
HÄEDIATOI,OGTCAT STUDIÐS ON THE

IfAtÍe.AROO ISI¡AND I/'UALI¡ABY,

PROTÐMNOpON EUCETüII (UeSmAnASr)

by

CI¿ARE R. MURPIIY B.Sc. (ttons. )

DEPARTI\{E}fT OF ZOOINGY,

UNNT¡RSITY Otr' ^AÐEI,ATDE.

SOIIIH AUSTRAT,IA.

FEBRUARY 1970

Being a thesís submitted for the Degree of lûagter

of ScÍence ín the UniversÍty of .Ad.e1aiûe"





TAB],8 OF CONTEIìTS

Frontispiece : A captive ad,uIt nale Kangaroo
ïsland- waIlaby. Photograph by courbesy
of S. Barker.

sui\/n{ARY o. . .

DECI¡AX,A,TION ..

ACKNOl¡l"LEDGEi\mlilIS . .

Ï. INîRODUCTION

t-aa

aa

aa

aa

aa

a

aa

aa

aa

aa

la

aa

aa

aa

aa

aa

al

aa

la

aa

oa

tt

at

l-v

a

aa

.. v

a¡ I

The relatj-on of haematological- measures
an anj¡raIr s state of nutrition ..

The present stud-y .. .r ..

IT. IVNTIHODS

to
aa

aa

aa

aa

aa

aa

3

t]

1. Collection of blood. samples

2. Haematofogical method.s ..

11

11

12

12
12
13
13
1+
14

16

(")
(b)
(")
(a)
(")
(r)
(s)

aa aa aa aa

aa

la

aa

aa

aa

aa

aa

aa

ôa

ot

aa

aa

aa

ta

aa

aa

oo

al

aa

aa

oa

aa

oa

aa

aa

aa

aa

aa

aa

at

aa

aa

aa

la

OI

aa

aa

ao

aa

aa

aa

ao

aa

la

aa

aÒ

tl

Haematocrít .. .. .. ..
Haenoglobil .. . o .. ..
Iìed b1ood. cells .. o. ..
lfean cell volume r.. .. ..
IVIean ce1l haemoglobin concentration
Total proteirr concentration ..
Relative percentages of the
fractions in the sera ..

(n) .A¡sofute concentrati-ons of
fractions i¡ the sera . r

Lfeasurernent of plasma urea
lleasurement of plasma volume

protein
aa aa

the protein

(i)
(¡)

ao

aa

oa

la

aa

aa

la

aa

1B
18
1B

19

20

20

20
20

21

1. Anjma] husbandry ..
4. Prooed.ureg .. ..

(a) Catotring wallabies
i) rn the field-
ii) In laboratory enclosures

(
(

(t) SamplSng procedures aa



ïfI' ÌìESULTS

(u)
(b)

(o)
(¡)

aa

Prooed.ures
lìesults .

Prooed.ures
Results ,

aa

la

aa

aa

aa

aa

aa

aa

aa

aa

aa

aa

aa

LABOÏATORY AITD FIETD WOÌK: PROCEDURSS A]tlD R-ESUITS

a A stud.y of the effect of the age of a
wallaby on some of its blood- parameters

1

¡a 22aa

aa

aa

aa

a

aa

aa

aa

aa

aa

)

aa

aa

aa

aa

aa

aa

aa

aa

aa

aa

aa

aa

aa

aa

aa

aa

la

22

22
23

56

6t

aa

aa

ta

aa

aa

ta

aa

aa aa

aa

2. r\ stud,¡r of the effects of the season of a
year and. the sex of a wallaby on some
blood. parameters

Proced,ures
Results .

ta

aa

aa

aa a

ao

aa

3. À stud-y of the effect of a low nitrogen d.iet
and. a restricted. v,'ater intake on various
blood. parameters jn ad.ult tvallabies

Proced.ureg
R.esults ..

(")
(u)

(")
(u)

aa

aa

aa

26

26
26

3o

30
52

35

35
35

)+3

43

)+6

53

4. A study of some blood. parameters ix adult
wallabies captured. j¡ the field. at varíous
tirnes of the year .. .. .. ..

aa aa

aa

aa

aa

aa

aa aa

IV. DT,SCUSSION

1. The effect of age on varíous blood. parameters
Í¡r Kangaroo Island- wallabies .. o.

2, The effects of the season of a year and. the
sex of a wallaby on some blood. parameters

3. The effect¡¡ of a l-ow nitrogen d.iet and. a
restrícted. v¡ater i¡take on various blood.
para.neters ir: adult wal-LabÍes .. ..

4. llaematological measures jn ad.ult wallabies
captured. j¡ the field- at various tiroes of
the year .. Ò. ,. o. .. ..

5. Suggestions for further.,"¡ork .. .. ..

V. APPENDTCES aa aa aa oa aa aa 6l+

vf. B]BLTOGRAP}IT aa ao aa ta aa aa al 107



f.

SUM/ÍARY

Paper eJ-eotrophoresis v¡as used. to separate the seru¡tr

proteias of Kangaroo Islencl wallabies jnto 4 broad. fraotions:

albumin, o(-, P - and. f-globul-in, The conoentrations of

these /a fractions, the total protein concentration, haematoor{.t

and. haemoglobin concentration i¡rcreaserl in young wallabj-es as

they matured. By the time the yor:rrg were 450 clays old,, the

level-s of these haematol-ogÍcal me&sur€s were si¡oil-ar to those

for¡r¡d Ín healt}gr aôu1t wallabÍes.

The sex of healttry adult wallabies had no oonsistent

effect on the levels of the various parameters measured, However,

some of the para,neters measured. in the r,vallabies were affected. by

partioular seasons.

Healtt¡y ad.ult femafes sampled. i¡ Laboratory enclosures

frnn September 1968 to Jril-y 1969 lnað. oonparatively 1ow red- blood

celI measureso this may have been partly d.ue to the stress of

heavy lactation, or Ít may have been d.ue to a hear4r infectíon

of a blood. protozoan for¡r¡d. il healtkSr acLuLt males in the laboratory

enclosureg. Ihe protozoan reÉlembles Epert¿throzoon ovis. a,

parasite of sheep. ft is postulated- that the wallabieo nomnlly

carrlr a latent infectÍon of t.t-e bLood, parasite without beÍng

affected. by it, but if they are stressed-, e.g. by poor nutrition

or some other soasonal aspect, the nr:mbers of the paras5-te

i¡rcrease and. ad.versely affect the wallabies.
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A heavy i¡fectj-on of the parasite may have caused the

lq¡poohromic no¡moc¡rtic anaemìa observed. i¡ nale wallabies j¡ the

laboratory enclosures in lvlarcln 1969.

An experiment was oonduoted. ln whioh 2 groups of urale

v'¡aIlabies were fed. a lol¡ nitrogen d.iet for 2 nonths. One group

had a vrater intake restricted. to about half their ad Iib. Jntaket

and. these walLabies d.eveloped. a h¡lperchromio normocytic anaemia

by the end. of the experinent, At the end of ttre stucl,y these

exporÍ-nental walLabies were not haemoconcentrated. conpared. with

the control group which had. an g! ti¡. water intake. Although

the oontrol- wallabies d.icl- not d.evelop an anaemia during the stuclyt

the changes jl'r thej-r blood, parameters followed the same trend as

i¡ the experimental vrallabies. Large numbers of the eper¡rthrozoon-

1ilce parasÍte were for¡nd. jn the bIood. of both groups of lvallabies

at the end. of the experj-ment. It is possible that the experÍmontal

regime imposed. on the wallabies was onLy i¡di¡"ectIy responsible

for thei-r anaemia and. that it was ðireotly caused. by a heavy

i¡rfection of the parasite. If this rvas so, the parasite couId.

not have caused- the dlfferent t¡¡pe of anaemia obse:¡red. i:r nale

wallabies in the laboratory enclosures i¡l l{arcln 1969,

llallabies i¡ the field. and j¡ the laboratory enclosures

generally showed. the sa.ne fluctuations j¡ their bl-ood. parameters.

the red. blood. ce1I measures of rvallabíes in the fielô were 1ow

j¡ March 1969 anð, this may have been causetl by a hear4¡ i¡rfectj-on

of the eperythrozoon-UJ<e parasite.
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Trlallabies Ín the fíoLd in L{ay 1!68 had. high ooncentrations

of f,-gIobuli¡r an<L low oonoentrations of albr¡min jn thei.r serum.

This ind.ioatetl that they had. a ohronio infection of an oqganísn

other than the eperythrozoon-ljl<e parasite. The pattenrs of

theÍr nitrogen and. water excretion Í¡d.icated. that the wallabies

were d-rj¡k5ng littIe in late srirnmer and. were short of nitrogen

in early vrirter, and. this, ooupled" with a latent infection of

the eper¡rthrozoon-l-iJce parasite, may have stressed. the wallabÍes

and. mad.e them more susceptible to other cliseases cluring the

wjnter.
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I. ITITRODUCÎION ÁDI

ThLs investigation fonns part of a broacler stuil¡r on

the eoology of the Kangamo IslancL wallaby (Pnoteuroaon euseriLi

Deanarest) fiving l¡r Fltnd.ers Chase, Kangaroo Iel'anö.

The wallaby fs a relatively 9ma11 one, an aclult nale

weighíng 7-9 ke ar¡d. an aduLt fernale 5-7 kg. The fenele

is extrçmely feotutcl. She connences to breed. in her flrst year

antl thereafter nèy proôuce a young onoe e year ðuring the

breerling season (.lanuary- August) (Ánùrewarbha ar¡cl Barlcer, '1969)

r:ntil she is at least I years o1d.. The waLlaby has few

preclators on Kangaroo Islar¡cl and. probably beoauoe of th-isr md

the fenalest high feorrnôity, it ia now extremely numenous on

the fslantl. Beoause of its abr¡ntie¡ioe, ttre waIlaby oan be

reaôily stuôied, erpeoÍally 5n Fl.intlers Chase, a f1ora ancl fer¡na

reee¡rre oocupying the western encl of the íslanal.

the pþsiograpt¡¡ cll-mate a.ntl general vegetatÍon of

Flinclers Ghase have been clesoribetl by Bauer (tgeO) i¡ a thesfs

on the regionel geograpþ of Kangaroo Islantl. Although the

anrruel rainfa]-l j¡ F1intlers Chase is about 22n - 5O", b re¡rorbs

that all the stres,ns l¡ the Chase, exoept Brea.]s¡eck RLverr rlrSr

up fu sumer, and. even those n¡r¡rri¡g in spring nay be too

saU¡re for hr¡man use. Several artiflclal watering points

are always available near the Rangerrs establishnentr but the

seotors of the wallaby poErl-ation l¡ the Chase appear to be



2.

isolated. from each other, anô so j¡¡ suruIerr somo wall-abies

apparentLy d.o not d.I-irk.

Ðespite the high annual- rainfa11, the vegetatio¡r in the

area nay best bo d.esoribed. as ¿ry schlerophyll wood.land.

(And-rewartha and' Barker, 1969). Green food' is abr'¡r¡d'ant i¡r

the oleareð areas in early wi:rter but it soon dísappears,

presunably d.ue to the heavy grazing pressures exerbeô on it,

and. to the onset of heavy winter rai¡s. trt suemer there ls

little gr€en fooô available end. the wallabies are known to

forage for the available seed crop of Ase.oi.q rqt!49499.

(And.rewartha a¡rd Barker, 1969).

These and. other obserrrations j¡r the fielcl suggeot that

ttre waLlabies may, at certain seasons of the year, experience

a serious shortage of food. and water; ttre quality of foocL

is poor and. water ís gcarce. This conclusion ís reinforoecl

by certain ad.aptations in the wallaby. Lrabonatory experiments

have shown that walLabies car¡ sun¡ive on a d-iet Low Í¡ protein

(f,intern and. Rarker, 1969)t a¡rd. that v¡alIabies rostrioted. to a

srnall i¡rtake of water conset:\re water by reducing its exoretion

i¡ urine and. faeoes (Barker, Lintern anct Xlurplqr, 197Q).

The present study was cLesfgnetl to test the ÌSpothesís

that jn natune, wallabies experíenoe a shortage of protein antl

water d.urìng surnmer; haematological moasurements were used. to

i¡d.ioate the oondition of the aninals.
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lhe reLation of haematolosical measures to a¡l anima1rs state
of nutrition

Although there are few reportn jn the literature on the

effects of an inad.equate protein ín'bake on marsupíals

(stli-eta, 1958; Ialey and iviain, 1967; Ùtain, 1968), this

aspect of nutrition has been well--ðocumented. for eutherians

(Zeld.is, A1ling, Mc0oo¡d ar¡d Kulka, 1945; Garrow, 1959;

Holt, Halac end. Kajd.i, 1962; T'Iarueemacher, Russell and.

Allison, 1963; iieacham, ,,üarnick, Cunha, Hentges and. Shirley,

l96t+; Rothschild,, Oratz and Schreíber, 1967; Ghandller,

T',[c0artþ and, I(es1er, 1968; Pond, van Vfeck, \Ta1ker, Eisenhart

and Of Connor, 1969; Shoenaker and E1wyn, 1969). The general

conclueion from these investigations is ttra.t when a ma^mmal

is fed- a d.iet inad.equate in protei¡r its bod¡l proteí¡rs have to

be catabolized. to provicle the a,mj-no acid.s necessary for the

s¡mthesÍs of the more essentj-al protei:es such as enz¡mes ancl

homoneg.

It is thought that the body proteíns of a na¡¡ma1 ane

lost i:e a d.efj¡lite ord.er of prÍorÍty, the more sssential ones

being opared to the last (Garrow, 1959¡ Holt et a1.., 1962;

Schultze anô Heremans, 1966; Rothschild. et a1., 1967).

The tissue protei:es, such as muscle proteins, are generally

broken tLown fj-rs'b v¡hi1e blood. protei.:ns, such as haemoglobin

and. the serum proteins, are not util-j-zed. until muctr later.
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This ord.er of priority is not sur?rising since haemo6lobjn Ís

the respíratory pignent j¡r the bIood. of nammals, while sertlrn

proteíns ¡u.¡6 importarrt functions in the tra,nsport of

carbohyd.rates, lipid.s, íons and- antÍbod.ies i¡r the blood..

The ,serum proteils are also i-nvolved. j¡ the mai¡tenance of the

pH and. osmotic pressure of the bIood. (Harper, 1959i Puùoan,

1)60; l,iacFarla¡re and Robb-Smith, 1961; Hoffman, 1964;

Roman, 1966),

I¡c severe starvation, there is a d.ragtic recluction i¡r

the concentration of circulating haemoglobin and. i¡ the number

of red. blooô co11s, giving rise to the anaemia typical of rnany

stanri-ng aninals (Bethara, liïísslerr Thompson, Sch¡oed.er and.

Robson, 1958; Shield, 1958; I\,{eac}ra,m et a1. , 196+; Ealey

and, T/lai:r, 1967 i Casiperson , 1968; lrTasser and Platt, 1968).

The d-ecreased- concentration of total serum protein found.

in starvi¡rg animals is d.ue to the overall catabolíc rate of the

serum proteins being j-n excess of their overall rate of s¡rnthesís.

Hovrever, the rates of tur:lover of the various protein fractions

i¡ the serum are not the samo (Scttu1tz" and. Fleremans, 1966¡

l,îorgan, 1968, 1969; Ryoo and. Tarver, 1968) and the tu¡nover

of the fractions is not altered. Ín the sarne r'ray by protein

depletion (T,Iannemacher et a1., 1963t Rothschild É 4., 1967),

Henoe, although the absolute concentration of the various

fractions may d.ecrease ðuri¡g protein d,epletion the relative

concentrations of some fractions nay increase.
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The sen¡¡n proteins of most eutherians can be separated"

by the technique of paper electrophoresis l¡to 5 fraotions:

albr¡ni¡ and 4 globulires, the o(;, o{jr p-r anô X- globulins

(RiUeiro, l.fitid.ieri and. Affonso, 1961). ¡n the protei:r-

depleteù animal, it has been found that the reLative ooncentration

of albr¡min is generally d,ecreaseô, but thís is usuall-y compensated.

by an jrcrease in the relative concentration of ttre o( -gIobulÍns

(Chow, A11ison, Cole and. Seeley, 1945; Zeldis et al. ' 1945i

Cartrrvright, Smith, Brov¡n and. T'Iirntrobe, 19¿+8; Scri¡oshaw and. Behar,

1961; l[asters and. Horgan, 1962; Pond,, Barnes, Braôfieldr Kwmg

and. Krook, 1965). The relative concentratÍon of the p-slobulins

generally remains unchanged during protein d.epletiont

The o(-and f3-elobutj¡s are the proteíns chiefly ilvolved

in the transport of lipids in the blood- (R.rtnan, 1J6O; l,'iacFarlane

arrd. Robb-Smith, 1)61; Ribeiro et aI. , 1961), Duriag proteÍn

depletion, the fat stored. j¡ the bocty is usually mobílized- and

is camied i¡ conbination wÍth the s6rum g1obu1Ìns to the liver

and. peripheral tissues rvhere it is oxid.ized. to provid.e energy

for essential bod.y processes (nouÍnson, 196+). Some free fatty

acid.s are transported, by albumin, but the bulk of t'he serum

lipids are combj¡red. with the -(-and- B-Clobulins as the d- ancl

p- lipoprotei¡s (niteiro et al., 1961; Searcy and. Bergquist,

1962). This is probably vrhy the concentrations of these serum

gIobulÍns ane usually rnaintained. òuring protein d.epLetion while

the concentration of sertrm albumin d.ecljnes markeùly.
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fhe concentration of õ-elobulin nay either cleorease or

i¡rcrease i¡r the protein-d.epleted. animal (Chottr et a1,, 1945¡

Cartv,right et a]., 19¿Æ; Scrimshaw a¡rd Behar, 1961; Pond et a1.,

1965).

The X-globulin fraotion oontaj¡s mailly antiborlies, some

of lvtrich nay also be for:nd. i¡r the p-S1obu1in fraction of gome

animals, especially wrgulates (ttr:nrptrrey ancl lltihíte, 196+). ID

these a¡rinals the p-slobuli¡r fraction, Iil<e the õ-elobulirrs may

either increase or d.ecrease during proteia d.epletion (Cartwright

et af . , 19ß; Seri-ushaw and Behar, 1961i Masters and Horgan,

1962). The entibodies are proåuced. extra-hepatioally by the

boðyt s retÍculo-end-othelial system j¡r response to an exogenous

(arrtigenic) stjmulus (Uitter, Bly and Bale, 1954i Ortega a.ntL

l\Ie11ors, 1957; Hurnphrey a¡¡ct lflhite t 1961+i Schultze and. Horemans,

1966). In these ways they d.iffer fron all other serttrn proteins,

v¡hich are s¡mthesized. i¡l the llver in response to an endogenouo

stimulus (l,titter and. Bale, 1954; Gordon and. Humphrey, 1961¡

Canpbe11, 1963).

T¡r the proteirr-clepleted. animal, in the absence of

i¡rfection, the anti-bodies are usual-ly oatabolized. to provJ-d.e

a,mi¡ro acid-s for the s¡mthesis of u¡ore e¡sential proteins. But

a protein-d.epleted. anjmal- ig ruor,e susceptible to infection tl¡an

a vrel,l-fed. a¡rí-nal (Scrimshaw, Taylor and Gordon, 1959), and a

markeô j¡rcrease i¡ the concentration of j-g1obu1jn Ln the sen¡m
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of' suoh an animal is invariably associated with the establísbnent

of an i¡fection. An i¡rcrease j¡ the pelobulin fraction in a

protei::-depleted. animal may either be associated- with the

establislx¡ent of an infection, or with an increase j¡r the

p- lipoprotej¡r components, or else with both these faetors.

An animaLr s state of hyd.ration can also be ind'Ícated. by

the relative and. absoLute concentrations of the serun protein

fractions, mù by the erythrocybe ooncentration and. red. cell

volume of the blood. (V,lehmeyer, 1954i Tfolf , 1958i MaoÏarla¡¡er

I\,lorris, Howard-, l,tcDonaLd. and. BucLtz-Olsen, '1961:' Rosenblum and

Àsofsky, 1967; Roserlrramr and. I\[orrison, 1967).

During d.eþd.ration the plasna volune deo¡eases il nany

eutherian ma¡nmals (ïfacFar.Lane S! g!., 1961; Sohnid.t-Nie1sen,

1964). Ìf these ani¡¡als are sinply d-eÌgrdrated the relative

peroentages of the protejn fractions in their Eerum d.o not ohanget

while the absolute concentrations of all the protei¡r fractions

j¡rcrease by the sane proportion. During si-nple d.elSrd.ration the

erXrbhrocyte conoentration and. red. cell volume of the blood. also

iftcrease.

But ít has been fowrd. tirat when an animal is experimentally

d.eprived. of water, it often voh¡ntarily restricts its fooò

intake (t,ioff, 1958¡ I',{acFarlane É 4., 1961; Roseruns"r¡r¡ a,nd.

l,[orrison, 1967). Simílarly, an ani-mal fec]. an inad.equate tLÍet

often voh¡ntarily restricts its water i¡taÌre (WoIt, 1958).
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The haematological picture j¡ these ani¡nals reflects

both d.ehydration and protein ùepIet:.on (wotf , 1958), I:â this

situation the conoentrations of the prttein fractions generalþ

increase, but because of protein d-opletion, they d'o not j-norease

by the sane proportion. The red. oell- voh:me and. the er¡rthroc¡rbe

concentration may also be elevated. i¡ thís situation, but the

average concentration of haemoglobirr in the erythroo¡rtes will

usually be d.ecreaseal.

The Present Stucly

îo jnvestigate the genenal state of health of wallabies

j¡ the field-, blood- sanples v¡ere taken from wallabies captured-

in the field. at various times of the year. the haematological

measurements mad,e on these semples inclucled. an estjmation of

the ooncentration of total serum protein and- the concentration

of the various senrm protein f:raotions, haemoglobi¡ ooncentration,

haematocrit, and the number of red. blood. cells.

These para,meters can aLso be affeoted. by other faotors,

such as geographio variation, season of the ¡reÐ¡ and. the sex

and- age of an anÍ-uraI, anrl some of them nay also be af'fected. by

the genoty¡re of the anjmal (Dessauer ancl Fox, 1956; Shield, 1958;

Alvr¡rne}le, 1968; Casperson, 1968; Keating, Jones, Elveback and.

Rand.a11, 1969).

The method-s used, j¡r the present stutly were not precise

enough to a1low the d-etection of d-ifferent genotypes for the
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serum protei¡ groups whj-cÌr nay exist among the wallabies in

Fli¡ti.ers Chase. Controlled. experiments i¡r the Laboratory have,

however, alIowed. the effects on the bloocl parameters due to the

season of the year anô the sex anð age of the ani¡ral to be taken

i¡to account.

To tegt the effect of age on most of these para,nreters,

changes in their concentration have been measureô d.uri¡g the

growth and. d.evelopment of yor:ng l(angaroo ÏsLarìd. vrallabiest

both in the field. and. i¡r the laboratory. the ooncentration of

most bJood. paraneters has been found. to i¡rcrease êuri-ng the

grovr-th of young anjmals (Moore, Shen ancl ALexander t 191+5;

Dobson, 1966; Schul-tze and l{eremans, 1966; Jord.on anð. lfiorgan,

1968i Brooks and. Davis, 1969; iuoEwan anð Tüh;itehead., tg69) ar¡ð

so the para.neters were measureô until they had. reached the leveLs

found. in healtlry ad.ult v¡allabies.

the effeot of the sex of a wallaby on the blood. parameters

vras measured. by taking separate bl-ood. sauples from a number of

male and. female walLabiec¡ kept in apparently optÍm:n cond.itions

jn a domestio colony of wallabies. I'o test the effects of

sea,eon on the blood. para,neters, blootl sa,mples were taken from

these males a¡rd. fenales at regul-ar saurpling period.s throughout

the year.

From these proced.ures, allowanoes could, be mad.e for

variations i¡ the concentrations of the blood, parameters d.ue to
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the age and sex of e.n ani.na,l ancl. to the season of the Jrearo

T[tren the allowances had- been mad.e, silce genetlc va.riatíon vrag

not detectable i¡r this stud.y, variations observect i¡r the blootl

para.meters of wallabies in the fielcL coultl be reasonably asouned.

to be d,ue to the anÍmalrs state of health and. nutrítion.

îo i¡rvestigate the effect that a restrictecl nitrogen antt

water i¡¡take had. on the b1ood. parameters of the wallabies, an

experiment was carried" out i¡ which wallabies v¡ere fed. a low

nitrogen d.iet a¡rd, were given either a restricted. water i¡tatce

or vrater 4 1ib. The results from this experi¡rent were then

related- to find.ings on wallabies i¡r the field to see if the

wallabies d.id. ever appear to be short of nitrogen, or of nitrogen

and. water, Ín the fielti.
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f I. NIEÎHODS

1 Colleotion of blood sunpl-eoa

Blood. seunples v¡ere çoJlected. by heart puncture from all

wallabies in the field.. T¡r the laboratory, blood. sarnples øere

d.rav¡e fron the lateral taíl vei-n of ad.ult vrallabies, and were

obtai¡reô. by heart puncture from young vrallabíes.

All juveníle ( 8 - 12 nonths old[), yearli:rg (l - Z years old )

and. aduLt v¡al-labies were nanually ræstrai¡red. i¡ iute saoks while

l¡l-ood. samples were bei¡g taken. Pouoh young were restrai¡ecl

manually during bLood- gcmpljxg.

A treparinised. 2 n1 sanple of blood. ï¡as taken from all

ad.ul"t wallabies, together with a non-heparj¡rised. sample of 5 ml-.

The size of the sanple taken frrcm yor:ng wallabies varied

accorting to the age of the yorrng, md rartged frrcn 0.25 m.l of

heparinised. bIood. and. 1 uù of non-heparÍ¡ised. bLood., to 1 m1

of heparinj-sed. bl,ood. and. L m1 of non-heparinised blood.'

The hepari¡ised. sample j¡ eaoh case ws.s used. for the

estination of the haemoglobin content and. haematocrÍt of the

bIood.. In aôd-itíon, red- bl-ood. celI oounts and. plasma urea

estimatiorls ïrere mad.e on the heparinised- sample ta.ken from

yearling and. aduLt wallabies.

The non-heparilised. sanples were all-owed to stand. overrright

at room temperature j¡r covered. centrifuge tr:bes to let the blootl

cl-ot and- to allow the clot to retract from the sid.es of the tube.
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these samples were then centrifuged. and. the seflm was removed

frorn the sanple and. storecl at eithe" -5oC or -2OoC untjJ-

analysis. The sanples vrere analysed. with:i¡ 4 months of ttreir

being obtai¡ed. and. it was fou::d. tha'c stoiage at either

temperature for this ti-ne di-ù not signifÍ.cantly alter the

serum proteil contents or profiles of the samples.

2. Haematoloeical method.s

(") I{aematocrit

For all v¡allabies i:r the laboratory, haematocrj-t read.Íngs

were mad.e after heparinised- blood. had. beon spu:: in Yankee nicro-

haematocrÍt tubes in a l{ar¡ulcsley mioro-haematocrit centrifuge

at 121000 r.p.m. for 6 nj¡utes. tr'or pouch yor':rrg and. juvenile

wallabies in the fj-eld., mÍcro-haematocrit tubes were used., but

sjnce the micro-haematocrit centrif\rge was not avaí1ab1e in the

field., the tubes were centrifuged. at 3t000 r.p.m. for J0 nínutes.

Haematocnit reaôÍngs for adult vrallabies i¡ the field. were made

after centrifugilg hepari¡ised blood j¡ stand.ard. Tíintrobe tubes

sN 3t000 r.p.m. for J0 ninutes, The lat'ber read.ings v¡ere uacle

by Dr. S, Barker.

(¡) Haemoslobin

All haemoglobin estimation$ were carried. out by tlre oxy-

haemoglobi¡ method. (Dacie, 1956), The solutions were read. at

540 mF in a Bausoh and, Lomb Spectronic 20. T}r:is maohirle had
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been calibrated. usilg d.ilutions of a blood. sa.nple of la:ovne

haenoglobi¡r content obtai¡red- frorn the llaematology Deparbnent

of the T¡lstitute of lVled.ical and. Veteri:eary Science (f.ir.'i.V.S.),

Adelaide.

Haemoglobi¡r estirnations for adult wallabj-es i¡ the field-

were mad.e by Dr. S. Barker.

(") Red Blood. Ce1ls

T¡r the field., red- ceIl counts were mad-e usi:ag a 1¿ 251

ôiJ.ution of blood- in the fo:ma1in-trisod.iurn citrate diJutir:g

fluid of Daoie (lgf6).

Dr. S. Barker carried. out these red- ce1l corints usÍng

the photographio recorrd.ing nethod. of Barker ( t g6O).

trr the laboratory, all red cel-1 oounts v¡ere mad.e by

the Haematology Department of the I.M.V.S., Ad.elaid-erusÍng a

Cor¡J.ter lvfod.el Ä ce1J- oor:nter at a threshoLd. setting of 10 antL

a d,iscriminator setting of 6.

(a) t/lear: Cel-l Voh¡me (lr,t.c.V.)

The mean cell- volume is oalculated- by d.ivid.ing the voltr¡oe

of red. ce1ls j¡r 1 cu.ruln" of blood. by the nrrmber of red. ceLLs ln

1 cu'tm. of bloocl.

Ht 1 o9
Rbc

i.g. IVI.C.V. = 100
x cubic nicra (o¡)



(") Il[eari Cell ]iaemoglob j:r Concentratíon (ir,i.c.H.c.)

This is calcuLated by d.ivíding the haernoglobÍn concentration

per 100 n-l blood. by the red. oelL volume.

i.ê. Ii.g.g.6. =# x 10úÃ

1+.

(r) Total Protein Concentration

For all adult ',,ra11abies, the concentration of total serum

protein vüas measured gravimetrically using the copper orrlphate

method described. by Phi11ips, Van S1yke, Ha^rni1ton, Dole, Emerson

arrcl Arcìúbald., 1950,

A stock copper sulphate solution of specific gravÍty

1.1000 vras mad.e up and- this was used. to prepare a grad.ed. series

of copper sulphate soLutions covering a ra"nge of specific

gravíties f¡rc¡n 1.0175 to 1.O32O. the speoific gravity of these

solutions v¡as tested. wittr a specÍ-fic gravity bottle.

Â detaiLed. d.esoription of the principle of the oopper

sulphate roethod is given by Van íjlyko, Flille:r, Phi11ips, Ha.uilton,

Dole, Ar.chibald. anù Eder, 1950.

The figure obtained. for the .speoific gravlty of a senr.m

tras corrected. for the non-protej¡r nitrogon present j¡ the serum

as urea (Van Sfyte of a1., 1950). The error cauged. i¡ the

estimation of total proteit ooncentration by the presenco of

excess non-protei:l nitrogen has been taken as j6Q (O.OO6Z1 x

mg urea in excess of 30 ng/'lOO nl eenrm) = t2.?)¡ x exoess urear.

(Van Sfy.e et al. , 1950; Varley, 1962).
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Usi:rg the corrected- specific gravity, the total. protein

conten'b of the serum was read- from a previously prepared- table.

As the table was prepared. fron an equation calculatetl for

human serum (Varley, 1962) the concentrations obtained. for the

wallaby sera are rel-ative and- not absolute values.

The copper sulphate method. was irritially chosen because

it was simple and. quick and. required. less serum ttran alternative

roethod-s available for estimatÍng protejn concentration. ft

was thought d,esirable, however, to check that the protein

ooncentration of sera estimated. by the oopper sulphate method-

agreeflr,vith the protein concentration estfuIatecl by a¡r alternative

nethod., such as the biuret method. of Rei¡hold (1951); cited by

Varley ?geZ). Accordirlgly, the protei¡r concentration of sera

from some 8O vrallabies was esti¡ated. by both method-s. the

oorrelation co-effioient between tine 2 estinates vtas r - 0.926,

which was signifioantly different from O at i;he O.1/o letre]- of

significance. It was thenefore oonsj-dered- that the oopper

sulphate method- gave a reliable í¡d.ícatíon of the proteJrr

ooncentration of adult wallabiesr serîa.

Since the copper sulphate methoô- j-s not applicabl-e to

solutions contai¡ring leos tlr'urr 2- 3 g protein/lOO nJ., the

concentration of total protein in sera of pouch young and-

juvenile wallabi.es was estimated by the bíuret ¡nethorl

(ne:ntrota, ß53; cited. by Varley, 1962).
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The protei¡ stand.ard- used- jn biuret esti-mationa was a

solution of orystalline bovine serum albr:mj¡r oontaj¡i¡g 1O.2 mB

protein nitrogen per r[1, obtained- from Amour Pha:maceutical

Company, Chioago. Tho nitrogen content of the stalrd,a¡{ was

converbeô to protein oontent usíng the convension factor of

6.25. Since this oonversíon iactor applies to Ìn¡man aerum,

the protei¡r concentrations estimated. by the bíu:¡et nethod- are

al-so reLative and. not absolute values.

The solutions were read. at a wavelength of J55 :ll*f:cri a

Beoloa¡:/Spinco 151 Spect:rocolorjmeter.

( e) Relative Percentases of the P¡.otei¡r Fractions i¡¡
the Siera

Paper electrophoresis (WolstenhoLme and Mi1lar, 1956;

Sroith, 1960) v,¡as used. to separate the serum proteins into

f¡actions, IÍve d.isce¡nabIe fractionÐ Tvere usually obtai¡reô.

By comparison with the fractions obtaj¡ed. when ht¡man serwl wa.s

separated. rurd.er the sane cond.itions, the ! proteÍn fr"actions

i¡ v¡allaby serum were d.esignated. albuminro( -gIobul-j:e,

p, -slobulinr f3a-elobuLi¡ and. X -globrrlin (r':.gsre 1). However,

it is not irnplied. 'bhat the fractions with sj-milar mobility Ín

wallaby and. hr¡man sera necessarÍ-1y represont the sa.me proteins.

In some sera. exami¡ed. toward.s the en<ì of ttre stud.yr mL¡r

1 broad p -Slobufi¡r ba¡rd. was evid.ent jnstead. of the 2 p -e1obu1:Ín

band-s usually obtai¡red.. The cause of th-is altered. pattern was
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not found.; i't ùoes not appear to be a fault of the techniciue

used., since no¡rnaL patterns v¡ere obtai¡ed. for other sera run

r:nd.er the same cond.itions as the sera which had. the aLteretl

patterri, Because of the anomolous pattern, the soparate pr -

and. J\-Slobufjn fractíons normally obtained. i:r wallaby sera

have been combj¡recl for the presentation of results into a sÍngle

þ-globulin fraction.
I

Electropiroresis uas perforrned. on 34 cm long x 4 cm wid.e

stríps of I'Iha'cman No. 1 chromatography paperi 0.015 ml of sen:m

vra;: applied. to each paper along a straight line d.raun at 11.5 cm

frpm 1 end. of the papero Duplicate papers rrere run for each

serum sa,arp1e. A veronal buffer (Append-Lx 1) vras useil. the

electrophonesis was caried. out at a constant voltage of 1tO volts

for 16 hours at a tenperature of 2ooç. After electrophoresis,

the papors were air d-ried- tor 25 mjrrutes. They were then staj::ed.

with Anid.o Black d.ye (Append.ix 1) for 1O ninutes. Next the

paperÉ v¡ere waehecL 4- ti¡res jn firs'b wagh solution (AppendÍx 1)

and. then twi"ce i¡r second. v¡ash sol-ution (Append.ix 1) and. Iast1y

they were ri¡rr-led. Í:r pure methanol" Each first v¿ash was left on

for I minutes while both lots of seoond- vrash, and. the pure methartol,

were each left on for 10 mi¡utes. The papers were agairt air dried-.

They were later scanned. i¡ a Carl Zoi.ss automatic scanner at the

I.l,{.V.S., Ad.elaid.e, Before being scanned., the papers yrere ooaked.

i¡r oi1 (Append.ix 1) jrt a vaouÌlm desiccator to remove the aír from

the papenn
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The relative percentagea of the serum protein fractions

were read.íIy establÍshed. from the integratecl scans obtainetl.

( r') Absolute Concentrations of the Protei¡ Fraotions

in the Sera

These are the product of the total protein content of

a se¡rut and, ttre relative peroentage of eaoh protein fraotion

in the serum.

(i) Nleasurement of Plasma Urea

Urea was estimateal by tho microd.íffusion techníque of

Conway ?geZ) using Dr:ruri-ng urease tablets anð. the buffer of

l-[u and l+u (t951). S. Lintern esti-Dated plasma urea concentrations

for rrallabies used jn Section III, 3. PLasma urea conoentrations

for adul-t wallabies in the field. were estimated- by Dr. S. Barker.

( ¡) Measurement of Plasna Volume

Irr Section III, 3, plasma volume was estimated- by the d-ye

d.il-ution nethod using ù\ans Blue (T-182,L). the waLl-abies wer€

anaesthetised with veterinary nenbutal injected. ínto a marginaL

ear vejJt. The femoral vei¡l was then cannuLatecl peroutaneously

with a 822 bore needle fill-ed- with heparinised saljne and. attachecl

to thin bore pol¡rthene cannulation tubing. Eaoh anj.nal was

Ínjected. with 1.5 nI of the standard. d.ye oolution (1 Z.i ng/nJ-)

through another narginal ear vei¡.
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A dye-d.isappearance curve lvas then const noted for each

animal by oollecting bJ-oocl sa,mples fro¡n the patent car¡nula at

10, 20 and Jo minutes after injection of the d-ye.

t. @
A d.onestic colony of Kanganoo Island. waLlabies has been

lcept in this Deparbment tlrroughout the present stu{y. These

wallabies were used. Ín Section III, 1, 2 and in the stud¡r

reporbed. in Append.íx 2. Throughout the stud.y period. the

wallabies were housed. j¡ groups of B or 9 in 20 feet x 20 feet

cenent-floored- yarts wliich were cleaned. tv¡ioe rteekly. Shelter

and. water were provid.ed. j¡r the ¡rand.s and. the ani¡¡als were fed. a

d.iet of kangaroo peLlets ( 191 protein) supplemented. v¡ith

vegetables, gr€en grass and lucerrre hay. The anj-nals rvere

given J- v,reekly couraes of vitami¡r E tablets at irregular interr¡als

throughout the st:d,y (fa:nrlas, 1961, 1963).

A d.ifferent method. of anj¡lal husband.ry was used in

Section IIT, J and the methorl. ad.opted. is clescribed. with the ot'L¡er

experimental proced.ures used. in that stud,y,
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l+. Procedures

(") Catohi¡re lVallabies

(i) trr the field-

The field work in this stud.y was oarrietl out j¡t

Flj¡d.ers Chase, Kangaroo Island., j¡ a olearecl area of

land. surror:nd.ing the Rangenr s establíshment.

The Zoology Departoent has a fieltl station in this

area anù members of the Deparfuent have erecteð several

fenoe traps around the south-eastern corner of the c1eared-

area. The oonst:rrction antl use of the fence traps have

been described i¡ òetaiI by Andrewartha antl Barker (9e9).

Ihese authors also d.esoribe the proceclure for oatching the

wallabies and. the routine for examjning them once they are

caught.

(i:.) I¡: laboratorTi¡ enclosures

Juvenile, yearling and. aôult waLlabies in laboratorXr

enolosures were sometjees capturecl with hand. nets sjnLlar

to those used. jn the fie1d.. More often, however, they

were cornered- and. caught by hand.. Both method.s of

capture were quick and. effioient. 0n being caught, the

anj¡na1s were placecl. i¡d ivid.ually into jute sacks ì¡ whioh

they renal¡ed. for ttre whole blootL sa,npling proceðure.
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(t) Sanp}þe Procetlures

ThÍs stucly oonsLsted. of 4 investigations:

(f) The effect of the age of a wallaby on sote of lts

bloocl pararnetere,

(Z) the effeot of the seaeon of the year ancl tl¡e gex

of a wallaby on sone blood. para.r:neters in h€elthy

aðult wallabiea,

(¡) The effeot of a lov¡ nitnogen diet a,ntl a restríoteil

water intalce on 'vanious bLood parameters in a.ôult

walIabíea,

(b) The levels of some bLoocl para.neters in aclult wallabÍes

oaptrrrett i¡ the fielcl. at various tines of the year.

Sanpling pnooedunes varied. i¡r the ctÍfferent investigaticnrst

ar¡d. so the prooeclures ad.opteð are tlesoribecl wíth the results of

each i¡vestigaticm.
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r¡SULTS

I,¡\30RA10RT AND FmlD WORK: PROCEDUR-ES AND RESULÎS

a A stud.v of the effect of tlæ ase of a Yrallabv on1

some of its blooö. paraneters

(") Procedures

In ord.er to age young acourately il the fielôr growth

out:r¡es prepared- for laboratory-reared. yopng of lcrovrn age wêre

ü8êcl¡ The nethod. for oonstruotion of these growüh cur¡¡es is

outlined. i:r Append.íx 2. The valíd.íty of using these curves

to age young wallabies j¡ the field. is also assessed- i:e

Appendix 2.

B1ood. samples were taken from the pouch young of 82

females capt¿r.ed. jn F]i¡d.ers Chase, Kangaroo Tsland. d.uring

Juty 1!68, and. l\farch¡ IVIay and. Septernber 1!6!. the ages of

these young, estimated. from head-, Ieg anô foot lengthsr vrere

fron J4 to 225 d.ays. Blood. samples were also talcen from 18

iuveniles (aged. 25o- J2o days), oaptured i¡r the fíeId' j¡

December 1968. Of these iuvenilesr J hacl been bled- in

July 1968, but all other yolrrrg taken in the fíe1d were bled-

only once. After being bled., pouch yowlS were replaced- Í¡r

their motherrs pouch before she was released.; juvenÍles were

released. near the place of their oapturra.

Append.ices 28 - 2D shov¡ that the trow'th culnres are too

i¡raccurate for estj¡natl¡¡g the age of yowrg olôer ttran 32O days¡
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since no alternatíve method. is yet available for accurately

agÍrlg yearlÍng Kangaroo Island- wallabies, the blood' samples

fronn yearling waIl-abies jJl this stud,y have come from I'aboratory-

reareô yearlÍngs of lorov,n: age. these wallabies and. theÍr

mothers vrere part of the d.omestic colony kept jn the Zoology

Deparbment.

Blood. samples vrere fírst talcen fron the yearlings when

they vrere frcm 364- l¡61¡ d.ays old-, and. thereafter they were bled'

at 2+ont¡Iy Íntervals for 6 months. Both of the fenales

sampled- at the starb of the stud-y hacl pouch young. Of the 6

wallabies initially sampled-, J maLes and. 1 female survived- to

the end. of the sampling Perioð.

(t) Resultg

The results of this stud,y are presentetl in Figunes 2- 4.

In any 1 age group there lîaB no sex d'Ífference j¡r the blood'

para,rneters measured., and. so the values from mal-e and fenal"e

rrÍa1l,abj-es have been combi¡iecl.

As Figure s 2- 4 show, the Levels of the blood. para,meters

ohange vrith increasing age of the yoqng. ÀccomparÌyjJtg these

changes are changes j¡r the morphology of the you¡18, artd gome

of the bod.y characters which develop, and- the age groups in

rvhich thoy occur are presenteô in Îigure !.



FIGURE 2.

l[ean haematocrits and. haemoglobin concentrations

of d.lfferent age groups of Kangaroo fslend. r,vallabies.
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Figure 2 shov¡s that both the haenoglobin concentration

and. the haemotocrit were mai¡tainecl aLmost consta¡:t until the

yol¡ng wene 100- 149 d.ays old. Both these parameters itlcneased.

narked.ly in yor:ng aged. from 15O- 599 days, and ix olð.er yot-utg

tlrey vrere aga)n constant, this time at Ievels nearly tv¡ioe

'bhose for:nd. in young aged. less than 1!0 tlays.

the relative ooncentrations of ttre varíoug serum proteÍn

fractions di-d. not alter i¡r the sane way during maturation of

the young (ligure J). The relatíve concentration of albr:mjn

v¡as majJrtajneô nearly constal:)t exoept for an j¡rcrease i¡ the

juveniJes. There v,ras litt1e chonge i¡ the relatj.ve concentration

of d-globuJ.in cluríng the d,evelopment of the youngr wirile the

relative concentration of p -slobufin grad.ually d.eoreased. rrntil

the young lvere 2!O - 299 d.ays o1d, af'oerrvhioh it v¿as mai¡tajned.

oonstant. The estimate of the relative concentration of

(-gIobulix in young aged less than 1!O d.ays is an overestÍ:nate;

eleotrophoresis of sera from these young perfo:med. on cellulose

acetate sholvs a faint j-globulirl region (Iii. Colesr persl. comm,).

.Llthough paper electrophoresis of these sera d.oes not shol'r a

band, of f-g1obu1ix, j-t clearly shows proteín i¡ the f-globuljri
regíon; this rnay be due to the str€aking of the faster migrating

proteÍns as they move along the paper. A defi¡íte !-globulin

band- is evid-ent vrhen cellulose acetate electrophoresis Ís

performed. on sera of yor:ng ol-d.er than 1!O d-ays (lvl. Coles,



FIGURE J.

iVlean relative percentages of ttre seram proteÍ:rs

of ùifferent age groups of Kangaroo fsland. v¡aLlabies.

Legend-: verüíca1ly hatched., albumin; d_iagonally

hatched., o(-globu]ix; b1ank, p -S1obu1ìn;

cross hatched., l-globulin.
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pers. conn.). Hence the relative concentration of f-grobulin
in fact i:rcreases in yor.urg aged. JB - 1g9 d.ays. yowrg aged. 2oo -
249 days sho'rved. a sharp íncrease j¡ the rclative concer¡tratíon

of (-globuli¡ but this level r,rag not maintained. in yor:ng

aged 2jo- 349 ùays. the relative concentration of ff-g1obulÍïr
rose agai¡ irr yearlings and. was maj¡rtained. at nearly t-vrice its
level in yowrg aged ZjO- jt+g ð.ays.

I¡igure l¡ sholvs that the absolute concentration of -botal

serum protein i¡rcreased, r:ntil the young were 2oe- 2l¡! days oId..

until they vrere 549 days oId., this para.meter was najxtai¡ed

oonstant, but it i¡rcreased. agaín in yearli.reg wallabies until
they were about [!0 d.ays o1d-, when it again became oonstant.

rrorn Figure 4 ít oan be seen that i¡rcreases i¡r all serum

protein fractions v,/ere responsible for the initial i.ncrease ir¡

the absolute concentration of total serum protejrr. The absolute

concentration of serù¡n albuni¡ conti¡ueò to i¡rcrease until the

young were 2lo - 299 d.ays o1d., after v,¡hích it was rnaintai¡ed-

constant. Tlrere was a grad_ual increase jn the absolute

conoentration of 6(-g1obu1i¡r as the young matured., r-rhjJ-e the

absolu'ce concentration of p -eloburi¡ increased. untj.I the young

were 200 - 2l+9 ô-ays okL, after vrhich its Level lvas majntajned.

aLmost constant. The ooncentration of /-globu1Íx in young

aged- J8 - 11+9 d.ays was in fact ress than is shos¡n in Figure r¡.

Hov¡ever its conoentration i¡¡oreased. slowly in yor:ng aged.



TIGUNS 4.

l¡lean absolute concentrations of the serum proteins

of d-ifferent age Broups of Kangaroo Island. vrallabies.

Legend.: black, total protein; vertical-ly hatched.,

albr:min; d.iagonally hatched-, o{-globu1in;

blarìk, p -S1obu1in; cross hatcheû, f,-gl-obuIin.
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FIGIIffi 5 a

Development of bod.y characters and. changes in
bod.y proportions of Kangaroo rsland. wallabies aged.

O- 27O d.ays. The legend. is as stated on the figure.
The sloped_ ljnes i¡d.icate the range of ages over
r¡¿hich the character d.evelops.
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15O- fu9 d.ays, apart from a eharp, tranr"ritory jncrease j¡r

yol¡ng aged. 200 - 249 d.ayo. fts level i¡rcreased. rnarkeclly in

yearling v'¡allabíes and. this i¡roreased 1evel was mai.ntai¡etL at

least r.rntil 'bhe young r,vere 600 d.ays of age.

2. À stud-y of the effects of 'che season of a year ancl the
serr of a wallaby on some blood. para.meters

(") Procedures

Ior this study, healtþ adul'c v¡aIIabies from the

domestio oolony Tvere used.

Blood- sarnples were d-ra-r¡n from 6- / males and. 6- 7 females

at 2-nonthly intenral-s fron L{ay 1!68 untll i:ul-y 1969. A

shortage of ar:imals prevented. a larger sample from bej¡g used

and- ;:o rrhere i'b v¡as possible the same arri¡rals r,rere sampled

each ti:ne. 0f 'bhe fenales sampled-, only 1 failed to b:¡eeô

successfull-y d-urÍng the s bud-y period..

(¡) Results

IÍgures 6- 10, Table 1 and- Append.iceÊ 3- 5 present the

results of 'uhis stud.y.

As Append.i:c J shows, the boô¡' weight, haenratocrit,

haernoglobj¡i concentration, red. bl-ood- oell eount and- rela-bive

percentage of p -globulin d.iffered ..;ignifioantly betvreen males

anð- females d.uz{ng the stud.y, The haematocrÍt, haemoglobÍn



FTGUR.E 6.

Seasonal changes in the mean botl¡r weights of

healttgr adult mal-e and- female Kangaroo fsland. wallabies

given r,vater ad. Lib. and- fed. a high protein d.iet.



I

O Fcmlcs
O Moles

M

7
o

J

.S6

o

o

o

o o
o

o

a
o
a

o
o

o
oz.

.9f 5

MMIst N

Time in monlhs

Ir9ó8
1969



27,

conoentration and. red. b1ooc1 oel1 oor.¡n'b of 'bhe nnles were

significantly greater compered. with the fenales i¡r July and

Novembor 1t6B and. in July 1969. 1'he red bLood. coIl oglüt of

-i;he mal-es v¡as also oignifican-bly ttÍgher than tha'c of tho females

in l,'øy 1!68 and. ,r,{eroh 1969. l'he bod.y wei6h'i; of the males was

greater than that of 'bhe female¡; i:r ltlovember 1!68 and. January

ancl iiay 1969 ana the males had. a higher relative peroentage of

p-slobulin than the females i¡ November 1968,

Ior the ma1eo, Append.ix l+ shows -bhat the body weight,

haernatoorit, haenoglobi¡r concentra'cion, lf.C.Fl.C. and. the

relative percen-Lage of p-S1obu1i¡ d.iffered. signifioantly

between the I sampling period.s. Airpend.ix ! shows 'chat for -bhe

fenaleo, the haernatoorit, haenoglobin oonoentration and. ned-

blood. celL oount, ancl- the conoentrations of total protein and.

t-gl"obuIi¡r d-ifferetl significantly betvreon the B sarnplings.

To d.eteot any pat'tern jn the vray these variates d"iffered-

between the samplirtg period.c, males and. f emales rlere con$id.eretl.

separately and for each variate whÍch d.iffered signifícantly

d-uring the stud-y, the sampli,ng period-s were ranhed. i¡t order of

i¡creasjxg size of the sample mean (Table 1).



TIGU1ìE 7.

Seasonal changes jn the mean haematocrits,

haenoglobj¡r concentrations, ¿rnd. red- blood- cell oor¡rts

of healt\y aôul-t nale and. fenale Kangaroo Isl-and

'u¡allabies given water ad. ]ib. and fed a high protein

d,iet.
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FIGUR.E B.

Seasonal changes in the mean cell haemoglobi::

conoentrations and. mean cel1 volumes of healtþ adult

mal-e and female l(angaroo Island. v¡aIlabies given v¡ater

ad. Iib. and. fed. a high protein d,iet.
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TABLE 1

Sa¡nplÍ¡e period-s rarrl<ed. i:r ord.er of jncreasine size of
the sample mean for each of the vaniates '¡¡hich d.iffered.

sienificantl-y j¡ males or females d.urj¡e the stud-y

Variate Ranhed. SamplÍng Period.s

N,,IAÏ,ES

Bod.y weight

Haematocrit

Haenoglobin
concentration
I[earr ce1l
haemogLobin
concentrati-on

Relative
peroentage
of p-g1obuIin

FB;îAI¡XS

Haernatocrit

Haemoglobin
concentra'cion

Red. blood
oeII count

Total protein
concentration

Absolute
concentration
of f,-g1obr-rli:n

Lov¡est
sample
mearl

Highest
sample
mean

6 327 8t+ 5

6t
6Z

l+

l+

5

5

7

3

B

I

1

I

2

2

6751¿{-825

852673,1+1

6 +87 351 2

6 87 4032 I

6 847 231 5

B 7 41352 6

7 814326 5
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Table 1 and. Figure 7 show that the haenatocrit,

haemoglobi¡ conoentration and. red- blood. celI cor¡nt of the

females all fluctuatecl Ín a sj-milar way throughout the stuûy.

Áfl ] parameters were at their lowest Level-s in March 196% jrl

oontraet to May 1!68 rvhen they v,rere at alnost their highest

levels.

In the females, fluctuations in the haemotocrit,

haemoglobil concentration and. r€d. bl-ood. cel1 cowrt were gonorally

parallelecL by fluotuatj.ons i¡ the ooncentrations of total protei:r

arrcl ð-globu]in, except in Maroh 1969 when the concentrations of

total protein anð j-gIobu1j¡r vrere hígh while the haemetocrit,

haenoglobi¡r concentration and. ned. blood. celI cor¡nt were lowr and

in L{ay 1968 when these J para,rneters had. high Leve1s while the

oonoentratÍons of total prrrtein and. X-gLobuljr¡ were low

(fatte 1 and FÍgures 7 ¿nd 1O).

The haematocrit and. haemoglobin concentration of the

males generally fluctuated- i¡r a sjmilar vray to the fenaLes.

As in the females, these 2 paraneters were at their lowest levels

i¡ ll{aroh 1j6) anð,lvere at their híghest levels in l,[ay and Jr:-Iy

1!68 (Tab1e 1 and tr'igur" 7). However, oompared with the othen

sa,mpling period.s, r¡nIike the fenales the males had. a low

haematocrit and. haernoglobin concentration in SepternbÞr 1968,

and. a hígh haenatocrit and. haemoglobin concentration j¡ Novenber

1968 (Table 1 and. Figure /).
The fluctuations i¡ the haematocrit and. haennoglobin



rrGuRn 9.

Seasonal changes in the mean rel-ative percentages

of the serum protei:rs of heal-ttry ad-uIt mal-e and. female

ï(angaroo Tsland. v'¡aIl-abies g5-ven v¡ater ad 1Ð. and fecl

a high protein d-iet.

Lregend.: vertically hatched-, albumin; d.iagonally

hatched, 6(-gIobulin; blank, p -Slobulin;

cross hatched., I -globulin.
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FIGUIU 10.

Seasonal changes in the mean absolute concentrations

of t'he serum proteirrs of healthy ad-ult male and female

Kangaroo Island- wall-abies given vrater ad. lib. and fed- a

high protei¡r d-iet.

Legend.: black, total- protei:i; vertically hatched-t

albunr:in; d.iagonally hatohed., o(-gtobulin;

blarìk, Q -gIobrl-ljx; cross hatched, K -globuli::.'l
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ooncentratíon of the males were generally paralleled. by

fluctuations ira their bod.y weight, relative peroentage of

p-Slobrifjn and. M.C.H.C. (tatte 1 and Figunes 6-9). The

exceptions to this trentL were -bhat, oompared. wlth the othor

variates, the relative peroentage of P -g1obu1in and the bod-y

vreight v¡ere low in July 1!68 and,che I\{.C.}I.O. ar¡d. the relative

percentage of p-g1obu15n were higir in ,septenber 1968.

3. A stud.y of the effeotof a low ni d.iet anô- a

re trícted. water on b

i¡ aùu1t wal-labies

(") Prooedurrs

.A¡rimpls. For this experinent a m¡mber of

seranally mature maLe wallabies wos obtained- fronr ](angaroo

fsland j¡ lfarctr 1968. The sumrer of 1967 - 68 was

parbicularly severe on the island. ancL so most of these

a¡nimalrs were i-n very poor cond.ítion,

Twelve of the v¿aLlabies were placed. in i.¡rrLivid.ual

3r x 12t pene vrith sawd.ust oovered. floors i:r a water-

pruofed. ani¡tal house. These anirnals were fed. a

maj¡rtenance d.iet oontai¡jng 1,JgN/100g d-ry weight,

supplenented. witb. brcad. and_ vegetables, a,¡rd. were given

water aè lib, The remaj¡ing wallabies tùere placed- in

'che d.omestic colony. severaL of the original 12 vÍallabies
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d.ierl and. vrere replaoed. vrith the animals kept i¡ the

d.omestic colony. By -bhe time the experÍment began on

Ju1-y 18, 1968, there were only 11 of the ori-gÍnaI group

renrajrríng, md so 1 mal-e wallaby rvhich had been lcept in
'bhe d.omestic colony since its arrival frpnr Kangaroo Island.

in January 1967, uae used. to make up the number.

The d.ietarXr supplements were d_iscontinued. from

JuJ-y 18, For the noxt 18 d.ays, the d.aíly food and. water

j¡rtalces ï{ere measured. for each vlallaby.

Diets. The experi:nental diet-c used- were rnod,ifieil

froin the mjxture used by L4cDonald_ and. IIall- (1957), The

composition of the dÍets is given by Barlcer (1968).

I'he lovr nitrogen d.iet v¡as the basic d.iet and. oontained_

O.JgN/lOOg d-ry weight. The mai¡rtenanoe d.iet had- ad.ded

gror:nd. casej¡r and. contai¡ed. 1 .3 SNhOOg d_ry r,veight.

.ExperÍmental d.e siprn The 12 animals vrere d-ivid.ed.o

into 2 groups of 6. Both groups were fed. the low

nitrogen d.íet. The control group was al-lowed. arÌ

r:nrestrioted. v¿ater i¡take whíIe anj¡ral¿ jn the experj-nen'bal

group were gi-ven 170 mJ. eaoh per d.ay, wh:ich was

calonlated- to be approximately DV" of their unrestricted

water i¡take.
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Collections. 0n Augurb 6 the ¿¡1ima1s were plaoed-

in i¡d.ividual metabolicrn cage$ (d.escribed. by Barkor,

1968) i¡r an aircond-i'bioned a¡rimal house. The wallabies

v¡ere ferL mai¡tenance diet arrd- were given vrater ad. 1ib.

Urine ancl faeces trere col_leoteò tor 24 hours. At the

end- of 'bhis period- a l:lood. sarnple waf.¡ d_ravrn from each

arrimal and. they wero then returned. to their perr$r The

experinental rcgÍmutu" comrnenced.. The d.ai1y food. and_

lvater i.¡rtakes of eaoh wallaby vúere mea$ured_, arrd. the

animals were weighed. at rlreekly i¡.ben¡als. A-fter J+ weeks

a second. 24 hour collection was mad.e anð a blood. sample

v¡as taken frorn each animal. îhree v¡eelc¡: later the

walJabies were plaoed. i¡ netabolism cages for 1O d.ays

for the estimatíon of nitrogen balance. At the end. of

this perioð, a 24 hour colleotion v¡as nad.e and. blood.

samples were 'balcen. IrolJ_ow"ing this the .wall_abies v¡ere

retu¡ned. to their pens for another vreek, at the enò_ of

v'¡hich their placma yoh¡mes r¡vere estimated. îhe

experiment r,vas then tenninated.

(¡ ) Resu.lts

t¡veen the first and. second_ sampling period.s, 1 of the

oontrol animals d_ieð and another v,¡ag removecl from the experi¡nerrt

si¡rce it proved. an unsuitable laboratory animar. Hence from
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-bhe ¡iecond- samplÍng period., all resul-bs reported. for the

controls were baged- on resr.il-'Ls fron l¡ vtallabies.

'Ihe analyses mad-e on the vraIl-abiesr uríne and. faeoes,

and the regul'cs of the nitr'ogen balance trial are to be

presented- el-s¡er-¡here (Barker et al., 1970).

f igure 11 sholu¡i the mean bod¡r v¡sigh-bs of -bhe animals at

t}re J sa,rnpli:rg ti.rree. tr'ígurt>s 12-15¡ labIe 2 anô, Append.Íoes

6- tO present the results of the haenatological esti¡rations

mad.e j¡r this stud.y,

Iespection of Àppend.iccs 6 and. 7 shov¡s that the levels

of nori'b of -bhe parameters measured. rurd.enr¡ent little ohange in

ei'i;Ìrer group of anjmals d.uring 'che stud-¡r period. T¡r the

oon'crols, the absolute concentration of albr:mi¡r luas significantly

less at the end- of the stud-y'chan a-b the begÍnning. In 'i;he

experÍ-urentals the haematocrit was significantly lower at the

'blrird- collecLion period- 1.t:en a'c the o'i;her 2 colleo''cions. TIre

bod.y weight of 'bhe experimentals a'v 'alte second. sa,npli:eg period.

r,ras signifioantly less than at -bhe firs'L and at the thi¡'d-

sanpli.ng it was significantly less than a'b the second., whiie

the L'i.C.H.C. of the experi:nental-s was significantly higher at

'ohe gecond. and. third- sanpling period.s than at the first.

Append.ices B - 10 shovr that at any one of the sarnplilg

period.s, the controLs had. signifioantly d-ifferent values from

the experirnentals for only a fev'r of the parameters measured.



TIGURE 11.

Niean bod.y weights of 2 groups of male Kangarroo

rsland- v¡alIabies fed. a lov'¡ nitrogen d.iet. The contror.q

vrere given rryater ad. lib. and. the experimentals hacl a

restricted- water inta.lce.
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FIGI]R¡ .[2.

i,/le an l¡aemato crÍ-ts, haemoglobi¡r conc entrations

and. red. blood. ce1l counts of 2 groups of male l(angaroo

Island. wallabies fed. a 1o¡¡ nitrogen d.iet. The controls

were gíven water gq f¡Þ. and- the experimentals had. a

restricted. v¡ater i¡rtake.
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3@lå.
Meari cell haemoglobj¡r concentrations and- mea¡r

cell vo}¡me s of 2 groupÊ of male Kangaroo IsLar¡tl

v¡allabies fed. a lor,s nitrogen diet. The controls v¡ere

giverr water acl !þ. and- the ex¡reninentals had- a restricteô

l¡ater i¡rtake.
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At the seoond. and. third. samplÍng perj-ods, the absolute

concentratíon of serum albuni¡r was signífioantLy higher in the

experi-urentalu 'blrar¡ in the con1,ro1Ð, and- the concentration of

total serun protein of' the experÍmentals was greater tha¡: that

of the oontrol$ at -'che -bhírd. sanpl-ing period. By the tj:ne of

',;Ìre fi¡al sampling, the i\i.C.iI.C. ïras also significantly higher

i-n the experimentals 'bhan irr the controlg,

Si¡rce 'bhe plaoma volunes of -l;he controls and. the

experinentals were not signifioantþ d.ifferent (fafte Z), the

experÍmental-s were not haemoeoneentrated. oornpared. vrith the

oontrols. i{ence the d.iffer€nces between the 2 groups for the

ooncentrations of total serum proteSl and sen:¡n albr:¡oi¡ and-

for the },.'l.t.H.C. v¡ere true d-i-fferenoes.

TABI,E 2

-
Plasma volu¡nes of control and, experi.mental

v,rallabies at tlre end. of i'ìxperinent 5

Group
Ânirnal
Nurber

Plasma Volume
(mr/kslir)

Control-
1r1.5

l+7.6

46.5
144.7

38.7

H+.3

tr = O./0! n.s.

4

7

1

2

5

10

ExperirnentaJ.



FIGURT 1 t.

i\,{ean relative percentages of the serum proteÍ:rs

of 2 groups of male Kangaroo Island vlallabíes fed. a low

nitrogen d.iet. the controls were given vrater ad 1ib.

and. the experímentals had- a restricted v,rater jntake.

Legend.: vertically hatohed-, albumin; d.iagonally

hatched., a(-globulin; blank, p -Slobu1Íl;

cross hatched., f,-globulil.



40

ó0

50

30

20

t0

ó0

50

40

30

20

Experimenlols

Control¡

q
'õ

o
cL

E
f

o

o
E

o

o
(')
o
C
(,

o
o.

o

o
oe

r0

0 t0 20 30

Time

50 ó0 7010

in do ys



FIGUlùt 15.

i\{ean absolute concentrations of the serum proteÍns

of 2 groups of male Kangaroo Island- r,,¡alIabies fed_ a low

nitrogen d.iet. The controLs v¡ere given v,¡ater ad. 1ib.

and. the experimentals had- a restricted water i¡rtake.

Legend-: b1ack, total protein; verLioally hatched.,

albumil; dia6onally hatched-, o{-globulin;

bl-ank, p -Slobu1in; cross hatched, f,-gIobulin.
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4. A stucl-'¡ of 'some b lood parameters i¡r ad-ult v¡allabies

oaptured. i:r the fiel-d. at va¡'ious ti-mes of the y,eq!

(") Proced,une,s

Iield- trips lvere mad.e to the s'i;ud.y area in November 1967,

Febnrary, l,riay, July and. Deoemb er 1)68, and. l{arch and. }fay 1969.

On eaoh of these trips blood. samples were ta.Icen from J0 ad-u1t

fenales ar¡d. 10 adul'c males. Af'ber'chey had- been sampled-, the

rryallabies v¡ere released. near the place of their capture'

Throughou'b the stucty period., of the females capturecl

which wore capable of having J¡oung, only about Y, díð' not have

youtlg.

(¡ ) Results

Figures 16- 20, Tables 4- 6 a.nd" Append.íces 11- 13

present the results of this s-Lr-rd-y. The collection d-ates on

each fielcl, -Lrip are given j¡ Table J.

As Append.ix 11 shovrs, only-bhe haeura-bocrit, haemoglobin

ooncentra'cion, relative percentage of t'-gl-obulir¡ and- the

boò1' ws1*ht d-iffered. signifioantly betv¡een male,e and fenales

d-urÍng the str,rd.y. T he bod.y weight of tlre males was

signifioantþ greater on all 'bríps r¡¡hil-e the haematocrit and.

haemoglobi¡r ooncentration were uignifíoantly greater i¡ the

males j¡ Novenber 1967 a;nd. July 1968, and the relative

percentage of !-globulj¡r was signifioantly grea'cer i¡ the



FIGUR.E 16.

Seasonal- cÌranges j¡ the mean bod.y vreights of'

ad.ult male ærd. female Kangaroo fsland. 'vral1øbies

captr"rred- j¡l Fli¡ôers Chase.
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males i:: i''lay 1968,

Inspection of Append.ix 12 slrows ttpt for the fenal-o

v¡allabies, only the body vreígh-b and- the l''l.C.H.C. d-id' not

d"iffer sígnificently betrveen 'cþe J trips. Append.j:c 1J shows

that forbhe nales, 'chere was no significant d.ifference in

bor3.y weight, red. blooô oell cor¡rt, ¡,I.C,V. and the relatir¡e

peroentages of 64- arrd p-Slobu1jn beÙr¡¡een the J trips.

To elucid.ate any reLationslrips betrreen the parameters

measurerL, oorrel-atÍon matrices between the 15 valíates vrer€

computed. for nales and. fenales (Tables 4 ar¡d 5).

trrspection of these tables shows that statistically

significant rela'cionships existeö betureen nran¡r of the varia'Les

j¡ inales and- females. '.l'he correlations between the relative

percentage of a protei-n fraction and- í'cs absolute concentratioart

and. betvreen the absoLute concentration of a fraction and' the

total pnotein concentra'cion were expected- because of 'che way

the absolute concentration¡3 of the protein fractions are

calculated.. Correla'bion;l between Ivl¡C.V. and- the haema'ooorit

ancL red. b1ood. ce11 count, anc'i betv¡eon Ill.C.Il.C. and. the

haematocrit anô haemoglobjn ooncen'cration are algo Ímplied- by

the rnethod.s through whioh ii.C.V. and. l,{.C.H,C. are oaloulated-.

lables lp and. I show that there l¡Ias a strong positive

oornelation betv¡oen haematocri'b, haemoglobjn ooncentration antl

recL blood. cell cor:nt j¡r'ooth males and. females.



rreuRn 17.

Seasm.al changes in the mean haematocrits,

haemoglobirr concentrations and. red_ blood. ceI1 counts

of ad.ult male and, female Kangaroo Island. vrall_abies

captured- i¡ Flj¡rd.ers Chase.
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FTGUIìX 18.

Seasonal changes in the mean ceIL haemoglobÍn

concentrations and. mean ce1I volumes of adtrlt utale ancl

female Kangaroo Island- wallabies captured. i¡ Flinclers

Chase.
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These tables also show that in malcs and. females the

relative perrentage of p-Slobufj:r rvas negatively correlated

with the rel-ative percenta6e of albrmin, and. the relative

peroen'bage of /-g1obu1Ín was negatively correlated- with 'che

relative percentages of p-Slobufj:r and- albr¡uin,

T:r fenales 'che absolute conoen'bration of aLbumin was

negatively oorrelated. with the absolute concentrati-on of

fl -globulj¡ and. j¡r males it v¡as negatively correlated. v¡j-th the
I

ooncentration of o(-globuIin (Tattes 4 and 5).

Bod.y weight in the fema-les rras correlated., either

positively or negatively, wi'bh the relative and- absolute

concentrations of all- the sen¡n proteiri components except

o(-globul-j-rr; in ttre maIes, it v'¡as posi-tively oorrelated. with

'che ooncentration of total proteÍn and. albun:j¡r and. negatively

oorrela'bed. rvith tlre relative percentage of d- *"ù P -globuIin

(tatles L and. 5).

In Tabl-e 6, males and. females have been consid,ered'

separately anC. for each varÍate that d.iffered. sígnificantly

betvueen the field. trips, the trips have been ranl<ed. in o¡ter of

increasixg size of the se.mple mearl. Although oha.nges in many

of the variates vrere positively oorrelatea (tables l+ and 5)r

Table 6 anô Figures 16-20 shov¡ that the tjrnes of i;he ma.rcim¡n

values for these related. variates often d-id. not coincid.e;

neither d-ic1 the tj¡res of the rni:rimu¡r values. lable 6 and-



FTGURE 19;

Seasonal changes jrl the mean relative percentages

of the selrum proteÍns of adult nale and femare Kangaroo

ïsland. wallabies captured. in Fli:ed.ers Châse.

Legend-: vertically hatched., albr:mÍ¡.; d.iagonally hatched.,

d-globuIÍn; btank, p -Slobulin; cross hatchecl,

f-g1obulÍn.
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tr'IGURE 20.

-

seasonal changes in the mean absolute concentrations

of the serut proteins of adult male and female Kangaroo

Island- v¡alIabies oaptured. i¡ I'ljnd-ers Chage.

Legend.: blaok, total- protein; verbioal-ly hatchetL,

albr:nii:; d.iagonally hatched, o(-e1obulj¡;

bIank, p-slobuIin; crons hatched-; f-g1obulin'
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Figures 16- 20 also show that for a partioul-ar verj-ate, males

often had. naximun or ni¡imrr¡r values at d.ífferent tÍmes from the

femal-es. 'Ihere may be an aru:ual cyole i¡ the way M.C.H.C.

variecl- (ligurc 18) but no such oycle is evid-ent for argr o'bhen

variates; i:r fact, inspeetion of Table 6 arid. Figr:res 16-20

shows for example -bha'b many of 'che variates that had. high levels

jn Febmary 1968 had. low levels Ín March 1969, Hov,rever, Table 6

shovrs that animaLs in JuJ-y 1968 had, 'Lhe greatest number of

maxima for the d.ífferent paraneters while those i¡r l,[aroh 1969

had. the greatest m:mber of mj¡rima.

TABI"T f

'Ihe oollection clates on each fiel"cL trip

Trip No. CollectÍon Dates

I

2

3

l+

5

6

7

22/11/67 -
t/ z/6a -

11/ 5/68 -
1e/ 7/68 -
¡/tz/60 -
6/ j/6e -

zo/ s/6g -

6/tz/6t

tu/ z/6s

21/ 5/68

2e/ 7/68

17/12/68

15/ 1/6e

zB/ D/6e



T.{3I,8 4

Correlation natrix of 15 variates fron male rüa11abies ca on all field. trips

lnt rfb Rbc TP Alb o(-c p -4 ð-c- Ralb Lo( Rp Rà' lTt McV i'IcHc

lJllru
Hb

Rbc
1P
Alb
ê(4
ß-G
!+
La1b
Ro<

lLo5.
Il. S.
Il.so
Il¡ S o

11¡St
Il¡So
I).¡ S o

II¡ST
D.S
Il¡ S.

.961

fI. S.
O. S.
II.S.

*
TI¡So
II.S¡
Il .S.
rl. s.
fl. s.
fl.S.

J+55
.507
.166
J+76

IÌ. S.
rl. s.

fs+*

ll i< >l

fI. s.
]}. S.

.427
-.00J
-.OJB

ôzoovJ¿

-.107

.129

.1CI+
-.082

.396
'.211+
.oi3

Il.so

rl. s.

llr sr
fI¡So
fl¡Sr
Il.s,

-.01 B

-.o39
.084
.573

-.194
.212

-.01 7

.228

.281

.110
-.151

.793
-.391
-.516
-.6o0

-.128
-.157
-.o93
-.360
-.¿+90

.874
-.112
-.01 B

-.129

-.o71+
-.1 04
-.15+
-.o92
-.491+

.028

.873
-.299
-.505

.og6

-.175
-.2o3
- .O2l+

.321
-.391+

.253
-.11+3

.956
-.651*

.1 09

-.305

.197

.202

.01+6

.375

.l+59
-.1 6g

-.15+
.182
.21O

-.276
-.359

.ogg

.103

.062
-.707

.160

.061

.120
lCC

-.006
-.o+3
-.0o1

.1 O0

-.036
-.01 0

-.156
.121
.08J
.036
.1 81

-.107
-.090
-.457

.179
-.110
-.1il+
-.085

.o12
-.126

R
R ç
1i¡J-

hiCV
i,,icllc

J+22 .l+11
.J+50 .+19

.135
Ilo Íir
Il.s.
Il.Se fr.Sr
h Õ ;f*¡ir¡raÐa

rl. s.
Il¡S. Il.Sr
Il. S.
Il¡Sr Il.S.
IlcS¡ **

::¡>:rìk ¡ êLta¿a

l1rS.. fI.S.

II.5.
fl¡S¡

:'¡rl.

Il. Sr

Il. So

fl¡8.
Il. S.

:***
IlrSo

*

Il¡S¡
ïlosr
Il¡S.

{.'F *

fl.So
Il¡Sr
IÌ. S.

fl¡ Sr
n.5¡

*
Il. se
ïl¡ s.

*>¡.

rì. s.
Il. S.

IJ.¡ S.
fl.s.
B. S.

ll. S.
II. S. 11. S.

I Haeq-,atocrit (Ht), haenoglobj¡ concentration (IIb)
absolute concentration cf albumix (nft;r o(-glob
relative percentage of albr.rrni-n (f-atU), o(-g1obu.1
bod.y vreight (wt), nean ceI1 voltlrne (l'{CV), mean c

\J¡\o¡



TABIE 5

Conelation matrix of 1 J variates fron fe¡nal.e lvallabies captured. on all field- trips

ïut Hb Rbc Tp Alb o(-G p -G ðí-G Ralb Ro( Rp Rà, ',¡¡t ¡,rcv MSHC

Ht
Hb

Rbc
TP
Alb
o(-c
/3 -c'r-g
Ralb
Rô(
Rp
RY
i,rt
ücv
¡,{CHC

ï1. S.
Z1¡ S.
ï1¡S.
fl.S.
Il.Eo
Il. s.
Tì.S.
fl. S.
Il.s.

.960

Il. s.
ïÌ¡s.
ïIr S r
IL.S¡
fìr8.
11. s.
ll.S.
Il. s.
Il. s.
Il.S.

IlrSr

.665

.672

Il.s.
n. s.
fl.s.

lll. B.
Il. s.
rl¡ s,

n.3.
fÌ.s.

ï1. S.

.138
14Ê

.020

ìt* {i

I1.5.
fl.Sr

II.S¡
IlrSr

.040

.026
-.078

. J08

. oB1

11.S.
¡**

lf.s.
II.ST
ïì¡s.
Il. I,
ïI¡So

.108

.094

.142

.440
-.2o1+

.139

Il.St

I1.3 o

**>i.
*

TI.S¡

-.01 5
-.026
-.064
.62L
.og7
.og3

-.133

*

fl.Sr
ïlrs.

,008
.020

-.062
=.385

.592
-.2O3
-,61+o
-J+61+

.00J
-.oo3
-.068
-.1 04
-.11+7

.894
-.o39
-.156
-.o71

. ub6

.060

.165

.006
-.482

.006

.895
-.lt lt O
_ qza

.016

-. ogg

-.o92
-.o97
.39+

-.0J¿+
.o21

-.318
.951

- 40n

-.139
-.539

-.o72
-.0À4
-.472

.185

.33)+

.070
-.265

.24O

.201
-.012
-.392

.235

-.175
-.208
-.699

.OO7

.094

.063
r.1)¡J
.o54
.102
.073

-.175
.062
,012

-.187
. o9j+

-.o15
-.081
-.o24
-.o57
-.o55
-.0L0

.o52
-.oJo
-.o27
-.015

.107
-.o95

fl¡ s.

O. S.

*

Il. s.
*ri({<

Il¡S¡
ïI, il .

1

1

0

5

a

t5
26

51
'l 'l

ï1. s,

ï1.s.
lf . S.

O¡Sr

ïlr 9r
II¡S¡
rlo s.

r,ltl *
*¡È¡13

rF

rlosr

*{.)i(

ïì. s.
rl.s.

Il.Br
Il. So TI¡So

Ï ilaematocrit (Ht), haemoglobi¡r soncentration (m), red.blood. ce1l count (Rbc), total protein (fp),
absol-ute concentratj-on of albunj¡ (41.b), d-globulil (ô(4), là-gIobu1Ín (F4), ¡'-lrotuli:l (Ú-c),
relative percentase of album:n (nau),4-groburi¡ (r-<), Plglobu]'ln (afa), f,-giot;lio (ty),
body vreight (vt), mean cell volume (l,lcv), r"* cell haerróglouix concen¿r¿1íó"-(l,iõHc). 
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TABT,E 6

Iield. trips ranked. i¡l ord.er of incneasi¡g size of ttre

sanple mea.n for each of the variates which d.ifferetl
sienificantlv i¡ males or females over t]ne 7 trips

Variate Rar¡lced. Sanpling PerÍod.s

},,iAIES lowest
sample

MEAJT

6 73251

Highest
sample

mea'rl

l+Haenatocrit

HaenoglobÍn
ooncentration
Ìfean ce1I
haemoglobÍn
conoerrtration
lotal protein
ooncentration

Absolute
conoentration
of albumi¡

AbsoLute
concentration
qf o<-g1obuli:n'

Absolute
ooncentration
of B-gIobulin

I

Absolute
conoentration
of {-Slobulin
Rel-ative
percentage
of albumin

Relative
percentage
of f,-globulin

6 7 3251 4

4 37265 1

1 63275 +

3 7 61+2 5

2 17 6 5 4 3

2 611)+5 7

1 2657 4 t

3 7+651 2

1 25 67 + 3

...../cot:lt.



\2,

ÎABLE 6 (cont.)

Variate Ranked Sanplirrg Periods

tr'EI\,IALES

Haematocrit

Haemoglobin
concentration

Red. blood. ceI1
ce11 count

LIean ceI1
volume

Îotal protei:r
ooncentration
Absolute
concentration
of albunj¡
Absolute
ooncentratíon
of o(-globulil
Absolute
conoentratlon
of B-SlobulÍn
Absolute
concentration
of f-g1obu1in
Relative
peroentage
of albumin

Relative
percentage
of o(-globu1jrr
Relative
percentage
of P -globu1in
Relative
percentage
of þglobulÍn

Loy¡est
samplo

mear¡

Highest
sample
mean

6 7115
6 l11z

6 7 r+ 11

2 5157

1 63275 r+

1 3l+ 6 7 5 2

612't5t+7

6 17 215 L

2 15 67 3 )+

)+ 3157 2 6

6 t25 h7 1

6 132L5 1

2 5176+ 3

+

4

2

6

2

5

5

4
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IV. DISCUSSION

1 the effect of aso on various blootl parameters ina

I(anFafoo IsLa.nd_wallab ies

Maxj¡m¡n grovnth was found- to occur Ín pouch you.¡ig agsd.

13O-lJO ð,ayso DurÍng this period. the haematocrit and

haernoglobi¡ oonoentration of -bho yoìJng v¡ere fot¡rô to inorease

urarked.ly; this ¡m¡s'c have been largoly d.ue to the greate:r

oxygen requirements of the ani¡als as they ilcreased. ln size.

trr yor:ng aged 2JO- 2)i &ays thore vi¡as a narked. Ínc¡reass

j¡r ttre relative percentage of sen:n albwrin; tl¡is ooi¡olclocl

wíth the tjme when the yor:ng pe:manontly vacateô tb.ein mothert.g

pouoh,

Once out of the pouch perrranently, the young suckle

infrequently and- in captívity they eat 'che same food. as aðu1ts.

The milk from several specíes of rnarsupials i¡; lmov'm to har¡e a

high protejn content @/"- f" of v¡hole mi1k)r (noUiger and

Pascoe, 1953i Gross and Bo13-íger, 1959; Lemon and Barker,

1967), and. if the milk oomposition of 'bhe Kangaroo Island wa1-laby

is si¡lilarto that of o-Lher marsupials, it is unliJcely that

gTasÉes and. other plants on whioh the yowrg foed- oontal¡ more

protein than their nothersr milk. Hence the i¡creased.

ooncentration of semm albu¡nj¡ in these young is unHlçely to be

associated- v¡ith an j¡roreased- nitrogen oontent of their food..
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The relative conce¡l'bration of X -g1obu1in d.eoreaserl l¡r

young aged, 2J8- 299 days ¿ued. si-¡ece the sen¡n proteíns,

particularly albumÍn, help to mai:rtai:a the co11oid. osmotio

pressure of the blood (Itarper, 1959; Pr:trra.rn, 1j6O;

lfaclarlane anô Robb-Snit\ 1961; Hoffman, 1961+), ít is possible

that the i¡creased- ooncentration of albumj¡ compensatecì- for the

lov¡er l-globuIin concentration i:: these Jroungr

Although there was little ohange jn the relative

peroentage of -(-globulj¡r wh:ile the yor:ng d.eveIoped., Ít is
jnteresti-rÌg to note that yowrg age,J. 38- 49 d.ays had a slightþ
higtrer conoentratíon of -(-g1obu1jn tha¡r olð.er pouoh Soullgo

This may be d-ue to the pr€rience of en d-fetoprotein simfLar to

that fourd. in many eutherian foetr-rses uetíl just prior to birth
(Bergstrærd and. Czar, 1956i Gitljx and Boesman, 1966, 1967¡

Sohultze and- Heremans, 1966; Seal and- Eriolison, 1969),

Ân o(-fetopro'cein persists j¡rto earl-y pouch 1Ífe in

opossums, (eitfin and- Boesman, 1967) and possibly also in

quoldcas (JorC.an and. l,,iorgan, 1968). To see l,¡hether an

4-fetoprotein is present in yor:ng tlr.nganoo Island. walIabíes,

a more refi¡eô technique than pa1ær eleotrophoresis wíLl have

-bo be usecl.

l'he grarlual j¡rcrease j¡ the absolu'ce ooncentrati-on of

4-g1obu1jn in the young as they d.eveloped" nay be associatecl

v¡ith an i¡:.crease i¡ the o(-lipoprotej¡r fraction. Paper
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electrophoresis of sera from severa.l young old.er thãn 195 ùayo

shorved. a h:igh concentration of lipopro-bej¡r i:r the o(-elobuLi¡n

rogion rrhen the papers were stair:ed" u'ith Sud,a¡r ffl aocorrd.fng

'bo the method. of Ribeiro g[ 4, ?gA) (Iigure 21).

The absolute concentration of f3 -globul-in graðually

increased. wrtil -Lhe yorung were 280 - 2l+9 d-ays o1d.. This may be

assooiated" wi-üh a¡r j¡rcrease in the p -lipoprotoj:r fraction.

Electrophoresis of sera from yowrg o1d-er than 1J0 d.a¡æ showeô

lipoprrcteirl i¡ tire p -globuLire region although the conoentration

of p-lipoprotein was greater j-n young aged. 1/0 - 222 days than

j¡ a¡r oldsr yoìmg aged J21,, aays (Iigure 21 ).
A trigh ooncentration of transfetri.:e, si-n:ilar to that

formd. i¡r hr¡uan i¡rfant.s at birbh (,Sohultze and. Herernans, 1966)

may alro be responsible for the rise i-n ti,r P-g1obu1Ín fraotion

of the pouoh young. Paper eleotrophonesis of ç¡uoldca se:rrm

ghowed. that transferri¡ noverL rvith the p -Slobufjn fraotion

(Ezekial, Lai and l(aldor, 1963). Holnever, as the present study

shows, lipoproteÍns may also be for:nd. i:r 'che p-S1obulÌn

fraotion. -4. more refined- 'bechnique than paper electrophoresist

suoh as starch geI electrophoresis and. autorad.íoglraphy with
ÃqTe", vrould" be neoessary to isolate trarrsferÍre, arrd so show

v,¡hether i¡creases i¡ -bhe tra¡rsferri¡r concen-bration v'¡ers

responsible for j:rcreases i¡ the p -Slobulj¡ conoentration of

the yor:n6.
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PLrper electrophoresís of ad.ul'c serum (A) ana of
serlrn from young aged 174 (B), 222 (C) a¡ra 32ì+ (D) d.ays.

The paper for each animal r'¡as out i¡ 2 a¡rd. t half stajned.

for protein and- the other for lipoprotei¡r. Because of
'bechnical difficulties ir¡ photograpÌ1y, the lipoprotejn
zones had- to be printed. on d.ifferen'c paper fron tlte
¡rotein zotres and so thís figure is a composite of 2

photographs. fhe protej-n zones are on the left of the

lipoproteir zones for each sorum. The diagonally hatched.

areas besid-e the papers ind.icate the posj-tion and. the

relative iltensity of the lÍ-poprotej:r band.s i¡r each serum.
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The concentrati.on of serum X-elobuli¡r increased' s1ow3'y

until 'che young reached. 2OO- 2Lv9 ð'ays of age when both the

rolative arid. absolute oonoentrations of !-globìrlin j¡rcreased-

sharply. This coincid-ed. with the ti¡re when the young begart

to emerge from the pouoh and. eat grass.

The relatively low þgl-obul-jr content of ser:a from

Kangaroo Tsland. walLabíes less than 200 clays oLd- neans þlnat tvtre

young were either no.L exposed to many arrtigens or else that

they showed. poor immwrologioal ð.evelopmen'L during pouch 1ife.

A si-noiIar oonclusíon was d.rarryn by Jonlan and L{organ (t968) for

the quol'Jsa. The reason for the fa1l j¡ the relative and-

absolute oonoentrations of !'-globuli¡ irr yourÌg aeed" 25A- tl+9

d.ays iil not ]cnown.

The stud.y shows -bhat by the ti¡ne the v¡aIlabies vreæ

l¡lO days old,, their haomatocrit, haerooglobi¡ ooncontrationt

seruxo, protein profile and conoentration of total senlm protein

were simiLar to tho¡e for¡nd. i¡r healtlty aùuIt wallabies.

2. The effects of the season of a vear and- the sex of

a wallaby on some blood" pa::a,meters

A nr¡nber of stud.íer¡ have boen nado on the effeots of

the season of the year on various ptSrsioal a¡rð- haematologioal

parameters i¡r rneunmals.
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va¡r ll'ets and. Cowan Ugee) for:nd. that adult feuøIe deer

oampled- i¡ wi¡ter had. a higher relatívo ooncentratÍon of

albunÍr tha¡: fenale d-eer sampl-ed. i¡ the faIl. Shield. (tg¡g)

reportecl that ad.ult o¡rokkas on Rottnest Is1and. showeð seasonal

fluctuations j¡ bod.y weight and- in some blood. parameters, and

Ealey anô Llai¡r (1967) for¡nd. seasonal changes in the haenatocrit,

lraemoglobj¡r concentra'bion a¡ed. red. bl.ood- cell oount of euros fui

the Pjlbara region of north-westerr¡ Auntralia. lLÌI of these

au'chors proposed. the availabilíty of food. as the cause of the

geasonal variations in the para^ureters measursd.

I'4cl\van and. l¡,rhitetreaa (1969) found seasonal fluotuabiors

j¡r the haematocrit, haemoglobi¡r ooncen'cration and- plasma protein

concentration of male and. female caribou but they related. this

to reprod.uotir¡e aotivity.

îhere lr¡¿ve been reporbo that envíronnental temperatures

can affect the haenatoorit and- haemoglobj¡r ooncentration of

huna¡rs but WintroUe (1!61) ùoubts that 'there is sufficient

evid.ence to supporb this hlryothesis.

I:l -bhe present stud¡r, any ßeasonal fluetuatior¡s i¡r the

levels of the parameterÍi measured. ane unlikely to be oause(L by

a slrortage of food- sirroe e,n e,'(cesíj of high protein food. rrsas

available to the r,¡allabies i¡ the laboratory enologures at all

ti¡nes. However, reprotluotíon and. lac'cation, æd possíbly

ambient 'cemperature, may affect the levels of the various
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parameters measured. i¡l the wall-abies.

The evÍd.ence jnd.ioater,¡ that there may t"te an a¡urual oyole

in the bod.y .,''reÍght of the wallabies, 'Lhe maximum bod¡r r,'rei"ghts

beÍng record.ed. i¡ Novenber 1!68 anrL January 1969.

There is no clear evid-ence of cyclj-oaI fl-uctuations l¡

argr of the haematologioal meafiur€s, Nevertheless paCcioular

seasons ôid seem 'bo affec'c the levels of some of the blood-

pararneters in both male and. fenale v¡allabies.

.rLlthough many of 'blrc parameters rneasured. d.id. not vary

eignÍfioantly irr tho female wallabies d.uring the stud.y period,

the sen¡n conoen'bration of (-globuljn ancl heirce of total Proteifi

was high j¡ the females 5n July 1968, and- Januaqf and i\'larch 1969,

lligh concentrations of (-g1obu1j¡ ane usually ind.icative of art

infeotj-on although white blood- oell oor:r¡ts perfo:rned. on the

females at theeie ti-mes were normaf, except in l,,{arch 1969 v¡hen

-bhe oor::rt was slightly above normal. None of the females

appeared- i1l cìuri¡g these mon'chs a¡rd, -bheir [-globu1ù:

ooncentrationr.¡ had- falIen j¡ the samples taken in September 1968

and. Iviay 1969.

The fe¡nales had high haeura-boorits and. haemoglobÍn

ooncentra'bions in Ûlay ancl- July of 1968 compared. wi-bh the rest of

the study period.. High 1evels of these paraneters are usually

assocÍated. with a large bod.y mass but the femaJ-es did- not weigh

more in Ju3-y 1!68 than ôurÍrrg the rest of the stuðy.
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The Í'emales sampled. jrr 1!68 had. had theÍr youllg of the

previous year removeô. By July 1!68 ,che femal_es had pouch

yorrllg 50-110 d.ays old. bu-i; the d.emanrl¡ made on them for milk by

-bhese young would. have been rnrch less tha¡r later jn the year lrhen

the young v¡ere old.er and. required. more mill< with a higher protein

content (Çross and. Bolliger, 1959; Lemon and- Barker, 1967).

iiven r,vhen these young v,¡ere perrneurently out of the pouch, they

stiil suckled- occasionally from the tea-b ürey had. used_ duri:rg

pouoh Iífe, and. so fenales ix iliatþh 1)6) wete feed_j:rg a new

pouch young from a newly d.eveloperl mailmary gland., as vrell as

theÍr yotulg of the previous year. These fenales ,cln¡s had. 2

frurctional manmary 61and-;: a-b d.ifferent stages of lactation.

This nay partly e:cplain .why females at the begÍnnilg of the stud_y

period. had. higher haem¿r'bocrits ancì- haemoglobÍn concentrations

than those subsequen'bIy sampled..

ï'b i¡ i¡teresti¡g to note 'çhø'c lactation apparently had.

little effect on 'bhe reLative and_ absolute concentrations of

'che seru¡n pro'beins. Jord-an and- Iiiiorgan (tgeA) for:nd. that

laotation in the quokka TVas asgoqiated. with only mj¡ror ohanges

i¡ the concentrations of the serum protejns, oxcept for the

concentration of 
B -sloburj¡l which i¡creased- significantly as

lactation progr€ssed.o There was appar€nt1y no i¡rcrease i¡ the

concentration of p-Slobufin i¡ laotatÍng wallabies in the

present s-budJr although a closer analysís of the d.a-ba nay shor',r
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some change in thÍs fraotion.

l,iale watlabie¡¡ sampled. in h{ay and" July t96B haa high

Inematoorits and- haenoglobi¡r concentrations. The body weight

of the males 5n JuIy 1t6B wae signifioantly 1-ess tlren thefr

rireight jn lrTovember 1968 and- Janua:ryr 1.)69¡ yet the haematoorÍt

and. haemoglobin concentratíon of males sanpled, i¡ November 1968

and. Janua4, 1969, wene less than i¡ JuIy 1)68.

'Ihis apparent a¡romaly may be partly d.ue to a mod.erate

infection of parasitic prctozoa found. in -Lhe blood. of nales

sanpled j¡ Novenber 1)68. The parasite has not been posÍ-bively

id.entified. but it resembLes the eper¡rtÌ:rozoon parasite for.:nd. in

slreep (Sheriff, Claæp and" Reid., 1966i L{acaulay pers. comm.).

'Ìhere are irlcLications that the parasite may occur

nonnally i:r lolu mrmbers jn waLlabies jn the fíeld.. ft is

por:tulated. that the wallabies usualþ carrXr a latent parasltÍo

i¡feotion without beÍng affocted- by it, but if they are stressed.,

for example by poor nutri"ion or some other see.sonal aspeo-È,

the mmbers of the parasite increase a¡rd. aðversely affeot the

h.osts. The actual effects of the parasÍte on the wallabies

are not l'¡'rovm, Ilowever j¡fections of related. parasítes are

reportecl. to cauge anaemia irr sheep anô lrr:mans (We:nnan, 191+4¡

ijherÍff et a1., 1966). ïhese anaemias, as v,¡ith those reoonlott

i¡ 'chÍs stud.y, were charac'cerised. by red.uctions jrr the

haema'bocrit, haemoglobin concentra-bions or the number of ræd.
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oor?uscles per ou. ¡nmo (ttf:ntrote , 1967).

It is possible that the anaemia of male v¡alIabies bled

i¡ l\{arcir 1969 was saused. by the blood. protozoan. The M.C.H.C.

of 'chese i,'¡al-labies was sj-gnificantly less than that of males

sa.n,pJ-ed d.uring 1968 end in July 1969. The L{.C.V. of the males

did, not change significantly during the stu(y period. aJ1d so male

wall-abies saropled. i¡ l,¡larch 1969 Yøð. a L5¡pochromic no:rtocytio

anaemia oompared. lvith males sampl-ed. d.uring 1968 ar¡d. in July 1969.

ljpeoific antibod.j-es are thought to play líttle parb irr iurunity

agaiast protozoal j¡rfec'cions (tiunpftrey and traflri'be, 1961+t

ìriacaulay, perrj. conm.). Since the anaemic maLe wallabies ha.d.

nomal concentra-bions of P - and )/ -globulín, it ls tlnrs quite

possible tlnt t'nc anaemia was causecl by the eperythrozoon-lifce

parasite.

Altlrough tlre blood. of fe;male wallabies vras rrot exami¡eed.

for i;he pregence of 'clre blood- parasite it is li-kety that i'b was

present and- if so, it nay have been pa¡tly responsible for the

fluetuatíons observed jn some of 'cho blood- parameters of the

female wallabi.es.

If fluctuations in the nunbeiîs of a parasite d.id. causo

some of the changes observed. jn the blood- parameters of rnqle and'

female walLabies in the present stt-d-¡ it is ôifficult to say

'vilhat oomponents of' a season affeoted- 'bhe wallabies and- Oausecl

'i;he fluotuations in the parasitel s nunbers. It seems obvious
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though -bhat parLicular seasonÍ: ùÍd- i¡id.irectly affect the bosr

weight and- some haematological measureß il I(angaroo Island.

v¡allabies,

ft is apparent from the present atud-y, hovrever, that

-i;iie level;; of the para.rneters meaÍlured vary wi-bh the sex of a

wallaby as v,re]l as v¡ith parruieular seasons. the resul'b6 of tåe

s'bud.y show that the levels of the parameters were not consistently

d.ifferent betv¡een rnale and. fema.l-e wallabies througlrout the stttd'y

perioð.. ,ïor irstance, j¡ Novembet 1)68, male wallabies had a

significantly greater bod.y weight, Ìraematocrit, haemogl-obÍn

ooncentration, red- blood- celf oount and' relative percentage

of P-globuJ-il than the females, while in September 1968 none of

.'che pararneters neasured d.iffered- signifioantly betvreen males and

females t

This s-bud-y shov.rs 'bhat care is neeðed when ôrarrvÍ]ìg

oonclusions aþout the effocts of Éex on bod¡r vreight and' varíous

haernatological measures il ma.nrmals; such oonclusions apply

only 'co the particul-ar gr\cup of a,njmals sampled. and- cannot even

be applied- to the same group of animals sa.npled- a'b a d-ifferent

tj¡re of the year.
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3. effects a 1ov,¡ err ae and, a

vrater i¡take on various blooô parameters i¡ ad.ult

wallabies

Rothschild 4 4. U967), vrriting on the factors affecti:rg

serum protein metabolism, reported- that one of the earliest

effects of a low nitrogen d.íet is a d.ecreaseô conoentratlon of

serum albr¡ni-n. T¡ the present stud.y the albr¡mi¡r concentration

of the controls vras significantly lov¡er at the end. of the

experiment than at the begirxrÍIg arrô- the controls haô a lcnuer

concentrati-on of serum al-bumj¡ than the experÍrnentals at the

second. and. thirù sanpling perioðs. The lower concentrratiort

of total- serum protein i¡r the ccnltrols compared- with the

experi-nentaLs at tJ1e end of ttre study was presultrably ôue to the

10wer albr:mijl concentration of the control v¡aIlabies. During

the study there were no significant changes jn any of the serum

protein fractions in the experilrental wallabies, although there

was a tend.ency for the absolute concentration of albumi¡r to

decrease, and- there were no significant changes i¡r any of the

globulÍ-n fractions j¡ the controls.

Howeverthehaematocritoftheexperjmentalwallabiesv¡ag

significantly less at the end of the stud-y than at the other 2

col-lection period.s. A lowered haematocrÍt often occurs ðuring

protein ôepletion j]l mammals but i'c is usually accompanied. by a

lowere¿ haemoglobj¡ concentration (Stieta, 1958; I''leacha'ln et a1',

1964; Ealey and. nlain, 196Ð. Although the haenoglobS:n
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ooncentration of the experi-nental wallabies d.itt fa1I durÍng

the present stud.¡r, the trend- vras not significant'

The I'[.C.H.C. of the experjmenta]- v¡allabies rose ð'urjng

the experiment and. by the end- of the stud.y their M.c.H.c. was

significantly higher than at the begiru:ing of the stufiI' The

I\,î.C.V. tend.ed. to d.ecrease i¡ the experi¡rental v¡allabies during

the experiment but the trend was not significant. By the encl-

of ttre stud.y the experi:nental çallabies tt¡¡s had. a tSlperchrouric

normrooytic anaemia compared l,¡ith their red. blooô. cell measures

ai tlne beginning of the shrdY.

The experimental wal-l-abies v¡ere not haemococentrated-

oompared. v¡íth the controls at the enð of the experj-ment, and- so

it may be expected. that the control wallabies would- d.evelop art

¿n¿smia sjmilar to that for:nd- jn the experi'mentals' Although

there 'wenÊ no signj-ficant oha.nges in the haematocrit antl I'[.C'H'C'

of the controJs d.uring the stud.y, there was a tend.ency for ttreir

haematocrit to d.ecrease and- their ¡Í.C.H.C. to j¡lcrease' The

nitrogen i¡¡take of the controls was higher than that of the

experimentals (Barker et g!.¡ 1970); this was probably a

reflection of their higher yrater i'take (Barker, 1968). It

ís possible that if the experiment had. been contj¡ued. for a

longer ti-ure, the controls would. have become more nitrogen

d.epletefl and developed- a h¡perchromic nornoo¡rtio a¡aemia compared

wj-th their red. blood. ce11 measures at the beginning of the stuðy.
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It is possible that the experÍ-mental regi-ne was not

d.irectly responsible for the anaemia of the experi-mental wallabies.

the a¡eaemia may lrave been caused. by the eper¡rblrrozoon-like parasite

fow¡d. i¡ the blood. of male wallabies i¡r the laboratory enclosures.

Large nurtbers of tilis parasite were for:nd. i¡ the blood. of both

oontrol arrd. experi¡nental v¡allabies at the end, of tlre experiment

(i,lacaulay, pers. cornm.). Si:rce the anaemia jn the male wallabies

in the laboratory enclosures i¡r lularcln 1969 v¡as of a d.ifferent

type frour that of the v¡allabies ix the present stud.y, the parasite

oould. not have been responsible for both the a¡raemi-as - i¡ fact

it may not have caused. either of them. the par"asite seems to be

no:maIIy present in lovr m:mbers in v¡aIlabies jx the fielð and. the

laboratory enclosures. ff it d.id. make ttre v¡allabies jx the

present stud.y anaernic, its i¡crease i¡r numbers and consequent

effects on tlre wal,]abies must have been caused. by the d.íetary

regÍme imposed on them, ff the paraei-te caused the anaemia of

the experinental animals, v¡allabies short of nitrogen j¡l the

field. and. carryi:rg a l-atent i¡fection of the parasite could- be

expected. to show the same changes i¡r their blood. pararneters as

the experj¡¡ental v¡allabies.

Sj¡rce the che^nges j¡ the haematological measures of the

2 groups of wallabies generally foIlov¡ed. the sa,me trend. through-

out the stud-y, there vlas no clear evidence from these measurog

that a restricted. water i¡take and. a 1or,,¡ nitrogen d.iet affectecl
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the wallabies clifferently from an ad. !Q. water Í¡take a¡rcL a

lovr nitrogen d.iet. However, the pattern of nitrogen excretion

i¡ the 2 groups of wallabies vÍag clearly d.ifferent (narker et a1.,

1970).

The experi¡nental 'rvallabies excretecl l-ess urea in their

urine and- hatl a higber plasma urea concentration than those

given yrater ad. Iib. The experi-nental v¡allabies also exoreteal

less nitrogen in their faeces than the controls. Àlthough there

was 1ittle d.ifference betv¡een the uri¡e volunes of the ani^nals

jn the 2 groups, the experi-mental vrallabies excreted less water

i¡ their f,aeces than the oontrols, lfeasurerl in tems of nítrogen

and. water excretion, a lovt nitrogen d.iet oo¡nbi¡ted, with a

regtnicted. water i¡rtake ctid. høve a d-ifferent effect on the

lvaLl-abies from a low nitrogen cliet and. an atl liÞ, vrater intake.

ff the experimental regi-ue imposed, had. been more severe, the

haematological parameters measured. may also }lave revealed a

clear d.ifference betv¡een tlne 2 groups of wallabies.

4. HaenatoloeicaL measures j¡ adr¡f.t lvallabies oapturetl. jn
tire field- at various timos of the year

Section IIT, 1, showed 'uhat by the time the wall-abÍes

rvere 450 d.ays o1d. the level-s of their blood. parameters vrere

sjülIar to those found. j¡r healtlry adult wallabios. The

rlentition of the yowrgest v¡a11abíes bled. j¡r the present stud.y
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i¡tiicated. that they were at least 21 months oltt (r:npublished.

d.ata) a¡rd. so a1t wallabies in the present study hacL adult values

for their blood. parameters.

The season of a year and. the sex of a waLlaby nay both

affect its blooô parameters but as Section III, 2t shovrs, these

2 variabLes have an irregular eff'ect on the blood. para,meters of

healtþ adult wallabies. the present stud.y shov¡s that although

the Ievels of the d.ifferent parameters v¿ene generally less in

v,¡al-labies earnpled. i¡r the fielô, the fluctr¡ations i.¡r the parameters

of these waLlabies often para11eled. those observed in healttgr

adult v¡allabies.

The patterns of change i¡r the haematocrít, haemoglobin

concentration and. red. blood. ceI1 count were si¡niJ-ar i¡r wallabies

sampled. in the field. ând. in the laboratory enolosures. Females

i¡ the field. and. j¡ the laboratory enclosures showed. si.uilar

fluctuations jx the conoentration of total proteÍn except in

L{arch 1969 when the total proteÍn concentration jn fieltl ar¡jma1s

was 1ovr, and j¡ May 1969 w}:ien these ani-roals hatL a high total

protein concentration. the fluctrrations in the absolute

ooncentration of /-globuljn were also si.ni-lar j¡r females in the

field. anð- in the laboratory enclosures apart fron January and.

Ivlarch 1969 when ani¡na1s in the laboratory enclosures hatl a

comparatively higher (-gIobulin concentration than ani-nals

sa,npled. in the f ie1d.
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Although the stress of sucklilg a new pouch young as

well as a yolrng-at-heel- may have been partly responsible for

the lovr haematocrit, haemogtobi¡l ooncentration and' red' blood' ce1l

oor¡nt of females sampled. i¡l the laboratory enclosures jx March

i969t it cannot have been responsíble for the Low levels of these

J paraneters i¡:. femafes in the fíeld- in }{arch 1969' Fenales j¡r

the field have a d.ifferent pattern of lactation from those in the

laboratory encLosures. lÂtrile 7ÚÁ oî females j¡r the laboratorXr

enclosures were stjJ-l sucklillg their 1968 young at the begirurÍng

of Niarch 1969, none of the females sampled. i¡r the field at that

time was still suckling a young-at-hee1. Hence some factor

other than the stress of hear4¡ lactation caused' the l.ow

haematocrit, haemoglobin concentration and' red bl-ood' ceIl oor:nt

of these females.

f,'emaLes anrl males bled jn the field i¡ lila'ch 1969 ha¿ tow

concentrations of total serum protein "''ð f3-g1obu1i,' an¿

rnod-erate relative an¿ absolute concen'Lrations of t'-g1obu1in.

The relative percentage of albumj¡r in these anjmals was mod'erate -

high, asv¡as their plasma urea (S. Barkerr pers' coslm'), lvhich

makes it unLiJ<ely that they vrere protein d'epleted''

Itispossibletlratthesewallabieshad.ahearryj¡rfection

of the eperythrozoon-ljhe parasite for¡nd. i¡r the blood. of male

vral-labies in the laboratory enclosures. A hearry j¡fection of

the parasite was proposed- as a possible cause of the ¿naemia

obse:r¡eù i¡r male wall-abíes j¡r the laboratory enclosur€s ix
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l,{arch 1969. If anjmals j]l the field' and- the laboratory hatl

abnormalLy high numbers of the parasite in their bloocL at th¿t

tÍme, they must have all been stressed. i¡ some way shortly

before, The stress which may have acted, on the wallabies is

not la:ovrn, The available evid.ence suggests that the wallabies

jn the f ielfl v¡ere not short of nitrogen or v¡ater in March 1969

or Deoember 1968 and. wallabies i¡t the laborøtory encloõureo

vrere never short of food. or v'¡ater.

Ivlale and- female wallabies sa.npled- jn the field- i:c May 1968

had. lorv relative a¡rd. absolute concentrations of albr¡rnj¡ and. h:igh

relative an¿ absolute concentrations of K-globuli¡r. the

relative and. absolute concentrations of /-globuli¡ were stÍl1

high in July '1968 and the f enales still hatt Iow relative and

absolute concentratíons of albuni¡r a¡rd. the males hacl a low

rela'bive concentration of albumj¡. The high' concentration of

{-globuli¡r an¿ the 1ow concentration of albr¡mj:r i:n these

wallabies j¡d.icate that they had- a chronic Í¡rfection (Gross,

GitLitl and- Janeway, 1959; Ossefrnan and. Lawlor, 1961;

Hoffman, 1964).

A d.ie-off of wallabies in the stud.¡r area vúas reported.

in July 1968. It is thought that d.isease by itself is rar'ely

lataI to ani¡rals (ScrÍmshaw et a1., 1959; Lecce, L{atrone and-

ir,{organ, 1961). However if the ani¡oals ín a populatíon are

stresseù, e.g. i¡P they are poorly nourished or have a superinposed.

j¡fection, they are more susceptible to di.sease, v¡hich rnay then
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lcill a large proportion of the population.

The sumner of 1 967-68 was a particularly severe one and.

there was a high rainfall d.uring the follovring wj¡rter. It is

quite like1y that this weather pattern stressed the wallabíes.

Wallabies captured. jrr the field j¡ Febnrary 1968 had. high

haematocrits, haenoglobi¡ ooncentrations and. ned. bLood. cell

ooult$ and. these i/vere aocompanied- by high concentrations of

albunin and. low concentrations "f P- and. l-globulin. These

lrâIlabies were apparently not protei:r d-epleted' and- this conolusion

is supporbed. by the pattenx of their nitrogen excretion

(S. Barker, pers. comm.). However the urine volumes of these

wallabies were low and. so was their faecal water loss (S. Barker,

pers. comn.) so it is likely that they were ðrinki¡g tittle at

that tine. In lfay 1968 t]ne wall-abies had. high urine volumes

and, a mod-erate faecal water loss (S. Barker, pers. comm.).

It is thus r:nlikely that they ivere short of water. The

concentration of urea in the urine of these wallabies was

mod.erate arrd- their plasma urea concentration was mod-erate - high.

the nitrogen content of their faeoes was lorv cøpa:red. wlth that

of t¡a11abies sampled. throughout the rest of the stud'y periocl

(S. Barker, p€1.Éo comm.). the r¡vaLlabíes sarnple¿ ín IW 1968

al-so had. very 1ow relative and. absolute concentrations of

albumin and. go it is possible that they were short of nitrogen.

Hence a shortage of Ìrater j¡ late s\¡Dmer ar¡d, a shortage
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of nitrogen irl earLy winter, coupled. with a latent infection of

the eperybhrozoon-Like parasite, uøy have severely Btressetl

the walLabies nakifig then susceptibfe to other d.iseases d.uring

the wi¡rter.

5. Sueees for further r¡ork

In the present stud.¡r the vrallabies j¡ the field were

apparently never d.rastícal1y short of nítrogen or i¡Iater.

Hol,rever, it seems that a mod.erate shortage of either nitrogen

or water may stress the wal-labies and. r€nd-er then more susceptible

to j¡rfectious organisms, whioh nay then ki1] a substantial

proportion of the population. tro view of this apparoet

importance of i¡rfective organisms Í¡ regulating the poPulation

numbers of the tva.llaby, f\rture vrork shoulcL be d.irected- along

the follovring lines:

1. Documenti¡g the parasites of the wal-laby. So far !

species of nematodes have been reported. frorn the au"nentalnr

tract of the lvaIlaby (Johnston and- I\[awson, 1!¡Oa, 1940b;

IÍavrson, 1955). À systematic examj¡ation v¡i1l have to be maèe

of bLood. sa,nples from a ]-arge m¡mber of male and- female walLabíes

of d.ijferent ages captured. at d.ifferent times of the year.

Sections of the liver, lung, hear-L, brai-n, kidney arrd' muscleg

of the wallaby will also need to be examjned.
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2. Record.ing the incid.ence of the d.ifferent parasites j¡

nalê and. female wallabíes of d.ifferent a6es captured- throughout

the year. This lriLl shovr any seasonal fl-uctuations i¡r the

ru¡mbers of ttre parasites ancl the susoeptibility of d.ifferent age

groups of males aJld. females to infection vrith a particular

parasite.

5. Find.ing out the cond-itions r:nder v¡hich the various

parasites ad.versely affect the v,¡al-labies. For il1sts.nce a

hot, dry sr:mmer follovred. by a very vret v¡i¡rter nay 1ead. to lrearry

parasÍtic i¡rfections ix the wall,abi-es. Adult wallabies nay

survive this i¡fection, whiJ-e it may lcil1 yearlings.

4. obsenring the pathogenicity of the different parasites

jn the wall-abies and. the effects of superi-mposed. infectíons

of the parasites on the 'lïallabies.

5. Performi¡g experiments to see if the v¡allabies are able

to become j-mnr¡te to any of the parasites. If they can become

i¡rnune tests will have to be carried out to see íf the

irnmr:nity is specific or non-specífio.

6. Find-ing out the life cycle of the parasites an¿ possible

mod.es of their tra¡rsmission. The wal-laby tick fxod'es hirsti

is common on the wallabies at cerbaj¡ tjmes of the year and. thjis

may be a vector for some blood- parasites. Mosguitoes anü

sarrôflies are 2 other possible vectors. An al-ternative mocle
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of transmission may be that the v¡aIIabies pass e8gs or cy$ts

of the parasite j¡r their faeces and- other wallabies could

become i¡fected. by eating contami¡rated' food-.
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APPH{DD( 1

Roaeents for Electrophoresis

Verrcnal buffer pI{ 8"6 ¡r - 0.08

(l,to nt:-ea from ln'und.er1y, 1951; cited. by L,ed.erer, 1955).

Sod.ium barbitone 8.0 g

Soôium acetate (¡yarate¿) 5.2 g

tr/t o Hcr 51.5 mI

l,íaÊe volume up to 1 litre rvith d-eionized. l''¡ater

Aniôo Black d.ye solution

(Recipe from I.ùi.V.S., Ad.elaid.e.)

10 g of Anido Black (merck) are dissolved. j¡ 2 litres

of fi-rst wash. Stand. overníght, then fLlter th:rough

clouble filter papers.

First vrash solution

(Recipe from I.l,[.V,S.r Ad.elaiôe. )

To nake up 2 litres, 11800 mI of nethanol are mixed. with

2OO nl- of glacial acetic acid.

S wash solution

(Recipe from I.IVI.V.S.r Ad.elaid.e. )

Ifix: 1,080 rnl methanol

120 mI glacial acetic acid.

600 ml d.eionized. v¡ater

18 nI 1N IlCl

..r../cortt.
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0i1 for clearine apers

(Reoipe from I.l,{.V.S., Ad.elaid.e.)

llix: 99 ûI liquid paraffin

48 n-L 1 - bromo naphthalene

60 nrl- xylene

J nl sorbitol mono-oleate (Span BO)
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.APPEÌ{DÐ( 2

Ase Determination of Pouch Youne and. Juvenil-e Kangaroo

Island. fi'allabies

I',lrs. J. Smith of the Zoology Department, University of

Ad.e1aid.e, colLaborated. jn this work.

The aim of this v¡ork v¡ag to provid.e a methoô for accurately

agixg young v¡aLlabÍes taken j¡r the field..

'Ihis stud.y presents age regr€ssions lor 3 characters

of young Kangaroo Island. wallabies reared j¡ a d.omestíc oolorqr,

and. assesses the reliabiLity of usiag these regrossíons il

determinjng the age of young wallabies. The valirtity of appþing

the regr"essions to aging yol¡rìg Kangaroo fsland. wallabies j¡r the

field. is also exami¡red..

1\{ethod.

0rov¡th v¡as stud.ied. on 16 yowrg 't¡o¡n jn oaptivity. During

the breed.ing season, the pouch of each female was examLned. d.a1Iy

until the birth of a yolurg. The young rvere subgequently

measunod. eaoh v¿eek wtiJ- they were about 1 year oJ-d.. YearlÍngs

v'rere measured. once a fortnight because of their slov,r growth rête¡

The lengths of the head, left foot and left J-eg were

measurod- (Àppendix 2À), and. some of the young $¡ere also wei6hed.

until they were about 1 year oJ-d. Ve¡nier callipers were usecl '

to measure head- and" foot J-engths of all the animaLs and- the leg

...../cont.



AITEND]T 2A.

i\feasurements taken on your¡g l(angaroo Island.

'waIl-abies. (Ad.apted. frorn Sharnan, Frith and- Calaby,

196+).
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HEAD
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FOOT



67.

length of pouoh yougr w}Éle a steel tape measu¡e was used. to

measure Ieg lengths of oLd.er artìmaIs. The yor:ng were weighetl

on a variety of balances, sj¡rce no 1 balance oovered the

range of their weights.

Until they were 100 days old., the young were removed. from

the pouch arid. measuretl 'while still attached to the teat, OLd.er

pouch yowrg lvere detaohed. from the teat and. measured.. Durirrg

measurement of the young, the mothers ì/vere restrajneil i¡ iute

bags; no young v¡ere lost tlrrough the hand.ling of the motlrers

(Sfriefa and. Trloolley, 1961). Juveniles and- yearlSngs were

restrajned, j¡ jute sacks v¡hile their bod-y parts v¡ere bei:rg

measured..

Both operators measured. the young every ti.ne and- the

average of the 2 esti.urates ïvas taken to the nearost 0.1 mn with

the callipers and- to the nearest O.! min with the tape neasure.

Regults

The measurements marle on young ageð, J- r+50 d.ays are

presented as regressions of age versus head. length, leg length

and, foot length (Appendines 28 - 2D).

The regressions shorv no marked. ôifferences ix the grow-th

rate of your¡g male and. female wallabies up r:ntiJ the tine they

leave the pouch pemanently (at 245-2fO days of age). From

this ti-me the regressions for male and. female young begÍn to

...../cortt,,



APPETIDIX 28 a

Regression of hee.d. length on €ùge for Kangaroo

fsland. wallabies aged. J - +5O d.ays.
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APPENDTX 2C.

Regression of leg lenth on age for Kangaroo

IsLand. v¡alLabj-es ageil J- l+50 cLayso
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d.iverge, the males beiag on average larger than the femaLes.

Inspection of the J regressions shows a consid.erable

scatter of poirts, much of vrhich is due to the dífficulty in

nakÍng accurate measurements on the yomg. -An age estimation

based- on a si.ngle bod.y measurenoent could- therefore be subject

to a greater emor than an estimation based- on all J body

measurementg.

A series of measurements v¡ere mad.e on 1i+ young of lqrown

age r,vhich ruere not includ.ed- i¡r the regressÍons. Append-ix 2E

shov,¡s the measurements of these young, together with their ages

as estinated. from the 3 regressions, and. thej-r actr.raL â,gêsr

ft can be seen that the largest actual error in age est-

imations for any of the yorr:ng was 9 d.ays when the esti"mate

was naôe from all the measurements (yo*g No. 9l+9, AppendÍx 2n).

This represents arr e.rror of about ffi.
Append.ices 28 - 2D shor that size can be useô for age

d-etermi¡ation of young aged. less tlnan 32O d.ays, but thereafter it

has little val-ue for age d.etermj¡ation. The leg has the longest

period of rapid. growth and it appearc that in using leg length

as a criterion for age, if nales and. fenales are consid.ered.

separately, an error of betvreen 20 and l¡! d.a¡'s night ocour when

agj¡g young J2O days o1d (Appendix 2C).

The d.ata so far presented. d.ea1 only vrith the growth rates

of young wallabies born and. reared_ j¡ captivity.

...../cortt.



APPÐIDIX 2D.

Regression of foot lengttr on age for Kangaroo

Island. rvallabieg ageù J- +5O d.ays.
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A}FNNÐÐi 2E

Measurements of young Kangaroo fsland. wallabies of loroçn age, not i¡rcIud.ed.
i¡r the grovnbh regressions, a¡rd. ttre a6es of these young esti¡rated. from the

regressions.

Reference
ltTumber

anô. Sex

7t+(2)
1ð
2g
ld(? )

1+õ

Lengths ("t)o

Leg

O.I+1
0.61
o.6g
o.78
1.15
1.1+2
?.1+5

+.03
5.31
5.50
5.85
8.7¿+

9.76
1't .80

Foot

Q.33
0.1+1
o,55

o.84
I .09
1.84
3.18
l+.15
1+.7+

4.go
7.55
8.47

10.74

Esti-¡nated.
i,ge (lays)+

5
11
1l+
17
27
35
58
93

115
119
121+
164
176
200

Actual Age
(oays)

3
10
16
17
26
36
59
9+

Heacl

67?
595 €
1à.Pcf
8,+ ?
77?

591+ g
76?
9,+ ç
SE cf

0.87
1.12
1.22
1.29
1.67
2.00
2.79
3.TÌ
r+.35
+J42
l+.5Q
5.1+5
5,79
6J+5

(
(
(
(
(
(
(

(r
(r
(r
(r

tl

(+
12
15
17

to
58
92

5
B

1

1

74
99

21
6z o\\o

a

111
123
129
161
185
197

(¡)
(8)

(14)

(¡
12
1L
17
26
3I+
57
91
16
20
2l+
64
76
97

1

1

1

1

1

1

(114)
(rre)
(tz6)
(166)
(ttt)
(zot)

* Estimated ages from each measurement are Í¡ panentheses

+ Based. on average of ages esti-oated. from each measurement



70.

the grouth rate of yor:ng in the field is extrenely d.ífficult

to esti-mate (Striefd and'fÏoolley, 1961). Shield and liloolley Ugel)

found. that growth proportions of eompound- and. fieltl.-reared

quoldcas d.itl, not d.iffer signifioantly, and so consiôered- that the

growth rates of field. and captive ani¡nals l'rere probably also

sÍmiIar.

Young v¡al1abies colLected- at d,ifferent tj-nes of the year

in lli:ld.ers Chase, Kangaroo Island. have been measur'etl and

vreíghed, by the writer jn the same vray as the laboratory-reared

a¡rj.urals. The regressions of oube root of weight (condition)

versus the lengths of the foot, 3-eg and hea.d. (age) have been

d.ravnr for laboratory- and. field-reareil a¡rimals (Appendices 2F -

2H). These regressions shovr no mar{<ed. differences in the growth

proportions of laboratory- a¡rd. fie1d,-reared. young up to an age

of about J!0 d.aya.

ft is therefore considered likely that gror,'rth rateg of

captive and. field, animals are also si-nilar during thie tÍ"ne,

a¡¡cl hence that age esti-nation proceðures establj.shed. on

laboratory-reared anj-male are applÍcabIe to field anirnals untjl-

they are about J!0 d.ays olct.



ATFENDIX 2¡'

Ììegression of head. length on cube root of botly

weight of yor:ng I(angaroo Island" 'lvallabies reared. i¡r

captivity or i¡r the fieLd,
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.APPEIVDÐ( 2G.

Regression of 1eg length on oube root of bocly

weight of yor:ng Kangaroo Island. v¡allabies reared. in

captivity or i¡ the field.
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A-PPETIDfJI 2H.

Regression of foot length on cube root of botly

vreight of yor:ng Ka.ngaroo Isla,lxd. v¿ol1abj-es reared j¡r

oaptivity or j¡r the field..
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APPÐ\TDIT ]
Arealyses of varÍan.u/ O"*"en healthy adult male and. femal-e
wallabies saurpled. at different 'cimes of the year for body
v,reight, haematocri.t, haemoglobj¡l concentration, red. bloo<L
cell cor:nt, mean celL volume, mearr. cel1 haemoglobin
concentration, total protein conoentration, absolute
concen'brations of al-br:¡li¡, d -r 13 - urt¿ I -globulin, and.
relative percentages of albuminr'o( -, P - and. X -g1obu1in.
ffirere the tr' value is significant, the B sample means aJ:)d-

si-zes for each sex and. the Least Signifioant Difference at
tIrc ffi l-eveL (L.S.D.*,) are given for ürat vari-ate.

VarÍate Source of
Variation DF

Analysis of Variance

SS TÍS T

Body ïfeight

lïaenatocrÍt

Sex

Re¡ridual-

Samplìng
period.

For sample
forn, -6nr=lL.s
¡.5,D.flo =

Sex

Resid.ual

1O.3O12

30.O77O

23
6.3o 6.
6S

5.86 5.
66

75

7

I

28

t7

1.+716 3.67O

.401 O Ii";<

45678
7.12 7.28 6.26 6.32 6.38
66776

6.22 6.3J D.7D 5.60 5,75
76777

1

6
S.D

tI1¿ =
6'L.

n2=5L.5.Ð5fi=.76
.5oj = .73i for nn =
f6r n, = 7, n, = 7

,
6,

85

= .70;

22O.112

566.534

5 L.s.D.
= 2,97 i

for n.,

27.51t+

6.660
+.128

:if1ï*12315678perl_od_

Ior
nc
L:"S

f/"
for

for n,
_tnc =l

L;S.D.

6,3.

% = 2'74, 7

11;
=6,-7

t1
t ,2

¡ç.../cont.
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APPETTDX( ] ( con'c. )

Variate Source of
Variation DÍ

Analysis of Variance

ss L{S F

lÏaemoglobÍn
concentration

Sex I
Residual 85

4.0595 )+.61)+

.8799 ¡t.d{'i(

4,511

32.t+76

7+.789

Sa.npling
perior1
I\fean (crr)

n (cn)
Iviea^ll (9)
n (?)

lor n,
n2 =6
L;S.D.

Ln

y/"

123)+5678
19.60 20,28 18.44 19.12 18.60 17.19 18.11 18.¿+7

66566776
1g.o2 ^,8.52 18.07 17.39 17.98 16.+6 17.26 17.19

667677
5 L.S.D .cí/ =1.1 1i for nn = 6t

='1.08 i fói nn = 6, n, =7
for n, = 7, Ä2 = 7 L:S.D.c,% -=1.Oo

Red. blood-
ce1l count

i'lean ceII
volume

liea^n ceLl
haemoglobin
ooncentration

Sampling
period.
lviean (o")
n (cn)

tr,lean (fl)

" (9)

For n,
Da =b
L:S.D.

g.7B+

22.9ü.3

123
7.2+ 7.O1 6.
665

6.59 6.29 6.
666

6rnr=fL.-q.D
S.D.'g/o - .60;
= .58l' for n.,

B 322.501

85 235+.22

I 5.7t+55

95.BO2J

4

48 6.73
6

39 5.85
7

'Sex
ilesid.ual

6

6rn2=

'='ro,f,i

B

85

1,221

.270

7

7B
6.29 6.66
76

6.cg 5,81

*( ¡:( {.

im
= 7,

= .6)i
n1 = 6!-
nz= I

7

6,

= .55

5

6.85
6

6.62
6

6

6.1+9

7
5.77

7

5/"

7

:t
.I) .

L.
y,'

for
nD
I:S

Sex

Residual

Sex

lìesid-ua1

)+o.3127 1"+56

27,6967 n¡sr

.71819
1.12709

.6372

fì.s,B5

.r..r/cottt.
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APPIIVD]X ] (conb.)

Variate Source of
Variation

Analysísr of Varianoe

DF SS NlS F

Io-bal protei:e
ooncentration

Sex B

Residual 85

.5217

20.768

.4879
8.7481

.06521
õ1t72. ¿L+r+))

.06099

.10292

.00632

.006)+9

.oLv65Lr

. o¿+o88

2669

Il¡9o

a

;\br;olute
concen-bration
of afbuni¡r

Àb,solute
concentratÍon
of 6¿ -globul-i¡r

Sex B

Resid-ual 85

Sex B

Ile sidual 85

.05054

.56513

,37228

3.+750

.70668

9.15+5

.5g26

llrSo

.9505

Il. S.

1.138

fI"Sr

ÀbsoLute
concentration
of B-g1obu1in

Sex B

lìesidrral 85

¡ibsolute
ooncen'bration
of {-globuIin

Sex 8

Residual- 85

. OBBJ4

.1O77O

.8202

11¡Sr

.¿þB1B

IìTS¡

. B78t+

flrSç

Relative
percentage of
albirmin

Relative
percentage of
d-globuIÍ:r

Sex

Resiôual

B 80,4131

85 1773.90

1O.0542

20.869+

Sex

Resid-ual

B 9.6057
85 116.186

1.2OO7

1.1669

.. . ../ cortt.



7+.

APPÐ'iDIX I (cont.)

Variate Souroe of
Variation D¡'

Analysis of Variance

SíJ IilS F

Rel-ative
percentage of
p-elobu1in

Relative
percentage of
{-gtobr¡-1i¡

Sox

ResiduaL

B 99.3+30
85 +7B.7gB

12,4179 2.2O5

5.6329 'i'

!li?1Ts1231+0678perr-od_
Irtean (cfl) 23.70 19.80 2o.DB 21.00 19.62 20.11 2o.b3 19.38
n(d) 6 6 5 6 6 7 7 6

I'Xean (9) 2'1,18 2Q.17 18.65 17.73 17.65 18,17 18.83 19.56

',(?) 6 6 6 7 6 7 7 7

For n7
_t- ft= 6, fic - 5 L.S.D.

L.S.D.'ø^ = 2.73;
yÁ = ztßjt for n.,,,s. D.

Sex B

Ììesid.ual 85

121.+66

1287.+3

- 2.86;
I

|, h2==

5.1832

5.1+62

11.
L.'

1

I

I The foll-owing convention harr been followed- il presentÍlg results
of sta-bistical analyses, regardÍlg levels of L:ignificance.
n.s. neans not significant; * rneanri signifi-carrt at fl" level;
*'Ì' meart,s significant at 16/" leveli 'l'*'ic means significa¡t at
O.1(/o l.eveJ-.
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¿,PPEDIDÐT h

Analyses of vsriance between Ìrealthy, ad.u1t male wallabies
sampled. a'b d.ifferent times of the year for bod.y 'rreight,
haematocrit, haernoglobi¡ concentration, recl blood. ceII count,
mean cel-1 volume, mean cell haemoglobi¡r conoentration, total
protein concentration, absolute conoentrations of album:i:n,
<-, B - and- ( -globulin and. rel-atíve percentages of albumÍn,
o{-, f3 - and { -g1obu1in. Where the F value is signj-fioant,
the 8 sample means and. sizes and. the I'.S.D.{/o are given for
that variate.

Varíate Source of
Variation D!'

Analysis of Variance

SS I/rS T

Bod.y Weight

I{aematocrit

7.O1169

6.4817+

+65

7 186.856

t+1 357.526

21¿+
6.30 6.28 7,i2 7

6.+91

ttt r'.

5678
.28 6.26 6Õ2 6.
6776
for n, = 5t
Itr=6
L:S.D.5ft = .t+Bi

3.061
rF

Period.

Residual

Samplirrg
period.
1\{ean

6

36

1 .1 6861

.1 BO05

1

38

L.
= .52i
n4 -6,¡-

flo= |

= ?+6

26.6937

8.7201

6

66
3.61:'

y" ,
for t1 =

Period.

Residual

Sampling
period,
IIean

t1

n
L

2.,
oçì

65
5 L.,S.D
2.99t
for n,

7 L. S.il

,t=6tla
t-A2= (

1.19

76
_1
- lg

f/" = 1'32;

1231¡5678
52.73 5)+.17 r+8.72 51.+7 50.60 ¿+8.11 +9.31 )+9.55

Ior =
L.

y"

nr
=l
.D.

6,

':' n
,r=

iw
y"ornl =7, \2=f a

.. , ../ cont,
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APPEI$DIX /+ ( cont. )

Variate Source of
Variation DI'

Analysís of Varíance

SS lvl,S F

HaemoglobÍn
concentratíon

Period. 7

Resíd.ual )+1

36.1478

55.8991

= 6 L.S.D
= 1.11ì

5.16+0

.8756

5.898
ìk trìt

1.91t
flrSo

Sanpling
period-
i\fearr
ÏI

123+5678
1g.6o ?o.28 18,À4 19.12 18.60 17.39 18.11 18.+7'6 6 5 6 6 7 7 6

tr'or

lz*
JJ. tJ

for

-5rn
I,. [i.D .:t ¿-

.Êt/ = 1.15i for
ftdi'nn = 6, lLo =
=6r'Trr=7'L.

,g,o = 1701

2t=5'o
5.D,1ft= 1,OJ;.D.

t1 rft=1
= (t

for
Ir.

llr
s.il

a

,f.
o9

n2
i-7

Red. blood-
celL count

jvlean ceIl
volune

liean cell
h.aemoglobÍn
concentration

Period- 7

Residual )+1

Period, 7

Resid.ual- +1

1I+5.5O5

1150.O3

20.7578

28.01+96

1r.21996

12.gg2g

.60571

J1666

.740

lf.s.

Period- 7

Residual +1

12.8521

32.611+t

1.Bt6O 2.306

.7962 *

lr.flTsjzt4D67Bperr-oü
l,rean 37.17 37J+6 37.95 17.19 36.76 16.11 36.75 37.28
n -6 -6 5 6 6 7 7 6

For nn = 6, no = i, L.S.D. rf/o = 1.
n^ =7 L.S.D.'ot = 1.06; fóî n. =
lÍs.l ,ffa = l rúÏi for nn = 6, Ä2
for n.,t/!- 7, Á, =, t.S.l.5r¡ = .96

for n.' = 5,
n^=b
lÍs.¡ .flo = 1.oo;

09;
6,

=J

, ., . r/ cortt.
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APPENDIX ¿r ( con'L. )

Variate Souree of
Variation DF

ÂnalysiS of Variar¡ce

SS }ÍS F

Total proteÍn
ooncentration

Period- 7

Resid.ual L1

)+J+372

15.3277

1.214+

)+.3211

.6139

.37i8

.oo7111

.oo7331

1.696

flrSr

.970
I1.9.

Absolute
concentration
of albumi¡r

.Absolute
ooncentration
of d-globulin

PeriotL T

Residual l+1

Period. 7

Resid-ual +1

,1735 1.61+6

.1O5+ flo I ¡

Absolute
concentration
of p-S1obu1in

-\bsolute
ooncentration
of l-elobul-irr

Period 7

Resi-dual 41

Period. 7

Residual 41

.04978

.30059

.3Ul+9

1.9281+5

1.6480

)+.U+21+

.o5t+95 1.168

.04704 rro s ¡

.235)+2

.10835

2.171

floS¡

iìel-ative
percentage
of albumi¡r

ReLative
percentage of
o(-g1obu1il

Period. 7

itesiùual )+1

Period. 7

Resid-ual )+1

12.491+7

56.733t+

133.826

923.2O5

1 9,1179

22.5172

1.7850

1.3837

.8¿+9

lloEl.

1.29O

TIT S¡

...../cont.
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APFEI'IDïX 4 ( oont. )

Variate Source of
Variati-on DF

Analysi;i of Variance

SS }iIS F

Relative
percentage of
p-alobulÍn

Relative
percentage of
f,-s1obuIjn

-Perr_od t

Residual l+1

Saurpling
period.
Ilean
n

Period.

Residual

78.8121
1 68.B4B

/¡
= O l¡¡r)¡
- 2.1¡oì
; forn
- 7 L.S.

.S.D.f76 2,28;

1231Þ5678
21.70 19.80 20"58 21.00 19.62 20.11 20.53 19.38-'6 6 5 6 6 7 7 6

11.2589 2.73+

I+.11823 {1

D
'ry/of6r

= 2.48; for n4 = 5,
6'

1

D.

n2

)*t
n2

5e
S,D

:
ly

n4-6rno
6r'n2 = 7 f
- 2.19y"

7 19+.052

)+1 521,270

27.7217

12.7627

2.172

lLoSr
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APPH{D]T 5

Ânalys;ea of variance betv¡een healtt¡r, aðrrl'b female lvaLlabies
campled. at d.ifferent ti¡res of the year for bod-y weightt
haenatocrit, haemoglobix ooncentratíon, red- blood. ce1l count,
mean celf vohme, mean ce1l haemoglobi:r concentration, total
proteÍn concentration, absolute concentration¡i of albunin,
<-, P - and. f, -g1obu1i-n and- relatj-ve percentages of albumin,
o{-, B- and, f, -g1obu1in. 'ìutrere the F val-ue is significantt
the 8' sample means ancl- sizes and. the L.S.D .5ft ar.e given for
tir¿rt varíate.

Variate Source of
Variation Dtr'

Analysis of Variance

SS MS F

BodY r-1Ysi*¡¿

I:Iaematocrit

Haerooglobin
concentration

7 198.+39

u+ 20g.o0B

Period.

Resid.ual

Period.

Resid.ual

Sanpling
period-
Il,[ean
n

For
:1n

L

Period-

Reei-d.ual

Sanpling
period.
Ir'iean
n

2.71682

23.5952

30.+OI+7

JB.88gB

.1+528

.605o

28.3t$4

4.7502

.71+8

Iì,.9.

5.968
{..* rþ

4.91+
{. * t¡.

6

39

121)+5678
50.82 50.85 )+8.2O 46.01 +9.13 )+5.71 )+6.76 +6.\4

66676777
b=6,

L. So

7

U+

no = 6 lr.fi.D. q = 2.5+; for n,
or',i/t = 2'I+5i fór n, = J' n, = l'

5

f/"D
¿^.ù

+,3+35

.BBJ9

123+5678
19.02 18.52 18.07 17 .39 17.98 16.1+6 17.26 17.19

66676777
6,I'or

nD
r'<!o rJ

6,
or).

=

L.
r/"

nJ

=l
.D.

n, = 6 L.S.D.ryo = 1.1O; for nn

\..Vå= 
1.06; fóî n.' - 7, n, = 7'

.. .. ./ cont.
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APPEI{DTX 5 ( cont. )

Variate Source of
Variation DF

Analysis of Variance

SS I'fS F

Red. blood
oelI count

l\lean ce11
vol-u.me

iliean ceI1
haemoglobin
oonoentration

Total protejn
ooncentration

Àbsolute
concentration
of albumin

Period,

Residual

Samplilg
period.
i\4ean

n

For

5.+656

9.9603

.7808

,226+

l+5
5.85 6.62
76

= .56; for
n1 =7, n2

7

À4

6.29 6.
66

= 6 L.s.D
- .51+i

3.449
tr ìh

678
5,77 6.09 5.81
777

n.r = 6t
=7'

1

6.59
6

6, nc

i'i;T^

23

n

39

'^5/.I'or
2

r, S

Period.

Resid-ual

Period.

Resid-ual

Period-

ilesidual

SamplÍng
period.
Ifean
n

Periocl

Residual

7 2O7,119

44 120+.19

7

U+

7

17.19t+9

63.1DBo

2,456r+

1.+351F

29.589

27 "168

1 .081

fl. s.

I .711

Il.S¡

.BBB

TITS¡

U+

)+.27824

5)l+065

.62535

+.+2678

.61118 t+.9+3

.12165 'l'ri:¡

123+5678
6.57 7.oz 6.7o 6.56 6.98 7.o)+ 6.38 6.21+
66676777

Ì'or nn = 6, hc = 6rL.S.D.úo = .L1 ; for nn = 6,

!z_=_7 L,S,D.fu, = .Lo; f6r n, = 7, n, =7
L;S.D.5lr,o = ,38

7 .089J4

.1 006144

...../coÍtt.
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APPil\TDX( 5 (cont.)

Variate Source of
Variation DF

Analysis of Variance

SS I/iS T

;!bsolute
ooncentration
of o{-globuli¡r

.05715

.24+5+

.35O8O

1.5465+

2.10223

)+.7120+

23t+
30 1.62 1.44 1.

66
= 6 L.ij.l)
= .37i

Period,

Re¡idual
7

\4
.0081 62

.00601 2

1.358

f)oSo

.Absolute
ooncentration
of p-elobulin

Äbsolute
ooncentration
of /(-globulin

Period.

Residual

Period.

Resid-ual

7

44

44

7

.o5o115

.0351+9

1,+26

Ilo 9o

15

26.911+3

19 33+o

2.t+459

1.3512

9.5596

7.O\+3

32.6535

17.J673

78
1 .17 1.
77

6,

1

a

6

,
a

.3OO32

.10709

2.804
f:

56
.72 1,69,-rrl

1.192

11.¡ S o

1.810

fto s

1.157

ïl.So

1.880

n. fj.

1
õz
L)

a2
.íy'o
35

,
7

a

7

n1
)B for TIr

=7'n2î{;

Rel-ative
percentage
of al-br:mi¡

lìe1a'bive
percentage <;f
d-g1obuIin

Relative
percentage of
p-slobuJ.it:

Rela'cive
peroentage of
f-globu1ix

Period-

Resid.ual

Perioù
Resi.d-ual

Period.

Residual

Period.

Resiùual

7 1BB.4oo

U+ 850.695

17.1216

59.t+529

7 66.9t69

À4 309.950

7 228.57]+

4À. 76t+.16O

D

a

7

44
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APPM{DTX 6

r\nalyses of variance betv¡een tlne J sa.mpling period-s
for control (water 4È lib.) vrallabies jn Section III,
3 for borl¡r weight, haematocrit, haemoglobi¡r concentration,
red. bloocl ce1l count, mean celJ volume, mean ceI1
haemoglobi¡r concentration, total protein concentration,
the absolute concentrations of albumi¡rr 4', [ò- *A K-
globuli:r, and. tire relative percentages of alburnirr, o( -r
ß- and K-globu1in. l,¡'here the I' value is significanto
the sanple mearrs and- the L.S.D. Vo are given for that
variate.

Variate Analysis of variance

Source of
variation DF SS },{S T

Bod.y weight

I-Iaematocrit

Ilaemoglobi::
concentration

Red. blood. cell-
cor.¡nt

2 gB.tU+

11 168,971

Period.

Residual

Period.

Regidua]

Period,

Lesiôua1

Peri-od.

I{esíd.ual

2.t+o76

5.1515

1.2038

.r+683

2,571

rlrs.
2

11

g.68g

21.3t+3

4. BJ+l+

1 ,9/'+o

49.192

15.361

5.2O2

l1e 8o

2i+97

lf¡Sr

2

11

2

11

.6885

5.1376

.1+41

.+671

.717

Ilo 9r

l',{ean cel1
volume

Period.

Residual

2 23,252

11 351.O93

11.626

31.918

,36t+

fl. Sr

.. .../ co5rt.
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Airpur¡tx 6 ( cont. )

Variate .Analysis of varia¡rce

SS
Source of
variation DF UIS F

l,4ean ceLl
haemoglobin
concentration

Total protein
concentration

Absolute
ooncentration
of albuni:r

Absolute
concentretion
ofo(-globu1in

¡\bsolute
concentration
of p-Slobulin

.Absolute
conoentration
of f,-globuljr

Perioð
Itesidual

Períod-

Resid.ual 11

Period 2

Residual 11

,Sampling Period.

llean

For n.'

for n,,

Period-

Resiôua1

2

11

1.7840

5.50+9

1.6551

2"91+OO

.8572

.9171

1

3.55

= 6 L. s.D,
- 4 L.S.D.

2

11

.8920

.5004

1.783

Il.S.

2 .8276

.2673

t.096
Ilr 9,

.l+286

. OBJ4

2

3.26

5.159

3

2.96

yÁ

f¡
=4rn2
-4rnz

= J+1i

= .45.

Period.

Resiùual

Period.

Resi-d.uaI

2

11

2

.o157

.0722

.oo72

.7891

.2092

.9778

.oo79

.0066

1.197

ÍI¡8.

.0036

.o718

.050

Il. 9o

.1046

. o88g

1.177

IloS.11

...../cont.
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APPU'IDIT 6 (cont.)

Variate Analysis of variance

DT' SS
Source of
vari-ation Ifs F

Rela-bive
percentage
of aJ.bumi¡r

Rel-ative
peroentage of
d-globulin

Relative
pe

là

roentage of
-globulin

Rel-ative
per'centage of
f-g1obuljx

Perioô

Residual

Períod.

Residual

Period.

Residual

Períod.

Resídual

2 25.3488

11 185.5813

12.67+

16.871

.75'l

llr sr

2

11

2

11

1.459

1+.536

9.709
136.OÌ+B

.729

1.121

.552

fIr 9r

+.85+
12.368

.393

Il.sr

2

11

JO.À40

146.163

15.220

13.288

1.11+5

Il¡ S.
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APPEI{DX( 7

Analyses of varianoe betr¡¡een the J sanpling period.s
for exper5-nrental ('water-restrícted.) v;rallabies i¡
Section III, 3 for bod.¡r rrreight, haenatosrit, haemoglobin
concentratíon, red. blood. cell eowrt, mean ceIl volume,
mean cell haernoglobj¡¡ concentration, total proteÍn
concentration, the absolute concentrations of albr:nin,
ô(-, f3 - arrdl-gIobu1in, agd the relative percentages
of albumin, 4 -, f3 - *d I -globulÍn. lrtrhere the F
value is signifíiarrt, the sa,mple means and. the L.SrD.flo
are given for that variate,

Variate Ânalysi-s of variance

Source of
variation DF SS MS F

Bod.¡r vreight

Ilaematocrit

Haemoglobin
concentration

Sa.npling Period.

I'4ea¡c

L.S.D.y7o - o.t6

Period 2

Residual- 15

gamplÍng Period.

triearr

Ir. S. D .yr = 3,79

Peniod

Residual

Period.

Resioual

4.3oLr5

1.2577

I

6.23

2.1523

. oaJB

2

5.1+6

25,68
*t¡*

3

5.05

7.700

2

15

1+5.990

142.195

1

50.o7

72.995

9.480

2

I+8.57

3

l+3.1+2

2 9,2Q5

15 20.900

)+.602

1.193

3.303
fìr s¡

.. . ../ cont,
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AI']PE\TDDi 7 ( cont. )

Variate .\rralysis of varianoe

DF SS MS
Source of
vaniatiou F

Red- blood
cell count

li,[ean ceIl
volu:ne

j,¡lea¡r ceIl
haemoglobin
concentration

Total protein
concentration

i\bsolute
concentration
of albumi¡

Absolute
concentration
of d-globulin

2 39.091

15 291+.36+

Period.

Resirlua1

Period.

Residual

Period.

Resid.ual

Period.

Resid.ual

Period,

Residual

Period.

Resídua1

1.1269

Ì+.OO35

.5615

.2669

2,111

IloS¡

1,004

fIrSr

o
L

15

19.546

19.62+

15

SamplÍrrg Period

I';earr

L. S.D. y"

2

- 1.17

2

15

2

15

2

2

38,Q1

3

19.O+

14.653

13.572

1

36.8J

7.3266 8.097

.9048 t(ìr

.9615

3.9365

.l+899

1.1978

.0965

.2183

.4808

.262)+

1,832

lì. S.

,2+5O 3.066

.0799 11, s¡

.01+BJ

.011¡6

1.308
llos¡15

,..../corrt.
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ÀPPEI{DTI 7 ( cont. )

Variate A.nalysis of variance

SS
Source of
variation ÐF i\,ÍS F

.[bsolute
concentration
ofp -Slobulin

A't¡solute
concentration
of /-g1obu1in

Relative
percentage of
albunri:r

Relative
percentage of
c{ -globuli-t:

Relative
percentage of
p -Slobu1in

Relative
percentage of
/-g1obuIin

2 79,055
15 2t+9.582

Period.

Residual

Period.

Resiûua1

Period.

Residual

Perioä

Resíðual

Period,

Resiðua1

Period.

Residual

.1826

.6093

.1949

1.8875

.o913

.0406

.0975

.1258

2.2+g

I).¡ 3.

.775

llrSr

2.376

IloSr

3.105
11¡sc

1.502

IlrSr

1.62/,+

ïlo9¡

2

15

2

15

19.527
16.639

2 15.968

15 33.735

2 12.1811

15 60.8283

6.98+

2.24c)

6.o91

)+.o55

2 61.631

15 284.707

30.816
1 B. g8o
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APPfl\TDN( B

Analyses of varÍance between the control (vrater aô 11b.)
and- experj¡nental (water-restríoted.) groups of wallabies
at the firgt sa,npli:rg period i¡r Section III, J for bod.y
vleight, haematocri-t, haemoglobj-n concentration, recL
blood. oel-l count, nean ceIl volune, meatrì ce11 haemoglobin
concentration, total protei:: concentration, the absolute
concen-b¡4.-bions of albumin, 4-r 6 - and- (-globulin, ancl
the relative percentages of albümi¡rd_-, P - t"td tr -
globulin.

Variate .Analysis of vanianoe

DT' SS
Source of
variation MS T

Bod.y v'reigh'b

llaeuratocrit

llaenoglobÍn
concentratíon

Red. blood
cefl cor¡nt

l{ean ce1I
vclr::ne

Treatment

Resiðua1

Treatment

Residual

Treatment

Resid.ual

Treatnent

Residual

Treatment

Residual

.00J
2.915

añ-7

1I+.942

11.21

12.O5

.00J

.292

.221+l

.2097

.01o

11 .8o

.930
fl.É.

.6o7

Il¡8.

1,069

IIoSr

.o25
11¡St

1

10

I 11.21

1O 120.53

10

I

I

.g07

1.1+91+

'10

.221+1

2.O971

1 .31+o

1o 136.7+3

.1)+O

11.67+

..r../cQrrt.
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¡rpnv¡lt I ( cont. )

Variate Analysis of Variance

DF SS
Source of
variation MS r

l,'lean ce1I
haernoglobÍn
eoncentre,tion

Total protein
concentration

Àbsolute
concentration
of albuni¡r

Absolute
ooncen'cration
ofo(-g1obu1in

Àbsolute
concen'bration
of p-slobulin

Äbsolute
concentration
of f -globulirr

ReLative
percentage
of albumin

Treatment

Resid-ual-

lreatment
Residual

Treatment

Resiùual-

Treatroent

Residual

Treat¡nent

ResíduaI

Treatment
lìesidua]'

lreatment
lìesidual

.375

11.352

.375

1.133

27.30

18.72

.311

fl. s.

1,128

ll¡9r

3.O27

rlrsr

.o12
Il¡ 8r

.o27

fl¡9¡

1 J+59

llr9¡

1

1

10

10

1

10

1

10

10

10

.3960

3.5109

.ali7
1.t+692

.00J0

1.Og5g

. oo1 oo8

.059617

.00067

.55155

.3960

.3511

)t)lt7
.l+69

. ooo67

.05516

.00J0

.1096

,ooloo8 .169

.005962 fi¡so

1

I

1 27.30

1 o 187,18

...../cont.
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APPEI{DIJ| p (cont.)

Variate Analysis of vari¿noe

DF SS
Souroe of
variation MS F

Relatíve
peroentage
ofo{-g1obuLin

Relative
perrentage
of ftS1obu1in

ReLatíve
peroentage
of S-gLobuli$

Treatnent

Residual

Treatment

ResíôuaI

Trea'bment

Residual

1 B.5O

1 0 1)+8.61+

1 .009

10.222

/+. 81 J

80.87]

.oo8

1.O22

t+.811

8.087

.007

11¡8r

.595
rlo s,

.572

fl¡ 9o

10

1

10

8.50

14.86



91.

ÄPPü'ùD]X 9

Analyses of r¡ari-ance betr¡¿een 'che oontrol (water iè lib,)
and experjmental (water-restricted.) groups of wallabies
at the second. ,sampIÍng period. i:r Sec-bion III, J for
bod.y r,ueight, haenatocrit, haerooglobi:n concentration,
red- blood cell count, mean cell vo}:me, mean ce11
haeruoglobj¡r concentration, -botal proteia concentration,
the absolute concentrations of albr:min, o( -, 13 - and
ð-gIobuIÍn, and. the relative percentages of'albumin,
.(-,P - and-f -g1obu1Ín.

Variate Ànalysis of variance

Sourte of
variation DT SS MS F

3od.y vreiglrt

llaematocrit

äaemoglobi:r
concentration

Reù bl-ood
cell aor:rrt

llean cell
volume

Treatment

Residual

Treatment

Residual

lreaùnent
Residual

Troatment

Resid.ual

lreatment
Residual

1 3+.969

B 75.583

1

()

,3191

2.3743

,3193

.2968

1.0758

ll¡9¡

3.696
11o3r

)+.145

lîd
¿¡a9a

1.O52

fl. s.

.01o

fl¡ 9.

3+.969

9l+60

1 6.136

I 11.841

6.136

1.1+80

1

B

.5759

1.5095

.5759

.1 887

1 .276

B 218.016

.276

27.252

.. ., ./ cottt.
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4IgÐtrD-E!-: (cont.)

Variate l\nalysis of variance

DF SS ÌrsSource of
variation F

liean ceI1
haemoglobin
concontration

lota1 protein
concentration

Absol-ute
concentration
of albumi:n

Àbsolute
ooncen-bration
of d-g1obu1in

Absolute
concentratíon
of B-slobulin

Absolute
concentration
of {-globul.jx

Relative
percentage of
albumi:r

Treatment

Residual

Treatment

Residual

îreatrnent

Lesídua1

Treatment

Resiðual

Treatrnent

Residual

Treatment

Resiðual

Treatnent
Residual

.1685

3.3781

1.2732

2.Og1B

.1685

J+223

.07093

.o372+

.399
IIO S¡

1.9o5

llr S¡

1

B

1

o

1.2732 +.869

.2615 rlr s¡

À4710 15,.21+

ntozÃ {3àl

.o+ß13 1.763

.02617 rl¡ sr

1 )+471o

.23+78

.0+613

,20915

.07ag3

.29790

I

B

1

o(J

1

I
.0006

1.O12Lr

.0006

,1265

.oo5

IIr S.

. 068

IloS¡

1 1.26

B 1)+7.53

1.26

18.À4

,..../cortt.
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APPENDI)( 9 ( con'b" )

Variate Analysis of variance

Source of
variati-on DF SS lÍs F

Relative
percentage of
d-g1obu1irr

Relatíve
percentage of
p -slobulin

Relative
percentage of
/-gLobulin

Treatment

ResÍdual

1'reatment

Residual

Treatnen'b

Resiûual

1 5.6)+9

B 31.829

1 .140

B JO.8o8

1 16,19

B 12t+.36

5.649

3.979

.1,l+0

5.851

1J+zO

fI. S¡

.036

IlrSr

1 .041

llos¡

16.19

15.55



94.

ÁPPU{Dni 10

Ànalyses cf variance betmeen the control (vrater ad- !ib.)
and- experimental (water-restricted.) groups of waIlat,'ies
at .bhe thírð sampling periorì. in Section III, J for boôy
vreight, haema'cocrit, haemoglobj¡ concentration, red. blood.
ceIl cowrt, mean ceII volume, meau. cefl haemoglobla
concentra'Lion, to'ca! protei:r concentration, the absoLute
concentra'bíons of afbumin, d-, g - anô j -globuIi.n, anù
tlre rel-ative percentages of alb'umi¡ r 4 -, p - and. }, -
91obulin.

Variate Arralysis of varÍance

DF SS
Source of
variation MS F

Bod.y weight

Haematocrit

I{aemoglobin
concentration

Red. blood, ceIl
cowrt

Treatment

Residual

Treatment

Resid.ual

lreatment

Ììe sidual

lreatment
Residual

1 8.20

B 11+.96

1 1.3A7

B 1 5.+61

I

B

.1Q65

2.1202

.165+

5.53)+7

,1065

.2650

.l+O2

Íl¡S¡

.571

Il.8o

1.711

fl¡So

.239

IÌr 8.

.o1+3

fl¡8¡

B.20

1+.17

3.307
1.933

I

t]

.165+

.6918

l,iiearr cel-l
volrrne

Treatment

Regidual

1 1.5)+6

B 290.699

1.1+6

36.317

.. . ,./ cor,t.
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.A-PPEI.[D]]( 10 (cont. )

Varíate Analysis of variance

DT SS
Source of
varíation l,[s F

l,îean cell
haemoglobin
concentration

Total protein
concentration

.¡\bsolu-be
concentration
of alburni:r

.,\bsolute
concentration
ofc(-globulin

"r\bsol-ute
concentr'¿rtion
of p-s1obu1in

Absolute
concentration
of |-gIobu1Ín

Relative
percentage of
albumi¡

Treatment

Resiôual

Treatment

Residual

ïrea'cment

lìesid.ual

,Ireatment

Regidual

lreatment
ResÍdual

Treatment

Residual

Treatment

Resid.ual

?-.5502

2.8636

1.7)+24

1.26+1

1 . O49BO

.4-'loBB

1

I
2.5502

,3580

1.74n+

.1 5Bo

7.121+

11.O27

.o35
Il. so

. )y'ttt

Il¡S¡

2.ìttt5

IIo9¡

2.271

ïI.9o

1

o
U

I

B

1.Ot+gBO 20.À40

.05136 *{¿

1

B

.0o0o9l+

.o216A8

.o1o51

.51+923

.231/,+5

.75726

. o000gi+

.oo2701

.a3o51

.o6865

.251+5

.09+66

1

B

1

B

1 28.52

I 100.¿+6

28,52

12.56

.r.r./cortt.
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APPU\ïDD( 10 (cont. )

Variate Analysio of varianoe

DF SS
Source of
variation MS T

Relative
percentage of
.{-gIobulirt

RelatÍire
percentage of
p -elobulin

Relative
percentage of
l-slobulin

1 40.598
B 85.1gB

1 4.+3
8 157.87

Treatment

Rosidual

Treatnent
Resid-ual

Treatment

ïì.esidua1

.8662
6.zzo9

.8662

.7776

1.114

fl, s.

3.812
ïl¡ S¡

.221+

ïI¡8o

1

I

40.598
1 o,650

)+.1+3

19.73



97.

APPNNDTX 11

.Analyses of varíance betvreen male and. female r,vallabies over
tlne 7 field- trips for bod-y weight, haematocrit, haenoglobÍn
concentration, reô bLood- cell oount, mean oe1l volune, meart
ce1l haemoglobil concc.ntration, total proteil concentration,
absol-ute concentrations of afburnilr 4.-r 13 - and l'-g1obuljri
and- relative percen'bages of albuni:e, .< -; ¡3 - and. f, -g1obulÍn.
ri'lrere the F value is significant t!rc 7 med.ns for each sex
a¡rd. the L.S.D.e6l a.îe given for that variate.

)/q

Varíate Source of
Variation DF

ånalysis of Varianoe

SS }NS F

Bod,y Weight

Haematocrit

HaenoglobÍn
ooncentration

Sex

ResiduaL

Trip No.
Ir,{ean (cn)
nIea.n (9)

fr
Sex

Resídua1

Sex

Resid.uaL

Tri-p I\o.
llean
l¡iearr

(.n)
(e)

1

272

1

I
17.24 1

15,52 1

= o85

168.87

13+.17

2

168.87

. ,+g

3+2.341
)þ*>l

6.78 6.9tu
5.21 5.O5

= ,5O

45
7.18 7,O2
5.13 5.O9

1
6.55
)+.91

o
6.70
5.O3

7
6.73
4.95

L. S.D.

Tríp itTo. 'l 2
l,lean (cr) 48.70 +6.55
t\4ean (?) H+,32 46,13
L.S.D.rÍo = 2.5O

I 177.8

272 3309"5

1 23.13

272 386J+3

3)+567
+5.95 50.55 +7.O5 41,35 14.70
Il+.82 46.65 +6,02 40.58 l+3.1+5

23.13

1.42

16.283

177.8

12.2

1+.616

a

2
6.
Ã

3)+5
13 15.85 17.3O 16.57
9)+ 15.48 16.22 16.0,l+

6

+3l+
7

15.1+3
1+.99+,13

1

I

L"S.D. rl

.r.../coïtt.
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,APPM.{DIÏ 11 ( cont. )

Variate Source of
Variation DT

.Ana3-yois of Vaniance

s,5 li,s F

iìed- blood-
ceIl count

I[ean oel1
volume

L{ean ce1l
haemoglobin
concentration

Total proteÍl
concentration

Absolute
concentration
of albumin

Absolute
concentration
of o(-globulirl

Sex

Resid-ual

Sex

Residual

Sex

Residual

Sex

Resiùua.l

Sex

Residual

Sex

Resid.ual

I 2.1Q

271 186.+g

129
271 301+1

1 .10
272 2OO.59

,3.451

Ilr So

.262

fI¡Sr

.11+2

fI.S¡

.00J

fl¡ Sr

.171

Il¡S¡

.353

Il¡Sr

2.10

.69

29

111

1

271

1

271

271

1

I

27t

1

.001

77.858

.01B

29.o1B

.10

.74

. oo1

.287

.01 B

.017

.001 5

. OOI+J

.oo1 5

1 .1719

Absol-ute
concentration
of p-slobuIin

Absolute
ooncentration
of N-globulj-Tr

Relative
peroentage of
albumi¡

Relative
percentage of
c( -globulin

Sex

Resid-uaI

Sex

llesiôua1

Sex

Residual

Sox

Ììesid.ual

I 10.6

272 651+,9

1 .oo
272 2B3.6Lp

271

.320

32.1+o

.506

36.OA

.320

.119

.506

.133

2.685

floSe

3.8ÚI
hr S.

À)+3

II.S.

.005

fl.9r

1O.6

2l+.O

.00
1.04

.. . ../ cortt.
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APPEX\TDIX 11 ( oont. )

Variate Source of
Variation DT

Ananlysis of Variance

SS I,{S F

Relative
peroentage of
p -slobulin

Relative
percentage of
[-globuJ.i^rl

Sex

ResÍôuaL

Sex

Residual

Trip No.

I 67,9

272 7069.7

2,614

11¡9¡

6,21t+

567
,43 19,91 2O.O7
.+3 18,29 '17.96

67.9

26,O

1

272

1

i',rreen (ot) 1+,BD 18,17 2L.91 22,11 18
Irean (9) 17.33 15.98 20.99 19.89 16

'Lt,,5,D.go - 1.U+

1l+3,3 1l+t.t
6271.0 23,1

234



1 00,

APPENDIT 12

-Ana1yses of variance between female wallabies captured. on alL
field. trips for bod-y vreight¡ haematocrit, haemoglobin
ooncentration, red- blood- ce1l coun'c, mea,n ceIl volumer mea.n

cell haemoglobÍn concentration, total- protein concentration,
absolute concentrations of al-buuri¡, 4-, 13 - and ð -elobulÍ¡
and- relative percentagee of alburni¡, o<-r' Ê- *d ð -globu1Ín.
I.rhere the F value is signifioant, t},e 7 meàns and- the L.S.D.g/o
are given for that vari-ate.

Variate Source of
Variation DF

Analysis of Variance

SS I\{S F

Body Veight

Haematocrit

HaernoglobÍn
ooncentrati-on

Red. blood-
cell cor¡::t

Perioô.

Residual

PerÍod-

Residual

Trip No.
li{ean

L.S.D. -.2Vo

Period-

Resiôual

Trip No.
j,,,lean

L.,S.D. -.t
270

aI',erl_od b

Resiôual zoj
+o.ggjz

129,261

23
6.oz b.63

6.83303

.63675

+5
5.52 5.84

6 1,85919 .30987 ,759

203 82 .8729 .40821+ fi o s o

6 7Bt+.O83 130.681 10.40

2O3 2550.48 12.561+ );í':r>k

12JJ+567
l+4.32 )+6.13 U+.82 )+6,65 +6.02 l+0.58 +3.+5

-4'70- tal./

6 9+.1199 15.6867 10.72

2o3 296.964 1.+6288 ;rr¡F!i'

1231+567
15.52 15.9.+ 15.+B 16.22 16.O+ 1+.13 14,99

= .61

10.73

6

4,60
7

5.15
lrip No.
ùïean

1

5.65

= .40L. S.D. -,¿7/o

...../ cortt.
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APPENDTX 12 (cont. )

E

q-

L¿Àt)F()

Variate Source of
Variation DT'

Analysis of VarÍa,noe

SS 1,{S T

li[ean ce]-1
volume

i,{earr ceIl
haemoglobin
c oroentration

Period.

Resiùual-

Trip ItIo.
ûIean

L,:S.D ' ry/
a.Herr-od b

Residual. 2O3

5.9628)+

,156,630

6 3279,11 5t+6,519 5,830
2O3 1go2g,5 91.7+12 'i)t'!ß

123)+567
79.95 77.53 80.72 85.60 79.84 89,68 85.11

= 4.90

.99381

,77158

1.288

fl¡9¡

Total- protein
ooncentration

Absolute
concentration
of albunin

Absolute
concentration
of o(-g1obu1in

Period-

Resid-ual

Trip No.
L[ean

L. S.D.

Period.

Resiðual

Trip No.
I\{ean

L.s.D. _,¿
7/o

Period-

Residual

Trip No.
illean

L. S.D

12.O703

63.1133

23
6.21 6.15

2.01171 6l+39

,3121i+ t¡'l:lr

6

202

1

5.84

= .28

4
6.6o

567
6.41 5.98 6,34

y/"

6

202

1

2.81 3

= ,15

6

202

1

DA
a ¿-/

.03

5 J+O3O2

18.7675

2 3
,24 2,95

.90050

.09291

5

9.692

7
22 5.21+

)+

3.15
6

,085355

.92530+

21
.28 .27

3.24 3.

.o1)+226 3.106

' 
00¿+581 ':r)l

456
.31 .29 .25

7
.31

'Yo

...../cortt.
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APPE}IDÐT 12 (cont. )

Variate Source of
Variation DF

ÁnaIysi,s of Variance

SS ]\IS T

Absolute
ooncentration
ot 

13 
-slobuIin

A'bsolute
ooncentration
ot Y-globulin

Relative
percentage
of albumi¡

RelatÍve
percentage of
o(-globuli¡

Period 6

lìesidual 2O2

3,52093
25,9300

23
1,69 1.63

I+.571

1 .8O 1 .l+1 1.65

.58682

.12837

5 67lrip I\To.
iliean

L.S.D.

Tríp No.
l''lean

1

l.11

= .18

I
+.93

= .51

)+

1.83

y"

Period- 6

lìesiduaL 2O2

Trip IVo.
I\{ean

L.S.D. yÁ

Period.

Resid.ual-

lrip No.
I{ean

L.S.D. g

Period-

Residual

2,g23BO

27.gg35

23

.487J00

.158606

l+5
1.32 '1.oB

1

3.516

6
1 .10

6

!+.17

7
1,1+

7
L+.85

i .0¿l. 1 .00 1 ,31

= 1.9

61022.71 170.+52 8.076

zot )+284-.50 21.1059 {r!:"r

123+567
48.56 52.38 48.04 t+7.85 50.89 54.12 51.19
_a22- ¿-. ))

6 131+2)+3

2O3 209.321

2.23738 2,170

1.0311)+ ì:r

23)+5
)+.U+ 4.1+ I+.65 4.57

¡r.S.D , 
flo

...../cont,
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ÀPPENDTX 12 ( cont. )

Varíate Souroe of
Variation DF

Analysis of Varianoe

ss l/is F

Relative
percentage of
p -slobu]-in

Rel.atíve
pereentage of
t'-globulin

Period.

Residual

Trlþ No.
lVIean

¡,5.Ðrflo

Perlod

Residual

TrÍ-p No.
1,,[ean

¡,.5.D . fl,

6 627.929 1a+.655 1.8U+

2O5 5526.59 27,221+6 rk)¡'rlc

1234567
2g,3O 27.51 26,+2 27.76 28.2+ 23.50 2A.69

= 2.61+

6 5Bt+.838 97 J+71o )+.173

2O5 lrt+1.25 23.1559 rr',r(rr

123)+567
17,31 15.98 20.99 19.89 16.1+3 18.29 17.96

= ?.45



104.

APPU\TDDi 13

Analyses of varÍance between male wallabies oaptured. on al-l
field- trips for bod.y weight, haematocrÍ-t, haemoglobin
oonoen-Lration, :red- b1oocl ce1l coun-b, mean cell vohune, meart
cell- haemoglobin concentration, total protein concentration,
absolute concentrations of albumj¡r, d-, fJ - and. f, -globuljrl
and- relative percentages of albumirr, 6>(-j ¡3 - and f, -globulin.
'.:rhere tlre I value i-s significant, 'che J mèans and. the I'.S.D.^%
are gi-ven for that variate.

Varíate Source of
Variation DF

Analysis of Variance

SS }IS F

Body ltleight

Haematocrit

Haemoglobin
ooncentrati-on

Red blood
ce1I count

j,,{ean ceII
volume

Period-

Residual

Period.

ResiôuaI

Trip ItIo.
IIean

¡.5.D.flo

Period-

Residual-

Trip No.
lfean

Lt.S.D. -*t7/o

Period.

Residual

Period-

Resid-ual

6 B .76851

6: D3,63zB

6 956.9t+1

63 toD3z.B

1.1+611+ 1,689

.86505 n¡sr

6 2.8105 .+68+1 ,591

6j +9,917 .7921j n. F¿

6 51j.521 BD.92o B.h1o

61 6+3.625 10,216 ¿',.o't'e

121)+567
L8.70 +6.55 )+5.95 50.55 n.O5 +1.35 U+.7O

= 2.86

6 62.5277 10.+213 B.6t+4

63 ZD.953o 1.2016 'F*ì:{

1234567
17.2+ 16.13 15.85 17.JQ 16.57 14.1ú 15.+5

- oQ,

159.+90

169.881+

.939
fl.5r

.n.../cortt.



1 05.

APPTND]X 1] (cont. )

Vari.ate Source of
Variation

rlnalysis of Variance

DF SS iliS T

l,,iean cell
haemoglobÍn
concentration

Total protein
concentration

Absolute
ooncentratíon
of albrmÍ¡r

Absolute
concentratíon
of o(-globulitl

Period.

Residual

Trip No.
ûlean

L. S.D. y"

Period.

Resi-dual

Trip No.
l,[ean

L. S.D. --z7/o

Period.

Resid.ual

lrip I\o.
j,.{ean

Ir.S.D. y"

Peri-od-

Residua]

Trip No.
Ilean

Ir.S.D.

I
5.BB 6

= .41

6

6l

6 10.5+31 1.7572 2.788

61 39.70+6 .6032 ,ij

123)+567
35J+1 3+.68 3t+.5O 3t+.2+ 15.21 3Ì+.93 h.51
= .71

6 5.83361

1+.1995

23
.05 5.99

,97227

,22538

À-5
6.65 6.

+.511+

6l
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54 5.96 6J+1

I
3.16

= ,31

)+.31+22

7.56339

23
1.29 2.56

.719Ot+

.12OO5

5.989

4567
3.25 1,17 3.06 t.O5

6

63

1

.26

.05

.05281

.18578

3

.00BBo2 2,985

.OO29+9 )ii

t+56 72
a 2+ .32 .31 ,29 .27 ,26
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APPEI\IDU 1] ( cont. )

Variate Source of DF
Variation

.Analysis of Variance

SS ].IS F

Absolute
concentration
ot 

P -gIobuIi:r

Absolute
concentration
of f-globulj:r

lìelative
percentage of
albuni¡

Relative
percentage
of o(-globu1in

Relative
percentage
of p-slobuli:i

Relati-ve
percentage
of ð -gIobu3-in

Period.

Residual-

'I'rip No.
Ifean

L.S.D, qF

Perioò

Resid-ual

Trip No.
l,,lean

L.S.D . yt

Period-

Resid-ual

Trip No.
lfean

L. S. D. _.,
)/o

Period-

Resid.ual

Period-

Resid.ual-

Period-

Residual

Trip No.
l,{ean

L. S.D .

6

6l

I

1.59

- o(.
- aav

6

6t

1

.BB

= .31

1.16770

5.33716

.19462

.OBl+72

45
1,61+ 1.

2.297

67
66 1J+5 1,82

2
1.40

3
1.62

3
1.51

¿

1 .13

2.717+1

7,37)+52

.LÕ291

.11706

+5
1 J+6 1.

3.869
*:l

6
23 1.19 I

7
,29

993.81O

161J.1+

2

6.469

53.81 5+.19 +2.60 4B.BO 51.7O 51.35 l+7.46

= \.53

6

63

I

6

34567

165.635

25.605

1.586

fl.S¡

6S

11.0377

57.9960

1.83962 1.998

.92057 l1¡so

6 191.8t5
63 1282.79

32.3026

20.3618

6 605.663 1 00.944 /+.688

63 1356.49 21.5317 ''*:r):r

1234567
1/+.85 18'17 2+.91 22.11 18.+3 19.91 2OçO7

= 4.15yÁ
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