r ange 11.0° t o 40.9°c are s hown in the 

~cPtter di~grnm , Fig 8.1. The o2 consumption rotes were 

m0;isurcd 1dlile T
8 

within the metabol i sm chamber wa>' slowly 

raised over a period of eight to twelve hours . Some 

<in im<il s w0n? subjected to the full range of amb i ent 

temperatures, others to the lower part of the range from 

0 0 above 29°c. about 10 to 25 C, and others to t emperatures 

Th e wide scatter of measured rates of o2 consumption 



R.~ 

Fig R.t Scatter diagram of o
2 

consumption (ml/ kg. min.) 

vs. Ta for chuditches; values measure d as Ta 

aradunlJy increased . 



35 

30 

• c: 
·e· .. 
. 25 "'-

C) .. 
~ 

.. 

"' 
:. ~ . - · .E 20 .. :-. 

' .. 
c 
0 ... 

.\: ·-... 
15 a. 

E .. 
:s r.n c 
0 

i. 

10 0 

ON 
~ 

5 

0 5 10 

-i --Lz 

:. 
:. 

... 

. . .... •1 -· !· :. ·:: .. ~ :~ .. .. - .. .. 
:· .. 

.:~ ~ .. 
i: ~ 

.. 
H~: 

.. . 
;: , .. .. 

~ .. ,. 
': :, .. ... :, .. ·:· .. :. ... ,.. 

. t 
.. .. . .. :" 

.i. •. .. \' .:! :: 
:.1. 

.. . .. .. ... .. .. ... ., .. :: .... '· .. :· .. .. . ·i: • I . ;~ .. 
+ .. ::\ .... ' : 1• .. .. 

~· 

.· 

... ... 
.1 • i· .. .. 

15 20 25 
Ambient temperature 0 c 

c 

., .. 

30 35 

J [ 

... 

. 
" .... 

40 

c 
-: 

...:..>.-....., • 
- J-

-__,__ 



8.6 

s hown in Fig 8.1 is due largely to v;iriation displciyed by 

individu~l PnimPls rather than to between-animel differ-

ences. This vrriAtion will be considered in this section 

nnd in :• 1Pte1- section in rell'ltion to body temperciture. 

Mc~n rates of o2 consumption at one degree intervals 

of ambient temperature for the 26 animals are shown in 

Fig 8.2 toge ther with the variance of each 1°e set of 

values u sed to calculate the means (Data tabulated in 

i\11 pr.nciix El. Th e lowest mean rates of o2 consumption, 

0 6.7-7.7 ml / kg. min., occurred in the range of Ta 27 to 

JJ
0 e. Mean o2 consum.ption rates increased at ambient 

tcmperaturPs below 27°e to 20.5 ml/kg. min. at 4°e, and 

increased above JJ
0 e to 11 ml / kg. min. at l-10°e. The 

thPrma1 neutral zone, if defined as the range of ambi ent 

tcmperi'ltures in which o2 consumption is minimal, bounded 

on each sid e by rising rates (Mount, 1974), extends from 

~7° to 31°c ?nd is centred on J0°e. The vnri Ation in the 

o2 consumption rl'te , f'S indicated by the vnriPnce, i s 

Jo\\' r s t wit.hin the thermal neut rcil zone l'lnd inc recises et 

hi glH'r n id lower t emperPtures. 

The time course of the var i a tion in o2 consumption 

r P. te di s pl P.yed by individual animals i s illus trated by 

ex?mples in Fig 8.J, A-D. These four graphs , in which 

the o2 consumption rates are plotted against local time, 

show portions of records obtained from four different 

animal s for which 02 consumption was measured while Ta 



wcis maintnined constant at 10°, 15°, 19° and 20°c 

respective ly. All four animals remained quiet for the 

pP.r iods shown. Variation is therefore reveal e d as 

resulting from definite short term trends rathe r than 

b e ing produced by randomly scattered values. Mean rates 

0 0 0 0 
of o 2 consumption at 10 , 15 , 19 and 20 C, from Fig 8.2, 

are shown as dashed lines on graphs A, B, C, and D 

respective I y. 

The following terminology will be used in consider-

ntion of the figures: 

";:iver:ige r"'tes" = the mean o2 consumption for each 

degree of embient temperature as meosured in a 

gradient of increasing Ta and sho~n on Fig 8.2. 

"minimum rates" = rates of o2 consumption of 4-7 ml /kg . 

min. (equal to or slightly lower than the standard 

metabolic rate in the the rmal neutral zone) which 

0 0 
occur over the full range '• to J8 C Ta• 

1. Fin 8.J A ; Ta 10° to 11°c 

Th<.> trend-line shows two periods, each of more than 

thrcc-f)unrters of an hour, during which o2 consumption fell 

bcl O \> the Dvcrngc rate for 10°C and approl'ched minimum 

ratP.s . During these periods the animal remained quiet , 

was <lppe1rcntly sleeping, and showed no evidence of muscle 

tremor or shivering. It would then begin to shiver (indicated 

on the grnph by hatched bars) either intermittently or 



n.s 

fig 8.2 

I • 

Menn r:ites of o
2 

consumption vs. Ta and VF.lriancc 

of the rntes; data from Fig 8.2 grouped at 1oc 

intervals of ambient temperature. 

Symbols : •e~~-ee menn o2 consum ption rates 
linked by trend-lines 

o- - ---0 variance of o2 conswnption rates 
used to calculnte me an values, 
linked by trend-lines 
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continuously for up to JO minutes. With no other apparent 

change in activity, shivering could raise the rate of o2 

co ns umption t o four times the minimum rate . 

2 . Fig A.) B; Ta 15°c 

This animal was apparently awake for the four-hour 

per i od r ep r esented on the graph. The cycles of high and 

low r~tes of o2 consumption were shorte r th an those 

describe d obove, with only brief reriods wh en O~ cons um ption 
"" 

<> ppro::i.ch cd minimum rates. The arrows indicElte shivering 

nnd they coincide with rising or high rates of o2 cons umption. 

). Fig 8.J C; T t 9°C 
a 

Th e animal r emained awake for the three -hour period 

s ho"TI. It s mean o
2 

consumption rate during this time was 

14.2 ml / ka. min. compared with the average rate at Ta 19°c 

of 1 ) . 2 ml / kg. min . The characteristic cyc l es from high 

to l ow r<Jtes of o2 consumption were s hort and minimum rates 

were attained only for v e ry brie f int erval s . 

I F 0 8 JD Ta ?0°C 1. ' l!"J • ; -

Thi s animal was apparently asleep for about half o f 

the four-hour period shown. During wcike fu l periods, when 

it neverthe l ess r ema ined quiet, o
2 

consumption rose to the 

aver age r at e or above it . During s l eep , the r at e of o2 

consumption fell to the minimum rate and remained at about 

5 ml/ kg . min. for one period of 40 minutes. Two periods 

wh en the •nim ~ l was asleep, but s hivering, wer e marked by 



Fig 8. ') Portions of records from four runs at different 

const~nt ~mbient temperatures showing s hort-

term trends in rates of o2 consumption; 

consumption rates are plotted against local time 

and linked by trend-lines . 

8. ')i\ - T a 
10°C. 

13 . 311 - T a 
15°c. 

8 . 1c - TC\ 19oc. 

·8.10 T 'J0°C . 
a 
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an increase in the o2 consumption rate above the minimum 

rate but to less than the average rate. 

Trends in o2 consumption rates, as illustrated 

above, were correlated with differences in the level of 

arousal of the animals and whether or not they were 

shivering. Subsequently, when body temperature was measured 

simultaneously with o2 consumption rates the overall 

variation could be related to lability in body temperature 

(sec p. 8.22). 

St:indard Mctnbolic Rnte (SMR) and Metabolic Level 

Means were calculated for each of 41 separate sets 

of me~surements of o2 consumption made on 29 different 

0 0 
animals resting in the range Ta J0.0 to J0.9 C, taken to 

be the c entre of the thermal neutral zone. The mean rates 

for all 29 animals (some determined more than once) and for 

the 1/1 males and 15 females separately are shown in T~bl e . J 

8.1, together with mean body weights and standard errors 

of mcl'ln s for o2 consumption and body weight. 

The m ~an of each separate set of o2 consumption 

r"tcs in the thermal neutral zone was compared with the 

value predicted from the interspecific r eQress i on of 

weight-relative O~ consumption for dasyurid marsupial s 
,;;, 

(MacMillen and Nelson, 1969): 

o2 consumption (ml/g. hr) = 2.45w-0
•
261 

where W body weight in grams. Values calculated from 
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this express ion were converted to ml/ kg. min . The means 

of these calculated values for all animals and for males 

~nd females separately, together with observed mean value s 

expr essed as pe rcentages of predicted values, are shown in 

Table 8.1. The overall mean of the 111 values was 6.811 

ml / kg . min. which is slightly lower (93.2 per cent ) than 

the meEin rate of 7 .34 ml/ kg. min. det ermined for animal s 

in rising t emperature gradients (Fig 8 . 2). The 10\~er values 

~re attr ibuted to the prolonged periods of equilibration 

nJlowed in the determinations of SMR. The observed rates 

of o2 consumntion for m.l\les were t1bout six per cent highe r 

th An predicted values, while observed rates for femal es 

::>greed preci sc.ly with those predicted. Mean rates and 

predicted r at es for each separate case are tabulate d in 

Appendix F. 

The s tandard metabolic rate (kcal/ day) was calcu-

lated for c~ch of the 41 mean o2 consumpt ion rates at Ta 

3cf -Jo.9°c assuming 4.8 kcal / litre o2• This permitted 

compar i son of the standard metabolic rates of individual 

chuditches with the metabolic l eve l established by Dawson 

and Hulbert (1969, 1970 ) for Australian marsupials: 

SMR (kcal / day) = 118 .6 w0 · 75 

when W = body in kg . Fig 8.4 shows the 41 separate 

metabolic rates for chuditches vs. body weight (log scale) 

together with the predictive r e gressions for mar supial s 

<Dawson and Hulbert) and for eutherian mammals (Kl e iber , 



Table B .1 

Means and standard e rrors of means of body weights and weight-relative 0., 
consumption rates for chuditches at JO-J0.9°c (Ta ) together with pred ict:d 0 2 
consumption rates calculated from the interspecific expression for dasyurid 
marsupials (rfcHill en and Ne lson, 1969) and observed O') consumpt i o n rates expressed 
as percentages of predicted rates. (Rates and predicted values for individual 
animals are tabulated in Appendix F). 

Males & 
Females 

Males 

Females 

Number of Mean body Mean 02 Predicted 02 
Observed 02 cons. 

animals* weight (kg) consumption consumption 
Predicted o2 cons. 

(ml / kg.min) (ml/ kg .min ) 
(per 

29/lt1 1.105±0.051 6.84 :!: 0 . 27 6 . 56 10.J . O 

1 l1/20 1. 308:!:0. 079 6 .75 :!: 0 . 111 6.28 105 . 9 

15/21 0.910±0 . 025 6 . 93 :!: o. J6 6 . 90 100 . 2 

• As some animals were u sed more than once, the value to 
the left of the slant indicates the number of different 
animals; the number to the right of the slant 
indicates the number of senarate determinations . 

cent ) 

:!: 3 . 811 

:!: 5 . 77 

:!: 5 . 15 
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19611 . The values for the chuditches show a wide scatter, 

four values falling close to the eutherian metabolic level 

ll.nd many being considerably lower than the marsupial 

l e vel. The mean metabolic rate for the chudi tch, calcu-

lated from the 41 values, is Li9.9 kcal/day (mean body 

weight 1.105 kg). This mean is 95 per ce nt of the m·arsupial 

me tabolic l evel of 52.ll kcal / day for animals of 1.105 kg 

nnd 66 p er cent of the eutherian metabolic l e vel for 

animals of equivalent body weight as pre dict e d from the 

Kleiber equation. 

Circadi~n Cycle in the Rate of o~ Cons umption 

It might be expected that the chuditch would s how a 

ci r cadian cycle in o2 consumption rate r e lated to the 

cycle in bod y t emperature (Chapter VII). Two animal s , one 

mc>le ;ind one f em Al e , were maintaine d at constant ambi ent 

temperature within the metabo li s m chamber for 24 hours or 

more <at 10° nnd J0°C for the mal e and at 15° and J0° for 

thf! fem? l e ). o2 consumption rates we r e measure d at 

fr equent int0rval s during these periods. Fig 8 .5 s h ows 

t h e mc <1n o2 consumption r a t es calculated for each hour of 

thes e foui- long runs (Data tabulat ed in Appendi x G). 

The f emale s howe d clear evidence of a cyc l e in o2 

0 0 0 
con s umptio n rate at both 15 and JO C. At 15 C hourly 

mean o2 cons umption ra~es we re low and steady at 11.5-13 

ml/kg. min. from about 1200-1700 hours, local time • 



Standard metabolic rates (kcal/day) vs. body 

wciuht (kg) on logarithmic axes; the inter-

specific r e gressions of metabolic rate of 

eutherians, 70Wt (Kleiber, 1961) and of 

1 
morsupio.ls, l18.6W4 (Dawson and Hulbert, 1969) 

11re also shown. 

I 
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llourly mean rates during the night were generally higher 

nnd more vari~ble with the highest means occurring at 

1800- 2000 hours , 0)00-01100 hours and 0500- 0600 hours . 

At J0°c, hourly mean o 2 consumption rates of this animal 

s howed a s imilar cycle, 02 consumption between 0900-1700 

hour s b e ing lower than in the r emaining h ours. The mean 

o f th e hourly means for the last 2L1 hours of these runs 

are 16.15 ml / kg. min. at Ta 15°c and 6 . 90 ml/kg. min. at 

Ta J0°C . Roth of these values are within a few per cent 

o f ave r<ige r a t es at 15°c and J0°C respect ive ly. 

Less e vidence of a daily cycle in o2 consumption 

was obtained from the mal e at 10° and J0°c. At 10°c the 

.. .... " 

lowest hourly me an rates occurred be twe en 0700-1000 hours 

but low hourly me an rates occurring at other tim e s of the 

day we r e interspersed with hours when the mean rates were 

high. Howeve r there was a gene ral trend t owards higher 

hourly m ~ ;:in v nlues between 1800 hour s ancl midnight and 

lw twccm 0100- 0 700 hours. After the fir st seven hours at 

T 10°c thi s C!nimal maintained its 02 consumption r ate at 

" 
;i l o"· and ve ry constant l ev e l throughout the enti r e run 

with a s lirih t elevation of the mean hour ly r ate b e tween 

1 1300-~200 hour s tmd be t ween 0 /100-0500 hours. In the case 

of the male the mean of the hourly means for the Inst 2./1 

hours of the runs are 19.55 ml / kg. min. at 10°c and 6 . 00 

ml/ kg. min. nt J0°C. At the lowe r t emperature this 

r epr esent s 11 ) per c e nt of the average rate where as the 

l 1 
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Fig B.5 Hourly me an o2 cons umpt i on vs. local time during 

per iods in excess of 24 hours f or one male at Ta 

10° and J0°C and for one f em al e at T 15° and a 

Symbols: • • male a t 10°C 

.-----. mcile at J0°C 

o- ----0 f emale at 15°C 

o----0 fc:nale at J0°C 

s = s tart of run 

f = finish of run 
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v a lu r. f or the hi ghe r t emper a ture r epresents only 87 per 

cent of the :>vcrc•ge rate. 

Th e times when the 02 consumption rates were lowest 

f 
f! Cne r :i l ly coin c ide d with the tim es when the cinim ci ls h ave 

I hee n f ound to hPve low body t empercitures and to be inac tive 

fC h :ir t cr VII). The higher rates of 02 con s umption occurred 

~fter 1700 h ours and after 0)00 hours, at times whe n the 

body t e mper a ture has been shown to b e high and the animals 

:icti ve. 

Th e Re lationship betwee n 0 2 Consumption Rat e and Body 

T empe rature 

1 . n e low the the rm a l n eutral zon e . 

Th n individual variations in o2 consumption r ates 

<lt T::1 b e l ow th e thermal n eutr a l zone have a lready b een 

n o t e d fp. 8. 13 ). Whe n o2 con s umption 1>nd Tb wer e measure d 

~ imul t;incou s ly, ri sing and fcil ling o2 con s umption r a t es 

could he relPtcd to l a rge and rFpid ch ~nges in Tb. Fig 8.6 

s hows o .... co n s umption · ret es v s . Ta for e i gh t ;:in im;i l s f or 

whi c h Tb w~s mc~sured ~t the s ;ime time BS o2 con s umvtion. 

0:-! con s um pt. ion r :?tes me a s ured whil e Tb was decreDs ing o r 

st:>ble following a d ecr ease ~ re s hown by ho llow c irc l es 

P.nd o2 con s umption r <l t es measure d whil e Tb was inc r easing 

or st;ibJ e following an increase are s ho wn by so lid circles. 

Gnnerally, l ow 02 cons~mption rates were associated with 

decreasing Tb or stable Tb followi~g a decr ease and high 
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Fig 8.6 

...... 

Scatter diagram of o2 consumption (ml/kg. min.) 

vs. Ta for eight animals for which Tb was measured 

at the same time as o2 consump~ion; showing rates 

of 02 consumption measured when Tb was increasing 

or stable following as increase ( • ) and rates 

meBsured when Tb was decreasing or stable following 

a decrease {O ). The broken lines indicate average 

trends in o2 consumption rates when Tb increasing 

{upper line) and when Tb decreasing (lower lin~i 

calculated by grouping o2 consumption rates at 5°c 

intervals (o-4.9, 5-9.9 1 10-14.9, 15-19.9, 

20-24.9, 25-29.9°c). The horizont~l line s inui~ate 

multi pl es of the averag~ 02 consumption rate at 

30°c (from Fig 8.2) • 
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rates werP. ~ssocinted with increasing Tb or stable Tb 

following ~n increase . Above Jt°C (T
8

) Tb nlways remained 

st8b1e or increased. The upper Pnd l owe r trend lines show 

estimPtes of menn 02 consumption rates measured when Tb was 

incre~sing nnd decreasing respectively. The trends were 

0 
obt~incd hy grouping rates at intervals of 5 C. Low 0 .-, ... 
con sum rt ion r:'ttes of 4.-7.5 ml / kg. min. occurred throughout 

the Ta r nngc 5° to J8°C. Such minimum r a tes were equ a l 

to low rat es observed in the the rmal neutral zone in the 

absenc e of thermal stress. Below about 24.0 c these 

occurrences were invariably associated with Tb decreas ing 

or st nblc following a decrease. 

Fig 8.6 also shows the highest o2 consumption rates 

observed for the chuditch. One animal, shivering violently 

but otherwi se inactive , consumed 02 at the rate of 4.0 

ml /k g. min . for a s hort period at o0 c (T 8 ) . This r e presents 

5.fl times SNR. 
0 0 

This animal r a ised Tb from )J .O to )4. . 8 C 

du r ing 26 minutes whil e mean o2 consumption was J2.5 

ml / kg. min . U1.8 x SMR). A second anim:>l WCI S k ept at 

n° -1 °c for 1 0~ hours during which it s Tb r an ged from )J . 8° 

t o 15 . B0 c f15.1°c Pt t he end of run). During this time 

it s m~nn o2 cons umption wns 22.0 ml / kg. min. or 1 . 2 x SNR. 

·t he close relationship b e tween 02 consumption and 

Tb i s furth e r illustrated in Fig 8.7 A-E. The graphs are 

portions of r ecords obtained from five different .anim als 

in the metabo lism c hamb er with thermistor probes permitting 

' . 

I 
• J 
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const~nt monitoring of colonic temperature. In each graph 

the ~ver?.ge 02 consumption rate at the appropriate Ta and 

0 • 
Rt 10 C (from Fig 8. 2) are shown for comparison with the 

me e.sured r~tes. It is assumed that at these average 02 

consumption rates normal Tb would be maintained. 

Fig 8.7 A; T8 10°c 

Tb followed a falling trend for the first 1~ hours 

when o2 consumption rate was below average for most of the 

time. For the last JO minutes of the period shown 02 

0 
consumption was mostly above average and Tb rose to J6.2 C, 

about o.7°c above mean Tb at to0 c (Table 7.1). 

During a two-hour period body t emperature fell from 

16° to 15°c in 20 minutes while o2 consumption was less 

th?n half the average rate. A subsequent rise in 02 

consumption above the minimum rate but below the average 

0 
r~tc coincided with the Tb stabilizing at J4.0-J4.2 C. 

0 
This is below the mean Tb at 15 whether autumn or spring 

vAlueR nrc considered (Tnble 7.1). 

The rate of o2 consumption wns maintained at betwe en 

5 and 7 . 5 ml/kg. min. for six hours, during which time Tb 

fell 4.9° from J6.J0 
to J1.4°c. At the end of six hours, 

when o2 consumption rose above 8 ml/kg. min., Tb rose by 

1.~0 to J2.8°c in 84 minutes; even so, the rate of 02 
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con s umnt.ion .-,s Th wns risinn wns 10\,·er thnn thr ovc?rl\g e 

rrite of o., co n:.umption at 20°c. The me<in Tb l)t 20°c i s 

J'1 .9°c (T r-ble 7.1) and the mean vnlue for inactive 

fcmrlcs j s J J.~ 0c {Tl\ble 7.3). 

Fig r..7 D and 8.7 E s hould more <1ppro :1rintely be 

c.nn s idc r cd in ll'ter sections but they ?.re included h e r e 

t o indi c rt.e the lnbility of Tb wh en o2 consumption i s et 

minimum rl't cs . 

rig ~ -7 n; Ta J0°c 

A f~ll in Tb of 0.9° to J5. ~0c occurred during two 

hour!:' when 0..., con sumption was almo s t c ontinuously b e l ow 

ti t t Jo
0 c. Th T t "8 J"°C 1r nvcrri{lc rn e a e mean b a .... - _ was 

0 
15 . ') C (Tnhlc> 7.1), while mean Tb of enirn nl s during th n 

0 
in active pnriod of their circadian cycle was J~. 8 to 

J5 . 0°c (Ti'bl c ?.J). 

r o r ~-~ hours o2 consumption we.s below the average 

rd.r whil 0 Tb incr eased from J5.0° to JG . o0 c . Thi s is a 

t y!i ic"l c:• !~e : .:-t the upper end o f th e thermc.l n eutra l 

zonr~ t.h 1• rn.i:n.~ l s mny tolernte a ri se in body tempnraturc 

1d1 i c h i s no t- rccomp<mi e d by incrcr.sed rn tes of o2 con s umpt i on 

TI1 c observat i o n that anim~ls reduce the rat e of 0..., 
"' 

consumption to l e v els equa l to or lowe r than the s tandard 

rote ~t rmbi ent temperatures outside the thermal neutral 

z on e , E'nd t.h ;; t s uch low rates arc associated with dec r e asing 

,, 

; j 
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body tempr.rature when Ta is below the thermal neutral zone, 

sugg~sts nn explanation for the low body temperatures, 

asso ciated with torpor, which have been observed for some 

llnim::il s (Chi1ptcr VII p. 7.27 ) . To return to Fig 8. 7 C, 

which shows o period of 5l hours when Tb fell from )6.J
0 

to 11. t, 0 c while o.., consumption was maintained at minim11l 
'-

levels: it i s possible to cnlculate the rate of further 

cooling at T
3 

20°c . Assuming the decrease in Tb follows 

an exnonentinl trend, then t.he following relation s hould 

ho ld: 

-rt 
e 

when °C
0 

is the body temperature measured initially, °Cx is 

the body t emperature measured at time t (in hours) after 

the initial value, and r = the cooling cons tant. 

Substituting values from Fig 8.7 C and calculating r: 

r = 0.0252 

Conscqu 0ntl y if the animal maintained the same rate of 02 

co nsumption for 10 hours or 1 2 hours and mainttiined a 

s imi)?r cooling constant (r), Tb would be 28 . 2° or 26 .8°c 

res nr.c1.ivcly . Such rectal temper1:1tures h tive been mensured 

in ~nimrJs which were torpid under conditions described in 

Ch Ap t Pr VII Ip. 7.25). 

Table 8 .2 shows data relating to six cases in which 

animals had prolonged periods of l ow o2 consumption 

accompanied by decreasing Tb. Only pe riods exceed ing one 



Portions of r ecords from five runs at different 

! :; constPnt Ta showin g separate me:\surements of o2 

consumrtion and Tb vs. t i me (hours). 

Inrlividu~l v~lues are linked by trend-l ines. 

Symbols: o-- ---0 body t emperature 

• e o2 consumption 

A: Ta 1 n°c 

n: Ta t6°C 

c: Ta 20°c 

0: Ta JOoC 

E: Ta ) 2°C 

! 

f 

• 

• 

• 
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hour were considered. I was not able to obtain a suitably 

long period of concurrent 02 consumption and Tb measure-

ments for animals held at Ta below 'JOoC. The examples 

shown in T·ble 8.2 include the one at Ta 20°c considered 

in detail above and five others at higher Ta. Even at 

Ta 10°c substantial decreases in Tb occurred when 02 

consumption rate was reduced to minimum levels. 

2 . In tho thermal neutral zone. 

Two apparently conflicting pictures emerge when 

considering the relationship between body temperature and 

the rnte 0£ o2 consumption in the thermal neutral zone, 

specifice1lly nt Ta J0°C. On one hand is the situation 

illustr~tcd in Fig 8.7 D in which Tb drifts downward for 

scvcrnl hours while the o2 consumption rate is maintained 

at the minimum level. On the other there is an apparent 

ti~1hl relationship between Tb and the rate of 02 

con sum pl ion. 

fl. s i9nificant positive correlation between o2 

con s um pt ion rate and body temperature was found in data 

f rom e i.!lht nnimals for which colonic temperatures were 

m0asurcd a t the same time as O,., consumption at J0° C (Ta) . ,_ 

V:1lucs obtained after the animals had bee n hel d in the 

metaboli sm chamber for two hours to attain a resting 

state are sho1m in Tvble 8.J. The table includes sex of 

the nnimal s , body weight, mean Tb and mean o2 consumption 

expressed in ml/kg. min. and ml/kg0 • 7~ min. for periods 

I 
,; l 



Table P,.2 

Cooling constants for periods when O'.'.! consumption· was at or below the standard 
level, together with sex, body weight and mean 02 consumption during the period 
of cooling,for animals which showed a pronounced fall in Tb during confinement 
in the metabolism chamber; Tb at the beginning (°C0 ) and at the end of the 
period <°Cx ) , the duration of the period {t ) and the cooling constant (r }, 
together with calculated Tb for durations of 2, 5 and 10 hours ( r calculated 
from the formula °Ctx = 0 cto e -rt. 

mean 02 Calculated Tb 
Body Wt. Ta t 

Run Sex 0 octx (kg) (OC) cons. cto (hrs) 
r 

ml/kg.min 2 hrs 5 hrs 

Del an 35• F 1.200 20 6.4 J6 . J Jl.4 5.75 0.0252 J4.5 J2.0 
-1.8 -4.J 

Dehyd '31 F n.750 2't-25 6 .1 35.5 31.8 3.55 0 . 0310 11.4 )0 • '· 
- 2.1 -5.1 

Del an 2JB M 2.000 )0 4.9 )6 . 8 15.2 2 .35 0 . 0189 35 . 4 JJ .5 
-1. It. -J.) 

Del an 29A• F 1.025 JO 6.o 36.2 J5 . J 1.8J 0.0138 )5.2 J3.8 
-1. 0 -2.4 

Del an 3JA M 1.5G5 JO 6.2 37.2 J5 ·'* 5.72 0 .0087 J6.6 J5.6 
-o.6 -1.6 

Dehyd 21 F 0.875 JO 5.1 J6 • '· J5 . 2 4.95 0.0068 35 - 9 J5.2 
-0.5 -1. 2 

• same animal 

after: 

10 hrs 

28 . 2 
-8.1 

::!6.o 
-9.5 

J0.5 
-6.J 

Jl.5 
-4.7 

J4.1 
-J.1 

J'•. 0 co 
-2. • '· 

. 
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ranging from 1 hour 20 minutes to more than six hours 

after the initial equilibrium period while the animals 

remained quiet. The correlation co-efficient for eight 

r<1.irs of values of Tb and o2 consumption rate was +0.87 

Ip < .01 ). \Yhen o2 consumption was expressed in terms 

of m et~bolic body weight the significance of the 

correlation was increased (r = +0.95, p < .001). Fig 8.8 

shows the linear regression fitt ed to the eight bivariate 

v~lucs by the method of least squares: 

y = 2.60Jx - 86.817 

Khere y = O~ consumption (ml/kg0 • 7~ min.) and x =Tb (°C). 

A conversion of the interspecific predictive expression 

of weight-relative metabolic rate of eutherian ma'llmals 

<Kleiber, 1961) to ml o2/kg0 • 7~ min., assuming l1.8 kcal/ 

I 0.75 . 
litre o~, gives the value 10.12 ml 02 kg • min. 

Extrapolation of the r egression line shows that on the 

basis of the trend shown, the rate of 0 2 consumption 

should rench 100 per cent of the eutherian metabo lic level 

nt Th 17. 25°c. A s imilar conversion of the Dawson and 

IJulh ~rt intcrspecific equation for mars upial s gives a 

I I o. 75 . 6 0 nduc of 7.01 ml kg • min. at Tb J . 07 C. 

The rote of o2 consumption almost doubled over 

the ronge of body temperature observed (35.2° to )6.7°c) . 

Such an increase is too great to be accounted for by a 

Q10 effect resulting from an increase in body temperature. 

The increased o2 consumption possibly results from 

i I 

. I 
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Table 8 •. J 

Mean 0,., consumption rates and body temperatures 
of eight animals ~t Ta J0°C; o 2 consumption 
rates ~re expressed as ml/kg. min. and as 
ml / kgO• 7~ min. 

Body Tb 
02 Cons. rate 

nun Sex wt. (OC) ml/kg. ml / kgo.75 
(kg) 

min. min. 

Dehyd 21 F 0.875 J5.2 4 .75 4 . 60 

Del an 2JI3 M 2.000 J5.6 11. 21 5.01 

Del an 2 9A. F 1.025 J5.6 6.11 6.14 

Del an JOA F 0.700 35·7 7.38 6.76 

Del an J 1A M 1.565 J5.8 5.92 6 . 6~ 

Del an 25 M 1.t .. 65 J6.o 6.26 6.88 

Del an )1A ~I 0.775 J6.5 8.81 8. 26 

Del<m J 2A M 0 . 775 J6.7 9.03 8 • '~7 

8.36 



n.17 

Fig 8.n ~lr.lln rates of o2 consumption, expressed in 

. ( 0.75) 
rclt1tion to metabolic body weight .W vs. 

0 0 
Tb for eight animals at Ta J0.0-J0.9 C. The 

repres sion (y = 2.60Jx - 86.817) is extrapolated 

to a volue equivalent to 10.12w
0

·
75 (eutherian 

mctciholic level); the marsupial metabolic 

I 0. 75 leve l = 7.01W • 
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di fferimcr. .c; in the level of arousal of the animals 

r ef lected in 1.1n increase in body temperatun~. 

1. 1\l:lovc the thermal neutral zonr. 

Tb ro s e at high ambient temperatures so thnt 

Tb = Ta at ahout J9°C (see Chapter VII). Th e rate of o2 

consunmt ion al so rose above the thermal neutral zone. 

Fig 8. C) ,\ !:'hows o2 consumption vs. Tb for three animal s 

nt J1° to ~1°C ITa). A linear r egression fitt ed by the 

method of J011st squares to the 26 pairs of values i s 

ck!"crihecJ by the e>..-pression: 

y = o.8726x - 24.109 (r = +0.55, r 0.02) 

wh0rc: y . 0,, consumption (ml/kg. min.) and x =Tb (°C ). 

Th0 Q10 value calculated from intercepts of the 

rcarP.ss i on :.it Tb JG.5° and J9.5°c is 2.6, indicating that 

0. )') 

this rise in o2 consumption rate can be attributed large ly 

to the '1ccomp1mying rise in b~dy t emperature . This s uggests 

lhClt. <>ccclcrPtcrl breathing rates which occur at high ambient 

trmp c .-:1t.111· e.-. IChapter IX) require r e latively little energy. 

The in "" Pl, Fig 8.9 B, s hows Tb v s . Ta for the s ame three 

::mim:iJ s [lo; [)., consumption rates wer e measuri::?d. 

Thermal Conductance 

A measure of the coefficient of h eat "transfer, or 

thermal conductance, can be obtained either from the slope 

of the J inear relationship between o2 consumption rat e and 

ambJ. en t tr.111rier eture (Hethod 1 ) or from the formu 1 a: 

r 

l J 

r 

.. I 
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Fig 8.9 /\: o
2 

consumption (ml/kg. min.) vs. Tb for three 

enimnls at Ta 33°-41°c and the linear 

r e gression fitted to the 26 bivariate values . 

Tb vs. Ta for three animals,me asured at the 

same time as the o2 consumption rates shown 

in Fig 8.9 A. 
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8 . 42 

Thermal Conductance (C) = Metabolic Rate (M) (Method 2 ) 
Tb - Ta 

Both methods of calculation should give the same result if 

the straight-line relationship of metabolic rate vs. Ta 

below the thermal neutral zone extrapolates to zero 

metaboli sm when Tb = Ta• If however the r e gression line 

extrapo lates to zero metabolism at T 8 higher than the 

mean r es ting body temperature then the the rmal conduc tance 

c~timatcd by th e first method will be lower than that 

Pstim~ted by th e second method. 

~lethod 1. 

The 1 inear relationship between o2 consumption and 

Ta was de t e rmined by fitting a l e ast squares regress ion 

line t o meon rates of o2 consumption at 1°c inte rvals in 

the t e mperature range 4° to 28°c (Fig 8 .2; Appendix E). 

The slope of the regression line provides a measure o f the 

coefficient of he at transfer, or thermal conductance, from 

thn body be I ow the thermal n eutral zone. Me ans rathe r than 

indi viduc:il r a t es of 02 consumption were u sed because the 

numb er o f vri luP-s varied greatly from one temperature to 

tmothcr c:ind th e resulting r egress i o n would have been bias ed 

accor<linaly . The regression of mean 0 2 cons um ption vs. 

Ta i s: 

o2 consumption (ml/kg. min.)= 22 .7506 (0.51)) (T 8 °c) 

The 95 per cent confidence intervals being 

22 .7506: 1.068 for the intercept on the y axi s and 

-0 .513 : 0 .061 for the slope of the line. 



The thermal conductance detennined from the slope 

of the regression line then is 0.513 ml o2/kg/min/°C. 

As suming '1.8 cal/ml o2 this represents 0.148 cal/g/hr/°c. 

The r e gression line extrapolates to zero o2 consumption 

at Ta l11•°C, some 9.0° to 9.5°c higher than mean r esting 

body t emperatures below the thermal neutral zone. The 

thermal conductance obtained from the slope of the mean 

o2 consumption vs . Ta represents a composite of values 

ohtoin0d f rom ll.llimals weighing O. 7-1. 7 kg. It also 

r c prcsc>nt s an average of rates mea sure d when Tb was stable, 

o r ri s ing, or felling. 

~lcthod 2. 

Weight-specific thermal conductance was calculated 

for five rui imals, whose 02 consumption rates and body 

t emperatures liCre measure d over a range of ambi ent tempe ra-

tures b e low the thermal neutral. The formula use d was: 

Thermal conductance (C) = .M (02 consumption/ kg• min•) 
Ta - Tb 

C '"as cxnrcssed as cal/g/ hr/°C, assuming 11.8 cal/ ml 02. 

Fig n. 10 s h ows the thermal conductance so calculated vs. 

Ta tof]c tllcr with the l e ast squares regressions fitted to 

the values (so lid circles, so lid lines and regressions 

indicated hy al. For three of the five animals, significant 

correlations could be demonstrated between thermal conduct-

once and Tai there was no significant difference between 

the r egr ession coefficients in these three cases. In all 

but one case , thermal conductance increased with increasing 

' I 
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Ta, indicnting that total heat loss is increase d at higher 

ambient temperatures. 

It i s necess ary to pre-empt result s from Chapter X 

(Evaporative Water Loss) to complete the examination of 

thermal conductance. The values plotte d as solid circles 

in Fig 8.10 represent total conductance and include 

evaporative heat loss. Total conductance i s the value 

normally given as evaporative heat loss r epresents a rather 

s mall Jll'Oportion of heat loss from the body below the 

the rmal neutral zone. However the proportion of heat lost 

by evaporation may increase as runbient temperature rises 

toward s th~ lower critical temperature. In order to 

de1~onstratr. the contribution of insensible he;it loss to 

therrnRl conduct;:ince at temperatures below the thermal 

n cutrol zone, the caloric equivalents of insensible water 

loss were s ubtracted from the calculate d total thermal 

conductcincc values. These values are shown in Fig 8 .10 

a s hollow circles. They represent heat loss by non-

cvnrorativc means only i.e. 'dry' conductance. The least 

s11111u-cs rq:irrssions fitt ed to 'dry' conductance for the 

five cas es iJ lu .s trate d in Fig 8.10 are shown by dashed 

l incs nnd a.s the equations (b). In two cases, as f or 

totnl conrluctance, the correlation coefficients for 'dry' 

conductance vs. T are non-significant. In the other a 

three, although the levels of significance are reduced 

wh en compared i.-i th those for total thermal conductance, 



Fig B.10 Weight-specific thermal conductance vs. Ta for 

fi vc animals as total thermal conduct" lmce and 

as tota.l · conductance minus evaporative he at 

lo~s ('dry' conductance). 

Symbols: ~a. total conductance and least 
squares regressions fitted to 
these values 

o.,.... ..... 0 b. 'dry' conductance and l east 
..... squares regressions fitted to 

these values 

r = correlation coefficient 

~ 
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they do remain significant. In all cases the evaporative 

component i s increased as Ta approaches the lower critical. 

0 Nevertheless 'dry' conductance is lowe r at Ta 10 C than at 

25°c . Table 8.4 shows the total thermal conductance and 

1 dry' co nductance calculated from the linear r egr essions 

(Fig 8.10) for each of the three animals for which 

s ionificont correlations between thermal conductance and 

Ta could b e demonstrated. For comparison the tabl e al so 

s hows thcrm1:1l conductance calculated from the weight-

s pecific rcgrr.ss ion for eutherians (He rreid and Kessel, 

1967) and for dasyurid marsupial s (NacMi llen and Nelson, 

C (cal /g/hr/0 c) 

= 

t .. 91w-0 •505 and 

0.9tl.W-O,li6J r espectively . 

W = bocly weight in grams in each case . Values calculated 

from the equ at i on of MacMillen and Nelson are e xpressed as 

cnl /g/hr!°C by multiplying by 1-t. 8 . 

Discus sion 

l'or the chudi t ch the lowest mean r ates of o2 consumption, 

for r es t.ing non-torpid animals, occur at 27° to JJ°C (Ta). 

In this temperature range the variation in o2 consumpti on 

rate i s al s o lower than that observed at higher and lower 

temperatures . The low rates, ~ogether with r educed 

veriation, indicate that the animal approaches equilibrium 

with its e nvironment with l east metabolic effort in this 

temperAture rnnge. 

. l 
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Table 8 . ll 

Thermal conduct ance for three animals at 10°c and 
25°c (Ta) toge ther with thermal conductance for 
nnimal s of equivalent body weight as predicted by 
the weight-specific regress ions for dasyurid 
marsupin1 s (MacMillen and Nelson , 1969) and for 
cu therian mammals (Herreid and Kessel, 1967) 

Calculated thermal cond. Predicted conductance 
Body Wt. cal/g/ hr/ 0 c cal / g/ hr/oc 

(g) 

Ta 10°c Ta 25°c MacM. & N. H. & K. 

Dchyd 19 total --- 0.178 0 . 277 0.205 0.173 
700 'dry' 0.167 o. 221! 

Dehyd 2() total 0. 187 0. 285 0.171 0.11!) ---11 00 

·~· 0.176 0.2J4 

Dchxct 21, total 0.209 0._'312 0 .199 0.168 ---Hoo 
·~· 0.199 0 .:!87 
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The concept of thermal neutr11lity is open to various 

interpretations (Mount, 1974): 

"1. Minimal metabolism, bounded on e ach side by 

ri s ing metabolic rate, 

2. Least thermoregulatory effort, coinciding with 

minimal material demand, bounded at the colde r 

limit by rising metabolic rate and at the 

wormer limit by incre ase d evaporative loss , 

1. Zon es defined for particular purpo ses : 

e .g. comfort zones, zones of optimal productivity 

etc." 

Al 1 of these interpretations assume that the animal und e r 

con s ide ration maintains its body t emperature within narrow 

limits . Such is not the case with the chuditch which, at 

any given ambient t emperature, may vary its body temperature 

I
' 
. 
. 

{.'· 

by seve ral degr ees . Variations in Tb ar e associated with 

vAri~tions in the rate of metaboli s m. With thi s proviso 

though, d ef initions (1) and (2) above are s ati s fied for 

the chudi tch if the zone of the rmal n eutrality i s designate d 

0 
ns the r cnoc~ of runbient t emperature extending from 27 to 

11°c . Th e h ody t emp erature ri ses s lightly at the warme r 

e nd of th e r ange without a marked increase in o2 consumption 

or evapornt ive water loss (Chapter X). Cons ide rations of 

'comfort' and productivity could not be taken into account 

in this study . 

The me an r esting rate of o2 consumption for chudi tches 



at J0°C (T 8 ), in the centre of the thermal n eutral zone , 

was 6.8'• ml / kg. min. This value agrees closely with the 

Stondard Metabolic Rate of other dasyurid mar supials 

(MacMill en and Nelson, 1969) and of other Australian 

mars upinl s IDawson and Hulbert, 1969, 1970 ) . 

8.50 

The rate at which o2 i s cons umed by the chuditch is 

highly vori1.1ble, particularly at ambie nt tempe ratures 

below the thermal neutral zone . This variation i s refl ec t e d 

directly in vnrintions in the body t~nperature . Th e 02 

consumption rate falls to l evels equal to or l ower than the 

s tandard rate in the thermal neutral zone at ambient 

temperatures as low as 5°c. Decre ases in body t emperature 

occur during periods when the o2 consumption rate approaches 

these l ow J eve ls, and the size of the decr e ase in Tb can be 

r e lated t o the length of the period of r e duced 02 consumption. 

Oc low 20°c (T
8

) animals in the me taboli sm chamber s howed 

only short-term drops in o2 consum11tion but at 20°c and 

abov e , scver::il animals maintaine d minimal rates of 02 

consumption f or one hour or more (Table 8 . 2) . The rates 

of coolinn cli srlayed by these animal s are suffi c i ent to 

;iccount for s ignificant d e creases in Tb if o2 consumpt i on 

i s r e duc ed to minimal l evel s f or several hour s during the 

'inac tive' period of the animals' circadian cycle. On this 

basis it is 1wssible to account for the phenomenon of 

torpor without postulating a furthe r r eduction in o2 con­

sumption r.it e . Torpor was observed only during the early 
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morning (in the night-time 'inactive period' ) or during the 

mid-morning (daytime inactive period). If the calculated 

cooling cons tant for one animal over a 5 ~ hour period at 

20°c (Ta) appli ed for a 12 to 14 hour period wh en the 

animal was s l eeping with 02 consumption at the minimal 

J evel, th en Tb would fall to 28. 2° or 26 . 3°c. The lowest 
~ \ 

0 0 r ecorde d body t emperature at 20 C (Ta) was 25. 5 C (Table 

7. ~) but in seven of the t en observations of torpor mpd e r' 

.. t '2n°c , C\nimal s had body t emperatures of 28 . 3- 29 .7°c . 

Mo s t of th ese observations wer e made bet ween 0900 and 1L100 

hours , 1 J-1 fi hours after the e arly evening activity peak 

' Chapt e r VII) and could have r esulted from the animal s 

s l cering through the early morning activity period. At 

Ta 15°c (Fig 8 .7 B) Tb decre ased by one degree in 20 

minutes whil e o2 consumption was nt the minimal l evel. 

0 Thus wh en ambi ent temperature i s be low 20 C, body t empera-

ture pr obably falls more rapidly than in the example 

di scu ssed <1bove. As relatively low ambi ent t e mperature s 

pn~vnil during the early morning hours i n the wil d , ev en 

i f the cinirna l s d i splayed a pre -dawn ac tivity peak, s l eep ' \ 

accompnni~d hy l ow rates of o 2 con sumpt i on, could r esult 

in r ap id cooling t o body t emperatures appr oaching ·t hose 

men.sur ed f o r t orpid onimals . 

It mu s t be noted that the l owest rates of 02 

consumption observed below the thermal neutral zone :-

1. re~che<l a similar l eve l irrespective of ambien t 

t emperature (s ee low viilues on Figs 3.1 and 3 . 6) , 
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:' . arq:r.ored to occur only when the animnls ceased 

to shiver; visible muscle tremor would 

immediately restore o2 consumpti on t o l e ve l s 

equal t o or gre ater than average rates 

(Fig 8.J A and B), 

J . r P.ach cd a similar leve l irrespective of body 

t emp erature (see Fig 8.7 C in whic h o2 

co nsumption was maintained at 5-6 ml/kg. min. 

during a period when Tb f e ll from J6 . J to J t.4°c) , 

'•. 1~e re never appreciably lower than the Standard 

NetBlmlic Rate in contrast to hibernators in 

wh ich the metabolic rate is r educed by 20 to 1 00 

times (Prosser, 197J). 

These observations imply that the minimum rate of 

O~ conhltmption i s , in some way, independ ent of temperature 

and thnt the hy po thalamic control of heat production may, 

11ndc r some circumstances, be s uspended . Such a s us pen s ion 

of conl r ol for qui e t pe riods of the animals circadian 

cyc l e ~nuld result in econom i cs of ene rgy us age wh i ch 

wouJcl nol be po~sible if the body temperature was kep t 

0 0 
cons t nnt at J5- J6 C. 

The P.xtent of the economies may be illustrat ed in 

the followin g simple budget : For exampl e , suppose o2 

consumptio n falls to minimal l evels for five or t en hours 

e ac h day when Ta is 20°c, i.e. from an •ave rage rate ' of 

about 12 .5 ml/ kg. min. to about 6 ml/kg . min.: 



1. o,., requirement (m l /kg. day ) ... 

@ 1 2.5 ml/kg. min. for 24 hours .... 18,000 ml :: 100% 

2. 02 r equirement (ml/kg . day) 

19 hrs@ 12.5 ml / kg. min. ....... ... 111,250 ml 

5 hrs @ 6.o ml/ kg. min. ...... ... .. 1,800 ml 

16,050 ml :: 89% 

3 . 0 ,., requirement (ml/kg. day) 

111 hrs@ 12.5 ml/kg. min ••.• . ••• ••• 10,500 ml 

10 hrs@ 6.0 ml/kg. min . • • . .. ...... ) 1 600 ml 

1 1~ , 100 ml 78% 

i.e. somewhere between 11 -22 per cent reduction 

in Pncrgy requirements. 

Similar budgets for 10°c and 25°c s u gges t savings of 

t l1 ~mJ ~8 per cent and 8 and 17 per cent r espectively. 

Jlm,·cver the budgets do not take into account that during 

the cv~nina ond early morning activity peaks the chuditch 

0 0 
raises its body temperature t o 37 to 38 C. Dy extrapo lation 

from the rcl::.itionship b e tween Tb ruid o2 con s umpt ion in the 

t.h e rmAl ncutrol zone (F ig 8 . 8) the metabolic level npproaches 
. l 

t.h i't of ~t.rictly homeothermic euthcrions when body temperature 

A circad ian cycle of me tabolic rate has been demon-

' .. 
";. s trated for a number of s peci es of rodents (e .g. Chew et a l, 

1965 f or Pc rognathus; Heu s n er et al, 1971 for Per omyscus), 

and Kinnear and Shi e ld ( 1975) showed circadian cycles in o2 

con s um pt ion in three marsupials, Setonix, Macro ti s and 



Pseudocheirus, which in each case were correlated with 

circadian cycles in body temperature. 

The circadian cycle in o2 consumption displayed by 

one fcmnlc chuditch at 15°c (Ta) (Fig 8.5) showed a six 

hour pe riod 1-1hen hourly mean o2 consumption was reduced 

to ;;ibout 80% of the average rate at 15°c. The same animal 

nl so had three shorter periods when hourly mean 02 

consumption was 140-160 per cent of tho average rate. 

These occurred at times in the circadian cycle wh en the 

nnimol would be active. At J0°C (Ta) this animlll had a 

period of 10 hours when 02 consumption was around 10 per 

cent be low the average rate (from 0800 hrs to 1700 hrs) 

followe d by eight hours from 1700 hrs when hourly mean 02 

consumrtion was up to 15 per cent above the average rate. 

If l ow rates of o2 consumption during inactive 

i
,.' 

, 

. 
! 

j 

' 

,\ 

periods of the circadian cycle result in a r eduction of 

th e total d~ily 02 requirement below that indicated by the 

1 1wcrage r;,te' for a given ambient temp erature ( as shown in 

Firi fl .~! mid Appendix E), the mean o2 consumrtion rate for a 

:'11-hour p eriod should be lower than the t1vert1ge rat e . Thi s 

ns s umes thnt the averflge rate at a particular t empe rature 

r ep resents the o2 requirement n e cessary to maintain 'normal' 

body t emperature. 

This reasoning is not supported by data obtained 

from a male and a female chuditch kept in the metabolism 

4h 0 0 . 1 chamber for more than 2 ours at 10 and 15 C r espective y 

I 

i 



(Fig 8.5 and p. 8.16). The 211-hour grand menns (calcu-

lated from th e mean rates of o2 consumption for each of 

the las t ~ 1-t hours of the runs) were 11) per cent and 106 

per cent of the 'average rate' at 10° and 15°c respectively. 
-~ 

Thi s certainly doesn't represent a reduction in the 

r equirement for o2 below the average rate. 

However what I have been calling average rates are 

me nns of all rates me asured at a particular temperature 

1·:h0thcr body t emrerature was ri s ing, s table, or falling. 

If, inst ecid, the upper trend line in Fig 8.6 is taken as 

a measure of the average o2 consumption necessary to 

0 0 
maintain or raise Tb, then average rates at 10 and 15 C 

are 26.5 ml / kg. min. and 22 ml/kg. min . r espectively and 

the 2'1 -hour means represent s lightly more than 70 per cent 

of t he average rates at both 10° and 15°c . 

Such hypothetical budge t s of course can in no way 

present a realistic picture of the energy ' r equirement s of 

the anim;il s . They do suggest that, compared wi t h a mammal 

whi ch s trictly controls it s body t emper ature , the chuditch 

mDy economi se on its energy r equirements in two ways: 

1. in th e over-all r educt ion of metabo lic l eve l by 

about JO per cent compar ed with Kleiber' s inter-

specific predictive equation for eutherian mammal s , 

and 

2 . a further r eduction in the metabolic 'cost' of 

maintaining s table body temperature below the 
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thermal neutral zone by assuming low rates of 

oxygen consumption and allowing body temperature 

to fall during periods when the animals are not 

act.i ve. 

In the thermal neutral zone in which, by definition, 

the animnl s hould not be subject to thermal stress and 

s hould maintain normal body temperature by heat production 

from bnsal metttbolic activities, two contrndictory 

rC?l <!t ion:; hi p.s between o2 consumption and Tb were observed: 

1. when O;! consumption was minimal nnd s teady at 

5-6 ml/kg. min. Tb fell several degrees (see 

Fig 8.7 D; Table 8.2), and 

~ . when a high correlation between o2 consumption 

rate and Tb could be demons trated (see Fig 8.8 and 

Table 8. J). 

The conflict between these two observations may be 

more apparent than real if, in the first case, Tb is 

equilibrating following a fall in o2 consumption rate 

during an inactive period and, in the second case, different 

l r.vP.J ~ in arous al towards the ncti ve period in the c ircadian 

c ycl r Arc reflec t ed in the direct r e lationship between 02 

con sumrtion and Tb. 

A significant relationship between o2 consumption 

r1tte md Tb can be demonstrated for the chuditch . at ambient 

temperatures above the thermal neutral zone (Fig 8.9). The 

Q10 value calculated for the three d egree ri se in Tb from 



J6.5° to 19.5°c is 2.6 which is not much higher than would 

he expected from the acceleratory effect of a rise in 

temperature on the rate of metabolic processes. Hulbert 

and Dawson (197l1b) reported a Q10 of 2.2 for Macrotis 

lagotis which, unlike the chuditch 1 fails to show an 

evaporative response to heat. The relatively low Q10 

determined for the chuditch at ambient temperatures at 

which breathing rates are increased (Chapter IX) suggests 

th:it the mP.tnbolic cost of panting is low. Hal es and Brown 

( 1971,) hnve s hown that the total heat production in sheep 

with me an respiratory frequencies of u p to 270 breaths/ min. 

is not significantly higher than that in a thermo-neutral 

environmP.nt, :mother case where panting does not have a 

high mdaholic cost . 

Thermal conductance, a s estimated by the ave rage 

s l ope of o2 consumption vs . Ta be low the lower critical 

t emperature and expressed in terms of he at l oss (cal), is 
~ I 

nbout 0.1'18 cal/g/hr/°C. This approximates the predicted 

thermal conductance for an 1100 g animal (approx. me an 

we ight o f chuditches used, both male and f emale together ) 

from the weight-specific regression for cutherian mammals 

(Herreid and Kesse l, 1967) (o .1l1J cal/ g/ hr/°C) and is 

l ower than the equivalent value from the r e flression for 

dasyurid marsupials (0.171 cal/g/hr/0 c) (MacMill en and 

Nelson, 1969) . 

Higher values of thermal conductance are obtaine d 



J 
! 

wh en calculated from the formula c = 
M (O.., cons) 

Tb - Ta 

Thermal c onductance so calculated for three animals at Ta 

0 
10 C agrees closely with we ight-specific values predicte d 

by the r e gression of MacMillen and Nelson ( this predictive 

r e gress ion was obtained using data obtained be tween 9.4° 

and 12°c (Ta)), but is considerably highe r at Ta 25°c. 

Part of the incre ase in total thermal conductance a s Ta 

<1pproach cs the lower critical t emperature can be accounte d 

for by increa sed e vaporative h e at loss. Othe r factors 

which could contribute to the change in the thermal 

conductance are: 

0 
1. Tb t e nd s to be slightly higher at Ta 10 C than at 

0 
Ta ~O (Chapter VII), and thus the value Tb - Ta 

i s magnified at 10°c. 

2 . the ~nimals undergo postural changes at lower Ta, 

curling up and covering nose and ears with the 

rather bus hy tail ; these changes in posture 

1~ould t end to r e duce he at loss . 

J . although not investigat ed , it i s probahl c that 

v oso-cons triction, and thus reduced skin t emperature , 

would contribute to increased ins ul a tion at lower Ta· 

Th e weight-relative standard metabolic rate of 

J\u s trtllian morsupials i s , h'ith two exception s , consistently 

J0-35 per c ent be low the S~ffi of homeothermic, as opposed to 

hctcrothe rmic , cutherian mammals (re ferences cited in 

PreDmblc, p. 8.1 ) • The except ion s are P.hnlanger macul atus 
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(Dawson llnci Dcgabriele, 197J) and Macrotis (Hulbert and 

Dai~son, 197i1a; Kinnear and Shield, 1975 ) which have 

s tandard mr.tabolic rates of 50-60 per cent of the standard 

cutherian l evels. The relatively low standard metabolic 

level of marsupials has been taken to indicate a phylo-
; l 

genetic diffe rence between the marsupial s and the 'advanced' 

cutheriru1 memmals (for exampl e , Dawson, 197::!) . 

ScholDnder et al (1950) s tate d that 'the basal 

m0taboli c r:-te of terrestrial mammal s from tropics to arctic 

i s fund~m~~tally determined by a size relation and is 

phylogenctically non-adaptive to external tempe rature 

conditions'. According to this point of view, phylogenetic 

adaptation to cold or hot climates can take place only 

throuf!h fnctors which regulate heat dissi pation. 

However reduction of the level of en e rgy metabolism 

i s a common response of eutherian mammal s to arid environ-

mcnts (e.g. Dawson, 1955; Bartholomew and ~lc~lillen, 1961; 
. I 

~lcNah nncl Morrison, 196J) and it has b een s h01.n to occur, 

runong others , in fossorial rodents (McNab, 1966) and in 

i\u <: trrili<m desert rod ents (~lc:Hllen and Lee, 1970). Drmm 

ond 1-ln in <1967) , when reporting the l ow nitrogen r equire-

rucnts of :tocropus robus tus, noted the possibility that the 

reduced n eed reflected an adaptation to aridity. 

It is apparent then that metabolic level is adnptive 

when c e rtain ecological constraints are imposed. Kinnear 

and Shield <1975) have discuss ed the diversity in the level 
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of energy metabolicm in homeotherms with r e f e r ence to 

marsu pials and cutherians. They regard basal metabolism 

as adaptive to the environment rather than as a physiol-

ogica l b aseline f or interspecific comparison or as a 

phy l ogr.netic charact eristic. 

I do not propose t o ent er this debate because the 

data rr~sented he r e on the chuditch provides no further 

ev idence o ne way or the othe r. What does emerge i s that 

t hr. s t<:>nd1:1rd metabolic l evel, dete rmin ed during the 

inoc ti vc period of the animal s circadian cycle, provides 

only a frDgm cntnry picture of the ene rgy r equirements of 

t he chudi tch . The energy requirements during 'active ' 

?)cr iods , 1d1en Tb is raised t o J7-J8°c , are gr eatly 

inc r cnscd, e ven f or animals in the me tabolism c hrunber . 

However, the l ow o2 r equirements associated with 

l ow body t emperature, during the day are no doubt o f 

eco l og i ca l importance to the species , not only with regard 

I n t hr direct r.nergy r equirements but a l so t o the water 

r c~uir crn r.nt~ for evaporative cooling . The characterist i cs 

of the c:hudi tch ' s pattern of energy usage do appenr to fit 

it for Dn ;irid environment wi th a rather wide range of 

cnvironm cn tn l temperatures . These characteri s tics arc : 

1 . The ability to maintain body temperature within 

normal limits at environmental t emperatures at 

l east as l ow as o0 c. 

2 . The nbi lity to reduce the me taboli c r~te t o l ow 



levels over a wide range of environmental 

tcmnc ratures and, at the sMJe time, undergo 

n reduction in body temperature. The low 

metabolic rate in the thermal neutral zone 

and at higher temperatures reduces the 

production of heat so that the combined effect 

of endogenous heat plus environmental heat on 

body temperature is . reduced. 

1. The ability to tolerate hypcrtherrnia. 

'•. Points 2 and 3 above probably contribute to 

limitation of water lost by evaporation. 

. j ' . 
(. 

;. I 



CHAPTER IX 

BREATHING RATES 

Preamble 

The r:ite of breP.thing is " p<'ri'meter of met;1bolic 

nctivity which is readily measured <1nd which cen be 

relrted to metnbolic r~te. The bre?thing ri'te is typically 

nl ~ minimum in the thermal neutral zone nnd is increased 

nt 01wironmentcil temperatures both below and above this 

zone. The incre<1se in breathing rate at low ambient 

temperatures reflects a greater demand for 02 while that 

nt high ambient temperatures indicates the capacity of a 

p;irticul cir species for increased evaporative water loss 

from the r espiratory surfaces and hence it s capacity for 

evaporative cooling. 

Br~nthing rates were routinely measured f or 

chuditches confined in the metabolism chcimber at the same 

time as monsurements were made of o2 cons umption r a te, 

body t Pmpcrnture nnd evaporative water loss . Bes ides 

r0f]cctinn R general r~sponse to the t cmpe r ci tu rc prev ailing 

in t.hc c- h.,mhcr, breething r ntcs <'l so nrovidcd ?n index of 

the ~nim n l s ' immediRte condition. Steady r Pt es occurred 

wh en the animrls were r esting whereas high, or irregul ?r, 

r :i t es inrlicntcd stress or restlessness. 



Results 

Table 9.1 and Fig 9.1 show means , standard errors 

of mePns, and rDnges of bre;ithing rates measured in the 

:1mbient temperature range d'-4o0 c while the animals were 

confined within the metabolism chember. Below Jo0 c means 

r 
~nd st~nd ~rd errors were calculated from values for 

individual ~nim?ls grouped at 5° intervals of ambient 

temper::1turc. 
0 

ht JO C and E1bove, values were grouped at 

t 
0 

intervn l s . These mean values are displayed in Fig 9.1, 

0 0 
tof)cther with standard errors of me ans at the 5 and 1 C 

inte rval s. 

Th r. mean minimum breathing rate wa~ 21 breaths/ 

0 0 
minute at JO C. Below JO the mean rate of bre athing 

inc rf'nsr.d s ] ightly as ambient t emrerature decreased so 

th;it, l'lt o°..1,.9°c, it was JJ breaths/minute. Rates of l ess 

than 20 brc8ths/minute, indi cated by the lower limit s of 

0 0 
the ranges , occurred ove r the range 0 to )6 C. Such low 

hr c<i t.hing rntes occurred below the thermal neutral zone 

when o,, consunmtion rates were low and body t em perature 

11-:>s f ~ llinfl . No periods of npnoca were obser·ved. High 

hrc;ithing rrtes below the thermnl n cutr <-l zo ne occurred 

during brief intermitt ent periods of Pctivity , u su ally 

whrn the Pnim~ls were grooming. 

Mean br eathing rates within the thermal neutral zone 

wer e 21-~1 bre aths/ minute. Minimum rates as low as 9 

bre aths/minute were, however, observed within this t empera-

ture range . 



Table 9.1 

~leans, stc~nd nrd e rrors of menns, and ranges of 
brc~thing rates measured for animals in the metabolism 
clu~mber 11t: the specified ambient temperatures. 

T;1 
No. values/ Mean brcl'lthing 

oc No. anim<>l s rate ! 1 s.e. R?nge 
breaths/ min. 

() - 1, • <) 83/2 JJ .o~ 0.98 19 - 65 

5.0 - 9.9 J5/1 32.1± 1.65 13 - 66 

10.0 - 11,. 9 81/6 27,8± 0.92 14 - 70 

15.0 - 19.9 115/11 26. 7± 0.85 1:::! - 58 

20.0 - :::?'• . 9 171/1/i 27 .1± 0.87 1 L1 - 74 

~5. () - ~9-9 197/18 23.3± 0.55 t '• - 68 

10.0 - JO. 9 101/17 20.9± 0.78 12 - 50 

11.0 - Jl-9 67/15 23.2± 1.21 9 - 58 

1::-! .0 - 3~-9 61/15 23,4± 2. 05 9 - 96 

)) . 0 - 31-9 54/1 i. 27.2± 3.27 9 - 120 

311.0 - 11•. 9 45/15 )3,4± 3.67 13 - 120 

15.C) - 35.9 32/10 39.5± 6.81 12 - 150 

16. 0 - 16.9 55/10 59.2± 3,95 18 - 110 

.J7.() - 17-9 Jl/8 120 . 0:!:1/1.66 21 - 256 

·18. () - 1fL9 tl1/3 71, ,1,±19.89 JO - JOO 

19. () - 1<).') 17/3 12i.5±11. 22 11 2. - 225 

1,n.n - 1,0. 9 9/2 152+ • 80 - 250+• 

•+ indi ca t es th:1t mean and upper limit of r"ngc are 
und0r est im1.1tes. 

9,3 



F iu 9 .1 Breathing rates vs . T
8 

measur ed in the metabolism 

chDmbcr. Mean rates are shown by horizontal lines, 

~ 1 s . e. o f mean by boxes and ranges by vertical 

lines . Menn values are connected by trend lines 

( + mcnn and upper limit of range are underest imates). 
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A few animals had breathing rates in excess of 

100 breaths/minute for short periods when the ambient 

t t 33° t .35°C, b t . h P.mpera ure wns · o u mean rates did not reac 

<10 breaths/minute until the air temperature exceeded 36°c. 
' , 

0 
At J9 C prolonged periods of rapid breathing occurred at 

rntcs in excess of 60 breaths/minute and up to 300 breaths/ 

minute. These periods of rapid breathing could be related 

0 0 
to body tcmpcrntures in excess of J7.5 C. At Ta 40 C, when 

0 
Tb w;is 19 C or more, open-mouthed pMting 1rns observed. 

No s t~tistic<.1lly significant correlation between body 

tcmperatu1·e end breathing rate could be established at 

ambient temperatures below J5°C although observations 

suggested s uch a relationship. 

Th e rclntionship between breathing and evaporative 

water loss will be considered in Chapter X. 

Discussion 

When T 
0 

is increased from o0 
to J0°C the mean 

Lre;i thing r::ite is reduced by 36 per cent. This reduction 

i ~ assoc i at ed with a reduction of <16 per cent in 02 

consti:nption r;ile. This observation sugges t s thnt tidnl 

volumP- i s higher nt ambient temperatures be low the thermal 

neutral zone. The mean breathing rate shows a seven-fold 

to eight-fold increase when mnbient temperature i s further 

• 0 4 °c h t . . . raised from JO to 0 , t e mos rapid ri se occurring 

0 
~hove 15 C. Thnt this increase is not p;iralleled by a 

........... 
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cumparohlc rise in o2 consumption (Chapter VIII, p. 8.39) 

indicates that ventilation becomes more shallow at high 

temperatures. 

The mc;in minimum breathing rate of the chuditch in 

the thermal neutral zone is low compared with expected 

rates for eutherian mammals of equivalent body weight. 

Guyton (19~7) found that tidal air, respiratory minute 

volume ;ind respirntory rate/minute were related to body 

weight in seven species of laborcitory mru11me1ls and man. 

G11yton's dnt:i were obtciined from quiet animcils breathing 

normcil air from a mask, under conditions which were con-

sidcred to P.void problems of breathing ag~inst a resistance, 

or of incrcP.sed dePd spoce. The environment;il t empereture 

Pt which r:>tcs were measured was not specified hut was 

prcsum:-bly c-t room t emperature in the range 20° to 25°c. 

Guyton derived the eque1tion: 

where W 

1 

Rnte of breathing/minute = 295 W-~ 

body weight in grams. 

St;ihl (1967) also derived a number o f powe r law 

:wC'diclion p;-rruneters ·for r espirntory variables for manuna l s . 

flmono thC'sc was n predictive equation for breathing rat e 

which is very close to that of Guyton's: 

Breathing rate/minute = 53.5 w-0
•
26 

Where W body weight in kg. 

(When W i s expr essed .in grams Stahl's equation becomes: 

. . . -0. 26) 
Rre11th1ng rate/minute ~ )22.4 W • 



Predictions of breathing rate calculated from 

Stahl's e(]uation are higher than those from Guyton 's 

cqu~tion by 6 per cent (body weight 10g) to J pe r cent 

(body weight 100 kg). 

Minimum bre athing rates of Australian marsupials 

llrc low compar ed with those predicted from the above 

int er spec i f i c: equations f or eutherian mammals. Table 9 . 2 r 

s hows obs erved minimum bre athing rat es of 12 speci es of 

Au~tr a linn m ~rsupial s , togethe r with the r ates pr edicted 

from Guyton' s equation. The data wer e obtained from the 

sources c ited in the table. Breathing rates for the 

m ~ r supinJ s ~re 45-86 per cent of those predicted. A 

r eg r ession fitted to the twelve pP.irs of lo g breething rates 

nnd log body weights i s described by the equ et i on: 

Brcrthing rate/ minute = 109. J W-O.l9J 

whe r e W = body weight in grams. This regr ess i on i s shown 

in Fig 9 . 2 with minimum breething rntc/ minu te vs . body 

weight on l og :.ixes for the 12 marsupial species. The 

rr.or css i on line described by Guyton's predict ive equation 

f or r.uth P-ri ::ln mrumnals is s hown for comporison . Drenthing 

r ~ ll's pr edicted from the marsupi al equation r nnge from 

112. per cen t of tho se predicted by Guyton 1 s equation for 

body we igh t 10 g to 67 per c ent at body weight JO kg. 

All the minimum breathing rates for marsupials were 

extracted f r om studies in which the thermal neutral zone 

was cstnbJi s hed and in which breathing r ates r epr esent 



Mean body weight s and mean minimum breathing rates of 12 species of mars u pials 
com p ared with predictions of breathing r a tes based on the interspecific equation 
for breathing rntes of euthcrians of Guyton (19t.7 ) . 

Observed Predicted 

Dody wt . Breathing Breathing Observed rate 
Species Sour cet 

( g ) rate rate Pr edi c ted rate 
<nreaths / (Breaths / ( per cent ) 

min ) min ) 

Tarsipes spens erae 8 11 86 162 53 

Cercartetus nanus 1 70 50 102 49 

Perameles nasuta 6 645 ca 40 * 59 68 

Macrotis la2otis 6 1,0 11 ca 20* 52 J 8 

Das~rus li!eoffroii 9 1,082 21 51 41 

Isoodon macrourus 6 1,551 ca 25• l17 53 

Trichosurus vulpecula 2 1, 980 20 411 l15 

Lagorchestes '• 2 , 660 25 4.1 61 
consnici 11 .iitu s 

Setoni x br~chyurus 7 J,10 0 20 40 50 

1-lacronu s eugenii 3 '1, 960 2 8 35 80 

Megaleia rufa 5 25,000 17 2J 74 --
M<1cro nu s r obus tus 5 J 0 , 000 19 2::! 86 

• es tima ted from publi s hed figure . 

t Sources : (1 ) Bartho l omew & Hud s on, 1 96 2 ; (2) T . Daws on, 1 969 a; (J) T. Dawson, 1 969b; 
Ud W. D<>wson & Bennett, 1970 ; <5 ) T. Dnwson , 1973 ; (6) Hulbe rt & Dawson, 197 l1a & b; 
f7 ) Kinne a r & Shield, 1975; ( 8 ) Kinnear & Arnold, unpublished; (9 ) Arnold, this study . 

-a . 



; 

I
··' . 

. . 

! 

. 
·>. 
·t 

mc<tn minimum values. The rates for the smoller eutherian 

mcimmals on which Guyton' s rel O\tionship was based may 

nossibly hDve been detennined below the thermo! neutrnl 

zone end consequently may not represent true minimum 

r<'tes. This could account for the slight difference in 

sJopc bctwer>.n the two regressions sho1m in Fig 9.2. 

/I. rPl<ltionship between low mct<ibolic r<ite and low 

IJrcnthing rritc therefore holds for /l.ustralian mars upials. 

/\ simil or rcl::itionship has also been demonstrated for some 

cutherian m;unmals. Hudson and Deavers (1973) calculated 

expected breathing rates of six species of ground squirrels 

(Spcrmophi lus) which had metabolic rates about JO per cent 

lowe r thcin expected on the basis of body weight. All but 

two s pecies were found to have breathing rotes of about 

half the pn~dicted rates calculated from the equation of 

St ah J ( 1 96 7) • 

Robin son and Morrison (1957) re;>0rte d respiratory 

rnl cs for ~5 sp~c ies of mars upials in o study o f their 

rrsponsc~ s to hot atmos11heres. Control vvlues were 

obtained before the onimals were placed in the hot room 

t:>nd therC'<>fter :it hDlf-hourly intervcil s during exposure 

. . (o o 1 o) to high environmental temperatures 35 , )7 . 5 and tO C • 

The control vnlues appear extraordinarily high for some 

species compare d with resting breathing rates reported 

subsequently. For instance: 

Trichos urus vulpecula 55-78, cf. 20 (Dawson, 1969) 

HeriDleia 92, cf. 17 (Dawson, 1973) 

Setonix 100 , cf. 20 (Kinne ar and Shield, 1975). 
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Minimum hrcathing rates of l '.2 species of 

Aus tr"li "n mars upial s vs . body weight ( Jog axes). 

The r egression 109. 27W-0"193 was logc-rithmically 

fit t<?cl to the 12 values and i s compared with the 

weight-rclcitive r egr ession for eutheriM minimum 

breRthino rates (Guyton, 1 9~7) . Initial code for 

spcc:i es : Ta = Tarsipes; C Cercatetu s ; 

P = Peramcles nasuta ; N.l. = Macrotis lagotis ; 

D = Dasvurus geoffroii; I = Isoodon macrourus ; 

Tr = Tri chosurus vulpecula; L = Lagorchcstes 

r.orn;pici 1 I atus; S = Setonix brachyurus; 

~· l ;)c . 0 . = Mac ropus e ug cnii; Me = Mcgalei a rufa; 

}1;ic . r. = Macropu s robus tus. References as for 

T<1.hlc 8 . ?. . 
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It appcnrs th~t, for these species at l east, control 

respiratory rates determined by Robinson and Morrison 

do not represent resting rates. 

All of the marsupial species include d in th e study 

of Robinson and Morrison, with the exception of Macrotis, 

Sarcophi lu s and Petaurus, showed a marke d increase in 

hrenthing rate at 4o0 c, compared ~ith control values. 

The nut11or !> concluded that respiratory activity constitutes 

:- most imp01·t<1nt method of heat regul at i on for most of the 

species studied . Hulbert and Rose (1962) have since shown 

th~t s~rcophilus also exhibits n marked increase in 

brcdhing rnte at high temperatures, the breathing r;:it e 

increl'lsing sevenfold from 20° to 1,0°c (sec Chnpter X). 

The absence of an increase in breathing rate for Macroti s 

·'.It hi rih am bi cnt temperatures has been confirmed (Hu 1 bcrt 

and Dawson , 1974b). 

The chud itch 1 like other /\ustralian marsupials, has 

n low breathing rate in the thermal neutral zone compared 

1dt.h 111 :1111111nl s with average weight-relative me taboli c rates. 

The ~:c 1·cn- to e ight-fold increase in breathing rate which 

0 0 
occur s ot between J0-40 C points to respiratory water l oss 

r-1 s ::m import .1nt factor in t emperature regulation when this 

spe d C 5 i s sub~ ected to an environmental heat load. 
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CHA.PTER X 

EVAPORATIVE WATER LOSS 

Preamble 

Wate r lost to the environment by evnporation from 

the .skin nnd r!~s piratory surfaces r e presents both a drain 

on t.h e water rese rves of the body and a significant means 

of di ::-pos ing of heat. The m;iintencince of a balance 

between wat~r intnke and wat er output i s therefore critical 

to ~nim.,ls which live in hot environments i.-here free wat e r 

is likely to be in short supply. An animal which cen limit 

its cv1111or:>tivc w;iter loss by physiologicol or behavioural 

mr.:-ns i s wcll- 11d apted to aridity. On the other h:>nd, 

·. •{ r lthough scv·re wrter loss may result, the rbi li ty to lo se 

h er-r t by effective eve>porrtion from the s kin r nd respire>tory 

surfnccs mu s t be nn Pdvent nge to nn animrl which i s , even 

occ:ision:>l ly, exposed to extreme heat. 

Although no def initive and comrrehcns ive s tudy has 

yd h r.en m11de it seems r eason able to expect th r t s pec i es 

with n~ l r tively low body temperatures nnd low metabolic 

rates would Dl so h ave l ow r ates of e v apo r at ive wa t er loss 

in comp nrison with species whi c h maintain high and stab l e 

body t cmpc r<1tures at relative ly high met abo lic cost . 

Thermal labili ty may also permit economies in en e rgy 

u snge at both low and high environmental t emperatur es . A 

relntively l ow body t emperature at environmental t emper atures 
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belo\> the thermal neutral zone would reduce the amount of 

wRtcr lost in saturated air leaving the respiratory 

P"SSl'lges. .!\t high air temper11tures a tolerance to 

hyrerthermi ;\ would maintain a grodient down which heat 

could b e lost from the body by radintion ?nd conduction. 

It would ~lso r:>ise temperature threshold Pbove which 

evrnorrtion is the only effective me,...ns of di ssipPting 

hc;:it. 

C:--rni.vorous m~mml'ls, like the chuditch, are at an 
" 

:~·.: 
;:i dv ~ntnnc comp ared with herbivores in arid conditions. 

Their prey provides appreciable quantiti es of water 

whereas s eeds and dry herbage have very low water contents. 

However, evaporative cooling remains v e ry important for 

t empcri'l.turc regulation at high environm ental temperatures 

irrespe ctive of diet. 

ncJiaviour is also a factor. Animals which are 

act i v c nl night are abl e to avoid high temperatures and 

their n eeds for evaporative cooling are reduced . Shelter 

jn hurro1,· s or other refuges by day also prc>vent~ exposure 

to hinh :dr temperFlturcs Pnd Jow humiditi es . 

ThP tendency of the chuditch to rssumc l ow body 

" . . , tc111pcr:-t11n•s rt moderf'tc environmentnl tcmpcr:.iturcs, and 

to tol e r Rte n rise in body temperature of scverlll degrees 

~t tempcr~tures above the thermal neutral zone, suggests 

t.wo likelihoods: 

i. that the insensible water loss below the thermal 

) 
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neutral zone would be low; cmd 

ii. that high rates of evaporative cooling would 

not be necessary during short-term exposure to 

high ;:irnbient temperatures. 

Further economies could also be expected from its 

c~rnivorous diet and its nocturnal activity pnttern. ' I 

Rntes of evororntive water loss of the chuditch 

from the combined skin end resrirotory surf oces were 

mc.~surr.s in order: 

1. to determine the cmount of water dissipated by the 

i"nimrls over the ambient temperature range o0 
to 4o0 c; 

2. to determine the capacity of the animals for 
r 
~. , ... ev~porntive cooling at high ambient temperatures and the 

r0l::1tionship between heat production, body temperature and 

evaporative heat loss; 

J. to permit comparison of rates of evaporative water 

loss in this species with those of other mammals; and 

'•· in an experiment not directly related to evaporative 

D!=:pccts of "·nter balance two animals were deprived of water 

fnr avr.r nne week to determine their ability to survive on 

~ diet of 11n c:ooked meDt and fat. 

Results 

Eveporetive Water Loss in the Ambient Temperature Range o0 
to 41°c 

Fig 10.1 shows means, standard errors of means and 

ri"nges of evnporative water loss (mg/kg. min.) measured over 
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the ambient temperature range o0 to 4o0 c. 0 
Below JO C 

10.4 

values represent data grouped at intervals of five degrees 

nnd plotted at the mid-point of the intervals. ht J0°c 

and above th e data are grouped at intervals of one degree. 

The v11lucs nre tabulated in Table 10.1 which also shows 

mean ev::iporntive water loss converted to heat loss (cal/ 

ka. min.) cind evaporative heat loss expressed as percentage 

of he;it production over the same temperature rt1nge. 

~lcr:-n rntcs of evaporcitive wnter loss (EWL) of 7 to 

9 m{l/ kg. min . were obtained below to
0

c (Ta). From 10° to 

10°c mc:-n r:-tes of EWL were rather constimt cit 11.2-12.5 

mg/ko. min. 
0 

Above JO C there was a rise in EWL so that, 

1:1t 15°c it i.·es double that at J0°C (26.5 mg/ kg. min.) . 

0 
EWL rose stP.eply above J5 C to reach rates in excess of 

Bo mg/ ka. min. at J9° to 4t
0
c. Expresse d in diffe r ent terms; 

0 
for a 1 ka animal, water lost by evaporation below J1 C 

nmountcd to 750 mg/hr or less; 
0 

at 35 C EWL was 1590 mg/hr, 

rtnd nt 19°c EWL was in excess of 5500 mg/ hr. This 

0 
rcp rP. sent~ more than a seven-fold increase ·in EWL from JO 

to 19°C. 

The Rd o tions hip between EWL Md other Correlo.tes of Metabolism 

The ratio mg H20 expended per ml o2 utilize d 

increased with rising Ta, for example: 

Ta (oC) mg H20/ml 02 

0-5 O.J 
20-25 t. 2 
25-JO t. 7 

J2 2.2 
40 7.8 



Fig 10.1 Ev~porative water loss (mg/kg. min.) in the Ta 

0 0 rongr. 0-'10 C. Means are indicated by horizontal 

Jines; ! 1 s.e. by boxes and ranges by vertical 

lines. Mean values are connected by a trend-line. 
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Tabl e 10 . 1 

Me ilns, standard errors of means and ranges of evaporative 
water l oss mc<1sured at t h e specifi ed ambien t temperatures 
together with mcC1n EWL expressed as evapor ative heat l oss 
(EHL) ~nd llilL a s a percentage of heat production (HP) . 

No. animnl s• E.W.L. E .H . L. E.H. L . 
T 

I'\ /no. deter- mg/kg . min. cal/ kg. min. H.P. 
(oC) mination s (me en + (mean ) - s. c . ; 

renge) 

() - ,, .9 3/J 7 . 2; '•. 2 t. 

6.5- 7.5 

5. ()- 9.9 )/6 9. 7:.!:i.11 ; 5.6 7 
6.9-11 •• 1 

1 0, . 0-1 '1 . 9 5/17 12.5!0.67; 7. 2 10 
6.6-17.3 

15.<:1-19.9 6/13 1t.8!o.81•; 6.8 11 
5.7-16.3 

20. 0-21,.9 13/23 1t.2!0.78; 6 . 5 13 
6.8- 18.8 

25 . 0- 29 .9 0/2) 11. 7!0.82 j 6.8 17 
4 . 7-19.1 

30.0-30.9 18/18 12.5!i.67; 7.2 20 
7.6-39.1 

31.0-31.9 15/15 15 . 3:.!:2.01.; 8.9 24. 
8.1 - 39.2 

)~2 . 0 -)2. 9 15/15 17.1:.!:3.03; 9.9 27 
9.1.-58.0 

11.0-11.9 1G/16 18.6:.!:2.68; 10.8 26 
10.0-'15 .5 

J'i .n-111.9 1(,/16 22.0±2.85; 12.8 31 
9.0-50 . 5 

)') .<'-35-fJ 1.1/1) 26.5±2 . 71; 15 • '' 36 
11. 3-45 .8 

1r..o-36.9 9/9 )6.7±7.28; 21.3 1,9 
15.0-87.6 

17 .0-17 . 9 8/ll 37. 8±/i. 76; 21.9 L17 

21.6-63.8 

)l:l.0-18 . 9 J/J 62.1±11 •• 12; 36.0 73 
40.8-88.8 

39.0- 39.9 3/J 92.3±15.95; 53.5 107 
66. 7-121.6 

110 .0-'10. 9 J/J 85 . 1±14..66; Ii 9 . 11 9't 
57.2-106.9 

• number to left of s l ant = n o. of animal s 
numbe r to right of s l ant = no. of measu rements. 

o' ,o 

I .I 
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When CV'1porative water loss was re lated to o2 

consumption by expressi ng both in terms of their caloric 

e~uiva l cnt s (1 mg H20 = 0.58 cal.; 1 ml 0 0 = 4.8 cal.) 
c-

and expressing evaporativ e heat loss (EHL) as a percentage 

of heat production, the caloric equivalent of water lost 

by evaporRti on below 5°c represented 4 per c ent of heat 

nroduct ion. 0 
EHL increased from 11 per cent at Ta 10 C to 

17 p 0 1· cr.nt at Ta 29°c. At 30°c EHL r epresented 20 pe r 

cenl of h c~ t production. 0 
Above JO C the amount of heat 

produc t.ion diss ipeted by evnporation rose to 36 per cent 

~t J5°C nnd to more than 100 per cent ot J9°C. Some 

~nim.,.ls we re CPpeble, ~t l east for short periods , of 

di s s ip,ting more thPn 100 per cent of hen t production by 

mr.:-n s of cv;-rorrition nt ambi ent tcmperr.tures ;;>.r ound 4o0 c. 

As th e chuditch has a v ari able body tanperature 

bel ow the lower critical t emperature (Chapter VII), a 

r e l vtion ship between the rE'tc o f EWL and bo dy t emperature 

could h e expected because of the effec t of temperature on 

the ~mount o f water vapour in saturated air (e. g. a t 33°c , 

JS . 7 mri/ 1 : o '' I 17 C , u.O. mg 1; • . )JO i. e . satur ated air at 

cont :-ins Rt per cent of the water cont ained in saturat e d 

ri i r nt J7°C). A positive co rre l ation was indee d found 

(r = +n . t,() ; r < 0 . 001) and a linear r egres s ion fi tted to 

76 pnirs of v~lues f or colonic temperature and EWL measure d 

0 be l o w JO (T 8 ) is describe d by the ~quation: 

y 2 . 096x ~61 .207 

whcrr. y = EW L (mg/ kg. min.) and x = colonic t emperature (°C ). 



Prrdiction~ of evaporative water loss from this equation 

give expected evarorative water losses at JJ0 and 37°c 

(Tb) of 8.o and 16.J mg/ kg. min. r espect ively, repre senting 

a doubling of EWL for a 4° rise in body temperature. This 

i s mor e than would be expected from the differences in the 

nrnounts of water contained in s aturated air at the 

different temperatures alone . No doubt insensible water 

lo~s fro m the skin is increased at elevated Tb N1d thi s 

contrihut0s to the overall increase in EWL. 

No signific~nt correlation could be demonstrated 

between bre?thing rate and EWL at ambi ent temperatures 

below the lower critical temperature . However, nn increase 

in EWL <ihove the thermal neutral zone was associated with 

· d b th· t H1" gh rates of EWL above J8°c on incrense rea ing ra e. 

were invariably associated with panting, in some cases at 

rates exceed ing 200 breaths/ min. 

The response to high ambient t emperatures varie d 

hctwe<~n individual animals (Fig 10.2 ) . Some unimals s howed 

only mocler ;itc increase in EWL (to 20-JO mg/kg. min.) until 

Ta cxr.ccdc cl 15°c while a few would pant and increase EWL 

J,...o t ~1°c. <lt T a ~ o 1 Thi s was puzzling at first. It wa s 

t hought i.hnt the diffe r e nces may have r e fl ected acclimati-

zation to se a sonal conditions . However the s imp le an swer 

<1ppear s to r e late to the size of the metabolism chrunber. 

Th e s m;.ill f en111les tolerated increased T8 well. They would 

lie s tretched out on their b acks Md presumably we re abl e 

t I 
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to f~cilit ~ tc heat loss by expos ing the belly and feet. 

The 1 f.lrgc r m~les were, however, rather cramped and had 

to r emoin partially curled up. It was invariably the 

ma les thf.lt becMle distressed at relatively low Ta. 

Fia 10.JA shows evaporative h e at l oss (EHL) as a 

percentage of heat production (HP) vs. body temperature 

0 0 
for three an~nals at JJ to 41 C (Ta). The regression 

fitted hy the method of leas t s quares to the 26 bivariate 

v alues i s described by the equation: 

y = 22. 2826x - 780.1899 

where x = Tb and y = EHL/HP p e r cent. (r = 0.81; p < 0.001) 

F' ig 10. Jn shows body temperature vs. ambi e nt temperature 

for the s r.me three animals during the time when evaporative 

wntcr l oss w11s measured. From the regression, EHL/ HP= 

0 
100 p e r cent when Tb = 39.5 C. It Clln b e seen from Fig 

10 . JB th :- t T 
11 

exceeds Tb above J8°C for two anim/\ls, and 

8bo ve 3q0 c for one animel. The need to di ssipate the full 

c:o:nn lcm cn t . o f heot production by evaporative me£1J1s does 

0 
n o t occur 11nti 1 Tb has rise n abov e J8 C, three or f our 

dearcc~ nhovc the r est ing Tb within and below the thermal 

n cut.rnl 7nne . If Tb were rigidly maintaine d at J'l0 
to 35°c , 

hj ~h nil<' ~ of EWL would be necessary at air temperatures 

some four or five de grees lower than indi cated above. 

Evaporotive Water Loss during Adjustment to Chamber Conditions 

Fig 10.!1 shows evaporative water loss , oxygen 

con sumption, body t empe ratures and brca.thing rate of one 
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Fifi 10 . 2 Trends in rates of evaporative water loss 

(mg/ kg. min.) vs. Ta for 16 animal s as Ta 
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wa~ slowly increased above JO C. 
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SvrPorat.i ve he£\t loss (EHL) / h e at prociuction 

lllP), e xpressed as percentages vs . T0 (°C) for 

three vnimals in the Ta rnnge 33°-111°c and the 

line~r regression fitted to these 26 bivariate 

values . 

Th v s . Ta for the same three animal s , measured 

at the s rune time as the data sh01m in Fig 10.)A. 

i 11 
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j 
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f cmalP. chuditch et Ta o0
-1°c and J0°-31°c. The trend 

s hows the e ffect of duration of confinement within the 

me t 11bo Ii f:' m ch <1mber on EWL. 

During the first two hours of confinement at J0°c 

rate ~ of EWL were high but at the end of three hours EWL 

St Db il i 2'.Cd . 
0 

Tb fell from J7 C at the b eginning of the 

n.in to s tob ilize around J5.J°C after three hours in the 

c lrnmhcr. nrc<!lhing rates we re highe r during the fir s t 

hour th<>rt in the lette r part of the run. Ev~porPtive h c ot 

l oss ;-s a percentage of total he at production was about 

~O per cent initially, falling to 15-20 per cent aft e r three 

hours . Th e r{lte of o2 cons umption, which was high during 

the fir s t 1 -~· hours, fell to steady leve l s thereaft er. 

Til e period of adjustment to chrunbe r conditions 

n ecess ary t o ochievc fairly stable values at o0 -1°c al so 

appears to be about three hours but the trend i s not so 

c l ear h ecnu sc of the gre at short-term variation s in rates 

o f O...., con s umption. EWL fell from about 10 mg/kg . min. at 

first to h- 7 mg/kg. min. after about 2~ hours . 

con s um ption, howe ver, s h owe d the cyclic v ar iation from 

Ii j gh t o J 01>· r ntes which typically occurred ot l ow Ta (see 

Ch apter VIII, p . 8.6 ). It i s like ly that the animal was 

shive ring during the periods when o2 cons umption was high 

<~s illustr~ted in Fig 8.JA and O.JB) but as I wi s he d to 

evoid di sturbing it I did not observe it during this time . 

Vnri ntion in Tb ~nd bre athing rate can be related to the 

f I 
r I 

~ I 



Fi~ 10 .1, Trends i n 02 consumption, evaporative water l oss , 

cv~por~tive heat loss , bre athing rnte end body 

t cmpernture for one animal during exposure to T a 

o n o o 0-1 C <'nd J0-31 C for longer than seven hours. 

Symbo l s : • • T a = o0-1°c 

O ············O Ta JO~J t°C 
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cycles in o2 consumption rate. However both Tb and 

breathing rate were lower after three hours thl\Jl they were 

ot first, wh ~rcas no similar reduction in 00 con s umption 
" 

was appnrcnt. 

Rcs1mnsn to Water Deprivation 

nody ,,.eight changes and mean rates of food intake 

for two 11nimals, at first when no free water was provided 

nnd late r with free access to wate r, are shown in Tabl e 10.2. 

Both :.inimnl s aoined weight slightly during nine days of 

0 
w<\ter deprivation in the abs ence of thermal stress (Ta 14.5 -

22°c) . No consistent difference in the rate of food intake 

wo s observed, whether or not water wos available, although 

int<1kc v <>r i cd from day to day both in the presence and 

~hsence of drinking water. It i s concluded that, at least 

for s hort periods, the chuditch can maintain food intake 

:md body weight when deprived of drinking water . 

Di scu ssion 

f.vnporative water l oss in t h e chudi tch. in the absence 

of thermal stress 1 may be compared with rates of loss of 

oth e r 111arsupi11l s and of e uthcrian mammals. The interspccific 

rrlnt ion~hj p between insen s ibl e water loss ( I.W.) and body 

weight, as expressed by Chew (1965), i s used as a basis 

for comparison. In thi s expression: 

I.W • = ') 58 0.826 
"'• Bo 

R
0 

body we ight in kg, and I .W., in g/hr, inc ludes water 
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T_.ble 10 . :2 

Oody ,,·e ight :md food i nt ak e f or two ;:m i mal s durina a nine -day 
period when d r inkin g water was unavai l ab l e , a n d a six- day 
period '"hQn drin king water was f r ee l y avail able . 

Dody Weight ( g ) Food i ntake/ day ( g ) 
An i mal 

Mean Star t En d Change Lean Fat Total 
(%) 

No water avai l :.iblc 

Ma l e 156/1 1500 1588 +5 . 9 88 . Lt 20 . 't 108.8 

g/kg 

72 . 5 

Female 731 7:::!5 730 +0.7 67.8 16 . 5 84.3 116 . 0 

Free access to w:.iter 

Ma l e 1559 1588 1588 () 96.0 7 .:::! 103 . 2 6lt . C) 

Female 717 710 718 +1.1 77 . 5 1G. 8 94. . J 1 29 . 2 

... 
0 . ... 
'° 
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lost by rli ffusion through the skin and from the rcspirat_ory 

surfnces. Chew derived thi s relations hip using data from 

11<) s pcci f'!s on their insensible wate r loss for the nmbient 

0 0 
temperature range 18 to 29 C 1 below the panting or 

s weat ing thresholds for all spec i es. Only one marsupial 

(Sctonix br:.1chyurus, Bentley, 1955) was included among the 

1,9 species. The r e lations hip therefore r e lc-t es particularly 

tn eutheri Pn mPmmal s. 

I wi lJ use the abbreviDtion I~i. in subsequent 

discussion to refer to insens ible water loss in the sense 

th ~ t Chew u sed it, i.e. in the absence of therm a l stress. 

Ev:iporntive Wr.t e r Loss (EWL) has been u sed in the Re sult s 

t.o include pulmocutaneous water loss , whether insensible 

Joss ct tr.mpcratures below the thermal n eut r a l zone or with 

CV;";lpo r ation facilitated by increased breathing rates at 

higher temperatures. 

Tnblc 10. J s hows rat es of insensible water loss for 

1 1 s peci e s of m<1rsupials (referen ces cited in t he table) at 

Tri -::.c? to ~5°C compared with I .W. for mrunm a l s of equivalent 

hody wci ghl cnlcu l ated from Ch ew• s equ at i on. The observed 

I .W. fnr Pcr::>mcles, Mflcrotis, I soodon ruid LL>f)orchestes are 

·'.IJl!H"oxim:.itions from s mall published figures. The values 

for Sminthops i s, Dasycercus and Dl'lsyuroides are observed 

r<1tes uncorrected to zero relative humidity (Haines ~ ~' 

1971,). Dody weights for Sminthopsis and Dasycercus were 

ohtPined from M;,icfarlfll1e e t nl (1971). 



T~blc 10 . ) 

Rates of insens{blc water loss below the thermal neutral zon e for th irteen spec i es 
of marsuria l s comnorcd wi th rates pred icted by t he i ntcrspecific equation 
I .W . = 2 . 5A W Ckq)0.8 26 'Chew , 1965 ) . 

Dody I nsen!;iblc Pred i cted Observed I .W. 
Spe cies Ref e r cnce Ta i-·eight Water Lo::;s I . W . Pred i cted I .W. (OC ) 

(kg ) (mg/ g . hr ) <mg/ g.hr) (per cent) 

Sminthops i s crassicoudata 5 , 9 25 0 . 02'" 10. 10· 5 . 2 19J 

Dasrcer cus cristic<:1uda 5,9 25 0 . 09• :! • 94• J.9 7lt 

Das~ro ides by.Mlei 5,9 25 O.tJ* 2 . 29• J . 7 62 

Perameles n asuta*'" 7,8 20 o . 6 2 .1 2 . 8 75 

Dasyurus geoffroii 1 0 20- 25 1.0 0 . 67 2 . 58 26 

Mac r o tis l agot i s•* 7,8 20 1.01 1.2 2 . 6 46 

I s oodon macrourus" • 7,8 20 t. 6 0 . 9 2. It J7 
Trichosurus vu l pecu l ::i** 3 25 1. 98 0 . 7 2 . ~ JO 

Lagorch es t es 
Lt 25 consoici l l~tus•• 

2 . 66 o . 6 2 .24 27 

Seton ix br?.chyurus 1 21 3 . 55 1. 55 :::: . 07 75 

Macro!')us eugen ii ,., 24: Lt. 96 0 . 55 1.95 28 

Megal eia. rufa -- 6 2 2 . 1 25.00 0 . 't5 1 . Lt 7 JO 

Macro pu s rohustus 6 22 . 1 J 0 .00 o. JI• 1. 4J 24 

Refer ences: 1. Bent l ey, 1955; 2 . Dawson , Denny & Hul bert, 1969; J . Dawson , 1969; 
4 . W. Dawson & Bennett, 1970; 5 . MacFarlane et a l , 1971; 6 . T . Dawson , 1973; 
7. Hulbert & Dawson, 1 97t1a; 8 . Hulbert and Dawson, 1974b; 9. Hai nes et al , 1 97'•; 
10. Th is study. 

• body we i ghts from (5) , I.W. from (9 ) . 
** Rates of e v aporat i ve \·;ater l oss es t imat ed from publ i shed f i gures of evapor ative heat l oss ; 

amounts of water were calcu lated by assumi n g 1 mg H,.,O = 0 . 58 cal. 
"" 
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All of the marsupials, e xce pt Sminthops i s , have 

weight-re lnti ve rates of ins ensible water loss appr eciably 

l owe r than those pre dicted by Chew' s equation. Exce pt for 

Sctonix a ll o f the species weighing more than o ne kilogram 

have I ~I. nt l east 50 pe r c ent be low that pr ed i c t e d. (A 

pe r sonal conununication from Bentley and Shie ld s uggest s 

th a t a r ecent s tudy of Setonix now s hows its I.W. t o be 

8bout one-~uort er of Bentl ey's (1955 ) estimate) . 

The s prc i es included in Tabl e 10 . J all h nvc stand nrd 

mc tnbo lic r ~ tes ~bout JO per c ent l owe r th an ave r age we i ght-

r e l Dti vc cuthcri P-n rates ; the body t emperature is two or 

three de grees lowe r than average euthe rian body tempe ratures; 

?n d c-s s ho i-"TI in Chapter IX, mar s upial bre athing rat es are 

" bout 11 0 per cent of ave rage bre athing r a t es f o r euthcrians . 

f\ l.l of the s e fact or s would contribut e t o r educ ing wa ter 

.1 oss f rom the r espiratory surfac e s . 
/' 

Insensibl e wat e r loss f o r the chudi t c h i s compar abl e 

t.o I .W. o f Tricho s urus , the large kangar oos , Lagor c hes t es 

ronrl M<icr opu s cuge nii. It i s con s ide r ab l y l ower than t h at 

o f the s rn n ll clescrt d asyurids and the b andi coots . 

ThP. r c is some evidence that mamma l s f r om ar id 

en viro nments have r e lative l y low r a t es o f I.W . Chew (1965) 

no t e d t h at a numb e r of s mall, desert-adapte d species have 

low e r I .W. th1111 predi c ted by hi s interspecific e quation. 

I .W., expressed as a function of o2 cons umpti on, i s al so 

l ower fo r somP. desert species then for s pecies fr om l ess £1rid 
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environments. This was demonstrated by Schmidt-Nielsen 

and Schmidt-Nielsen (1950). They found thDt f o r Dipodomys 

merriami, es well as for hamsters and wild mice, the total 

evaporation was around 0.5 mg H20/ml o2 utilized, 

0 
presumably at Ta 25 C. Total evaporation in white rats 

' . 
and mice under similar conditions was about 0 . 9 mg H::P/ml 

o2 • Hudson and Rumael (1966) found somewha t higher ratio s 

of H~p/o2 for two other small rodents, Liomys sal van i 

which can maintain body weight on dry seed withou t drinking 

water, and ~- irroratus which loses weight under s imilar 

conditions. Total evaporation for both s pecies at Ta 28°c 

was between 0.9 and 1.0J mg H20/ml o2 • Hudson and Rummel's 

values were more comparable to those of the Schmidt-Nielsens 

for r odents not from arid environments than for the desert-

adapted Dipodomys. 

The ratio of mg H20 evaporated/ ml O~ consumed for 

the chuditch i s higher than ratios r eported f or rodent s 

either from deserts or from non-arid envi ronments . The 

ratio for the chudit ch is 1.2 at Ta 20°-~5°c ri s ing to 1.7 

in the thermal neutral zone. Haines et ~ ( 197ti) r e ported 

highe r ratios for smal l desert-living dasyurids : J .1 for 

Sminthopsis and 1.9-2 . 0 for Dasycercus and Dasyuroides at 

Ta 25°c. These high r at ios have , however, been corr ected 

to zero r e l ative humidity. The uncorrected rati os of 2. ~ 

for Sminthopsis and 1.J for Dasycercus and Dasyuro ides 

are more comparable with ratios reported he r e for the 

chuditch for whi ch no adjustment for r e lative humidity has 
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been made. Nevertheless the uncorrected ratios for the 

marsupials are higher than those found for desert rodents 

from the New World. Haines!:!.~ reported lower rates of 

evaporative water loss for five murid rodents from arid 

environments in Australia than for the dasyurids. The 

uncorrected ratios given for Leporillus, and two species 

each of Pscudomys and Notomys are 1.0-1.5, comparable with 

results from Liomys reported by Hudson and Rummel (1966) 

but higher than the Schmidt-Nielsen's ratios for Dipodomys. 

Two factors contribute to increased evaporative 

water loss in the chuditch above Ta J0°C. These are the 

rise in body temperature associated with increased ambient 

temperature (Chapter VII) and increased breathing rate 

(Chapter IX). Panting appears to be the major avenue of 

heat loss at ambient temperatures above the thermal neutral 

zone. Rapid increase in EWL is related to the onset of 

panting. However I suspect that experimental conditions 

under-estimate the capacities of the chuditch to cope with 

high ambient temperatures. Large males which were cramped 

in the metabolism chamber invariably become distressed and 

began to . P~nt ~t lower ambient temperatures than smaller 

femnles which presumably were able to rely on non-evaporative 

means of heat loss until Ta reached Tb at J8° to J9°C. 

Chuditches ·were not observed to spread saliva·on the 
;· 

fur at high Ta as do the macropodids and Trichosurus. 

However animals which became distressed in the metabolism 
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chamber at high Ta were found to have wet fur on removal 

from the chM!ber whereas animals which remained quiet in 

the chamber, even though panting rapidly, emerged dry 

except for the p~ds of the feet. Dawson (1973) found 

that sweating did not occur in resting kangaroos in 

response to environmental heat load although obvious 

sweating was observed when the animals struggled at high 

T8 • D~wson also found that saliva-spreading or 'licking' 

was not of major importance for temperature regulation in 

the red kangoroo and euro. Panting appeared to be the 

most important form of evaporative heat loss in Trichosurus 

and active sweating was not an important thermoregulatory 

response (Dawson, 1969). Bentley (1960) showed that 
... 

temperature regulation at high Ta in Setonix was not 

affected by saliva-spreading and that regulation was 

impaired by dehydration, indicating that evaporative water 

loss was of primary importance. A similar picture emerges 

for the tammAr (Dawson~.!!_, 1969) and for Lagorchestes 

(DDwson and Bennett, 1970). Al though sweating was 

implicated in the effective thermal r egulation of Sarcophilus 

., 
( nt high T8 <Robinson and Morrison, 1957), Hulbert and Rose 

(1972) consider that the 50 per cent increase in cutaneous 

water loss from 20° to· I10°c (Ta) is insignificant compared 

with accelerated EWL possible from a sevenfold incr~ase 

in breAthing rate over the same temperature range. Guiler 

and Heddie (1974) however, found that Sarcophilus did not 

pant at T8 J5° to J9°C. 
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Rates of EWL remained high for some time after 

chuditches were placed in the metabolism chamber and did 

·~ not reach minimum levels until they had been in the chamber 

for about three hours (Fig 10.4). 02 consumption rates, 

breathing rates and Tb stabilized somewhat sooner. The 

relatively high rates of EWL observed initially were 

probably the result of disturbance to the animals as they 

were placed in the chamber. Dawson (1973) demonstrated an 

:~· 
increased cut nneous water loss in Megalei a during and after 

'· 
..• a bout of struggling although, as noted earlier in this , 

discussion, active sweating did not occur in resting animals 

in response to an environmental heat load. He suggested an 

'adrenomedullary involvement' in this response. The high 

EWL observed for the chuditch during the first few hours 

in the metabolism chamber may have a similar cause. The 

observation points to the need to allow animals enough time 

to settle down if minimum rates are to be measured. 

Water deprivation, in the absence of thermal stress, 

for a period of nine days, had no significant effect either 

on body weight or on food intake for a male and a female 

chuditch. Other flesh-eating mM1111als can survive for long 

periods when deprived of water if they have access to fresh 

flesh or fish. Prentiss et ~ (1959) found that cats 

provided with food but no water maintained body weight for 

up to 142 days, although weight loss resulted wh en partly 

dessicated food was provided. Dogs can survive for weeks 



in the absence of water if provided with fresh fish 

(Danowski !:l 2.!_, 19l14). Schmidt-Nielsen (1964) and Chew 

(1965) noted that the carnivorous desert rodent Onychomys 

torridus survives for long periods without wate r if 

provided with fresh mouse carcasses or raw pork liver. 

Among the m<:1rsupials the desert dasyurid Dasycercus 

cristicauda can maintain wnter balance if fed freshly killed 
" i 

mice or minced me E\t at Ta 25° to J0°C with no access to 

wntrr (Schmidt-Nielsen and Newsome, 1962 ). So too can 

Oasvcci:_~u s , '~here Els Sminthopsis i s un<>bl e to do so (Kennedy 

"nd M rcfnrl ~nc , 1971). 

lt i s notebl e th"t the breeding sePson of the chuditch 

i s r estric t ed to the winter months wh en temperatures are low 

and free w~t cr is more like ly to be available. Thus the 

r equiremP.nt for water for the formation of milk in l actating 

female s would not occur at the same time as heavy demands 

fo r ev nporDtive cooling at high ambi ent t emperatures. The 

no c t.u rni' l nc tivity pattern of the chuditch would al so r educe 

tl r 111 nnds for evaporative cooling. Body temperature i s 

hi nhes t nt ni nh t (Chapter VII) and, during the day, chuditches 

prohnb ly s eek r efuge in burrows or hollow trees . Al though 

littl e i s known of the behaviour of thi s species , captive 

anim<:1l s h:we been seen to dig burrows and one wild chuditch 

was known to occupy a hole in the ground, formed when a 

large tree-root was burnt out in a bush-fire. These 

observrtions sugges t that they seek s heltered r esting pl aces. 
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The chuditch then, having a low rate of evaporative 

w<1ter loss 1.1t Ta below the thermal neutral zone, and a diet 

which would provide it with a certain amount of water, 

nppears to be provided with the means of occupying rather 

arid environments. Its tolerance of hyperthcrmia and 

ability to dissipate heat by evaporative means up to about 

0 l10 C al s o appeors to fit it to tolernte high runbicnt 

t empe r atures , at least for short periods. However its 

~· pattP.rn of behaviour most likely ensures that it avoids 
' l. 
~; 

extremely high air temperatures. 

A cnpacity to survive in a hot dry environment may 

not flPJH~ 1'r to be v e ry relevant to a species which i s 

presently :,1pp:irently restricted to south-western Australia, 

with it s relinble rainfall end rnther f e w dPy s when Ta 

exceeds )7.8°c (100°F). It docs serve to explain, however, 

how the spec ies in the recent past was oblc to range across 

the ~rid inJ ~nd of the continent. 
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CHAPTER XI 

HEART RATES 

Preamble 

ll e<>rt, or pulse, rate cAn be used to provide 21n 

index of metnbolic rAte. Brody (~945) cited Clark (1927) 

who hnd compiled Pod Analysed pulse r•te datC1 obtAining 

thn ruJse-rPte-weight equation for eutherian m ~mm r ls: 

f 
_ ,., "71J-o. 27 
- ~1t" 

wh e rn f = nul sc rnte rod W = body weight in kg. 

Sevent.('P.rt srwcies of AustrAli:m m:.1rsupi~ls were found to 

hrve p, he:>rt-pte - body weight equation 

f = 106w-0 •27 

(nro'm <ind Kinne er, 1967) indicating th At marsupial heart 

rritcs are s] i!Jhtly ·1ess thnn half those of eutherians of 

nquivnl ent body weight. 

It wns planned to measure heart rates of O:i svurus 

qcoffroii at the same time as oxygen consumption rates and 

hndy temncrntures as an additional correlat e of metabo lic 

r~tc. Jn order to obtain h eArt rntes the nnimnl s h:d to be 

reslr .~in c cl to pre vent them from bi ting off c ] ect r occirdiogre>m 

cJrct rodrs . The animAlS did not r e spond well t o such 

rcstrrint. Body temperatures generelly rem r ined high, as 

did oxygen consumption rates. DatA were obtained from only 

three ~n im~ ls nnd these ~re reported below. 

• 1 
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Results 

Table 11.1 shows heart rate, oxygen consumption and 

body tempcr~ture for three animals at Ta 10° to 14°c and 

0 0 
~8 to JO C (thermal neutral zone). We ight-relative heart 

r ntes cnlculnted from the equations 

rind 

f = 10Gw-0 •
27 

:- rr. shown for comp;irison with rotes r ecorded in th e thermal 

neutr -1! 1 zone . 

The v nlues for ;inimal 1 are mePn r~tes for 2} hour 

neriods when, in both temperature rPnges , it remDined 

rel~tiv~ly quiet. Rates for Animnls 2 end 3 nre minimum 

observed r"tcs recorded during brief periods of rest. 

There were lorge diffe r ences between rates r ecorded 

for diffcrC'nt ~nim;ils at Ta 28° to .J0°C. The differences 

rire too lnrnc to be accounted for as simple Q
10 

effects 

r c!;uJ ting fi-0111 differences in body t emper ature in the thermal 

neut r ;i I 7 on<" • 
. 0 0 

llcnrt rates r ecord ed at. Ta 10 to 14 C are 

less v .11- i n hJ r. . 

Jt wns not possible to obtnin dnt.o nbout cnrdiac 

output . ll owcver "oxygen pulse":-

Q.-, consumption/ min 
heart rate/min 

indic:itcs the ~mount of oxygen delivered to the ti ssues by 

rrich hP.:>rt b<'·"t. Oxygen pulse as a rnt_io of body weight was 

a l so c:ilc.ulnlcd. These values are shown in T1:1ble 11.2. 



Anim ci l 

' v ,· · 
5 

10-11+°C 

1 . f emale 
o . 8 kg 

'l 
<... malP 

"t.275 kg 

J . mal e 
1.25 kg 

28- J0°C 

1. female 
() . 11 kq 

2 . male 
1. :::!75 kg 

J. mal e 
1.~5 kg 

T~ble 11.1 

He::-rt r .-. tc, body weight, O::! consumnt ion r:-te r nd Tb 
for thrcP. chuditches· ?.t 10° to 1 1t°C -"nd ~ 13° to J0°C (T a ) 

ObscrvP.d He,,rt R~tes 
Predicted min. h e::irt rrtes 02 consum p t i on Tb 

bc;-t::;/ min . cc~/kg, (oC ) 
M;\rsu:i i:•l* Eutheriant ccs/min min 

251 - - 19 . 90 2l1 . 87 37.4 

2 18 - - 26. 33 20 .65 J4 . o 

284 - - 21. l12 17. 1l1 36 . 2 

15 1t 11:::! 2)0 5.(12 7. 02 35-9 

85 99 20) 11. 62 9 . 11 35 . :2 

2Jl1 100 204 1 0 . 95 8 . 76 37 . 1 

• f = 106w-
0

• 27 (Brown & Kinn e(lr, 1967 ) 

t f 217W-
0

•
27 

(Brody, 1945 : citing Clark, 1927) 
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Table 11.2 

Oxynen pulse for three chuditches at Ta 10° to 1t1°C 
and 23° to 30°c, and oxygen pulse as a ratio of body 
weight in the thermal neutr al zone. 

Oxygen Pulse 
Oxygen Pulse/body wt. 

J\nim" l ccs O~/henrt beat 
(kg) in thermal 
neutral zone 

10° -11t°C 28°-30°c 28°-30°c 

1. female 
0.036 0 . 01,5 0.800 kg o . 079 

~ - m;-.le 
0 .121 0. 1 37 0 .107 

1. 275 kg 

1 m:-lc , . 
0 . 075 0 . 0117 n.038 

1 . ~c!50 kg 

11.4 
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Discussion 

Drown :md Kinnear ( 1967) reported a minimum heart 

r?te of 09 be:tts/min. for one chuditch. This v a lue agrees 

closely wi th the vnlue obt~ined for one anim~l (No. 2) of 

B5 bcrt s nr.r minute. The highe r r e tes obtained here for 

t~o o ther "nimAls Bre considered to refl ect non-resting 

levels r:1th r.r than s ignificantly higher res ting rDt es. 

The bo dy t r.mpcroture of animal No. 2 was consist cnt with 

rr~t inn body tcmpernture of animal s in the thermo! neutral 

zone a lt.houuh it s rate of oxygen consumption was consid-

crably highe r than the standard level. Heart rates for 

the three ;inim;:ils predicted from Brown and Kinnear's 

cqu;)tion ar c close to the low value recorded for one animal. 

ll cnrt r~t r.s ~t Ta 10° to 14° were 2-21 times the pre di c t ed 

rntes in the thermal neutral zone . Oxygen pulse at the 

l ower ~nhicnt t emperatures were also cons iderably higher 

thrin thnl in the thermal neutral zone . In other words, 

:-t the lowe r ambi ent t emper<1tur e the <>mount of o
2 

delivered 

hy r:-ch hc rrt beat i s incre ased over that in the the rm cl 

n r.1l t.t·" .I • 

nrody <19115) s howed th "t the oxygen pul se i s 

direct l y re l ~ t cd to body we ight in eutheri Pn mr~nnl s 

oxygen pulse 
we ight (kg) 

Wh en the weight relntive equations for standard metebolic 

rrt c of Au s tn1li"n m~rsupials (Daws on and Hulbert, 1969) 

I 
l ! 

• I 
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::ind heart rote (Brown and Kinnear, 1967) are used to 

-1 't 
cal cul <ite oxygen pulse of marsupials a value of 0.06 ccs 

.~: 

l
',P(: , 

:, ; i 
. . 
,,~ ' 

O;:/hcart bent is obtained. This is slightly higher than 

th.~t for cuthcrinns, as a consequence of metabolic levels 

of <'prroxim;-tcly 70 per cent of eutherilllls while heart 

rntes nre slightly less then hnlf eutheriDn rntes. Thus, 

in the m~rsupi ~ls et1ch hevrt beat is e xpected to deliver 

slightly more oxygen to the tissues th:"'n in eutherians. 

The r<>tios o2 pulse/body weight for the three 

chudi tchcs in tl1e thermal neutral zone differ from the 

expected v<:ilue of 0.06, two animals having somewhat lower 

v11lues ono one b e ing considerably higher. Thus the 

cxpect:1tions are not born out by the result s , probably 

because the nnimals did not achieve resting stat es when 

they were restrained • 

. J 
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CHAPTER XII 

BLOOD VOWME 

Preamble 

It has heen suggested that marsupial s with low 

metab o lic r ates may have low blood volumes compared with 

cutherian mamma l s . The volume of blood normally r epr esent s 

7-10 per cent of body weight in eutherian mrunmals (Prosser, 

1 ')7J). Two m:irs u p i als 1 the American opossum (Durke 1 1954) 

~nd th e Aus tr:ilicn brush-tail e d possum, Trichos urus 

vulpeculn (D;wson and Denny, 1967) appe1r ently hl!ve r e latively 

low blood vol1~es . On the other hand, Setonix brachyurus has 

P bloo d v o lume within the normal eutherian r~ngc (Shield, 

1071 ). 

Th~ bl ood volum e of the chuditch was d e tennined in 

order to s ee whethe r the low s tandard metabolic re1t e of thi s 

s pec i es was a sso ciat e d with a bl ood volume s ignificantly 

Jo1a:-r t.h nn reported Vlllues for eutherian mamm a l s . 

Result s 

TnhJc 1 · ~ .1 s hows th e r e lative r ed ccJI vo lume, plas ma 

vo Jumc an d tot nl blood volum e (ml/ kg ) for each of t e n 

nnim nl s ns determine d s imultaneous ly by sepRrate and di st inct 

me thods ( see Chapt e r II, M<lterial and Me thods, p. 2 . 24 ). 

. 1125 1 . d nlood vo lumes es timate d from ahell e d albumin an 

hoematocrit wer e s lightly highe r than those es timated from 

~ I 

i 
I 

' I 

; I 
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T~ble 1:.1 

Rel<'ltive red Cf'll volumes. ril<>sm~ volumes :in d tot2l blood volumes (ml / kg ) for ten 
chuditchcs: volumes estim<itcd f r om Fe50 !~be l led r ed cells and r1:!5 labe l led 
albumin, nnd from h ~emntocrit (Hert) <in d r 1 25 labelled Dlbum i n . 

Hert Red cell volume Pl.-'lsma volume Tota l blood volu me Fcclls 
Expt . s .,.,x r~:, red <ml / kg) (m l/k~) (ml / kg) 

No. 
C0.] l s) 11:25 i n 1125+ Fc59 1125+ Fc59 • + Hert. 

whole b l ood Hert 1 125 Hert 

1. M J6.o 19.0 20.7 110.8 40 . 0 59.8 60.6 o . 88 
2. F 4J . 5 :q.o J1.5 411 . 9 44 . 5 71.9 76.1 o . 86 
J . M l18 .o 28 . 7 31.0 36.; 36 . 2 65.0 67.2 0.92 
4 . F 51 . 2 28 .() 35 . 3 36 • '* J7 . 0 64 . 5 72.3 0.85 
5 . F 36. 5 23 . 9 29 . 7 55 . 2 56.2 79.1 85 . 9 0.83 
6 . F 51.8 32 . 3 111 . 2 33 .(> J't . 6 65 . 9 68.8 0 . 95 
7. F lt5. 0 )9.8 12.6 '•1 . 9 '*J. 4 81.7 76.0 1.08 
8. M 116 . 8 31 . 5 J'·. <) '• :.! • 1 '1J. :.! 75 . 6 78.1 0.95 
9 . F 50 . 0 19.7 )lt. 8 36.1 37.9 75 . 8 72 . 6 1.05 

10. F 51.5 33-5 33 . 5 JJ . 2 J4.3 66.7 67.8 0 . 98 

MeM 116 .o 10.5 31.8 

I 
Stcindard 

110 .1 40.7 70.6 72 . 5 0.93 

error of 1.85 2.08 1.J7 2.09 2 . 07 2. 29 ,, 'l0 
-·-~ 0 . 0:27 

me;:.n 

• correc ted for 10 per cent trapped plasma 

~ 
(.) . 
t..> 
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PP.S'J 1 "hellccl rP.d cells and r~dioiodinated albumin in all 

but two cases (~.7 per cent higher on the Average). The 

cliffcrencPs hctween volumes determined by the two methods 

were not stc:itistically significant (Student's t test). 

The mel'n red cell volume of J0-.12 ml/kg represents ahout 

'•1 per cent of the mean total blood volume of 71-7) ml/kg. 

The difference between th e two estimates may be 

exp lriin<~cl by the fact that the cells in large vessels (from 

1d1ich th<! h.-.cm:itocrit samples were taken) are normally more 

cnncentrntcd thnn in the circulation as a whole, as 

cxnressed in the F 
11 

value (Reeve .!:.!. !..!_, 1953). 
ce s 

The norm~] F 
11 

value for man is in the range 0.89-0.9~ 
ce s 

( L;iwson , 196:> ) • The F 
11 

for the 10 churlitches ranged 
ce s 

from n.A1-1.nn, but the me~n v alue of n.93 falls within the 

rnnge rlisplryed by men. 

Tnble 1 2.2 shows microhaemato~rit v alues for thP. 

srmr~ group of mime.ls determined at various intervals 

during ~ period of one year. The tnble includes the mean 

h.,em:itocd t of the animcils when tranquilised for blood 

volume mc08urc mP.nts. The reduction in the srunple size was 

iluc to the dcnth of one male nnd two femal es and to the 

omission of one female which was suckling a litter (2~/8/71). 

Only small differences were observed between values whether 

determined at well separated times, or at different times 

on the same day. 

• J 

: I 
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T :?b l e 1 ~ . :2 

M icroh~nmntocrit v~lues (ner cent pPckcd red cells ) fo r 2 group of 
chuditches fo r ·.,•hich the blood volume wns measured . 

Date: J0.') .70 1.1'.2.70 1-'.L71 1. ::2. 71 '2' • • 8 . 71 

Time: .::ifternoon • aftern oon night night 

9 10 9 9 6 
No . animals : 2M;7Ft JM;7F JM ;6F JM ;6F 2M ;4F 

Mean 
Haematocri t: 118. J l16 . () l1 l1. 8 116. J l14 . 5 
(% red cells } 

Standard e rror: 1. 117 1.88 0.81 1. 08 1.70 

11. ') . 7 1 

morning 

7 
2M;5F 

lt8. 2 

1. J1 

Rang e : 111.0-5'2 . o J6 . 0 - 51. 8 t11 .o- tt7 . 5 110 . 0 - 50 . 0 J8 . 5 - l18 . 5 l1J . 0 - 51.2 

*Haematocrits d etermined as pRrt of b lood volume measurements; 
animal s tranquilised with Di D.zepam 5 mg/ kg. 

t M = m D 1 c ; F = fem ::i 1 e . 

lJ-9-71 

ni ght 

7 
:.:?}! ;5F 

117 .1 

i. 58 

112.0;..52 . 7 

~ 

CJ . 
.;:-
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Discussion 

The use of the tranquiliser, Diazepam, to fac ilitate 

h rmdling the chuditches may open the r esults to critici sm, 

~s it m ~y h ilv e had the eff ect of pooling blood in the 

s plcr.n. The tranquiliser Chlorpromazine has been s hown 

t o bring ~bout engorgement of the sp l een (Turne r and 

Hodgetts , 1960) and the drug has been u sed to investigat e 

the influence of the spleen on blood volume of Tri chosuru s 

(D:iwson Rnd Denny, 1967). Mi crohaematocrit values for 

t.hc s runc group of chudi t c hes when untranqui li sed, as 

determined over ~ pe riod of almos t one year, did not diffe r 

signific~ntly from values determined in conjunction with 

the blood volume determinations whe n the anim a l s were 

tr:inqnili scrl. This suggests th?t the u se of Di:izcpam did 
~· . 

not m ~ tc ri ~ lly effect the di s tribution of r ed cell s in the 

Although the blood vo lume of euth c rian mamm<1 l s 
• I 

norrnnll r r c PrC'sents 7-10 per cent of the body we i ght 

I fPrnss cr , 1 ?7 J ), vnlues r ru1ging from about 55 ml / kg (Fc li s , 

I M:1c:~c::1 , Oryctologus , ~) to 1l1 J ml/kg (Phococnoidcs ) have 

been 111 cns 11 r ed (A 1 tman and Dittmer , 1971 ) • 

The r clt1t ive blood vo lumes for the mars upial s 

Diclc lphi s :ind Trichosurus , of 58 ml/kg (Burke , 19511) 

and 57 .ml/ kg (Dawson and Denny, 1967) r espective ly, are 

near the lower limit of the range of euthcrian blood 

volumes but not out si de it. Blood volumes h ave been 
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mensured for several other m~rsupials. Maxwell ~ ~ (196/1) 

obt~ined D Vfl1ue of 87.5 ml/kg for a mixed sample of 

k:>ngProo s , including reds, greys and a euro, Pnd 93.5 ml / kg 

for the t .~n1m:-r. Shield (1971) found that the mean blood 

volume of cP.ptive Setonix was 70 ml/kg. min. The blood 

volumes of Neollleia and Macropus robustus were found to 

re~resent respectively 8.4 and 6.J per cent of body weight 

by Denny 11nd Dawson (1975). 

The relative blood volume of the captive chuditch 

of 71 ml/ kg i s comparable with that of well-fed captive 

quokkns (Shield, 1971) and is within the normal range for 

euthcri~n mrunmals. There is therefore no evidence for a 

relatively low blood volume associated with the measured 

low mctebolic rntc of the chuditch. 

It is llpparent then th ?t the suggestion of a 

r e ] Rtions hip between low metabolic rate and low relntive 

blood volum e in mnrsupillls cannot be s ustained . This i s 

no t ~1rprising in that similRr r e l a tive blood volumes to 

those of m;-JTimd s hnve been me«surcd for representntives 

of mo~t of th e other mejor vert ebrate groups (Prosser, 1973) . 
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CHAPTER XIII 

GENERAL DISCUSSION 

A number of aspects of the biology of the chuditch 

hnvc been examined in this study. These include: its 

l.Jrecding pattern, the growth and development of its pouch 

young, it s capacity to regulate its body t emperature in 

the tcmrc rl'ture range it is likely to encounter in the wild, 

~nd it s resting requirements for o2 and evaporat ive water 

in the s.:imc range of environmental temperatures. 

Discussion of the separate aspects of the study has 

followed r1·cs cntntion of the res ults in the foregoing 

chPnters. In this final chapter the growth ~nd energetics 

s0ctions of the s tudy will be considered in an attempt to 

interrelPte the various chapters, specifically: 

1. breeding seAson, growth and developm ent 

(C!rnnters IV, V and VI), end 

2 . the inte rre lations of the various metabolic 

l'·"r<'mctcrs; body temp e rature, energy metaboli sm , 

brcnt. hing r at es and e v aporat ive water loss 

(Che1ptr.rs VII, VIII, IX and X). 

1. nreC'ding 1 Growth and Development 

Th e limitation of the time of conception to a brief 

r c riod in 1 a.te autumn or e arly winter seems to fit the 

s !1C'cies to the climatic conditions in which it presently 
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occurs , namely a climate with a reliabl e winte r rainfall, 

llnd with <:i moden1te range of temp erature 1 the extremes of 

which inc lude r~ther few fros ts in the wet winte r months 

rnd rel~tively few e xtreme high temperatures in the dry 

s ummer month s (Chapter III). The r estrict e d breeding 

season : 

( i) e ns ures that the young animal s emerge from the 

f)ouch in the spring when t emperatures are 

mod era te and food and wat e r ar c like ly to be 

· l 
nbundant; 

(ii) ensures that the f emales will not have to cope 

with high ambient tempe ratures and water 

s hortf:lgc when they are lactating and carrying 

pouch litters; and 

liii) fixes the age at which animals b ecome re productively 

mnture at either the first or second breeding 

seoson after birth, when they are either on e or 

two ye~rs of Rge. 

Th r. s equenc e of developm ental e vent s in the pouch-

yu11w1 r·cfl l'c 1. s the demands of pouch life . These differ 

nrc·:-t l y from the priori ties of development in eutheri en 

y01mn. .\ d o] ph ( 1968) showed tlrnt the rat end the opossum 

h <ivc very different priori ti es in the es t abli s hment o f 

certain developmental 'stagemarks' and r emarke d that the 

"programs by which regulations develop differ wid e ly between 

rodents ond mnrs upial s ". 
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Within the marsupialia the birth weight, the number 

of pouch young end the pouch environment differ from one 

group to ~nother. The differences are pErticulErly 

"fllH'rent between the dasyurids, with their lnrgc litters 

and rather open pouches, and the macropodids with single 

joeys Md with large forward-opening pouches. The 

didelphids , which carry large litters, could be expected , 

on the other hand, to be similar to the dasyurids in their 

pouch cievc lopment. A comparison of the sequence of 

development of pouch-young from different marsupial groups 

was attempted to see if any diffe rences could be det e cted. 

Fig 1J.1 shows a comparison between the developmental 

sequences of four marsupials, Didelphis virginiana, 

DaHyurus geoffroii, D. vivcrrinus and Setonix brachyurus. 

This nermit s comparison between the chuditch and it s 

c lo:=;e n~ l::itivc, end between the das yurids nnd repr esent-

~tives of two other m~rsupial groups, the Didelphidac and 

t hP. M~cropodidae. Didelphi s is po lytocou s and has a 

r ?ther 01Hm nouch but has l' birth weight ( 1JO mg, Hartman 

1 ')2l1) wh i ch i!i much gre<\ter thnn th1:1t of Das yuru s vi verrinus 

r n<I n. rreo.ffroii (1:J.5 and 15.0 mg respectively). Setonix 

hf' s .c:inglc young, a r e latively large birth we ight (J40 mg) 

cnci n pouch which appears to provide a much more stable 

environment for the pouch-young than do the pouches of 

the other three species. The source references are: 

;. J Oiciclphis - Langworthy (1925), Hartman ( 1')28) and Reynolds 

I 
. I 



; 
. I 

. l 
,.',·'i ,,., 

.. t , 
".•. 

·.' 

ft')'.)~): D:.>syurus viverrinus - Hill and Hill ( 1955 ) ; 

Sctonix - Shield (1961); D. geoffroii - this study. 

Compnrison of the developmental sequ ence of the 

~ ·1ec i fi e rl st::-nem'.!rks in Didelphi s ond the chudi tch shows 

thnt the e v en ts occur in a similnr sequence but that 

Didclphi s i s one to two weeks in advt1nce o f the chuditch. 

The chuditc:h rnd the closely r e lated Dasyurus viverrinus 

resemble c~ch other closely throughout their pouch life, 

rc~ching eq11ivDlent stages e1t almost the sc-me ages throughout • 

Some of the <i:iparent differences between these two species 

ma y hnvc ri1·iscn because observations were mode only weekly 

or l ess frequently. 

Wh en the development of the chuditch is compared 

"'i th t hr.it of the quokka some differences in the sequ ence 

of event!;; cnn be seen. Not only does the quokka have a 

much lonoer nouch life with equival ent stages being reached 

more s l owly th~n in the other three species, but the 

sequence in wh ich the developmcmtcil events occurs is 

~ liriht.ly rliffr.rent . The development of thP. underfur is 

n~t <> rdcd :•nrl the quokka joey 1 eaves the pouch lat er in the 

sr.rptcnc:e t.h~·n do the othe r thr ee s rccies. In the opossum 

~nd ih e chuditch the abi lity t o regulate Tb t1t adult levels 

occurs sometime after the animal s begin to spend time 

outside the nouch as the combined size and weight of several 

pouch-young becomes too great to accommodate in the pouch 

be fore they ;:ire fully furred. In the c.asc of the quokka, 
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Fig 1J.1 St<!f}em<irks in development during pouch 

life for fou r speci es of mnrsup i ~ls. 

• 
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Shield <1966) has speculated that the high pouch tempera-

ture and the limitation on evaporative cooling may 

stimulate thr. homeothennic joey to mllke its first bri e f 

sorti es out of the pouch. 

~. Interrc lntinns of Metabolic Parameters ; ) 
Wherc:>s the breeding pattern of the chuditch appecirs 

to he ne~tly ~d apted to the clim~tic conditions of the 

n~f]ion in 1.-!1ich the snecies now occurs, i. e . to r eli .<ib l c 

winter r~infrll ensuring rc Ddy availability of food end 

w:-ter durinr1 nottch life end at emergence from the pouch, 

~omc aspect s of its energetics appear to fit it t o live 

in a more 1'.rid and variabl e environment. These aspects are: 

( i) low resting leve l s of metaboli sm; 

(ii) effective temperature r egulation at air temperatures 

likely to be encountered on frosty nights ; 

(iii) a lahile body temperature at moderat e environ-

mcnt al temperatures and a tendency to become i I 
torpid; 

I 
(iv) a to l erance of hypcrthermi a at high e nvironment al 

• J 

tcmncretures so that ev apor ative wnter l oss i s 

rclnlively l ow until oth er avenues of heat l oss 

:-re cut off at about J9°c . 

Figs 1J . 2 end 13. 3 summnrise the r esponse of the 

chuditc h to :>mbi ent temperatures from o0 
to L11°c . Fig 13 . 2 

shows me;m Tb /lnd mean rat es of 02 consumption, breathing 
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:-nd cv:.iror,..,tivc water loss (EWL). The lower <27°c) and 

unpe r (1)°C) critical temperatures bound an ill-defined 

thermal ncutrAl zone, extending over s ix degrees , within 

which O~ consumption and breathing r0tes are minimal 

despite ~n aversge increase in Tb from about 35° to J6°c. 

Merin rat es of EWL rise from 11 mg/kg. min. to 19 mg/ kg. min. 

through the thermal neutral zone (by about 70 per cent) but 

this ri se i s not accompanied by an increase in breathing 

r nte. It must be due therefore partly to the increased 

nmount of "·:1ter in saturated air leaving the lungs (at an 

increased Tb) snd partly to increased insensible water 

:r·1· '· .,. 

l 
I 
' 

loss frnm the skin. 

Relow the lower critical t emperature average Tb of 

0 0 
rcs tinri <inim:il s VE\ri es between J l!.6 and J5.2 C. J\t the 

lower 1 imit of the ambi ent temperature rsnge (near o0 c) 

EWL i s ]o,,·<>r than at the lowe r cri tice l temperature whi 1 e 

O~ cons umpt ion shows n three-fold incre~se snd breathing 

r~tc i s incrcAsed by about 50 per cent. 

Abovr. the unper criticnl temperature Tb increases 

0 
:-;o th :it Tb C.:<JU<i l s Ta <1t 39 C D1Hl i ~ m D inl ~irH'd s l -ightly 

h c l oh· 'r " ;- t. highe r temperotures . Under the5e conditions 

EWL i s 608 t.0 700 per cent of the rate a t the l ower 

critic(l l temperature and the heat equivalent of EWL i s 

equal to heat production. A marked increase in the 

hreE\thing r ate accompanies the rise in EWL at high Ta 1 

i ndi cat ing that evaporation from the r espiratory surfaces 
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Fiu 1J. 2 Sumnwry oraph showing four parame ters of 

mct 1.1bo l i s m of the chuditch vs. ambient temperature. 
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is of prime importance in dissipating body heat. The 

increase in 0,., consumption which occurs above the upper 

critica l tAnrrrature can be attributed large ly to the Q10 

~ffcct resulting from increased Tb (Q10 = 2.6). This 

... s urrncst.s t.h;it the amount of energy utilized for panting is 

not l;ir~c. 

The met:-bolic parameters of o2 cons umpt ion and EWL 

0 0 
in the r ~noc 0 -41 C (Ta) ere ex~ressed in terms of heat 

Procluct.ion :-ncl he:it loss (cal/g/hr) in Fig 1J.J. Mel'n 

bnd~· t em!"<'r ;iture is again shown. The amount of heat lost 

0 hy evnpor?tion veries only slightly over the range 4 to 

0 JO C although, as heat production is reduced the closer the 

lower critic;il is approllched, it represents an increasing 

proportion of heat production (about 5 per cent at lt°C; 

0 
20 p0r cent ;it JO C). Evaporative heat loss (EHL) does 

not represent a. significantly greater proportion of heat 

production until 36°C (Ta) when EllL equals about 50 per 

cnnt of heAt production. 
0 

At 39 EHL r epresents slightly 

mo1·1~ th<'n 1n0 per cent of heat production. The mo s t rnpid 

i n c rN·sc in EllL neturally co incides \dth the c los ing of 

other .-venues of heat lo ss as Ta approaches Tb. The animals 

become hypcrthcrmic at temperatures ahove the lower critical 

Tb l·s greate r tJ1 9 n T
8 

unt1" l Jt~0c , tcmprrrturc so th1.1t '" -,, some 

four degrees above resting Tb at the lower critical 

tempcr;>ture. This hyperthermia maintains a positive 

therm~l f!r<idient from the body to the environm ent. The 
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s haded <1re11 (i\) on Fig 1J .J r e presents the portion of heat 

production at 27° to J9°C which is either stored in the 

body, cnusin o m1 increase in Th, or whi c h . cm1 b r. di ssipated 

t.o th e r.nvironmcnt by radiation, convection and conduction. 

It al s o r r. rrcscnts the amount of heat which would need to 

h e l ost by cvnporative means if Tb were ri gidly mnintained 

at 35°c. The vrca within (A.) can be expr essed as cal /g/hr;°C 

or v s mo ll :'O/o/hr/0 c to approxim ate the s i ze of thi s s aving 

IT'1hlc 1J.1). 

f\ ccording to this representation th en, when T
0 

i s 

1<)°C, th err:- i s i'.l total of 10. 7 col/g/ hr which has not been 

<li s sip~tcd by cvrpor ntion. Thi s should be sufficient to 

r::-isc 
0 

Th by more than 10 C. In fact Tb ri ses by ebout ~0c. 

Thu s n o t P ]l nf the heat represente d by (A) hes been s tored. 

Some th~n mu s t be lost by n on-evaporative me nn s . Thnt this 

S llfl!J<! S t.i on i s correct i s supported by cn observation no t c d 

in Clwptrr X, p. 10.9 . Herc it was noted that the s maller 

fcm:) ] r.s, which could stretch out in the me tabo li sm chamber , 

to l c r1lt <!d Iii gh TC\ b e tter than the lnrge r mal es which were 

c r~mpr<l ;incl pres umably could expose El smnJ l c r proportion 

o f th 0 i.r hody surfnces . 

Th e~ co." t of dissipating (i\) by cvoporation of water 

i s high comp~rcd with the meas ured evaporative water lo ss 

nt T
8 

27°-39°c. Measured EWL (from Table 10.1 but expr essed 

~ s mg 1120/g/ hr) is compared with the calculated amount of 

w~te r thnt wou ld h ave to be evaporated to diss ip~te the 
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Fig 1).J S11mmary graph showing heat production, 

evaporative heat loss and body temperature 

of the chuditch vs. ambi ent temperature. 
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Table 13.1 

f\rc:J (f\) from Fig 13 .3 expressed as cal/g/hr/0 c, 
:Jnd mg H~O/g/hr/0c compared with mea s ured ev~porati vc 
1,·ate1· loss (from Table 10.1, p.10.7) expressed in 
the se>mc unit s . 

T" Area (A) Mel'sured EWL 

r0 c) 
c.~I/g/hr/OC H20/g/hr/ 0 c mg H20 /g/hr mg 

~ 

':'.7 - ~n 0.06 0.1 

} 0.7 ::>13 - 29 0.18 0.3 

'.:'') - 10 0.30 0.5 

)0 - J1 o. t18 o.8 0 .7 

)1 - )2 0.72 1.2 0 . 9 

r - JJ 0.96 1.7 1.0 

)J - )11 1. 38 2 . l1 1.1 

31, - J5 1 . 56 2.7 1 . 3 

J5 - 16 1.62 2.8 t. 6 

JG - J7 1.38 2.4 ') ' > ,;.4. ~ 

17 - )8 1.38 2 . ll 2 . J 

) fl - 19 o. 72 1. 2 3 .7 

' 

i I 

: I 
i l 
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portion of (/\) for each degree interval in Table 1J.t. 

It is clear that until Ta exceeds J8°c, measured EWL is 

much 1 owcr th1m it would be if Tb were to be maintained 

0 
at 35 C by evaporative heat loss. 

fl clnssical precept of mammalian thermoregulation 

i s that body temperature is maintained constant at ambient 

tcmrcraturP.s above the thermal neutral zone, at the cost 

of hi oh cvc1norati ve water loss, and that hypcrthennia 

occurs only when evaporative cooling fails to dissipate 

th e environmental heat load plus the me tRbolic heat load. 

flt this st;-ge body temperature rises 1md so, as a 

consequence, does mnt~bolic rate. The result is an impasse 

in which body temperature rapidly rises to · lethal limits 

unless the hent lo~d is removed. In other words hyperthe rmia 

occurs only ~t the limits of an animal's capacity to deal 

with high ~mb icnt temperatures. There are many exceptions 

to thi s pnttcrn in which hyperthermia occurs before the 

onf'C't of high rates of evaporative cooling. ny tolerating 

a ri se~ in body temperature a positive gradi ent is maintained 

from th P body to the environment, allowing heat to be lost 

hy r<'dintion i-nd other non-evaporative means . 

ll ci rt ( 1971) cited many cases in which rodents become 

0 
hyperthermic obove JO C (Ta) and noted that some desert 

rodents appear to show a remarkable ability to elevate Tb 

without an nccomp~nying elevation of o2 consumption. 

M:-cMillcn .~ncl Lee (1970) found that two Au s tralian desert 



rod ents, Notomys cervinus t1nd .t!.· alexis, become mnrkedly 

0 
hype rthermic at Tn 37 C. Hyperthermia at high runbient 

tcmpcraturP.s occurs in a number of large ungulates, 

notably thP. c:imel (Schmidt-Nielsen_£!.~. 1957) and in 

Gr~nt's gazelle and the oryx (Taylor, 1970). 

A number of marsupials show an increase in Tb when 

Tn i s l'hovc thermal neutrality. Morrison ( 19~6) investigated 

the · r<~r;ponsc to low and high Ta of three central American 

rn ;immnls, c:> rodent, Proechimvs, and two didelphids, 

Didclphis mar s upiali s and Metacheirus nudicaudatus. All 

0 0 
m::iintaincd rather constant Tb from about 15 -28 C (Ta) but 

0 
Tb rose sh~rply nbove 30 C (Ta)• Bentley (1960) found 

little evidence of hyperthermia in Setonix e xposed for 

0 
three hour s to 110 C, t emperl!ture of norm a lly hydr;ited 

<'nim Bls ri s ing o.48°c above resting Tb comp?red with 1.88°c 

for d ehyrlr~tcd ;1nimE1ls. Howeve r Kinnear rnd Shield ( 1975) 

found th<'t Sctonix, l'S well EIS Pseudocheirus and Mecrotis, 

s hows incrnr~ed Tb rt high Pmbicnt tcm pArnt.ures . Several 

ol lwr m:i nmni ,., ls s how a marked ri se in Tb 11t high T 8 • 

nocly trnnperri turc of Tri chosurus vul pecul a rises gradu 11 lly 

Lago rchestes conspicillatus b ecomes mod e rat e ly hypc rthcrmi c 

0 0 ) between 35 and li2.8 C (T8 ) (Dawson and Bennett, 1970 • 

Th e 1 argc Irnngaroo s , Mega lei a and Macro pus robustus , s how .a 

ri se in body temperature from a minimum of )5.7° and J5 .5°c 

! 
• I 
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r espectively ~ t ~2°C (T ) to 37.8° nnd 37.6°c respe ctively 
a 

0 
~t ~5 C IT

8
). In the bendicoots I soodon mncrourus, 

M;ocrotis lagoti s , 1.md Perrme les n<is utn , cin incre nse i n 

0 
body tcm Per,.ture occurs l\bove )() C (T 

8
) (Hulbert nnd 

Oewson, 197'1b ) . 

The hypc rthermia di splayed by the chuditch as Ta 

rises above nbout J0°C is typical o f the response of 

mony mn111111nl s to high environmentnl t empe r a tures. It should 

not he rco.:irdr.d as a consequence of impe rfect thermal 

rcgul ~tion. Rother it appears t o b e , e v en in s mall mammal s, 

;i strnta!'Jt'>m t o avoid high rates of wat er loss when the re 

i s mod erate thermal s tress. 

In it s breeding and d e v e lopment the chuditch is 

s imi 1 nr to the c l osely rel at e d Dc:is yurus vi verr inus . 

The breeding season and th e duration and s equ e nce of pouch 

dr.vclopmcnt cire s imil ar in the two spec i es. 

Th<' b :is:? l en ergy r e quirement s of thC' c huditch nre 

lowrr t h ~ll tho s e o f m.-.ny euther i nn mL?mm nl s . In thi s it 

res emble :, ot her Au s trnli nn mar s u pia l s on o ne h and and a 

numbC'r of sm :•J l cmtheri<tn mrunmnl s from ;ir id environments 

on t hr ot.h <'r. 

The chuditch i s known to have occurre d in the 

inlnnd of Australia wh e r e rainfall i s unre liab l e , free 

f'Urfncc wa t e r i s limit e d and extremes of temperature occur, 
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although it i s now apparently restricted to the more 

temperate ~outh-western part of the continent. It is 

therefore not HUrprising that, within the limits of its 

r.m'111 bocly ~izC?, it is physiologically equipped to tolerate 

ri wide r <l ngc of environmental temperntures. Its thennal 

rcm1l~tion i s effective at t emperetures clo ~ e to fr eezing; 

its lDhil e body t emperature al modcr~te environmental 

tempcr.~tures :ippe!'lrs to r eflect a mechanism to reduce 

en cr"y u ~~ a0 during the portion of the daily cycle whe n 

it is in ~ctive : a tolerance of hyperthcrmin reduces the 

need for 0vriporoti ve water loss during short-term exposure 

to high t emperatures. The reasons for the contraction in 

it8 r en~c of distribution since European settlement must 

therefore b r sought in its ecological relations hips 

rather thrin in its physiology. 

• i 



; ' 
.:$;\i-'•\ ,, 
" . 

A.1 

APPENDICES 



..\ ge 
(weeks ) 

.WPE:'-!O I X A 

Schedul 1? of m«"n \Jody weights ~nd he.~ d <1 n d !·,es l(.'ng t hs fo r known-~ge chuditches 
from b irth to '.~ 1 1-·eeks of " fl e , t oneth€'r 1..-ith t o o th eru pt i on st a ges cin d cer tain 
f e?. ture~ wh ich b~com0 est"b li s he d ?.t the spec ifi e d ages . 

Dody 
We i ght 

( g) 

ll00d 
Lena th 

f mm ) 

Pcs 

Length 
(mm) 

Tooth 
Eru p tion 

stci.ge 
Other Fe<ltu res 

o ....... 0 . 0 15 ...... .. ......•. . .. . ....................................... . ............ . ...... 

~ * ~ eye rudim e nt vi s i b l e ; ankl e 
- ·· · · · ·· 0 - 18 •••••• 7. 8 · ···· - -5 ... . .......... . .. . .. . . . .... . j o ints and di g its vi s ibl e 

11 •• • ••• • l .0:2 ••• • • l o . n • ••.•• J.li •• • .• . • •. .• • • • •• • • • .••.••• • • un
1

d e rfur on htead; perm an e nt 
c m.-s p r esen 

6 •...... J . JO . .... 17 . 6• ..... 5 . 5 ....................... . .... ;i innae p i gmented 

7 •••••.. 1, . 7 L, • •••• 1 7. 1 • •.••• 8 . 1 •••••. • •...• •• •.• • .•..••• • •.•.• • •••••••.•. . •••••.••••.••••.••• 

8 .•...• 10 . 75 .. . . . ~s . i .... . ln . ~ ... . . . .• .. . .. • . .. .•...•• . ..• underfur a l l o v er body; 
ce1n 11 ronr ess 

9 .. .... 17 . 81 .. . .. ~8.6 . . .. . 11.1 .......... . . . .. . .... . ....... r inhtin g r e fl ex 

9 6 / 6 ~ li ps free; 
10 •••••• - . <) •••••• J 1 •••••• 17· - · ··········· · ............•.• h' s ive r 

• 1 . <m im~ l (con c luded o n next pnge) 

•• ~ anim?. l s , no t inclu ding • 

> 
I\) 
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A9e 
(weeks) 

11.. 

Bocly 

Weight 
( g) 

He<>d 
Length 

f mm) 

.\PPENDIX ,\ (concluded ) 

Pcs 
Length 

(mm ) 

.'.:!t.J -. 

Tooth 
Eruption 

stage 

inci so r s visib le 
'' through or~l membrnnc' 

Other Fe a tures 

•• eyes open; cars e r ect 

12 • ••• •• • 61.6 •• • •• 43 . 4 . . .• . 24 . 2 ••••• •• .••. •••••• ••••••••••• s tand e r ect 

13 ••••••• 84 . 5 ••••• 46.8 ••••• 26.7 •• •• I ~··· ...................... ... ................... 

2 0 
14 •••••• 115.~ •• ••. 50.5 • •• • • 3 1 .~ • ••• I ~;C z···· · ··· 

movements well co-ordinated; 
0

body ful l y furred 

2 ) 1 
15 •••••• 144.0 ••• • • 54.~ ••••• 34 . o •.•• I 

3 
;C z ;M 

• • .•••••.. • ....•..•••••••••.•.••..•••••••.•••••.••••••••• full coat; eat meat 

16 •••••• 171.7 ••••• 56 . 8 ••••• 17.8 •••••••••••••••••••••••••••• • •••. • ••••••••••••••••••••••• 

17 •••.•• ~ 10 . 6 •.•.• 60 . 5 ••.•• 1+0 . 9 •••• I +:c T;M cusrs well e rupted •••••.•••••••• • ••••••••.• 

19 •••••• 310 . 3 • . • 67 . 5 ••••• 48 . 0 •••• •• 4· ··· · ·· 
. . ... ............. I ) " .. • . . . 

21 .. .. . . lt06 .I+ •.••• 7 3 . J •••• • 52.9. · · · · · · · · · • · • • • • • • • • · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
> 
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APPENDIX B 

Body t emneraturc of knO\m-age pou ch youn g o n removal from the pou ch and at 10 minute 
interval s thereafter for one hour; body weigh t and p reva iling ambien t temperature 
a.re also gi vrm. 

Age 
Body 

T"' 
Body Temperature after specified time o f expo;:;ure (°c ),L 

wt . .. (wks) 
( g) (oC) Initial 10 min. 20 min. JO min. 110 min. 50 min . 60 min. 

10 25 . 7± 19.3 30. Li±0.27 26.7!0 . 33 24 . 2!0 . 26 2J . 4.:!:0 .14 23 . 1±0 .18 23.3±0. 29 23 . 4±0.26 
(n=5 ) 0 .51 29 . 7-31.2 25 .9-27 . 5 2) . 4-24 .7 23 .1-23 . 8 22 . 5- 23 . 5 22 .7-24.6 22 .7-24 . J 

11 46.6:!: 18 .4- 29 . 9±0.85 26 . 3±0. 78 24.9±0 . 47 24 . 7±0.111 24 . 11.:!:0 . L1 1 23 . 9±0 . 6!1 23 .1±0.57 
<n=8) 2.24 19 . 3 27 . L1- J4 . 8 21±.5- 29 . 8 23 .5-27 . 6 23 . 4-27 . J 23.2- 26 . 9 22 . 5-26 .9 21.9- 26 . 9 

12 6J .7: 18.7- JO . t1.:.o . 116 27 . 11:!:0 . 62 25 . a.:.o. 5t1 21-1.1*!0 . 117 ~3 . 8 :!:0 . 54 23 . 2:!:0 . 51 ~2 . 8 :!:0.'16 
(n=8) 5. l1L1 19 . It ::?8.5- 12.2 ~4 . 7-30 . 11 21t. 0- 28 .J 23 . 5- 26 . 9 22 . 8- 26.8 22 .1-26 . 5 21.6- 25 . 6 

1J 84 . 5! 1 7 • '·- 28 .6±1.JO 27 . 3±0 . 90 :6 . 7.:!:0 . 84 26 . 6 .:!:o . 76 26 . o±o . 7L1 25 . 9±0. 86 25 . 7:to. 94 
(n=8) 7 . 25 19 . 2 25 . J -J2.0 '..24 . 9- 31.1 2L1 . 2 - JO .1 24 . J - 30 . 0 '.:!J . 9- 29 . 2 23 . 4- 29 . 8 23.1-29 . 9 

14 115 . 2: 17.9- 31. 7.:!:0.115 J1.9±0. 64 J t. 8:!:0.72 32 . ;:to . 92 3~.3:!: 1.00 32 . 5:!:1 . 05 32 . 5±1.0J 
(n=8) 8.6J 21.3 29 .7-31 . 6 29.0- 311.6 28 . 6- )4 .1 28.5-35.7 ~8 . l1 - J5 . 8 28 . J - 36. 1 28 . 2- 35.6 

• mean ± 1 s . e . (concluded on n ext page) 

I mean + 1 s.e . and ran ge 
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~PPE~DIX n (concluded ) 

Age 
Body 

T <1 
Rody Tcmp•~ratur~ C\fter time of exposure (DC )J 

wt. • (wks) 
( g) (OC ) Tnitio.l 10 min . 20 min. 30 min. l~o min. 50 min. 60 min . 

15 1 t1 /i: 17 . 9- J'• .11:!: (l . 95 J5.o:?:o . 78 J't . 9:?:0 . 7J 35 . 1.to . 70 35 .1.to . 70 35 .1 .to . 65 J5 . 1:0 . 72 
(n=3) 14.1 :;o.8 30 .1-J6.8 30.:;- 37 . 5 30 . 3- 37.6 30.6- 37 . 6 30.6- 37 . 7 Jt. 0- 37 . 6 Jo.G- 37 . 8 

16 172: 18.0- 35 .5±0. 29 J5. 7±0 . !18 36 . 2±0. 32 36.6±0 . 29 J7 . 5±0.25 36.6±0 . 30 JG . J ±o.31 
16 . 5 20 .8 35 . 0- 36 . 0 Jl1 . l1-J7 . 4 J5 . J- 37 . 8 J5 . 6- 37 . 9 J7 . 0- J7.8 J5.6- 38.o 35 . 4- )7.6 

(n= ( J ) ( 7 ) (7 ) (8) (J) (8) (8) 

17 211: 17.5- - )2 . 3±0.94 Jlt.6±0 . 75 35 . 7±0 . 50 J6 . 3:!:0. J7 J6 . 5±0 . 33 J6 . 5:!:0.30 
(n=8) 18 . It 18 . 3 28 . 7-36 . :; Jt. lt- J? . 8 JJ . 4- 37.6 34 . 5- 37.9 35.0- 37.<) 35.1 - 37 . 6 

18 JO?~ 17.:; - - 36 . 8 - 18 .1 ±0.17 J?.8 J7 . 9:!:0 . 09 J7 . 8±c .• 20 
33 . 2 18.5 )6 .1-37 . 5 J7 .8- J8 . l1 37.8 )7 .8- J8.1 J? . 6-38.2 

(n= ( 2) ( J) ( 2) ( J) ( .J ) 

• mean + 1 s . c . 

f me~n + 1 s.e. ~nd r~nge 

~ . 
V1 
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APPENDIX C 

~ Octa ~lotted on Fig 6.~) 

Diurnal v~ri nt ion in body t emper a ture for s ix juveniles, and f our adults measured at 
the environmental t cmncr aturc p r evailing in ' home' cages . 

~lean Juveniles ,\dul ts 
Local Environ-
time mental 

No. !-le an Body Temp. No. ~ie an Body Temp. 
(hrs) Tempera- Rang e Range 

ture (DC) values oc. + 1 
values oc. + - s.e . 1 s.e. 

0600 16 . J 18 Jl.1- . 01 :t 0.195 JJ.0- 35.4 12 35.07 :!: 0 •11-55 3J . 4 - )7.8 

0900 20 . n 1n 3 3. 7/l ± 0.239 Jt. 5- 35- 1
t 12 311-.65 ± 0.1176 32 .0 - J6. 9 

1200 22.9 18 Jli- . 02 ± 0 .159 JJ .1-35 . 3 12 Jl1 . 98 ± 0.111:2 JJ . O - 37. 8 

1500 22 . 5 113 3L1. l11 ± 0 . 165 33 . 2- 35 .6 12 Jlt . 35 ± 0 . 336 32 .1 - J6.2 

1800 '.20 . 3 18 JI* • JO ± 0. 155 JJ . 6-36 .1 12 Jl1.6l1 ± 0 .1156 J2 . 2 - J6.8 

21100 17 . R '2./1 35 .15 ± 0 .182 J3 . 0- 36 . 6 7 36 . 83 ± 0 .17:; 36 . 5 - 37 . 8 

Overall 111+ 311. 32 ± 0 . 087 31.5- J6 . 6 67 311 . 96 ± o .1n7 32.0 - 37 . 8 
I 
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Anima l 
No. 

8 

14 

6 

9 

l1 

J 

J\PPr:;~:nrx u 

W8ight losses of six i=!nimr!l s moint<1ined singly in sm.::il l c;;iges at an 
r.-mbient temrer<-turc of ~o0c <:luring ?. p eriod of seven cl:-ys :::;te.rvat i o n. 

in 
Weight (gm) Wt . (gm) 7 Wt. loss Wt. loss 

Heon loss 
Age 

Se::c 1 de1y after days <l-fter / day 
months 

feeding feeding 
grams \)er cent 

grams 

9 female 930 750 180 19.3 JO. O 

Adu lt female 700 5110 160 22.9 22.9 

21 female 800 675 125 15.6 20 . 8 

9 male 1420 1150 270 19.0 l15 .o 

21 male 1225 1075 150 12.~ 25 . 0 

21 male 1175 1050 125 10 . 7 20 . 8 

Mean loss 
grams/kg. 

J2.J 

32 .7 

26.0 

31. 7 

20 . 11 

17.7 

> . 
--.J 



APPENDIX E 

02 con s um pt ion rates nt one d~ree intervals of 
;,mbicnt tcmpP.rciture , for anima l s in the metabolism 
c h<>mh cr while T 0 was gradually incrcesed. 

02 consumption<ml/kg.mi n) No. 
T" Vari1.mc e 

Valu es 
(o() ~ l e;:in s.e . Rcingc 

I+ . O- ,. . 9 2n . 25 2.975 10.28-35.1') 62.0 7 

5.0- 5.9 1').28 2.J61 6.85- 28.96 55.8 10 

6. o- 6.9 17.94 2.515 1J. 28- 22.60 25 . J /1 

7.0- 7.9 19 .!19 t.5J8 1J.114-2J.86 21. 3 9 

8.o- lL9 16 .15 2.J91 8 .10-22.112 J'i. 3 6 

'). n- 9. <) 18.89 0.956 7. 1!7-32. 70 35.6 39 

10 .0- 10 . <) 17.:8 0 .753 6.01- 27.65 26 . 6 117 

11 . 0-1J.9 16. ?'1 0.639 5.76-J4.35 39 . 6 97 

1'."!Jl-1'.2 . 9 16.82 0 . 951 7.'i8-30.02 3li. 3 38 

13.0-13.9 1n.12 1.108 9.115-31 . J6 l 15 .11 37 

1/1 .0-1'1 .<') 16 . 71 0 .810 5 . 21-31.51 211. 9 J8 

1'.).n- 15.9 15. '!./1 0.621 5 . 86- 25. 611 16.6 4J 

16.0-16.9 1) .!11 o.6JJ 7.11 2-22. 09 16.0 l10 

17 . 0-17.l) 111 .'12 0.549 7.89-2i.62 .9· 7 32 

18 . 0-18 . 9 1 3 • 2/1 0 .11117 7.112- 21-10 8.6 113 

1 ') . 0-1 <J • 9 13 .19 0 . 536 5.33-32.67 25 . 0 87 

'.~0 .0- :•n .0 1: .(111 0 . 508 5. 71-21. 37 15.7 (11 

'.' 1 .0-"1 .9 11. 511 0.1,79 5 .113-17. 97 11. ~ 119 

:'.' .<l- ~'.' .') 1n.flo o. '160 6.92-20 . G·~ 7.~ 37 

'. ' "l • (1- '.' 1 • <) 1 n .110 0. li88 11. 711-23. 21 11 .11 118 

"'1.n- : 1, , 9 1(' . 19 O.L154 5.36- 20 . 4; ') . 9 '18 

'.'5. n-'.~'.j . <) 9.97 0. 285 3 . 93-18.21 7.9 97 

:6. o-:•6 . 9 9. Jl1 0.297 5.02- 16.33 5.9 67 

27.0- 27.9 6 .78 0.165 5.11-10.67 1.3 47 

:->8 . o-2n.9 7.85 0 . 217 5.21-13. 08 J.3 70 

2') . 0-29. <) 7.68 0 .189 11 • 611-12 • 07 2 .7 75 

(concluded on next page) 
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APPEND IX E (concluded) 

O~ consumption <ml / kg .mi n ) No. 
T :i Vari:incP. 

Values 
(oC) Mc11n s.e. Range 

10.0-JO. <) 7.31• 0.113 L1. )11-11.60 1.9 152 

11.0- )1.C) 7.71 0 . 180 4. J Li - 16 . 90 Ii. 6 141 

12.0-3 ~ . <) 7.76 0.159 11 . 25-111 . 22 J.J 129 

JJ .0-1).<J n. i;r, 0.260 h.81-18.82 8.J 1"" ..... ... 

11t .O- J11.9 13.57 0.296 11.78- 21.47 10 . 1 115 

J) .0-15.<) fLC)6 O. l11J J.111 - Jh.20 16.7 98 

)h .0-}6. ') ').09 0.261 h . :26-25.21 7. 2 106 

17.n-37 . 0 9,77 0.)85 11.09-26. 70 1~~. J 8) 

1n.o-Jfl.9 1n. ::>'.'! 0 . 674 5.22-18.85 15.0 JJ 

19.0- 19 . C) 1 () . )8 0 . 690 8 . 20- 21.85 12 ·'· 26 

1,n.n-'10.') 1n.93 0.950 7.67- 19 . _19 12.6 1/1 

I 
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APPENDIX F 

Wr.i!"]ht-rclativc 02 consumption, predicted o2 consumption from 
the interspecifi c regression for dasyurids (Mi\cMi ll en and Nelson, 
1969) and observed/predicted 02 consumption (per cent) for 41 
detcrmin ritions carr i ed out on 29 animals in the ambient 
temperature rvnge 30~30.9°c . Experiment numbers bracketed together 
are for the same animal carried out at different ~imes. 

Body Wt. 
02 consumption(ml / kg . min Observed 02 

Exp. No. Sex (kg) Predicted 02 
Observed Predicted 

(%) 

D0lnn '} M 1.075 5. 6/1 6 . 60 85.5 
11 1.140 5°9.1 6.50 91. 2 

~;~ 
1.600 J.68 5.95 61.8 
1.565 5.59 5.99 93.J 

De l ::-n ~~~.} 
M 1. JOO 6.03 6.29 95.9 

1.500 6.58 6.05 108 .8 

Dclnn J M 1.300 6.57 6. 29 104.5 

Dcl::-n 1,} F 1.000 9.93 6. 73 11:t7. 5 
~'),\ 1.0~5 5.80 6.69 86.7 

Del."'n 17 } M 1.400 6.09 6 .16 98.9 
25 1.465 6.77 6.09 111 . 7 

DcJ:in ~v'} M 2.000 3.88 5 . 62 69 . 0 
2JB 2.000 3.88 5.62 69 .0 

Del rn 19 F 1.0JO 11.64 6.68 69 .5 

Dc l;m 21 F 0.850 9.36 7.02 1JJ . J 

Del<'n 20 [o' 0.890 7. 61 6.911 109 .7 

Del vll 18 F 0.900 11. 22 6 .92 162 . 1 

De l i1n 1(,} F 0.855 6.98 7.01 99.6 

2~\ 1.000 6 .Olt 6.73 89 . 7 
1 .075 5.87 6.60 88 . 9 

ne.l an ~) 1, N 0. 900 7.27 6 . 92 105.1 

00lun JO.\ F 0.770 7.81 7. :20 108 . 5 

Del ;;n } '.2 '\ M 0.775 8.75 7.19 121.7 

De ] an J1i\ M 0.775 8.90 7.19 123.8 

Dcl:m 6 F 0.850 7.09 7.02 101.0 

Delfin ?" - '- M 1.375 6.72 6.19 108.6 

Dchyd ?.1 } F 0.875 1, .89 6. 96 70. J 
~~3 0 .850 6. 41, 7.02 91.7 

(concluded on next page ) 
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APPENDIX F (concluded) 

·•' . ; 

nody Wt. 02 consumption (ml~<g.min ) Observed 02 
Exp. No. Sex Predicted 02 (kg) 

Observed Predicted (%) 

Dchyd 11} 
[o' 0 . 800 6.93 7.13 97 . 2 

19 0.700 6.81 7.39 92 . 2 

D~hyd 2~} F 0.925 5.39 6 . 87 78 . 5 
1.050 11.80 6 . 6/i 72.3 

Dchyd 7 M 1.000 9. 38 6.73 1/1/:t .6 

nd1ycl 11 F 0.825 7.96 7.08 112 • .11 

J)e hyd ') H 1. 675 9.10 5 . 88 154.8 

Dc hy1l 10 H 1. 075 7.50 6 . (i() 113.6 

Dchyrl 1 '"' F 1. 100 6 .115 6.57 98.2 

Dehyd 1/1 F 1 . 000 6.61 6 . 73 98.:? 

Dchyd 18 F 0.750 6 . 96 7.25 96.0 

Dchyd ~o M 1.100 6 . 59 6 . 57 100.3 

Dehyd ::'6 ~1 1 .150 10 . 09 6 .119 155.5 
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APPENDIX G 

M0i"n Hourly Oxygen Consumption Rates me :1surcd 
during prolonged e xposure t o Cons t ?nt Amb i en t 
Trmp<~r::-ture . (D11.ta p l otted on Fig 8 . 5) . 

No . 0 2 cons um pt i on (ml/kg .min ) 
Hour v a lues 

Me an 
Stllndard 

Ran ge 
Error 

A. 1 2 

:d Lab. No . 2 , mal e -Bo dy Wt. 1.4 kg. 25 h r run a t 10°c (Ta ) 

0000 - 005') 28 18 . 50 0 . 82 11. 9G - 26. 71 

0 1 no - 0 15') 13 18 . 23 0 . 96 11. Go - 24 . 55 

<i::on - 0:~::;9 10 22 . 37 0 . 65 18 . 19 - :!5 -36 

o 1 no - 015') 9 19 .79 1. 28 111 . 86 - 25 . 03 

n1100 - 0115 ') 13 21.5/i 1 . 11 13 . 72 - 28 .77 

0500 - 0:i5') 9 2/i. 95 0 . 11'1 23 . 211 - 27. Olt 

0600 - 0659 i. 21.91 1.82 1G. 98 - 25 . 76 

0700 - 07'.)') 12 13 . 22 1. 25 7 . ;~9 - 18 . 55 

0800 - 0859 12 16 . 21 2 .07 8 . 110 - 29 . 81 

Ol)(V) - r.9::;9 15 12 . 01 1. 95 3. e2 - 26 . 01 

1 ()()() - 1 <''..'') 26 22 . 93 1.111 12. 11 - 29 . 92 

1100 - 1159 26 18 .73 0 . 97 9.0I+ - 26 . 55 

1 ::no - 1 '.:?59 18 1/i.58 0 . 87 9 . 51 - 20 . /111 

1 ·300 - 1i5<J 12 21.811 1. 37 1) . 19 - 28 . 09 

11100 - 1 11 )<J 10 15 . 111 t. fi9 8 . 21, - 23.57 

1snn - 1 '.)59 16 23 . 97 1. 21 1 2 . ~8 - ~9 . 66 

1 ()()0 - 1 h ) <) 11 113.118 1. 07 12. 112 - 22 . 7 0 

17nn - 175<) 12 2L1. '.~O 1.77 9 . 711 - 31. 27 

1 nno - 1f\59 11 20. 36 1. 73 1 () . :..!9 - 26 . 60 

19r.r) - 195<) 8 17 .66 t. 28 13.99 - 23 .06 

::'000 - :'.()'.)<) 9 19.73 0 . 94 111 . 79 - 2h.21 

21or. - 21.59 12 18 . 27 1.0'.:! 10 . 011 - 22.~9 

2200 - 2259 13 21 .47 0 . 62 18 . 03 - 25.39 

2)00 - 2J59 
Start 16 .72 0 .75 10 . 88 - 26 . 26 

Fin i sh 23 . 02 1. 20 20.63 - 24.35 

Mo.an o f mP.rn s 
f or I nst ?.11 2 11 19. 55 0 . 71 
hours of run 

(continued on next page) 
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APPEND I X G (co ntd . ) 

No . 02 co ns umption . (ml / k g . min ) 
!lour 

v a lues 
Mean 

Standard 
Ro.nge 

Er ror 

b) L~h . No.1) , f cm <ilc- Do dy Wt. 0 .9 kg. 26 hr run at 15°C (Ta) 

()O(l(} - or-59 5 14.03 1.16 to. 86 - 17 .23 

0100 - 0159 7 16 . 47 1.17 1:!.53 - 21. 8') 

0~0() - m59 7 20 . 8') 2. J1 15 . 06 - 31. 86 

0180 - '115') 8 25 . 07 2 . 25 13. 22 - J 1.5'l 

n'100 - (\/L59 7 14.oo 0 . . 17 1 ~ . o;~ - 14. 911 

0500 - ()) 5') 6 25.89 3. 3<J 15 .72 - 36 . 36 

P()no - 0()59 10 14.68 ·i. 23 8 . :~8 - 21. 93 

0 70 0 - 0759 
Strirt 8 16 .05 0. 55 13. 23 - 17.81 

Fjni s h 9 11.83 0.74 8 . 10 - 1/1. 57 

n:1on - nl159 
St nr t. 6 15 .71 1.59 11 .11 - 21. 7.1 

Fini ~h 11 15 . 27 0 . 93 8. 16 - 18 . 39 

0900 - 0959 10 16 . 12 0 .90 1" .,,, - · J._ - 22 .88 

1000 - 1059 3 16. 23 1.70 7 . 4li - 21 . 83 

1100 - 115') 7 1li. 99 1.51 10 . 511 - 19. 92 

1200 - 1'.?59 10 13. 06 1.17 7 . ':.'.7 - 17 . 30 

!JOO - 1159 10 12 . 60 1.17 7 . 21 - 19 .86 

1 '1 fl(\ - 11159 8 12. 3'1 0 . 90 3 • ' ·6 - 15 . 37 

1 )(~() - l )'.)<) 8 12. 0J 0.77 8 . '.2') - 111. l3'1 

J 6')(} - 1(;:_;•) B 11.62 o. 68 8 . 91 - 13.79 

1 700 - 17::;9 r, 12. 39 o . 86 n.80 - 15 .87 

1 P.ro - 1f1'.)9 12 21.'t7 t. 56 1'.2 . 93 - 30. 70 

19nn - 1959 9 21. ')6 3 . 52 1t. J3 - 39 . 32 

·~oon - '.""'05') 7 17 .5 '1 1. 0~ 13. 97 - 21. 73 

'.2100 - ~1 5') 6 13. 10 1.18 10 . 34 - 17.59 

~:100 - '."'~59 11. 19. 65 4. 43 12. 2/l - 31.88 

2 _100 - :-!J59 7 14.'17 2.11 6 . 0J - 22 . 55 

Mcrn o f mcons 
fo r l r-st 211 2/1 16 .15 o.86 
hour s o f r un 

' 

( continue d on n ext p age) 



APPENDIX G (contd.) 

Hou r 
No. 02 consumption (m l / kg.m in ) 

values 

Mc.-n 
St:>ndr.rd 

Il:.mgc 
Error 

c) L;ih . No . :-> , m~lc - Body Wt. t.4 ka . 27 hr r un at 30°C (Ta ) 
. ' 

onoo - 0059 J 5 . 06 0.15 Ii . 76 - 5.21 , I 
0100 - 0159 6 5 . 95 0.29 5 . 21 - 6. 83 ' ' 

()~{)() - 0:::'59 5 5.68 0 . 22 11 . 911, - 6. 29 

(Yj(lf) - 015'J 5 5 . 75 0.08 5 . 57 - 5. <)11 

f).'1 <)() - (l/1'.)9 5 7 . 117 1. 01 5.58 -11. 25 

n:inn - 0'.)5') 
Stcrt 6 8.95 0 .110 7.79 -10 .55 

Fin i s h 6 5. 83 0 . 16 5.33 - 6. 15 

O(lOO - 0659 
Stcirt 5 7 . 112 0.118 11 • 5'1 - 7 . 112 

Finish 5 6 .1 1 0 . 28 5.50 - 6. 78 

07on - 07)') 
St<lrt 5 7 . l1 l1 0.35 G. 93 - 8. 66 

F'ini <:: h 6 5.59 0 . 37 'i .nn - 7.39 

nr.on - o:J5 'J 11 6.82 0.21 6. 20 - 7 .1 ~ 

0')00 - 0').)9 11 6.96 0.30 6 .11 - 7 . 4'.!. 

1000 - 1n59 7 6. ')2 o . ~'. 1 6.51 - 7 . 78 

1100 - 11.)<) 7 G. 59 0 .1.) 6 . JO - 7 .117 

1 '.:<'O - 1 ~ '5 C) 5 5.70 0 . 20 5.39 - 6. 38 • J 

nor1 - 1 ~)') 4 5.91 0 . 5L1. '• · 75 - 7. 35 

111nn - 1115 <) 3 5 . 98 0.30 5. JB - 6.:->8 

1 '.)f"O - 15)<) 7 5.50 0. 17 5 . o:::: - 6 . 17 

1 (ion - 1 (i5 <) 1, 5 . 58 0 . 011 5 . 511 - 5 . 72 

1700 - 175<) 5 5 . 55 0 . 02 5 •117 - 5 . 65 

1800 - 1 :1'.><J 7 6.18 0 .16 5 . 83 - 6. 90 

1900 - 1')59 7 6 . oo 0 . 29 5 . 02 - 7. 17 

~000 - 2059 5 6 .16 0 . 17 6 .18 - 7. 17 

2100 - ;~ 1 59 5 6.08 0.35 5. 02 - 7.17 

2~00 - 2~59 5 5.19 0 . 11 4 .86 - 5 . 40 

2JOO - ~J59 /1 5.53 0 . 08 5 .110 - 5 . 75 

l·lcnn of mcnn s 
for J nst 2./1 2 /1 6.oo 0 .1 2 
hour r. of run 

(concluded on next page) 
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rl ) Le.b .No .15, 

0(l00 - ()0'.)9 

ni oo - 0159 

020() - n~59 

0100 - 01'.)9 

()l1()Q - <)\ 'J') 

05no - 0)'.)9 

0600 - 0659 

0700 - 07']9 
Stnrt 

Fini f'h 

oOoo - oP..:>? 
Star t 

Fin i s h 

0900 - 09.::;9 

1 ()()() - 10.39 

1100 - 11'.)9 

1 ~00 - 1:•59 

1)00 - 1)59 

1 1, ()() - 1 !1 '.)9 

1500 - 1')'.)9 

1 (,()(1 - 1659 

170(\ - 17'.)9 

1 8nn - 1359 

1900 - 1959 
20()(1 - ~059 

2 1()0 - 2159 

2200 - :·~59 

2)00 - ;~35_9 

t1c<m of mc::>ns 
for l ::is t ~'1 
hours o f run 

A.15 

APPENDIX G ( concluded) 

No . 02 co n sum pt i on <m l / kg.min) 

v a lues 
Me Dn 

St 1mdnrd 
Range 

Error 

f e mf'.l e - Body Wt . o.86 kg . 2:> hr r un at J0°C (T e. ) 

7 6. 73 0 . 22 5. 85 - 7. 42 

5 7 . 07 o . ~9 6 .111: - 7.79 

6 7 . 50 0 . 1, 9 6.33 - 9. 16 

6 7. 91 0.110 6.J4 - 8 . 96 

5 7. 99 O . J l1 7.1 1 - 8.87 

5 6 . 50 0 . 37 5.85 - 8. 08 

l1 6 . 55 0 . 26 G .1 11 - 7. 20 

7 7. 46 0 .11:2 6. 21 - 9.61 
'1 6.11 0 .1 2 5 . 85 - 6. 4J 

7 6 .17 0.21 5.5J - 6.89 
5 5 . 65 0 . 11 5 . 36 - 6. 0li 

8 5 . 81 0 . 1L1 5 . 35 - 6 . 111 

6 5. 83 0 .10 5 .5J - 6 . 0'1 

8 6 . 29 0 .16 5.81 - 6. 89 

6 5.98 0 . 27 5 . JJ - 7.17 

6 6 . 06 O.J2 5 . 0'1 - 6. 78 

7 6.oo (). 1,5 5. 1J - 8.62 

6 5 . 70 ().06 5. 5::! - 5.81 
0 
u 6 .1 fl 0 . 10 6 . oo. - 6. 68 

7 n.n5 1.09 5. 26 - lJ. ~7 

8 7. 37 o . ~3 G. 51 - 8.60 

8 7 . 27 O.J1 5. 86 - 8.80 

7 8.;.!7 o. '15 6 . 35 ·- 9. 87 

9 8 . 28 0.79 6.85 -14 . 29 

8 7.80 0.37 6.16 - 9. :?,l1 

8 7 .81 o·.35 6 . 39 - 9. 24 

24 6 .90 ·0 . 20 



R. t 

REFERENCES 

·, 
·: 

- l 

f l 
I 

'1 



J 

I 

R.2 

REFERENCES 

Adolph, F..A . (1968) Origins of Physioloqical Regulations. 

hcatlcmic Press; New York, London. 

A10x:-nd c r 1 r. •. ~nd D. Willi rims (1968) Shivering i>nd non­

s hivering thermogenesis during summit 

metPbol i s m in young lambs. J. Physiol. 1 

l~ndon , 198, 251-276 . 

fllt.m.~n, P.L. ~nd D.S. Dittmer (1971) 11espirrition and 

Ci rcul:ition: Biologic<ll llnndbooks . Fcderot ion 

of Americon Societies for Experimental Biology. 

Bethesda, Maryl8nd. 

i\rnold 1 J. ;ind .J. Shield (1970) Oxygen cons umpt ion and 

body temperature of the chuditch (Dasyuru s 

geoffroii). J. Zool. London, 160, J91-40l1 . 

nnrn;ird , T., J . Skala and O. Lindberg (1970) Changes in 

intcrscapul ar brown adipose tissue o f the rot 

during pe rinatal cmd early post-nnt al 

development and after cold acclimation . 

I.Activities of some respiratory r n zymes in 

the tissue. Comp. Riochcm. Physiol ., 

·11, 1,99-5on. 

nnrtholnmrw, G. A. (1956) Tcmprroturn r cgul :it ion in the 

m0cropod m~rsupirl , Setonix hr ::ichyu ru s . 

Physiol . Zool., 29 , 26- 11() • 

. . . . . . . . . . . . • . . • . (1972) As pects of timing ?nd periodicity 

of h c tcrothermy. pp . 663- 680 in: Hihcrn Ption 

md Hyrothermi a 1 Perspectives ;md Ch nl l cnges . 

(F .E. South et~ Eds.) Elsevier Publishing 

Comp?ny; Amsterdam, London . 



Ti r rtholom r.w , G.A. nnd J.W. Hudson (1962) Hibernetion, 

estivRtion, t empe r a ture r egul ation, evaporative 

wP.ter loss and heart rate of the pigmy possum, 

Cnrcoertus nonu s. Physiol. Zoo l., J5, 9~-107. -
Tiilrtho l omr.1,- , G.A. and R.E. Madlillcn ( 1961 ) O>..')'gen 

consumption, estivation, and hibernation in 

the Knngaroo mouse , Mi c rodipodops pallidus . 

Physio l. Zool., J4 , 177-183 . -
Tin rtJ Pt t , W.H. (1974) Climate and Me t eorology, Wes t e rn 

/\~ s tralinn Ye ar Book No . 11 - 1 97~ 

Chapt e r II, Part 2 . pp. J0- 117. Aus tr ali an 

Dure au of Statistics , W.A. Offi ce , Perth. 

Bentl ey , P. 11955) Some as pects o f the wat er me t abo li sm of 

nn Au s trali an mar supial Se t on i x brachyurus. 

J. Physiol., London, 127, 1-10 . 

(1960) Ev~por ative w~t er l oss ruld t emperature 

r cgul e>tion in the mcrsupi a l Sc>tonix brachyurus . 

Au st. J. exp . Bi o l., J8 , 301-306 . 

nim1er~ , .1.n. (1966) Repr oduc tion in mal e mnr su pi ;_i l s , 

Compnr at i ve Bio logy o f Repr oduction in M~mma l s 

Symposip. 15 Zool. Soc . London. Edit. I.W. 

Rowl tinds . Ac ademi c Press Inc. London. 

1'11· 251-280 . 

flli f.Jh, .J. ( 197 1) Temper ature n~gul at ion in mr>mmnl s vnd 

othe r vertebrnt cs . North-Holl Md Pub li s hing 

Compnny; Am s t erdam, London. 

13 l igh, J. <'nrl K.G. Johnson (1 973) Glossar y o f t e rm s fo r 

thermal phys iology. J. Appl. Phys i o l . , 

JS , 9L11-961. 

f l 

f i 
I I 

. \ 



,. 
Hro~y, S. <19~5) Bioenc rgetics and Growth. Re inholt 

Publ. Corp. Hafner Pub!. Co., Inc. N.Y. 

reprint, 1964. 

nrown, A .E. <1909) The tube rcul i n test in monkeys; with 

notes on the t e mpe reture of m~nm a l s. Proc. 

Zoo l. Soc. London. 1909, 01-90. 

flrown, G.D. l;\lld A.R. Main (1967) Studies in m;1rsu p i a l 

nutrition. V. The nitroge n r equire ment s of 

the euro M~cropu s robu stu s. Aust. J. Zool., 

15, 7-27. 

nurk c , J .n. ( 195/1) Bloo d v o lume in mrunm ci l s . Phys iol . 

~., 27, 1-21. 

CPughl cy , G. nnd R.I. Kean (1964) Sex ratios in marsupial 

pouch young. Nnture, Lond. 2011 , 11 91. -
Ch~w, 11. (j 965 ) Wa t e r me tabolism of mamma l s . Physiological 

M;immalogy Vo 1. I I. Mammalian Rc 01ct ion s to 

Stressful Environments. pp.4)-178. Mayer, 

W.V. and R.G. Van Gelder (Editors) 

i\ca.dcmic Press , New York ;,md London. 

Clww , 11.rl ., R.G. Lindberg a nd R. Hciydcn (1965) Circ;1dinn 

rhythm of metebolic r<tte in pocket mi ce • 

• T. M<trnm:il., 116 , '~77-'•9'1. = 

C: rnh·crnft, P . ~nd G .K. Godfrey ( 19(18) The d :.i ily cyc l e of 

<tctivity in two species of Sminthops is. 

J. Ani rn . Ecol., ]l, 6) -7 ) . 

D:inow sk i, T .S . 1 J .R. Elkington, and A .W. Wink] er ( 1 9 /i./1) 

Th e deleterious eff ect in dogs of a dry protein 

r~tion. J . Clin. Invest. , 2), 8 16 - 82) . 



~ . • 

O;iw,,s, G.S., vnd G. Mestyan (1963) Change s in the oxygen 

consumption of new-born guinea-pigs and 

rnbbi ts on expos ure to cold. J. Physiol., 

London, 168 1 22-'12 . 

Onwson, T .J . ( 1969) Tempcr<1ture r c gul;ition :md e vapor<itive 

wPter loss in the brus h-tailed poss um 

Trichosurus vulpe cula. Comp. Biochcm. Phy s iol., 

:!ll, l101-li07. 
= 

(1972 ) Primitive mr mm a l s rnd p?tterns in the 

e volution of thermore gulation, in : E s says on 

T0mperature Re gulation. J. Bligh ond R.E • 

Moore (Editors ). North - Holland Publi s hing 

Comp~ny; Amsterdam, London. 

(1973) Thermore gulatory res pons es of the arid 

z on e kangaroos , Me g a l e i a ruf1:1 and Macro pu s 

r obus tu s . Comp . Bioch ern. Phys iol. 1 '*6/\, 15)-169. 

D<iws on, T.J. and R. De gabri c l e (1 973 ) Th e cus cus 

(Phalange r ·macul atus ) - a rn <1 r s u p i a l s loth ? 

J. Comp. Phys i o l., BJ , 41-50. 

Onws on, T .J . ~nd M.J.S . Denny (1968) Influen ce of the 

s pl een on blood vo lume and hPern at ocri t in the 

h ru s h-taile d poss um (Tricho surus vulpecul a ), 

Aus t. J. Zool., 16, 603 -608. === 

n " w:-<on, T .J., M.J.S. Denny ?nd A.J. Hulbe rt <1969 ) Th e rm a l 

bd <"nce o f the mPcropodid mi-r s upi ll l MP c r o pus 

<>ugcnii Dcsmar est. Comp. Biochem . Phy s i o l., 

11, 645-653 . 

D:i.wson, T.J. and A.J. Hulbe rt (1969) St andard en e rgy 

met aboli sm of me.r s u pials. Nature , 221, JBJ . 

r I 

; ' I 
' 



' . 

O:'lwson, T .J . cind A .J. Hu! bcrt ( 1970) Standard met abo Ii sm, 

body temperature, and surface ar0c of 

Australian marsupials. Amer. J. Phys iol., 

218, 1288-1238. 

Dawson, W.R. (1955) The relation of oxygen consumption 

to t emperature in desert rodents. J. Mammal., 

Dnwson, W.R. end A.F. Bennett (1971) The rmoregul Dt i on in 

the marsupial Ll'gorc hes t es conspicillatus. 

J . . Physiol., PDri s , 61, 219-~~1. 
=-

lknt1)' , t-1 .. T. S . ;.ind T.J. Dciwson (1975) Eff<'ct s o f d ehydr a tion 

on body w~ter distribution in desert knngaroos. 

Am. J. Physiol., 229 , ~51-254. 

Oo11gJ.,...s , W.H. (1968) Aborigint:1l Lcingu <' ges o f South Western 

Australia. Aboriginnl Studies No . 111, 

~inguistics Series No. 4. Austral. Inst. Abor. 

Studies , Canberra. 

£1~r.r, R .F. (-1968) A preliminary survey of the behaviour in 

ceptivity of the dnsyuricl mnrsup i <1 l Sminthops i s 

cr nssicaudata (Gould). Seit Tierrs ychol ., 

~5 , 319-365. 

FJ r.;w , D. (1 <JJ5) Breeding of Dasyurus viverrinus and 

ncncral observetions on t he species . 

J . 1-lt'lmmal., 16, 10 -16 . 
= 

Godfrey , G.K . (1966) Daily torpor in the marsupi a l mouse , 

Sminthopsis larapinta (Spencer) . Nature, 

London. 212 , 12t18-12L19. 

Gorlfrcy, G .K. ( 1968 ) Body-temperatures v.nd torpor in 

Sminthopsi s crassicaudat a e.nd ~· l ci rapint a 

(n ::-rsu pialia - Dasyur idac) . J . Zoo!. Land., 



Godfrey, G.K. (1969) Reproduction in a laboratory colony 

of the marsupial mouse Sminthopsis larapinta 

(Marsupialia; Dasyuridae). Austral. J. Zool., 

17' 637-6511. 

Green, R .If. (1967) Notes on the devil (Sarcophilus harrisii) 

and the quoll (Da~yurus vi~errinus) in north­

eastern Tasmania. Rec . Queen Victoria Museum, 

L;iunccston: 27, 1-13. 

GuiJr.r, E.11. (1970) Observation on the Trismruiil'.ln Devil, 

S;.-rcophi lus h::irrisii (M c rsupi <>liD. : Dasyuri dae) 

II. Reproduction, breeding rnd growth of 

rouch young, Austral. J. Zool., 18, 63 -70. 

Guilcr, E.R. "nd R.W.L. Heddle (197~) Body temperature in 

the T~smaninn devil, Snrcophilus hl'.lrrisii 

(Mprsupi~lia: Dasyuridae ) . Comp. Aiochem. 

Physiol., 47A, 981-989. 

Guyton, '' .C. ( 19117) Analysis of respiratory pl'ltt e rn s in 

lt:'.boratory animals. timer. J. Pllvsiol., 

150, 70-8_'3. 

llnines , II., W.V. Macfnrlcine, C. Setcheq and B. Howard (197/.) 

Water turnover and pulmocutancou s evapor at ion 

of Australian dese rt dasyurirl s and murids . 

1\ m. J. Phvs i o 1., 227 , 958- 961 . 

11 .-.1,~ ~; , J.ILS . vnd . G.D. Brown (197/t) Net energetic and 

thermo r egu latory effi ciency during ranting in 

sheep. Comp. Biochc~. Physiol., 49A, 413-422 . 
~ 

H~.rt, J .S . ( 1971) Rodents. In, Cor.ipnrati ve Physiology of 

Thermoregul at ion. Vol . 2 (Whi ttow, G .C. edit.) 

Academic Press, !\ew Yori<. 

I\ • I 

r l 
f 

T • 



... 

. '·, 
I 

(. 

R.8 

11.-rtmon, C.G. (1')28) The brcedin!J season of the opossum 

(Oidelphis virginiDna) Dnd the rate of intra­

uterine and postnatal development. J. Morphol. 

and Physiol., 116, 1113-215 • 

Heinri ch, n., ruid G.A. Bartholomew (1971) An annlysis of 

rreflight wnrm-up in the sphinx moth, Mnnduca 

~exta. J. Exp. Biol., 55, 223-239. 

Herreid , C .F. nnd B. Kessel ( 1967) Thermal conductmce in 

birds and mammals. Comp. Diochem. Phys iol., 

:'1, l105-l11L1. 

ll cu!"nr.r , 1\ • • \. 1 J . C. Roberts, and R. Em.Smith (1971) Tim e 

~s a factor in metabolic studies of Peromyscus. 

Acta Physiol. Acad. Sci. Hungar., 110, 1-11. 
= 

lli!Jf)inboth:-m, A.C. Md W.E. Koon (1955) Temper~ture 

regulation in the Virgini~ oposs um. Amer. J. 

Physiol., 181, 69-71. 

Hill, J.r. ::- nd W.C.O. Hill (1955) The growth stages of 

the native cat (Dt1 s yurus viverrinus) together 

Kith observations on the nnatomy of tile n ew­

born young. Trcms . Zoo!. Soc . Lond. , 28 , 

3119-1152. 

Iii!], J.P. ~nd C .H. O'Donoghuc (1913) The reproductive 

cycl e in the ml'lrs upiC\l Das yurus vivc rrinu s . 

Qunrt. J. t-licro s . Sci. Lond., ~' 133-17'1. 

lludson, J.H. Md D.R. Deavers (197.3) Metaboli s m, pulmo ­

cutaneous water loss and respiration of e i ght 

species of ground squirrels from diff e r ent 

environme nts. Comp. Biochem. Phys iol., 

l15A, 69-100. 



l 
·~ 

l 
f 

t 

llught?::::, n.L. 1 1')6~) Reproduction in the macropod mers upial 

Potorous tridactylus (Kerr). Aust. J. Zool., 

tn, 193-224. 

Hullwrt, A .J. "'nd T.J. Dawson (197tw) Stand ard met abolism 

md body tempe rnturc of perruneloid mnrsupi els 

from different environrn1mts. Comp. Bio chem. 

Phys iol., 47A, 583-590. 

.•.•••... .. .• . • • ••••••••••••• (197L1b) Therrnoregulation in 

pP.rruneloid mar s u pial s from different environ-

ments. Comp. Biochem. Physiol., 47A, 591-6 16. 
= 

...•.••. • . . .•..•• • •••••• • ••• • (197L1c) Water mctDbolism in 

perc:imeloid marsurial s from different environ­

ment s . Comp. Diochcm. Physiol., 47A, 617-633. ==-

llu.lbrrt , i\ •. T. <ind R.W . Rose (1972 ) Docs the devil sweat? 

Comp. Dioche m. Physiol., 431\, 219- ::!2:::! . 

llull , n. <1<)611) Oxygen con s umption and body temperature 

of ncw-bor~ rabbits and kittens exposed to 

co ld. J . Physiol., London, 177, 192-20:2 . 

Jenkinson, O. McE, R.C. Noble, Pnd G.E. Thompson (1968) 

'd i posc t issu e end he~t product i on in the 

new-born ox. J . Phys i o l. London , 195 , 639-646. = 
.Jone:. , i\ .C. ( 1970) En e r gy mctl'!boli s rn end development of 

homeothermy in the Quokk~ , (Sctoni x brDchyurus) . 

Ph.D. Thes i s , Unive r s ity o f Wes t e rn Au s tra li a , 

:\cd l nnds. 

Kenn e dy, P.~I. and W.V. MacFar l an e (1971) Oxygen consumption 

and water turnover of the fat-tailed marsu pials 

Dasy cercus cristicauda and Sminthops i s 

crassic audat a . Comp. Biochcm. Physiol., 

40A, 723-7J 2 . 

I\. • I 

~ l 

: 1 



R.10 

Kennedy, P .'.'f. :!nd G .E. Heinsohn ( 197/t) Wnter metabolism 

of two marsupi::ils - the brush-tailed possum, 

Trichosurus vulpecul~ nnd the rock-wallnby, 

rctrognle inorn a t a in the wild. Comp. niochem. 

Physiol., ~7A, 829-834. 

Kinnei'lr, /\, .•nd J.W. Shield (1975) Metabolism ::-nd 

tcmpP.rature regulation in mcirsupi;ils. Comp. 

niochem. Physiol., 52A, 235-2L15. 

Kinnc:>r, .J .r-:. nnd G.D. Drown (1967) ~linimum heart rates 

of m::irsupicils. Nature, 215, 1501. 

Kinne<ir, .J.E., K.G. Purohit, and A.R. Mo.in (1968) The 

ilbility of the t::unmar wallaby (Mo.cropus eugenii, 

~arsupialia) to drink sea water. Comp. Biochem. 

Physiol., 25, 761-782 . -
J<J r. ih0r, H. (1961) The Fire of Life: An Introdu ct ion to 

Animal s Energetics. Wil ey, Ne w York, 1 961 . 

L~wson, H. C . 11962) The volume of blood - a critical 

exam ination of methods for its measurement. 

rp.21-49 in: Handbook of Physiology, Section 2 : 

Circulation Vol. I. American Phy s i olog i c<1l 

Society, Wa s hington, D.C. 

l.d t c.h , T., f'.E. Hytt en, nnd W.Z. Dillcwic~ ( 1<)5<)) The 

m'lternr.l imd nconrt<'l weight s of soillc Me>mm 0li;i. 

Proc. Zool. Soc. London, 1 J3 , 11-::>8 . _,_ 

J.i ~ t, R • .J. (1')58) Smith~mnifln Mcteoro loni c<il T:iblcs 

(6 t.h rev. edit.) T:·bl c 108, pp.Jl3:2-J3'3. 

Smithsonian Institution: Washington. 

Lyne , f\ .G. ( 196 /1) Observations on the breeding and growth 

of the mar s upi a l Perame l es nasuta Geoffroy, 

11·ith notes on other bandicoots. /\ust. J. Zool ., 

12 ' 322-339 . 



Lyn 0 1 A.G. (197'1) Gestation pe riod and birth in the 

mars upial I soodon ma crourus. Au s tral. J . 

~., 
...,..., 
... ~ ' JOJ-J09 • 

Lyne , A.G. nnd ,'l.~1.W. VerhagDn (1957) Growth of the 

m0r s upial Trichos urus vulpecul:i and comparison 

with some higher mflmmals. Growth, ~' 167-195. 

M:-cfnr] :-n c , W.V., B. Howard, H. H" incs , P .J. KcnnP.dy, and 

C.H. Sharpe (1971) Hi cr:-1rchy of wp tcr <ind 

energy turnove r in desert mrunmn l s . Nrturc, 

M "\.kcrr .~~ , M .J . ~nd R.H. Smith (1960) Breeding the s ho rt -

rm Rcd mar s upial bnndicoot, I s oodon macr ouru s 

(Gould), in captivity. Aust . J. Zoo l., 

n, 371-382 . 

~J.-·dlillf-n, n.E. ;ind J.E. Nelson <1 969) Biocncrgc ti cs and 

hody s ize in dasyurid nwr s u pi <!ls. Amer . J . 

Physiol., 217, 1246-1251 . -
~lnrlo1v , n .J. (1961) Reproductive b e h av i our o f the marsupial 

mouse , Antechinus fl avipes (Waterh ou se) 

(N nrs upialia) and the dcv e l ormrnt of the pouch 

young. Austral. J. Zoo l. , ii ~OJ - 2 18. 

i!;1rtin , C .J. <1903) The rm a l cid ju s tment ;:ind respiratory 

cxch~nge in monotremcs ~nd m~rsupi n l s . Philos. 

Trr.-ns. Roy. Soc . Lond., Seri es D, 195 , 1-J7 . -
~1ryn 0:., r. . ~1. ( 1972 ) Age est im ilt i o n in the p:rmo Ka ll <'by, 

:·1 :-cropu s ~ \faterhou sc . f\ u s t. J. Zoo}., 

~0. 107-118. 

McN:>b 1 n.K. (1 966) The me t aboli s m of fosso ri a l r o dents : 

t d f E 1 / 7 71'.' --tJJ . ~ s u y o convergence. ~·· 1 , -

I l 



McNAh, n.K. (1970) Body weight and the en e r ge tics of 

t emperature regulation. J. Exp. Di o l., 53 , 

1~ 9- J '18. 

R.12 

t·lc::·: "b , R.K. ~nd P.R. Morrison (1 963) Bo dy t emperature llnd 

me tabolism in s ubspe cies of Pc r omyscus from 

nrid and mes ic environment s. ~· Monogr aphs , 

'3J , 6)-32 . 
= 

Me drw :- r, P . (19 '15) Si ze , s h ape end l"ge . pp. 157-187. 

in: Es s -'\ys on Growth t"'nd Form presented t o 

D' Arcy Wentworth Thompson. Le Gr os Cl ;irk, 

W.E . and P.B. Me d awar (editor s ) . Ox f o rd 

Unive rsity Press , London. 

Mi c hen e r, G.R. (1969) Not e s on the breeding and y oung o f 

the crest-tail e d ma r s up i a l mou se Dosyce r cu s 

cri s ticauda. J. Mamm a l., 50 , 633 - 635 . 

!·lorri ~o n, P.R . (1<Jlt6) Tempe r ature r e gul a tion in three 

Cen t ral Ame ric an m~nmal s. J . Ce ll. Comp . 

Phv s iol., 27, 1 25-137 • 

. . . . . . . . . • . • . . (1962 ) Body t emperature in s onw Au s t ra lian 

mamm a ls - II. Pe r amc lidae . Au s t. J . Bio l . 

Sci., !_2, 386- 3911 • 

. .. .. .. .. .. • .. (1965 ) Body t emrer Aturc s in ~ome Au s tr a li an 

m<-mmals . IV . D.:is yurid :"IC . Aust . J . Zoo ! . , 

1J , 173-187. 
= 

~- l 1n·ri f:on, P . ;111d B .K . Mct\nb (1962 ) D:iil y t o r por in n 

13r r.iz ili an murine o possum (H ~rrno s c) . Comp . 

nioch em. Physiol., g, 57-68 . 

t l0rri s on, P.R. ;ind J.H. Pe t a jnn (1962) The deve l o pm en t o f 

temper a ture r egul c.ition in t h e o possum, Didc l phi s 

mr r supi oli s virgini on·a . Physiol. Zoo l. 1 J 5 , 

52- 65 . 



·~ 
i ., 
"~ 

' 

. ~-
' .• 

~ount, L. 11968) The Climatic Physiology of th e Pig. 

Edward Arnold, London. 

The concept of thcnnal n eutrality. In: 

llcf.'t Loss from Animnls <tnd Man: ,\ssessmcn t 

~nd Control. Proc. 20th Easter School Agric. 

Sci. Univ. Nottinghrun, 1973. Montiet.h, J.L. 

nnd L.E. Mount (Editors) Buttcn>orth, London. 

rp.1125-1129. 

Pfrhot.k,.,, .T. (1')6'1) Tempereturc r cgule>tion jn newborn mic e . 

II 'l . 'I t · q " -I .-.. o1 •. g. wiss. reerP.sun er.<;.::::' --r• - --ut. 

l'i l f ,.11, P.E. ,..nd G.B. Shorm<1n (1962) Reproduction in the 

mc-rs urial Trichosurus vulpeculo. J. Endocrin., 

:!5_, 119-136. 

rooJ. 0 , \V .<\. (1973) A study of breeding in grl'y kangaroos 

~locropus gignntcus Shciw and ~· fuliginosu s 

(Dcs marest), in central New South Wale s . 

A t l J z l ~1 183-0 1 ',J • "us ra • • oo • , "' , _ _ 

Pr011ti~s , P.G., A.V. Wolf, nnd H.A. Eddy (1<)5')) Hydro ­

pcnia in cat and dog. Ability of the cat to 

meet its water requirements solely from a diet 

of fish or meat. Amer. J. Physiol., 1 ')6 , 626-63'.2 . 

flro.':~r 1·, C .L. (1')71) Com:.i<"rc>tive Animal Php; i o l o£1y IJrd 

Edit.) Saunders : Phi l adelphi o , London , Toronto. 

Rc<•v c , F:.n., ~I.I. Gregers en, T.H. Allen, nnd II. Sel:'.r (1953) 

Di stribution of eel l s and plasm.:> in the normal 

:-nd spl e n ectomize d dog and it s influence on 

blood volume estimates with r1 2 ~nd T-182'1. 

timer. J. Physiol., 175, 195-20) . 
~ 

RPynoJds, H.C. (1952 ) Studies on reprodu c tion in the opossum 

(Didelphis virginiana). Univ. Calif. Public. 

in Zool., 52, 223-284 . 

' ' I 

r . 



' . 

Reynold~, S.}l.R. (19119) Persrectivcs in prematurity. 

o\mer. J. Obstet. Gynec. , 58, 65-7'1. 

Richmond, C.R., W.H. Langhom and T.T. Trujillo (11)6~) 

Comparative metaboli s m of tritiat ed water 

by mMtmals. J. Cell comp. Phys i ol ., 59, 

115-53. 

Ririe, W.D.L. (1970) A Guide to the Native Mrunmals of 

Au strali a. Oxford Univ. Press , Melbourne. 

nink, R.n. <1969) Oxygen consumption, body temperature 

<·n d brown :idipose tissue in the nostncitlll 

f!Olnen hamster (Me socricetus .-ure.tus) . 

J. Exp. Zoo!., 17, 117-1211. 

Tlnbinson, K.W. ~nd P.R. Morri son (1957) The react ion to 

hot t emperotures of variou s species o f 

Aus tralian mers upi a l 11nd pl ~ centnl mammals. 

J. C<'ll. Comp. Physiol., 119, '155-1178. 

Schmiclt-Ni r. J sen, D. and K. Schmidt-Nielsen (1950) Pulmonary 

~Rter loss in desert r odents . Amer . J. 

Phys iol., 162 , J 1-J6. 

~c.l1111idt-N i clsen, K. (1964) Desert A nim~.l s : physiological 

prob l ems of heat and water. Oxford Univers ity 

Press, Oxford. 

Schrniclt-Nic.l scn, K. and A.E. Newsome (1962) Wnt cr balance 

in the mulgnro. (D:i s yccrcu s cristicauda) , a 

c::-rnivorou s de s ert mll rsupi a l. Aust . J . n iol. 

Sci., 15 , 63)-689. 

Schmi dt-Nie l sen, K., B . Schmidt -Ni elsen, S .A. Jarnum, and 

T .R. Houpt (1957) Body tempernture of the 

c"m~ l and it~ relation to water economy. 

/\m er. J. Physio l., 188, 103-112. 

. ' 



. , ' 
I 

Schol:>nrl0r, P.F., R. Hock, V. W::iltcrs, ~nd L. Irving (1950) 

Ad~ptation to cold in llrctic ond tropical 

m~mmels and birds in rcl~tion to body tempera-

ture, insulation, ~nd bcisnl metabo lic rate . 

Diol. Bull. 1 99, 259-271. 

Sh .:irmrn , G.n. nnd P.E. Pilton (19611) The life hi s tory and 

r eproduction of the red kangaroo (Megaleia 

rufa ). Proc. Zool. Soc. London, 111 :::! 1 29-'18. 

Sh<>rm <m, G.R., J.H. Calaby and \o/.E. Poo l e (1 966 ) Patterns 

of r eproduction in f emal e diprotodont 

rn~rsupi als. In;Compnrative Diology of Reproduction 

in Mammals. Symposia of the Zoological Society 

of London. No. 1), Edit. I.W. Rowl ands . 

Acad. Press Inc.,London. 

Shi e lrl, J. 11961) The development of certain external 

chcirecte r s in the young o f the macropod 

rn!'r supi a l Set onix brachyurus . An at. Rec ., 

1110, 289-29/.i-. 

.. ........ The s ex-retio of pouch young, yenrlings 

:>nd ~dult s of the macropod m;ir s upi d Setonix 

hr nchyurus . Au s tr t" l. New Ze::i l :1nd J. Obs tct. 

Gyn"'~c ., !!_, 16 1-16'1. 

A breeding se n~on difference in two 

po;iul ations of the Aus trali nn m'1c ropod mar supial 

ISetoni x brnchyurus ). J. Mamm:i l . , 115, 616- 625 . 

< 1 9G6) Oxygen consumption during pouch 

rleve l opment of the mncropod marsupial Set onix 

brachyurus . J. Phys iol., London. 187 , ~57-270. 

( 1968 ) Repr o duction of the quokka, Setonix 

brachyurus, in c aptivity. J. Zool . Lond., 

155 ' 1127-4.11'4: • 

,. rj 



' ' 

, ' 

·~ 

l 
I "i 

Shield, J. r1971) A seasonal chPnge in blood cell volume 

of the Rottnest Isl~nd quokki', Setonix 

brPchyurus. J. Zoo]. Lond., 165, J4J-)5h. 

R.16 

Shield, J .W. ;ind P. Woolley (1961) Age estimr.1tion by 

mc<lsurement of pouch young of the quokk<1 

(Sctonix brachyurus). Aust. J. Zool., ~' 1h-2). 

Shortridoc, G.C. (1909) An account of the geographical 

rlistrihution of the nrnrs upicil .s ;:md monotrcmcs 

of south-west Australi<1, heving reference of 

spec imens collected during the Rolston 

Expedition of 190~-1907 . Proc. Zool. Soc. 

Lonnon 1909, 80J-848. 

Simpson, G.G., A. Roe, and R.C. Lewontin (1960) Quantitative 

Zoology. Harcourt, Brace and World Inc., 

New York. 

Srnj t.h, R.E. nncl n.f\. Horwitz (1969) Brown fnt and thermo­

gcnesis. Physiol. Rev., '•9, 330-1126. 

Soren son, M.W. (1970) Observations on the bchi"'viour of 

n" s ycercus cristiCi"'UdD ~nd D2 s yuroidcs byrneii 

in c.cpt ivity. J. Mi"'mm~l., 51, 12)-1)0 . .....,, 

S :1cc:to1·, W.S. (Editor) (1956) H;mdbook of Biolooicd D.':>.ta . 

W.n. S:•unders Comp<·ny, Philridelphi..., ·, London. 

Si ,.,h l, W.R. r19G7) Scaling respir<!tory v<iriebles in 

mf!m1;1;1ls. J. Appl. Physiol., ~~'.!, 45J -l160. 

Suthrrl and, fl.. (1897) The temperatures of reptiles , 

monotremes and marsupinl s . Proc. Roy. Soc. 

Victoria, :f_, 57-67. 

TnyJor, c.n. (1970) De hydration and heat : effect on tem pera­

ture r egulation of East African un gulates . 

Arner. J. Physiol., 219, 11)6-1139. 

I I __ .,. ____________________________ ,, _____ . _ __ .~ 




