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EXPLOITATION OF KANGAROOS AND WALLABTES
IN VESTERN AUSTRALIA

Il. Exploitation and Management of the Red Kangaroo . l97O - 1979

R. l .T .  Pr ince  (W.A.  Wi ld l i ie  Research  Cent re ,  P .O.  Box  r l ,  Wanneroo,  W.A.606J)

ABSTRACT

This paper gives an account of the development oi a formal wildlife management policy for Red
Kangaroos in Western Australia, and documents the pattern of continued exploitation ol this kangaroo in
Western Australia under cove. of the management programme to the end o! 1979.

Commercial exploitation of the State's rangeland Red Kangaroo populations continued throughout the
197A-1979 decade, and remains the major feature. of the management programme. The programme itself
aims at maintenance of widespread viable Red Kangaroo popu.lations throughout the species' range while
permitting control of the numbers of kangaroos on the pasto.al rangelands in accord with the need for
sound rangeland management.

Commercial exploitation lell from a short-term average harvest level of near 300 000 carcases per
annum in 1970 to < lJo 000 carcases per annum by the end of 1979, and it is thought that the Red
Kangaroo stocks in 

-Western 
Australia were then at their lowest point ior some considerable time

(probably in excess of lr-20 years). The pattern of exploitation occurring during the 1970-1979
decade has however been shown to be consistent with the harvest pattern sustained during the previous
70-80 years.

The observed changes in the harvest levels and the apparent changes in stock abundance which occurred
during the 1970-1979 decade primarily rellect changes in environmental productiyity mediated by
changing rainfall patterns and their consequent effects on stock recruitment and the subsequently
available harvests.

The Red Kangaroo Management Programme that has been in lorce in Western Australia since l97l has
a demonstrated capacity to elfectively direct and, if necessary, constrain the pattern ol harvest of the
rangeland kangaroo stocks, and thus contributes to necessary regulation of rangeland grazing pressure
while conserving the nucleus of this important sector oi the Staters Red Kangaroo population. The
coincidence of the major concentrations of kangaroos with the better quality pastoral lands and the
concentration ol hunting activity in these areas of continuing land-use conflict ensures that the
programme will remain relevant to future management ol the Red KanSaroo in Western Australia,

Monitoring of the harvest distribution and its impact on local kangaroo populations using the data
gathered via the detailed shooter's returns does reflect the changing status and productivity of the
exploited kangaroo stocks and is sti l l  the most effective routine monitoring method available for use in
Vestern Australia, Intermittent aerial census of the stocks can however make a uselul contribution to
management decisions and should therelore be uti l ized on this account in the future, but annual census is
not necessary. Aeria.l census at intervals of 3 - 5 or 6 years wil l provide adequate back-up for the
routine harvest monitoring incorporated within the present Management Programme.

The apparently crit ical factors, that is, a relatively low but usually profitable real ma.ket price for
kangaroos, coupled with the usual pattern of widely dispersed and generally intermittent hunting of the
different local kangaroo populations, that have apparently contributed so far to the fine balance achieved
between average annual productivity and commercial exploitation of the pastora.l rangeland stocks oi Red
Kansaroos in Western Austraiia have been identil ied,

INTRODUCT|ON

Following the amendment of the Fauna Conservation
Act in 1969, the next action in the process
leading to establishment ol formal supervision of
exploitation and management of Red Kangaroos
(rllgglgpg! Iglgli; see Kirsch and Cataby 1977) in
Western Ausfalia by the Department ot Fisheries
and Wildli le (formerly Fisheries and Fauna) was
taken durinB April 1970. By notice published in
the Government Gazette of April 17, 1970, and,
simultaneous press releases throughout Australia,
the Western Australian Government advised

interested parties of requirements for i icensing for
lurther participation in the Staters kangaroo trade,
and the criteria to be used in determining
eligibil i ty for the issue of l icenses. Meanwhile,
the existing trade continued operations in
accordance with the Regulations published on June
l t ,  19r2 ,  pursuant  to  ihe  Fduna Prorecr ion  Ac [ ,
1950, and further information was sought lrom
persons then operating within the kangaroo trade,
so as to determine their eligibii i ty for future issue
oi necessary l icenses.



This action by the Western Austral ian Covernment
during 1970 fol lowed the onset of a severe droLlght
rn  t he  pas to ra l  a reas  o f  t he  S ta te  i n  1969 ,  and
coincident heavy exploitat ion of the Red Kanga.oo
commencing l^ 1969 and continuinS into 1970
(see II  C. and Table l) .  Knowledge of strong
public concern regarding the impact of uncontrol led
commercial exploitat ion of these kangaroos and the
possibi l i ty of mass transfers of kangaroo trade
operations from eastern Austral ia into Western
A , r s * ra l i a  , r r  r h  c  r imp  n rov ided  t he  f u r t he r
incentive for reassessment of the role ol the State
faLlna autho.i ty in regulat ing the activi t ies of the
kangaroo trade in Western Austral ia.

The prel iminary action restr ict ing the avai lable
shooting e{fort then involved in the State's
kangaroo trade became effect ive from the
be8inning of August 1970, and pubiication ol new
ReBUlations pursuant to the Fauna Conservation
Act, 195A-1,969 on November 18, 1970 permitted
the f inal act ion necessary for ful l  inLDlementation
of the lormal Management Programme to be taken.

The management controls which became effect ive
J rom Feb rua ry  7 ,  l 97 l  we re  based  on  an
investigation into the scope and structure of the
Staters kan8aroo trade, while the init ial  harvest
l imit that was set was based on a prel iminary
assessment of the annual average Red Kangaroo
harvest that could be produced by the kangaroo
stocks that could then reasonably be expected to
be present on pastoral rangelands in the State. No
more rel iable populat ion stat ist ics were avai lable.
The management controls were also backed-up by a
haavest monitoring system based on detai led returns
from shooters. These returns provided data on the
numbers oJ kangaroos taken, their sex and average

q/eight, the distribution of the hunting activit ies,
and an index ol the eflort actuallv exDended in
hunt ing ,

Commercial harvesling oi Red Kangaroos in
Western Australia continued through the 1970-1979
decade, but the annual harvests taken varied
during this period, and the immediate prospects for
future harvests at the end ol 1979 were less
favourable than in 1970. The observed changes in
annual harvests and the changed status of the
exploited kangaroo stocks in 1979 were
essentially reflections of changes in rangeland
productivity and the abundance of kangaroos.
Changing rainfall patterns were the primary
determinant oI these changes. The 1970-1,979
decade was however a time of chanse in the
marker ing  o l  kangaroo proouc ts .  

- fhe  
mosr

important oJ the changes affecting the kangaroo
trade in Western Australia was the closure in l97l
of the American market for kangaroo skins.

In this paper I provide a brief reyiew of the
position of the kangaroo trade and its role in
exploitation of kangaroos in Western Austra.l ia in
the late 1960s, and the development and operation
of a management programme for the Staters Red
Kangaroos during the decade l97O-1979. Detailed
summaries of harvest data compiled {rom shooterrs
harvest returns are presented and changes in
patterns discussed. The observed patterns of
variation in the harvest rate (catch/eflort = Cif)
indices calculated from the harvest data are
analysed in terms of changes in rangeland
productivity and the process of commercial
exploitation as determined by changing rainfall
patterns, and their relationship to past patterns of
exploitation and continuing management supervision
is also discussed.

BACKCROUND

Female Red Kangaroos can reach sexual maturity
at 18 months to 2 years of age and are capable ol
continuous breeding, but f irst reproduction is
commonly retarded in the wild, and the pattern of
extended and recurrent droughts expected in the
arid to semi-arid 

-environment 
they inhabit in iniand

Australia also generally leads to intermittent
recruitment in all but the most favourable
circumstances. Thus, while it is theoretically
possible for a healthy adult female Red Kangaroo
to produce three young every two and a half
years, the averaBe productivity of f ield populations
is l ikely to be much lower. Exploitation-based
management of the rangeland Red Kangaroo
populations must take this factor into account i l
harvesting is to be sustained.

B. THE KANGAROO INDUSTRY IN VEsTERN
AUSTRALIA IN THE 1960s

Commercial exploitation of the kangaroos and
wallabies in Western Australia prior to 1970 has
been reviewed by Prince (1984); bLrt exploitation
during this earlier period was based soiely on an
export trade in dry skins, and existing overseas
markets Ior skins collapsed in 1953. The dry skin
trade did not recover subsequently, and the
kangaroo industry changed direction in the mid-
l9r0s. At this time the Western Australian

A. THE RED KANGAROO
The Red Kanga.oo is widely distributed throughout
the arid and semi-arid interior oJ Austra.l ia, but
the main populations are concentrated on the
better quality rangelands that are occupied by the
pastoral industry. Its dietary p.eference is for the
more nutrit ious components of the rangeland
pastures. A semi-nomadic behaviour pattern
admirably fits the species to exploit the locally
changing patterns of plant production, but also
heiBhtens the perceived conflict with the pastoral
industry. Because the rangelands have only a
limited capacity to support grazing stock,
management is needed to resolve the land-use
confiict and so allow the continued coexistence of
these kangaroos and domestic l ivestock. Formal
kangaroo management programmes similar to that
ope.ating in Western Australia are aimed at
alleviating problems arising from this conll ict.

Comp.ehensive details of the biology and ecology
ol Red Kangaroos relevant to management of the
rangeland kangaroo populations can be found in the
reviews by Frith and Calaby (1969) and Newsome
(1971, 1975, 1977). The important Jeatures of the
life history and rep.oductive capacity of the Red
Kangaroo which have a bearing on exploitation-based
management are nevertheless summarized below lor
convenience.



The meat produced
due to the earlier

sold mainly as pet-Iood,
of the main game-meat

kangaroo industry shifted emphasis to trade in
kangaroo meat, init ially towards export of
processed and fresh game-meat lor hurnan
consumption, and later to local usage for pet-lood.

Large numbers of fqesh skins from the carcases
used by pet-meat processors were discarded as
waste at f irst, but with renewed trade interest in
kangaroo skins in the 1960s and changes in the
handling methods being adopted by local skin
buyers, this waste of skins had practically ceased
by 1969. Only small numbers ol dry skins were
then being forwarded to western Austra.l ian buyers,
and the fresh skins lrom locally processed kangaroo
carcases comprised the bulk of the skin trade.

The acknowledged interdependence of the Red
Kangaroos and the pastoral industry on maintenance
of the productive capacity of the rangeland
pastures, the need for grazing management in this
situation, and the ellective and economically
beneficial contriburion of the commercial kangaroo
trade in controll ing kangaroo numbers on
rangelands pointed to the desirabil ity of a formal
programme for supervision of Red Kangaroo
management being based on these points. The
required controls would therefore have to be
adapted to {it in with the structural organization
of the kangaroo trade.

Ihus, the lormal Red Kangaroo Management
Programme devised for Western Australia was
founded on the principle that the kangaroos
constituted a l iving natural resource and a problem
in land management, as well as being unique Iauna,
and that resolution of this confl ict could best be
achieved by management to ensure perpetuation of
the species, coupled with local population control
based on the continued harvesting of a commercial
crop by professional shooters, Similar bases lor
management of kangaroo populations were endorsed
by the Australian Conservation Foundation in a
paper first published in 1967, and reprinted with
an additional supplement early in 1970 (Anon.
1967, l97O). Final decisions on the proposed
Western Australian Red Kangaroo Management
Programme were being made at this point.

The action foreshadowed by the April 1970 notice
was pro8ressively implemented lrom August 1970.
Overall control over the total commercial Red
Kangaroo harvests taken in Vestern Australia since
February l97l has been elfected by l imiting the
numbers of current shooter's l icenses on issue and
placing further l imits on the maximum allowable
annual harvests, General policy is implemented in
the field via statutory requirements for
seli-locking, numbered, royalty ta8s to be alfixed
10 carcases at the time of taking, backed-up by:

i) further constraints placed on the activit ies
that may be carried out by (a) the different
l i.pncapc an.1 rh) ^n rhe dil lerent classes of
premises involved in the trade;

ii) restrictions on the location of chil ler units;
and

ii i) requirements lor detailed returns documenting
the activit ies of l icensees (see Regulations),
augmented by ongoing surveil lance by
eniorcement staif (Wildlife Officers).

Shooters' returns also provide basic resea.ch data
on hunting areas, harvest composition, and shooting
effort (see IV 8.. IV C.).

Details of the proposed fulanagement Pro8ramme
were also discussed and defended before the House
ol Representatives Select Committee on Wildlife
Conservation at a public hearing in Perth on June
4, 1970. The recommendations PLrblished by this
Committee on conclusion of their enquiries were
consistent with the programme adoPted in Western
Australia (Australia. Parliament. l97l)'

The relationship between the general functional
organization ol the Western Australian kangaroo
trade and the system of regulatory controls
imposed from .197.1 onwards is shown in Figure l.

wa5
loss

export markets as a consequence of poor hygiene
in carcase handling and lack of adequate product
quality control. In addition to meeting the
requirements of the local pet-food market, large
quantit ies ol pet-meat were also being exported to
interstate and oyerseas markets in 1969.

Thus, the kangaroo trade existing in Western
Australia at the be8inning of 1970 was
continuing the previously established pattern of
commercial exploitation of the State's kangaroos,
with the major segment being export orientated
(see Prince 1984). Red Kangaroos provided the
majority ol the carcases then being uti l ized, and
the kangaroo industry itsell had been reorganized
to cater for full uti l ization of all carcases taken.
The kangaroo industry also continued to exert the
major external source of pressure on the numbers
of rangeland kangaroos.

C. DEVELOPMENT OF THE FORMAL
MANAGEMENT PROGRAMME FOR RED
KANGAROOS IN VESTERN AUSTRALIA

Amendments made to the Fauna Protection Act,
1950 during 1967 paved the way for the further
involvement of the then Department of Fisheries
and Fauna (now Fisheries and Wildlife) in control
of management and exploitation of Red Kangaroos
in Western Australia, but it was the rapid
expansion of the Staters kangaroo trade in 1959
that sparked the major change. Prior to this point
the jurisdiction of the Department was restricted
to partial control over the exploitation of the
Western Grey Kangaroo (Prince 1984, Section III
B , ) .

My investigations into the scope and structure ol
the Western Australian kangaroo trade during the
period March 1969 to eariy l97O showed that
the trade was dependent largely on exploitation of
the Red Kangaroo, and that its operations were
essentia.l ly organized into four functional levels,
i.e. shooters, chil ler operators, carcase buyers and
processors, and skin buyers and traders. The
important contribution being made by lull-t ime
professional shooters to the overall harvest ellort
was apparent, although there were also numerous
itinerant shooters, I also noted a rapid expansion
ol the total monthly harvests being taken through
I959, and the total State harvest taken rose to
c. 400 000 Red Kangaroos during this year.
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II OPERATION OF THE STATE RED KANCAROO MANACEMENT
PROGRAMME IN WESTERN AUSTRALIA z l97l - 1979

A. INTRODUCTION

The lormal Red Kangaroo Management Programme
being developed and adopted rn l97A-71 was
considered an ecologically sound and practical
approach to management of the Staters Red
Kangaroo populations. This programme was based
on the concept oJ sustained yield (SY) harvesting
of the pastoral rangeland stocks of Red Kangaroos
by a commercially viable kangaroo industry, and
general protection of the kangaroos l iving outside
the pastoral rangelands. It was considered that
this approach would allow the continuation of the
economically productive kangaroo trade which
would at the same time perlorm the useful service
role ol constraining the numbers of Red Kan8aroos
in the Dastoral areas. and hence contribute to
management of total grazing pressure without
jeopardizing essential wildlife conservation needs.

There was good reason to believe that the existing
Red Kangaroo stocks were under some pressure in
1970, but the species was sti l l  abundant. The
objecrive ot management at that poinr was
therefore to constrain the activit ies of the
kangaroo industry so as to eliminate the possibii i ty
of excessive exploitation and to encourage luture
stabil ity within the industry.

B. OPERATION OF THE PROGRAMME

Restriction of the potential harvest effort, backed
L-rp by a biologically realistic maximum harvest l imit
was seen to provide a good starting point for the
formal management ol the exploited Red Kangaroo
stocks in western Australia in accordance with the
general objectives stated above.

For the first year oJ operation of the Management
Programme if i 197l, f ifty-seven professional
shooters l icenses were allotted and an interim
harvest l imit of 225 000 Red Kangaroos was
adopted, with a l imit of just over 200 000 of
these kangaroos being directly allocated to the
professionai shooters. The number of Red
Kangaroos taken during the l irst twelve months
l rom February  7 ,  l97 l  to  February  6 ,  1972 was
approximately 173 000 (see Table l).

Management during I97I was Primarily a holding
operation. From this point annual maximum
harvest l imits were set using a tracking strategy
(Caughley 1977, p. 197), with decisions being
founded on an assessment of the current status of
the exploited kangaroo stocks and further
consideration of needs Jor rangeland grazing
manaSement.

The year to year changes in the maximum harvest
i i m i f .  A r .  f . ^ m  l q T l  r h r ^ ' , o n  1 9 7 9  : r e  I i c t a r i

in Table l. The notable features relative to the
197l-1979 harvest data are:

i) the slight increase in the harvest taken in
1972 .elative to I97l;

i i) the comparatively low annual harvests taken
during 1973, 1974 and, 1975;

ii i) the iurther elevated annual average harvest
levels generally sustained from 1975 through
1979i and

iv) the increase in the numbers of shooter's
l icenses issued rn 1979.

Ihe observed change in actual haryest levels
attained in l97l and 1972 can be related to
.enewal of drought in 1972 relative to the
rainfall in 1971, but it should be noted that the
1972 harvest was held well below that taken in
1970 when the Management Programme had not
been fully implemented and rainfa.l l was marginally
better than that received tn 1972.

Marketing ol Western Australian kangaroo products
was affected from the beginning of 1973, lt.stly
by the aonounced intention o{ the United States
Federal Covernment to bar lurther access of
kangaroo skins and skin products to the formerly
lucrative US market in accordance with the
provisions of their Endangered Species Conservation
Act ol 1969, and then implementation of this
decision. The Australian Federai Government also
took complementary action by barring further
exports of kangaroo products from Australia at this
point (see Poole 1978). Even so, the observed
changes in the annual Red Kangaroo harvests taken
within Western Australia fcom 197) through 1979
can readily be related in the main to changing
rainfali patterns in the field and the expected
impact of these changes on environmental
productivity and the real need for regulation of
rangeland grazing pressure. These factors also
exert a direct inlluence on the kangaroo stocks
and their pattern of exploitation.

Thus, uncertainty generated within the Western
Australian kangaroo industry in early 1973 by
the proposed trade bans was responsible for
reduced monthly Red Kangaroo harvests being
taken in February and March 1973, and this
harvest trend continued in the lollowin8 months
(see Appendix II). However, heavy rains fell
throughout the pastoral areas of the State during
winter 1973, dispersing the kangaroo populations
in all areas, and severely l imiting the mobil ity ol
shooters. In formerly drought ailected areas such
as the Leonora district (Leonora-Eastern coldfields
l4anagement Area, Fig. 4) this dispersal of the
remaining kangaroos was sufficient to ellectively
bring commercial shooting to a halt. Elsewhere in
the State, shooting success was reduced to a
relatively low level. These factors alone would
have been capable of inducing a substantial
reduction in the total harvest.

Cont inued,  aeouced hun l ing  pressLr re  on  the
depieted and dispersed Red Kangaroo stocks
through 1974 was considered desirable in terms
of the management objectives, and was achieved.
A lurther relatively low harvest target was also
adopted as an interim measure at the beginning of
197r, so that ailocations to professional shooters
could be advised. The final decision on the formal
harvest l imit fo. the year was delerred at this
point, pending a proposed review ol the status of
the exploited stocks later in the year, or some

l l



Table l.

Statistical Summary - Red Kangaroo Harvestin8 in Vestern Australia z l97O-L979.

Y ear
[4aximum

Harvest Limit(s)l

Harvest

Allotment2

Number of

Shooter

Licensees

Actual

Harvest

Annual

Rainfall
. 3tnoex

t970

t97 |

t972

t973

1974

197 5

t97 6

1977

1978

t979

N A  4

225 000

260 000

200 000
plus

l r0 000

140 000

r50 250

lJo 000

180 000

180 000

54

t n
4 9 ' "

t n
4 8 ' -

49

4 9  , ,
+ 1 0 ' ^

4 9  , t

N A

2or 5oo2
23 5000

202 ooo2
58 000"

2oo 0oo:
plus o

B3 too2
16 500"

not
specii ied

not
specified

t44 ooo:
6  0000

120 oo0:
60 000/

no ooo2
30 000/

NA 275 000

1 )
),73 000"

198 000 q
(r4 000)-

u8 000

129 000
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Huru".t l imits controlled by timiting

the number ol royalty tags to be issued during the year. Entit lements of dilferent l icensees to draw (or

have issued) tags within this l imit are commonly apportioned at the time of deciding the harvest l imit,
- 

Annual Rainlall Index Scores (RNI) applicable to the whoie of the Red Kangaroo harvesting area within

Western Australia (definen by P.ince 1984, Appendix I)t low RNI scores = low rainfall, high scores = high

rainfall (Maximum RNI = 10,0; RNI < 4.0 = Rainfall deficiency). " 
NA = not applicable.

J Mu*i.u. tat entit lement init ially allotted to established prolessional kangaroo shooters. 
6

of royalty tags reserved for discretionary issue if necessa.y during the year. 7 Ailotment specil ically

reserved for possible use within the Cascoyne Catchment Management Area (see ll l  8., this paper).
a- 

Shooting authorized directly by l icenses issued pursuant to Fauna Conservation Regulation ,.
- 

Numbers within the annual total harvest actually taken by other than the established proiessional
l 0  ^kangaroo shooters. -- 

Some professional shootersr l icenses allowed to lapse, but reissued in following
|  |  t )

year. '* Number ol additional temporary shooters' l icenses issued. " 
Total lor .12 months from

February 7, l97l to Februaty 6, 1972.

Allotment
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prior evidence that would suggest an improvement
in comparison with the preceding two years. No
such evidence was obtained, and recurrent wet
weather throughout the major huntin8 areas of the
State during 1975 effectively pre-empted rhe
proposed review. The total harvest Ior the year
fell to l l0 000 carcases.

The reduced harvest levels taken during 1973-1975
were considered sutficient to have relieved the
ea.lier pressure on the kangaroo stocks by 1976,
and these three years had also coincided with a
rainlall pattern extremely favourable to renewed
recruitment to the existing kangaroo stocks. An
increase in the annual harvest of approximately 30
per cent over the l97J harvest was therefore
recommended tor 1976.

The onset of drought due to failure of winter rains
was instrumental in shooters generally being able
to maintain a high harvest success rate during the
second half ol 1976, and the total Red Kangaroo

Widespread rains ea.ly \f l 1978 gave temporary
re l ie f  f ron  the  drough[ .  and !he  d ispersa .  o f  rhe
kangaroo stocks in response to these rains
restricted shooter success. Fu.ther l ight rains
later in 1973 maintained this shooting pattern,
and also promoted increased reproductive success
in the residual kangaroo populations, but the
coincidence of dispersal oi the kangaroo stocks
with increasing operating costs for shooters during
the year apparently restricted shooting activit ies in
some areas. These factors were sufl icient to
cause the 1978 Red Kanga.oo harvest to drop to
near 130 000 carcases. Less than 27 000
carcases were taken within the Gascoyne
Catchment Management Area (Appendix Il, Table A
r r . 3 ) .

The ternporary respite gained from the prevail ing
drought following the rains received in the first
ha l l  o I  1978 d id  no t  hera ld  Senera l  re i ie f  o i  the
drought later in the year however, and drought
conditions re-intensil ied during the spring-summer
period of 1978-79. At this point, the expected
impact of recruitment failure in 1979 flowing
from reduced breeding success in 1977 pointed to
a reduction in the harvest available through 1979.
On the other hand, a fourth year of drought
promised more serious consequences for the
rangeland resource base.

The harvest monitoring data avaiiable to the end
of 1978 could not provide direct information on
the magnitude of the overall reduction in numbers
ol rangeland Red Kangaroos that would have been
expected by the end of this third year of drought,
but did su8gest that appreciable changes had
occurred rn some Vanagement Areds, e,B. changes
in sex ratios in the harvest in favour ol females,
and apparent reductions in harvest efJiciency
(catch/unit effort; refer Figs. 13 - 36), In view of
these considerations, and the continuing drought, a
maximum Droiected harvest l imit of 150 000 was
proposed and accepted as the basis lor administration
of the programme during 1979. The commercial
quota remained ar I80 000.

The increase in the numbers of kangaroos actually
taken during 1979 in comparison with 1978 was
due entirely to an increase in shooting of females
(Appendix II). Thirty temporary shooter's l icenses
were also issued during this year in addition to
those issued ro the established Drofessionai
shooters, and these temporary shooter l icensees
accounted for approximately 20% of the total
1979 harvest. The changes noted in the harvest
composition and in shooting certainly reflected a
further reduction in numbers of adult Red
Kanqaroos in the field at the end ot 1979.

harvest for the year rose to

Drought continued into 1977,

around 144 000

so the projected
harvest l imit for this year was set at 150 000.
With the drought also continuing through 1977
shooters were able to improve their harvest
efficiency and the total Red Kangaroo harvest lor
1977 rose slightly, in comparison with 1976.

Nearly two years of State-wide drought to the
beginning of 1.978 would ciearly have resulted in
widespread failure of reproduction in the l ield
populations, but the existing kangaroo stocks could
also have been expected to continue to put
pressure on the rangeland vegetation with
continuation ol drought into 1,978. The necessity
for continued harvesting of kangaroos in these
circumstances was indicated. Maintenance of
shooting etficiency to this point (Figs. l3 and
i4) also suggested that substantial reduction in
kangaroo numbers had not then occurred.

Consideration ol the projected harvest l imit Jor
1978 was further inlluenced by the acceptance by
the State Covernment of a programme aimed at
rehabil itation of degraded rangelands within the
Gascoyne Catchment (see wilcox and McKinnon
1972). A policy favouring a greater reduction in
Red Kangaroo numbers in this fu,lanagement Area
(Fig. 4) was accepted. A non-sustainable maximum
of 60 000 kangaroos was predicted to be
available, but the economically practicable harvest
l imit for the Gascoyne Catchment Management
Area for 1978 was considered to be about
40 000, Taking these factors into account, the
Droiected State harvest l imit for .1973 was
lncreased to  180 000 cdrcases ,

IV MONITORING OF THE HARVEST IMPACT ON THE RANGELAND RED KANGAROOS
IN WESTERN AUSTRALIA | 197 | - 1979

A. INTRODUCTION

The soundness of the Seneral Red Kangaroo
i\,,{anagement policy adopted n 197| was not in
doubt, but responsible management following

implementation of this policy demanded knowledge
of the continuing harvest impact. The need was
recognised for additional inlormation on the status
and productivity of the exploited kangaroo stocks
in regulating Iuture harvests, and also in refining
further estimates oJ the available annual harvests.

l 3
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B. THE HARVEST MONITORING sYsTEM

Ideally, harvest re8ulation is based on knowledge
of numbers of the tarSet species, and the net
productivity oi the harvested populations. This
direct approach was not possible in Western
Australia due to the size of the area invoived, the
limited stalf and funds available to service such a
programme, and the state of the art of broad-scale
population census techniques applicable to the
Stateis Red Kangaroo population at the inception
oi the formal Management Programme. Monitoring
of the status of the harvested stocks via
documentatioo of the ongoing harvest was
therefo.e the main practical course oi action open
for collection of needed research data.

Detailed documentation of the harvest taken by the
shooters in lact offered the best indirect means of
checking the apparent status of the harvested
sector of the kangaroo population, and of picking
out specil ic problems needing further investigatioo.
Data collection at this level could also be tied in
with other administrative and enforcement
requirements, so was adopted. The report form
proposed for collecting the harvest monitoring data
was tested in a field trial conducted during 1970,
and subsequently incorporated in the Fauna (now
Wildlife) Conservatioo Regulations following the
success of this trial. The Return Form 3 in
current use (Fig, 2) is similar to that l irst
tested.

Additional information on population composition,
reproductive status ol the female kangaroos, and
shooter activity was obtained by direct enquiry
and/or investigation as required. subject to the
practical l imits on this work as previously
described,

Ground transect and aerial survey counting
techniques have also occasionally been used to
provide lurther direct measures of local kangaroo
aDunqance.

C. BASIS FOR THE CHOICE OF THE HARVEST
MONITORING DATA COLLECTED

l. Harvest Origin and Dispersion

One o f  !he  s lmp ier  po in rers  to  the  poss ib le
stabil ity oi exploitation of a particular species is
provided by examination of the pattern ot origin of
ha.vests taken. Stable exploitation systems should
show a greater consistency of pattern of ofltake.
Detailed documentation of the origin of harvests
taken was therelore included to provide this basic
information.

2. Other Harvest Parameters

The fact that the data pertaining to the
commercially harvested kangaroos would provide a
b idsed sa 'np le  o f  rhe  hunteq  popu lar ion{s }  was
recogn ized ar  the  our5et  when c \oos ing  to

imp lemen t  a  ha rves t -based  mon i t o r i ng  sys tem i n
Western Austral la. Howeve r ,  i t  was  a l so
considered that stat ist ics calculated from the
ha rves t  da ta  cou ld  p rov ide  a  w indow th rough  wh i ch
the interaction bbtween the shooters and the
hunted kangaroos could be viewed and possible
^ . ^ F  l - m  : r a r c  i . l a n i i f i a / l

The dif lerence in growth patterns of adult
kangaroos which results in marked sexual
dimorphism between adult male and female
kangaroos (Fri th and Calaby 1969, p. l4J) provided
the basis for select ion of two dif ferent harvest
parameters to be obtained.

Professional kangaroo carcase shooters are paid by
wei8ht of carcases ha.vested, and so prefer to
take the larger animals avai lable wherever possible
when a choice is open to them. Consequently, this
selection results in preferential harvest of male
kangaroos, and general ly the larger, and presumably
older individuals of each sex, The percentage
maleness oJ the harvest and the average weights
ol the carcases taken are both therefore l ikely to
provide information on selectivi ty exercised by the
shooters.

Average carcase weights can also provide a
possible guide to the average age of the animals
bein8 harvested. Ol course the body-weight :
age relat ionship may vary within populat ions in
response to seasonal and other changes in
nutr i t ion, and also between local populat ions i f
there are di l lerences in genetic growth potentiai,
or iJ condit ions af lect ing the Browth of the
animals in the dif ferent groups are dissimilar.
However, the generai dif ference in growth patterns
suggests that variat ions in female carcase weight
should provide the most useful index related to the
changing nutr i t ional status of the populat ion in the
short-term, while the male carcase weight should
provide the better indication ol average age of the
most heavi ly exploited sector oI the populat ion.

The catch/unit ef lort (= C/j) stat ist ic can
provide an index of abundance of shootabie
kangaroos relat ive to the shooter, and may also
reflecl changes in abLrndance of the kangaroo
stocks because, in general terms, C (catch) = q f
5 ,  and  i f  q ,  t he  ca t chab i l i t y  coe f f i c i en t  r ema ins
constant, then

C/i (effort) c< S (stock).

However, C/J rat ios can aiso be expected in this
instance to vary independently of the nLlmbers in
the hunted populat ion (stock, 5), in the short-te.m
at least, because of changes in the behaviour ol
the kanSaroos and kangaroo shoorers :n response to
changinS weather patterns. 5t i l l ,  such changes in
behaviour may not be of overriding importance in
the  l onge r  t e rm  i f  t he  t o ra l  ha rves t  (C ) ,  and
total effort ( l) ,  data accumulated monthly within
each year represent dif ferent approximations to
potential ly stable harves effort combinations. In
this case, the patterns of variat ion obseaved may
be analyzed with respect to variables affect ing the
different factors in the equation.

l 5
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Figure 3. An example ol the relationship between the practically recognizable field
boundaries of the quarter-DDHc (Brook 1976) units used in reporting the origin of kangaroos
harvested in Western Australia and the actual latitude x longitude grid on which these units
are based-



D. THE HARVEST DATA

l. Data Collection and Processing

Kangaroo harvest data summarizinB the activit ies
of each iicensed shooter are first recorded in the
lield on a daily basis, and then entered on the
Return Form 3 supplied by the Department of
Fisheries and wildlife (Fig. 2). The separate
Returns required are completed at the end oI each
month (including 'Nilr records) and forwarded to
the Department.

The "Hrs. ol Hunting" column on this form was
added at the beginning of 1972, having been
omitted during 1970-197 f. 'Hours of hunting' is
defined as the time spent in actually searching for
and shootin8 the kangaroos taken during each
hunting day, and is recorded to the nearest hail
hour. The rdeadr time that may be spent by some
ghooters in choosing to travel iong distances to
and irom the hunting area(s) being used is
specifically excluded. Some confusion on this
latter point possibly did arise in 1972 (cf. average
Hrs/Hunting day in 1972 and other years, ApFendix
Il), but this possible problem was overcome by
issue ol more explicit instructions to shooters lrom
197).

The minimum geographic recording unit uti l ized in
compilation of these Red Kangaroo harvest data is
one-quarter of the standard lo Lat. x 11' Long.
(DDHG; Brook 1976) blocks of the lr2J0 000
Ausfalian National Mappin8 grid. These
one-quarter DDHG blocks were chosen as the basal
recording unit because they were readily defined,
and also encompassed a similar total area as was
generally being uti l ized by the individual
professional kangaroo shooters in Western
Australia. The actual units defined for practical
reference by the shooters in compiling their
Returns had to be mapped in terms of recognizable
features on the ground as shown lor example in
Fig. 3. The etfects ol the specific block boundary
variations required for practical recording of data
in the field are taken into account as necessary in
, , 1 .  i .  i n r a . n . a r r t i ^ h

On receipt in the Department, the shooters'
hunting Returns are l irst checked by administration
and enforcement staff before being forwarded to
the research b.anch for iurther action. After
coding of these returns as required, the new data
are transferred to a permanent computer l i le
data-base. All new data are routinely checked for
logical and arithmetic errors on accession to the
data-base and any necessary corrections are made.
The valid records retained in this data-base are
then used to produce harvest summaries and
statistics, and other statistics relating to the
interactioo between the shooters and the hunted
kangaroos.

2. The Harvest Statistics

The major indices of harvest impact and population
abundance and status calculated trom the harvest
oata-oase are:

i )  Rare  o f  o f l take  :  un i ts  ,  carcases /k  m2 /annu m.

Calculated as (Total numbers of Red
Kangaroos taken annually per quarter-DDHC
block/area within the designated quarter-block).

i i) Catch/unit hunting effort, (C/f) : units =
carcases taken/hunting hour.

Calculated as (Total numbers of carcases
taken/total e{fective hunting effort),

These indices are calculated separately for
each sex without reference to the proportion
of t ime possibly expended exclusively on
hunting animals of the other sex. Where
kangaroos are taken and the effort expended
is not reported, it is assumed that the catch
rate (. C/f) is similar to the pooled average
calculated from all other records within the
specified sample-set where ellort has been
reporteo.

i i i) Average carcase weight : units = kgltrade
carcase.

calculated as (Total weight of the specified
carcases/total numbers taken within the
classr.

The 'full '  trade carcase referred to here is
the eviscerated body of the kangaroo with
the skin attached minus the head. hands. and
feet, and with the tail severed approximately
10-20 cm from the base.

iv) Percentage maleness ol harvest : units = %.

Caiculated as (100 x Male carcases/total
carcases within the specified group),

The statistics specified in (i i), ( i i i) and (iv) above
are calculated for each of the designated State
Management Areas (Fig, 4) and for the
whole-of-State data also. The separate
14anagement Areas were l irst formally defined in
1974, and include larger sample sets oi the basal
quarter-DDHG blocks.

,. Harvest Data Summaries

Density distributions of the annual rates of harvest
olJtake of Red Kangaroos in Western Australia
dur ing  the  e ighr  years  1972 th rough 1979 are
mapped in Figs. 5 - 12. These maps were
produced using SYMAP (Version 5.20, Harvard
University Laboratory for Computer Graphics and
Spatial Anaiysis 1977). Digit ized coordinates for
the Western Australian coastl ine were provided by
the Department of Lands and Surveys, Western
ALrstraiia, and mapped as an Alber's equal area
projection with standard parallels at l7'10'S and
3 l "30rS and cent ra l  mer id ian  a t  121 '00 'E  on  the
IUGG i967 spheroid using MAPROJ (Version 1.2,
Hutchinson l98l). Full data for l97l are not
available because ol incomplete harvest reporting
during the first half of this first year of operation
of the Management Programme.

The patterns of variation in the other harvest
statistics l isted in IV D. 2. (above), e.g.
catch/unit effort, average carcase weights and
percentage maleness in the harvests taken over the
whole-of-5tate, and within the main State
vlanagement Areas from 1972 through 1979 are

t 1
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Figures 5 - 12.

Maps showing the d is t r ibut ion of  Red Kangaroo harvest
of f take rates wi th in Western Austra l ia  :

1972 through 197 9.

(Note that  the area inc luded wi th in the harvest
of f take Class I  shown on these maps largely

def ines areas open to commerc ia l  explo i ta t ion of
Red Kangaroos f rom which repor ts  received

indicate no commerc ia l  harvest ing has occurred
dur ing the past  10 years. )
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Figure 13. Patterns of variation in the three month running averages of carcase wei8ht
and harvest rate for male Red Kan8aroos, and the proportion of males included in the total
whole of State harvest - Western Australia t 1972 - 1979.
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Fisure 14. Patterns ol variation in the three month running averages of carcase weight
ani harvest rate for lemale Red Kangaroos, and the proportion of males included in the
total whole of State harvest - Western Australia t 1972 - 1979.
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Figure 15. Patterns of variation in the three month running averages ol carcase weight
and harvesl rate for male Red Kangaroos, and the proportion of males included in the total
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Figure 15. Patterns ol variation in the three month running averages of carcase weiSht
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total N,lurchison lvlanagement Area harvest - Western Australia : 1972 - 1979.

3 l



t tu l r  lN13

a \ ( o t o ! t ( D N - o o r @ t -
N C \ I C \ I N 6 I N N N d T d(ey )  lM  l cuu lAU UH/S]SSU3UU3

Figure 17. Patterns ol variation in the three month running averages of carcase weight
and harvest rate for male Red Kangaroos, and the proportion of males included in the total
Gascoyne Catchment Management Area harvest - Western Australia t 1972 - 1979.
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Figure 18. Patterns ol variation in the three month running averages of carcase weight
and harvest rate for female Red Kangaroos, and the proportion of males included in the
total Gascoyoe Catchment Management Area harvest - Westero Australia : 1972 - 1979.
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Figure 19. Patterns ol variation in the three month running averages ol carcase weiSht
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Carnarvon Management Area harvest - Western Australia | 1972 ' 1979.
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Figure 20. Patterns of variation in the three month running averages of carcase weight
and harvest rate for female Red Kangaroos, and the proportion of males included in the
total Carnaryon Management Area harvest - Western Australia : 1972 - 1979.
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averages of carcase weight
males included in the total
1972 - 1979.

36



l 3u3d
o

lrl
G J
D G
9 E

F
E Z
lrrL,
o-ct

(E
('lrl
zo-

I
I

I

I

I

I

r t ( r t N

IM  SCUUSAU
r l ( l ) N

UH/S]SSU3UU3
ul

( 0 y )

Figure 22. Patterns oI variation in the three month running averages of carcase weight
and harvest rate lor lemale Red KanSaroos, and the proportion of males included in the
total Ashburton (West) Management Area harvest - Western Australia : 1972 - 1979.
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Figure 23. Patterns of variation in the three month running averages of carcase weiSht
and harvest rate for male Red Kangaroos, and the proportion of males included in the total
Pilbara Manasement Area harvest - Western Australia t 1972 - 1979.
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Figure 24. Patterns of variation in the three month running averages of carcase weight
and harvest rate lor female Red Kangaroos, and the proportion of males included in the
total Pilbara Management Area harvest - Western Australia | 1972 - 1979.
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Figure 25. Patterns ol variation in the three month running averages ol carcase weight
and harvest rate for male Red Kan8aroos, and the proportion o{ males included in the total
Ashburton (East) Management Area harvest - Western Australia : 1972 - 1979.
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Figure 26. Patterns of variation in the three month running averaSes ol carcase weight
and harvest rate for female Red Kangaroos, and the proportion of males included in the
total Ashburton (East) Manasement Area harvest - Western Australia : 1972 - 1979.
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Fi8ure 27. Patterns of variation in the three month running averages of carcase weight
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North Eastern Pastoral Nlanagement Area - Western Australia : 1972 - 1979.

Note. Figure 27. Carcase weight values olJscale
indicated by I are:
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Figure 28. Patterns of variation in the three month running averages of carcase weight
ani harvest rate for female Red Kangaroos, and the proportion ol males included in the
total North Eastern Pastoral Management Area harvest - Western Australia z 1972 - 1979.
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FiSure 29. Patterns of variation in the three month running averages of carcase weight
and harvest rate for male Red Kangaroos, and the proportion of malei included in the to-tal
Magnet Management Area harvest - Western Australia | 1972 - 1979.
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Fiture 30. Patterns of variation in the three month running averages ol carcase weight
and harvest rate lor female Red Kangaroos' and the proportion of males included in the
total Ma8net Management Area harvest - Western Australia : 1972 - 1979.
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Figure 31. Patterns of variation in the three month running averages of carcase weiqht
aod harvest rate for male Red Kangaroos, and the proportion of males included in the tolal
Sandstone Management Area harvest - Western Austraiia t 1972 - 1979.
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Figure 32. Patterns of variation in the three month running ave.ages of carcase weight
and harvest rate for female Red Kangaroos, and the proportion of males included in the
total Sandstone Manaqement Area harvest - Western Australia t 1972 - 1979.
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Fi8ure 34. Patterns of variation in the three month running averages of carcase weight
and harvest rate for female Red Kangaroos, and the proportion of males included in the
total Leonora-Eastern Coidlields fvlanagement Area harvest - Western Australia , 1972 -
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Figure ,t. Patterns of variation in the three month running averages of carcase weight
and harvest rate lor male Red Kangaroos, and the proportion of majes included in the total
Nullarbor Management Area harvest - Western Australia . 1972 - 1979,
Note. Figure 35, Carcase weight values offscale
indicated by I are:

Month & Year
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J0.7  t t78

Weight
27  ,5
28.0
2 7  , 1
27.2
27.7
28.7

5 0

T 173
1 2 7  3
a t 7 4
4 2 7  4
0374
0474
0574
4674
4774
0874

29.3
28.4
28.5
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28.9
24.6
28.1
27 .8
27 .4
27 ,2
27 .9
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Figure 36. Patterns ol variation in the three month running averages ol carcase weight
and harvest rate lor lemale Red Kangaroos, and the proportion of males included in the
total Nullarbor Management Area harvest - Western Australia t 1972 - 1979.

Note: Figure 35. Carcase
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shown in Figs. l3 - 36, The complete monthly Red Kantaroo i\4ana8ement Programme was
harvest summary data reievant to these Figu.es are designed to a.l low licensed professional shooters a
listed in Appendix Il, Tables A II. I - A l l. l2. continuin8 interest, and hence responsibil i ty, in
These Appendix tables also include the available their trade commensurate with their primary role
l97l data. in rangeland kangaroo management. A major

4. euality of the Data reason for irresPonsibility was therefore eliminated

Documentation and monitorins or the operations or 3l Jl"ir'li!j;".,t"?"Jl1Y',rt1iln,'r'""d".j:'.ji:,'j:ili::
the kangaroo trade in Western Australia via the ingenuity would- be required to produce a
statutory returns required since commeocement of consistent, non-systematic input oI talse data that
the formal Red Kangaroo Management..Piogramme could confuse inalysis. Apart from this, real
have been facil i tated by an extremely high rate of abil ity to check thi veracity of data entered on
compliance, but reliabil i ty ol data supplied via this Returns does exist. The commercial rncenuve ro
type ol system is a known source of Seneral cheat in this situation is also low.
concern to crit ics of such programmes. In this
instance, the separate accounii"f 

'J '"".u*' 
ut." k'il'1"""j;"t":1" .f"fj"oTJ::?,$t,"'noft],;'::jl;

that is required by the carcase royalty taq svsrem -:: L

T.,"^'g^:,_.i^llg*ndent ^check-w;i;1".:lit_.1! *:,.;lio;"..;",1",1ti.. ::f,-r..i:: .'Y.,i.;:*",liierrrcrenrry potlceo' lne recoros 
- -oD 

rarl""- 
^ -::^"-:: of those supplied. The consistency of the general> 95% af the known total Red Kangaroo harvests p",t i.-"g in the pooled harvest data presented intaken over the l97l-79 period, ih*;;pJ. (Figs. 

-13 
- 16), and the results of the

The accuracy oI the sex and weiSht data is less analyses attempted using the data provided (Section
readily yerif iable. Direct sampling and comparison V and Appendix I) aiso suggest that lalse data
of the observed data with those provided on other have not been a source of any real problems. It
occasions is the only practical check that can be would however be extremely naive to dismiss the
applied here, but is also most t ime-consuminS, and possibii i ty of deliberate data fabrication having
cannot therefore be used routinely. My personal occurred irom time to time, and of some such
experience in this regard suSSests that minor unreliable data being incorporated into the
mistakes due to mis-sorting of carcases can occur, data-base.
bu t  the  e f fec ts  o f  these mis t^kes  erc  o f  l i t t le
consequence overal. ,q.itnm.ilc'- erro.i ;;. 

-; i;; 
Ll:"b,:P 

in obtaining full supporting detail along

likely to occur in compiling th; 
-.o.p"rit"--n.r;i 

with the basic numbers and weight data on Returns

data that are entered onto tnu'n"tuil i . "na .rro.r have nevertheless persisted' omission of specil ic

in data transcription are alwayi 
-;"sib;;i 

i ; i ; :"^tlF,t:. 
* harvestr location data has been a

point. some o{ the .o.. oouio-,1s- &-,]r"t" p.r"i l l . :::t- i:: i"c 
problem' and exclusion oi rHrs' oi

errors are abie to be .;; i1"" j;,".,JJ*.;; Huntingr information has also detracted from the

corrected in transferring ...o.ld-. 
' 'ao 

l i l  d.;-b*; value^ of many of the 'ecords' The lact that the

(see IV D. l.). Further sut.gu*a'i, "f"o-p.ouiaua problems mentioned above appear to be accentuated

by the abil ity to compare n"r""ri-a"1. pi"i ia.J-uv :lt l-.:utnouu' 
of shooter l icensees is involved

neighbouring ihooters. ;:rtT:L:l"i""ii"1iJ:"tT;'T:',','J ;',::1,j;,t",ll
Two further points are worth remembering in the instruction of new shooters prior to their
context above. Firstly, the Western Australian commencing work in the field.

V PATTERNS IN THE HARVEST DATA AND MONITORING STATISTICS, I97O - 1979, AND
MAINTENANCE OF COMMERCIAL EXPLOITATTON OF THE RED KANGAROO IN WESTERN AUSTRALIA

I
i

A. INTRODUCTION
Kangaroo management controls being introduced in
Western Australia in 1970 were based on the
premise that continued commercial exploitation of
the rangeland stocks of Red Kangaroos could be
sustained and that this option provided the best
management strategy available for conservation of
the kangaroos l iving in this most important part ol
the species' range, Ihe need seen was not to
prohibit exploitation, but to ensure stabii ity in
management at a time ol major change in the
pattern of exploitation.

Harvesting of Red Kangaroos was continued in
Western Australia rhroughout the 1970-1979 decade
and has since been continued throu8h 1980 - 1983
(Prince, unpublished data). The pattern of ongoing
commercia.l exploitation of this species which
probably dates back to a beginning before the end
of the l9th Century (Prince i984) has thus
apparently been maintained. The question that
arises now is whether this established pattern can
be resarded as sustainable in the luture.

B. HARVEST DISPERSION PATTERNS

l. GeneralConsideration

The source data used to produce the harvest
offtake maps (Fi8s. 5-12) are aflected to some
extent by deficiencies in reporting oi the correct
locations from which some ol the kangaroos taken
during each of the years under consideration have
been obtained (lV D. 4., above). The data
displayed are nevertheless sull icient to show:

i) the general importance ol that part of the
State which corresponds rouShly with the
Murchison, Gascoyne Catchment, Carnarvon
and the western coastal sector of the
Ashburton (West) Management Areas (cl. Fig.
4) in making a major consistent contribution
to the total State Red Kanqaroo harvests;
and

ii) the changes in dispersion ol hunting pressure
in  d i l le ren t  par ts  o f  the  Sra te  f rom year  to
vear.
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The intermittent hunting pattern evident in some
parts of the Pilbara Vanagement Area and in other
parts of the State which are outside the core area
comprising the Murchison - Cascoyne Catchment -
Carnarvon Management Areas also points to the
importance of the reserve kangaroo stocks held in
such places in permitting annual harvests to be
maintained at higher levels than would otherwise
be possible at t imes when stocks have previously
been depleted in the more favoured hunting areas.

2. Harvest Patterns and the Red Kangaroo Stocks

As explained before, 1971 harvest ofltake data
have not been mapped because ol the incomplete
source records. However, hunting increased in the
Pilbara Management Area during 1972 in
comparison with l97l (cf. Appendix lt, Table A II.
6) and apparently substituted in part for the
declining harvest levels then observed in the
Magnet, Sandstone and Leonora-Eastern Goidflelds
Management Areas, as did the additional expansion
of hunting on the Nullarbor Ln 1973-1974 (F tgs. 6
& 7), The coincident contraction of hunting within
the Leonora-Eastern Goidfieids and Sandstone
Management Areas from 1972 through 1974 is
particularly striking. This did in fact rellect the
reduction in kangaroo numbers in these areas
resulting from the combination of recruitment
failure and continued hunting during the period of
extended drought in this part of Western Australia
from 1968 to early 1973.

The relatively unilorm distribution ol harvest
pressure dispersion alonS a north-west to
south-east clinal axis trom about the northern
coastal sector oi the Carna.von Management Area
and extending towards the Leonora district as
shown in Fig. 8 deserves further comment. Red
Kangaroo stocks in Weste.n Australia would have
been widely dispersed durin8 the last three
quarters of l97J as a consequence of widespread
heavy rains. The harvest pattern shown in Fig. 8
should therefore rellect more accurately the
natural pattern of abundance ol the harvested Red
KanSaroo stocks within the area being hunted in
comparison with the harvest patterns shown in
most of the other similar maps. The pattern
c r s o c s r e d  : n  F i c .  I  i s  i n  f a c t  s i m i l a r  t o  t h a t
revealed by aeria.l census ol the western
Australian Red Kangaroo populations in April-June
198.1 (Caughley, in l i tt.; Short et al. 1983),

The post-197J harvest patterns (Figs. 9 - l2) show
Jirstly the generai increase in huntin8 pressure
which coincided with the onset of drou8ht during
1976 (and its eventual persistence into 1980), but
harvest pressure being maintained within the core

C. PATTERNS OF VARIATION IN THE HARVEST
MONITORING STATISTICS

l. Preface

Preliminary analyses of the sources of variation in
the observed harvest rate (= C/f) patterns in
three of the main State Management Areas are
presented and discussed in Appendix I. Prince
(1984, Appendix I) also p.esents an analysis of the
factors explaining the major part of the observed
pattern ol variation in the annual commercial Red
Kangaroo harvests taken in Western Australia
before 1970.

Results of the above mentioned analyses of the
patterns in the modern Clt data (Appendix I)
were generally consistent with the init ial
assumptions made regarding the dynamics oI the
exploited kangaroo stocks and the interaction
between these stocks and the professional shooters.
The main {actors found to ailect the patterns of
variation examined in each ol the two series of
analyses noted above were also generally
consistent, i.e. immediate short-term rainlall
patterns affecting the harvesting of surplus
kangaroos, with the available surplus being related
to longer-term prior rainfall patterns, so it seems
probable that commercial exploitation o{ the Red
Kangaroo in Western Australia at p.esent can be
considered as an extension of a long established
patte.n. The proposition that hunting during the
past decade has conformed to the historic harvest
pattern is further explored below. Some
implications for future management are also
discussed.

2. Basis for Comparison oI Harvest Patterns

The best pastoral rangeland habitat coincides with
the usual areas of greatest abundance of the Red
Kangaroo and the kangaroo trade is dependent on
exploitation of these stocks. It follows that if the
commercial harvests documented in the historic
harvest record (Prince 1984, Table l) did generally
reflect the changing abundance and productivity of
the Red Kangaroo stocks, and that the modern
(1970-1979\ harvests have also conlormed to this
same pattern, then two cross-relationships between
haryest data pertaining to these separate parts of
the harvest record should be demonstrable.
Firstly, it should be possible to show a close
relationship between the historic harvests and the
calculated average annual harvest rates which
could have been obtained by shooters in those
years if operating similarly to modern shooters.
Secondly, there should be a reasonable correspond-
ence between the harvests taken during the
l97A-1979 decade and those predicted to be
availabie over this same period by equations
derived irom the analysis of the historic harvest
pattern.

The hypotheses above can be tested because, in
the case ol the Cll indices, the major patterns
can genera.l ly be described by a combination of
rainlall variables alone (Appe,rdix I), and only one
further assumption concerning the sex-ratio in the
harvests taken is required tor caiculating the
Clt indices applicable to the total harvests when
considering the harvest rates possibly attainable

hunting areas (e,9. Murchison, Gascoyne
Catchment) had already declined by 1979 (Fig.
l2l. The reiatively more patchy dispersion of the
decreased harvest pressure maintained during 1979
in comparison with 1975 (Fig. 8) is consistent
with the view that the Red Kangaroo stocks
present at the end of 1979 were less abundant
than those present in 197 5 (e.9. Frith and
calaby 1969, Fig. lt). The bulk of the evidence
available also suggests that the stocks present in
1975 were less abundant than in 1972.
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within the Murchison Management Area, The input
variables required for predicting the possible
pattern of available harvests within the period
coveaed by the modern harvest record are also
independent of any knowledge oi these harvests
(Prince 1984, Appendix I).

ln making a test of the hypothesis that potentially
attainable annual avera8e ha.vest rates should be
related to the recorded historic harvest levels it
was necessary 10 further assume that the harvests
taken before 1970 within the presently delined
Murchison and Gascoyne Catchment Management
Areas (Fig. 4) retained their same relatiye
importance, one to the other and in relation to the
total State harvests, as in the 1970-1979 decade
(see Figs. 5 - 12 and Appendix II) when these two
areas consistently provided the major part of the
harvest. The lack of information on the origin of
all the animals included in the former harvests
precluded any more detailed comparisons.

Expected monthly average male + female harvest
rates that could formeriy have been attainable
within the two (4anagement Areas mentioned were
calculated from the appropriate rainlall records
using the equations derived in Appendix I, and a
simple average ol the twelve separate monthly
estimates within each calendar year provided the
annual average C/f estimates. It was assumed in
calculating the Murchison Area estimates that the
harvests taken there belore 1970 included 50%
males (cf. Fig. l5). The releyant correlation
coefficients for testing the association between the
two variables considered in these analyses were
calculated using the SPSS programme package (Nie
et aI. 197 5).

Two different estimates of the potentially available
annual harvests for each year within the
197A-1979 decade were calculated for compa.ison
with the actual harvests taken. The lirst of these
estimates was calculated from the equation fitted
by Prince (1984, Appendix I) to the harvest data
block including the l9l5-1953 plus 1965-1972
harvests, and the second from the similar equation
fitted to the 19l5-195) harvest data alone (ibid.).

l. Results
The relationships between the historic annual Red
Kangaroo harvests taken in Western Australia (from
l9l7 onwards, Prince 1984, Table 2) and the
potentially attainable annual average male +
lemale harvest rates calculated for each ol the
presently delined Cascoyne Catchment and
\4urchison Management Areas (see Fig. 4) are
shown in Figs. 37 and 38. The correlation
between the Murchison Management Area annual
harvest rate estimates and the obseryed total State
Red Kangaroo harvests obviously provides the
better i i t, but the discrepancy in goodness oi f it
in regard to the early Gascoyne Catchment harvest
rate estimates is associated with the cluster of c.
f ive points located towards the lower right hand
sector of the data in Fig, 38.

Figures 37 and 38 also include comparisons relating
to harvests during the 1965 - 1979 period during
which the Western Australian kangaroo trade was
based on carcases in contrast with the pre-1954
trade in dry skins only. The generai similarity of

the patterns in the data displayed in each liture is
evtoenr.
The important points to note lrom Figs. 37 and l8
are:
i) the relative scarcity of annual harvest totals

much in excess of 200 000 Red Kangaroos
Per annum;

ii) the absence ol any recorded harvests at
potential or observed annual ayerage male +
female harvest rates below a lower l imit of
about 3.J carcases/hunting hour;

i i i) the distribution of the major proportion of
the data points around the apparent point of
inflection oi a curve with lower and upper
asymptotes tendrng to
respectively; and,

iv) the distribution of dif lerent nominated
sub-sets of data relative to the general
distribution ol the data displayed, The
majority oi the 1965 through 1975 points tend
to l ie along or near the upper left boundary
^i  ihc . { r r :  scr  ;  F :nnual  harvesls taken

during this period were re.latively high in
comparison with the harvest rates, whereas
data for the lour drought years 1976 through
1979 ter,d to lie towards the lower riBht,
i.e. harvests taken during this period tended
to be lower than might otherwise have been
expected, particularly with respect to the
Murchison data set (Fig. 37).

The comparison between the predicted harvests and
the actual harvests taken durine the 1970-1979
period is detailed in Table 2.

4. Discussion
It is clear that the total numbers of Red
Kangaroos taken in Weste.n Austraiia during the
1970-1979 decade were greater than the combined
total average harvests predicted by either of the
equations describing variabil ity in the historic
harvests, and that the total discrepancy between
the actual harvests taken and the sums of either
ol the separate estimates of the annual average
harvests is not inconsequential, particularly in
regard to the estimates based on the equation
fitted to the l9l5-1953 harvest data alone
(Table 2). To put these results in pe.spective,
the apparent average annual excess harvest during
the L970-1979 decade was between 27 6J0 and
44 400 carcases per annum. The inferences to be
drawn from these comparisons are consistent with
those su8gested by the data included in Figs. 37
and 38.

The harvest discrepancies noted above raise two
important questions. Firstly, does the apparent
pattern of accumulation ol the putative excess
harvest tell us anything about the impact of
decisions taken pursuant to the Management
Programme on the course of commercial harvesting
ol Red Kangaroos in Western Australia, and
secondly, what proportional change in the total
Red Kangaroo stocks might have resulted lrom this
apparent excess harvest?

Il we concentrate our attention on the comparison
between the actual harvests taken and the
estimates of available haryests based on the
L9I5-1953 plus 1965-1972 predictive equation, it

ze ro  and  i n f i n i t y
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Table 2.

Compdrison of the Annual Red Kangaroo Harvests Taken in Vestern Australia
from 1970 through .1979 with Predicted Annual Harvests for these years Based on an

Analysis ot the Historic State Harvest Record tor this Species (Irom prince 1984).

HARVEST PREDICTIONS
(mean with 95% Confidence Llmrrs,

YEAR
HARVEST

TOTAL
(Nearest r00) 1915-53 + 1965-72

Equation
t9l5-53

Equation

t970

197 |

1972

t973

t974

t975

t976

t977

t978

1979

275 000

173 000

.198 000

I  l8  500

129 000

1 1 0  0 0 0

144 000

iJ l  500

l .3 t  000

lJ0 500

l5 l  500

l4 l  000

t42 500

0 000

105 000

94 000

204 000

179 000

80 000

94 000

t92 500

l l 9  0 0 0

182 000

109 000

189 500

107 000

lJz 000

79 500

130 000

84 500

t2I 000

73 500

288 000

t44 500

236 500

t35 500

I  l2  000

57 000

138 000

64 500

132 500

t27 000

134 000

104 000

92 000

83 000

1 7 4  0 0 0

145 000

65 000

76 000

166 000

lot  500

162 000

99 500

177 000

102 000

I42 000

76 000

I  l4  000

74 500

107 000

64 500

247 000

122 500

I9 l  J00

l.l I J00

92 000

45 000

l l l  5 0 0

, l  500

TOTALS l  r80 r00 I  301 000
| 74t 500

974 000
t r33 500 {  

r  5r0 000

|  853 '00
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the 1915-1953

is clear that the major part oi the apparent excess
harvest was accumulated during the i irst three
years of the decade. In contrast, the total
harvest taken during the four drought years 1976
through 1979 at the end of the decade was
closer to that predicted to be available, although
the harvest pattern achieved obviously differed
from that predicted. The apparent l imitation on
the harvests taken during the first two years 1976
and 1977 may be attributed to effective
constraint of the total harvest effort consequent
upon consclous management decisioos (see III B.),
but the harvest effort available durins 1978 and
1979 was neverTheless sufficient ipparently to
account Ior all the remaining kangaroos that might
otherwise have been taken in 1976 and 1977.
In this context, management decisions apparently
influenced the harvest pattern but not the possible
total narvest.

The cornparison between the pattern of actual
harvests and the harvest pattern predicted lrom

comparlson between the annual average male +
female harvest rates and rne historiC correlarion
between total harvests and potential male +
female harvest rates calculated for the Gascoyne
Catchment and Murchison Management Areas (FiAs,
37 and 38). Ihis result suggests that rhe
reduction in Red Kangaroo numbers achieyed in the
early I970s had not been reyersed by the
beg inn ing  o i  1976.  Cont inued exp lo i ra r ion  in  the
following four drought years would haye further
depleted the numbers. The total reduction
occurring in this latter period could have been as
much as 600 000 kangaroos .elative to the
pre-.1976 stocks, and would be expected to have
had a proportionateLy greater impact on these
stocks than the apparent excess harvests of the
early 1970s.

Further support for the latter conclusion is
provided by the fact that the combined etforts of
a Sroup of 30 additional temDorary shooter
licensees were required to assist in holdins the
1979 harvesr to 150 000 carcases (TablJ l).
and rhar during 1980 (prince, unpublished data)
the average male haryest rate continued to decline
relative to 1976-1977, the average female haryest
rate also dropped, and a much wider dispersal ol
the available shooting eflort achieved a total
harvest of only 100 000 carcases.

The harvest data discussed above clearly suggest
that continued harvesting during the 1970-1979
decade was associated with an attrit ion of the
total Red Kangaroo stocks in Western Australia,
and that the numbers present at the end of 1979
were at the lowest point for at least ten years.
The nost recent extended drought was not broken
unt i l  m id-  1980.  so  w i th  a  min- imum of  two years
from resumption of breeding to recruitment of
addltional animals to the harvested stocks followins
lhe break of the droughr, the continued harvesring
dur ing  1980-1981 wou ld  be  expec ted  to  have
lurther depleted kangaroo numbers. Aerial census
of the Vestern Australian Red Kangaroos during
April-June l98l suggested that the total State
population then numbered approximateiy one mill ion
animals (Caughley, pers, comm.; Short et al. 1983).
The exploited pastoral ran8eland secEr- of this
population numbered about 750 000 kangaroos.

Having considered the l ikely impact oI harvesting
on the stocks, we can now return to the problem
of choice between the two harvest prediction
equations as the most reasonable predictors of
future available harvests. In total, the sums o{
the available annual harvests sugges!ed for the
l97A-1979 decade really dilfer very l itt le relative
to the expected numbers in the total Red
Kangaroo stocks in Western Australia, e.g. the
maximum difference between the two annual
estimates made is 30-33 thousand carcases in
1976 and 1977 (T able 2), so wirh the annual
average sustainable offtake .atio probably being
close to l0% of the exploited stocks, the higher
excess harvest estimate would represent a maximum
over harvest ol less than ,% of the total stocks
within any single year and would usually be
expected to be much less (c. l%). There is no
practically justif iable value in attempting to attain
more precise annual harvest regulation than this in

haryest variation equation is
similar to that described above, except for the
fact that a consistent pattern of excess harvest is
suggested. If this latter comparison was the more
correct (of the two made in this instance) then the
excess harvest indicated is approximately 30% of
the minimum numbers considered to haye comprised
the exploited Red Kangaroo stocks within Wastern
Australia during the 1970-1979 decade. The
question now is whether we can discriminate
further between the two harvest patterns suggested
in regard to the actual impact of harvesting on
kangaroo abundance.

An appreciable reduction in Red Kangaroo numbers
on the Vestern Australian rangelands 

-was 
certainly

ellected by increased commercial exploitation
through 1969 to the end ot 1972, and the
apparent harvest excess during this lour year
period was equivalent to c. 40-45% of the total
harvest taken, e.g. the total commercial Red
Kangaroo harvest over this period was approximately
1.05 mill ion, and the predicted excess was between
395 000 (,1915-53 + 1965-t2t predictions
compared) and 480 000 (,1915-53' predictions)
animals. There is l i tt le practical difference
between these two comparisons, so we are not
assisted in making a choice between the two
predictive equations, but v/e can say that the total
reduction in the Red Kangaroo stocks in Western
Australia between 1969 and 1972 relative to
the pattern of assumed average sustainable
variations in numbers following droughts oo past
evidence could at least have been within the .anse
berween 400 000 and one mill ion kangaroos.

Drought in 1976 through 1979 was apparently
more intense than that experienced during the
1969-1972 period (cf. Table l, Annual Rainfall
Indices) so the relative impact of this drought on
the existing kangaroo stocks could have been
expected to be greater than that occurring in
1969-1972. The total harvest taken from 1976
through 1979 did not however amount to any
more than 55% of that taken through 1969-1972,
and the annual harvests taken during the four
years 1976 - 1979 tend also ro oe less
might generally have been expected from

than
the
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Western Australia. Persistent marginal over-
harvesting of an exploited species does however
generate long term problems.

Because the predicted annual harvest discrepancies
were increased through the latter half of the
1970-1979 record (Table 2) and the decline in
the Red Kan8aroo stocks would be expected to

cont inue in to  the  ear ly  1980s ,  i t  i s  rhere tore
prudent to consider that the harvest prediction
equation providing the lower available haryest
estimates, i.e the equation based on the
'1915-1953' harvest pattern analysis (Prince 1984,
Appendix I), wiu provide the better estimates of
the annual available harvests in the near future.
The data in Figs. 37 and 18 suggest the same.

VI GENERAL DISCUSSION
The 1970-1979 decade saw
Australian Department of Fisheries

Western
Wildlife

(formerly Fisheries and Fauna) assume a primary
role in relation to conservation of the State's
kangaroo populations and, for the first t ime,
impose effective controls over the course ol
commercial expioitation. The change in emphasis
of ofl icial policy on management of the Stateis
kangaroo populations which occurred over the
period irom 1965 through 1970 resulted lrom
increasing concern over the possible impact oi a
revitalized commercial kangaroo trade on existing
kan8aroo populations. The lack of any real
knowiedge of the total impact of this trade posed
a special problem at this time.
By 1969 tt was clear however that the State's Red
Kangaroos were bearing the brunt of a substantial
but poorly documented exploitation pressure.
Earlier strong public concern regarding the impact
of similar developments in eastern Australia and
persistent rumours of impending expansion of the
impact of this exploitation in Western Australia
were sufficient reasons to induce a chanse in the
former largely laiisez faire approach to kangaroo
exploitation and management by the State fauna
authorit ies (Prince 1984).
Management ol Red Kangaroos on the arid and
semi-arid rangelands of the North West and
Murchison and associated areas ol the State beins
uti l ized by the pastoral industry provided a mosi
interesting challenge. Existing knowledge of the
biology ol rhe Red Kangaroo, and of irs
distribution in Western Australia, suggested that
the major concentrations of this species were
coincident with the best pastoral lands, and that
management objectives could best be considered in
the context of the wider problem of achieving
sustainable use of these rangelands,
Because the Red Kangaroo populations l iving
outside the areas ol potential land-use conflict
posed no real problems in land management, the
Breater legal protection available under the Fauna
Conservation Act, 1950-1969 could be extended
to them. On the other hand, control led
commercial harvesting of the natural increase
produced by those kangaroo stocks coexisting with
the domestic l ivestock of the pastoral industry on
the better quality rangelands supplemented by
additional water points was seen to provide the
most productive and useiul management compromise
by taking into account the needs oJ both wildli le
conservation and the pastoral industry in this
potential confl ict situation. The kangaroo industry
could therefore be accommodated in a manasement
serv ice  ro le  wn i le  be inB permi t red  to  pursue i t s
own particular goals within the l imits set by
variations in the biological productivity ol the
exploited kangaroo stocks.

Commercial trade in kangaroos in Western
Australia since 1970 has therefore been involved
only in those situations where the potential for
land-use conflict has existed, and in these
instances haryest impact has generally been
regulated in accordance with management need and
biological indicators. Commercial lactors have been
assigned a secondary role only, relative to
implementation of basic management decisions.

The functional organization of the Staters kangaroo
trade in Western Australia in 1970 was readily
amenable to imposition oi effective tegal
constraints providing the means for control and
adequate documentation of the trade itsell, and
this was done. However, the move by the Vestern
Australian Department of Fisheries and Fauna to
assume lormal control of expioitation of the Red
Kangaroo at this time caused considerable
misapprehension among those who considered
themselves most l ikely to be directly affected by
any chanBes that might ensue. The opportunities
for basic misunderstandirlg of the objects of the
formal mana8ement policy that was being
implemented were removed with the establishment
of a representative Ministerial Advisory Committee
during 1971, which has since continued to provide
a forum for review of the programme and
discussion oi problems between the interested
parties, and a source of advice to the Minister for
Fisheries and \?iidlife on ongoing management.

Necessary recognition of the need for adequate
control of rangeland grazing pressu.e as a
component ol kangaroo management policy was
iurther emphasized during 1974 with implementation
of a rangeland rehabil itation programme lor
degraded rangeland within the Gascoyne Catchment
(see Wiicox and LrcKinnon 1972i.
The Beneralised lrequency distributions ol the
specil ic local average yearly rates of harvest
olltake for Red Kangaroos recorded io Western
Australia since l97l and piotted in Figs. t - 12
were similar in pattern to that apparently found by
Sinclair (1977) in his examination of the l97J
harvest data for New South Wales, although a
greater range of values and a higher frequency oJ
relatively high rates of olltake appears to haye
app l ied  w i th in  Wesrern  Aus t ra l ia .  In  par t ,  th is
apparent difference may be attributable to
diiferences in the methods of calculatins the
respective oIJtake data. Deficiencies in rep]orting
of the areas ol origin of some sectors oi the
Western Australian harvests as mentioned
previously (e.9. IV D. 4.) could also have distorted
some of the calculated ofltake fisures for this
Sta te .  Never rhe less ,  the  genera l  s i ; i l a r i t y  in  rhe
offtake i igures noted above is supportive oi the
view that the recent harvest impact on the
Western Australian Red Kangaroo stocks has been

the
and
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greater than in New South Wales. Primary reasons
for this difference may be ascribed to the
generally greater vulnerabil ity to exploitation of
the Western Australian Red Kangaroos (see
Newsome 1971, Fig, 7), and the lower intrinsic
productivity ol the Western Australian rangelands
(Fitzpatrick and Nix 1970; Moore 1970, pp. 96-7).

The Red Kangaroo harvests taken in Western
Australia since I9lJ (Prince 1984, Fig. 6; and
Figs. 37 and 18, this paper) have usually been
< 200 000 per annum, ln the few instances in
the past where the annual harvests have exceeded
200 000 in consecutive years, such cumulative
harvests appear to have been associated with
appreciable reductions in the numbers of kangaroos
remaining on the rangelands in succeeding years,
The pattern of harvests and apparent kangaroo
population responses observed through the
1970-1979 decade is consistent with this
established pattern, so the operation of the
Western Australian Red Kangaroo Management
Programme in controll ing and directing the course
ol commercial exploitation oi the State's rangeland
Red Kangaroo stocks during l97I-1979 has
ensured continuity, rather than having imposed any
major changes in exploitation. The programme has
however demonstrated its capacity to l imit the
actual harvest levels achieved where this action
has been considered necessary, e.g. 1976, 1977,
and has protected part of the Red Kangaroo
population from exploitation. The objectiyes set
for the programme have therefore been satisiied.
Nevertheless, the numbers of Red Kangaroos
remaining on the Staters pastoral rangelands at the
end ol 1979 were apparently much lower than
ten years previously, and we know that the total
State Red Kangaroo population numbered about one
mill ion in mid- 1981 (Caughley, pers. comm.). The
question that arises now is therefore, where do we
go in the future?

Species survival is not presently in contention
because the persistence of protected populations
ofl the pastoral rangelands has been an integral
part of the management strategy adopted, and
reasonable numbers of Red Kangaroos remain on
the pastoral rangelands. However, continuity of
exploitation and the persistence of the Red
Kangaroo on the State's rangelands is inextricably
linked to the issue of develoDment of an
ecologically sensitive and sustainable enyironmental
management strategy for these arid areas.
Newsome (197J) has considered the possible risks to
the larger kangaroos that could flow from
continued degradation of Australia's arid lands,

Declining productivity of important areas of
rangelands currently being exploited by the State's
pastoral industry poses special problems in iand
management, and also threatens the long-term
commercial viabil ity of some of the established
pastoral enterprises. These problems were
exacerbated by the further decline in productivity
of the dependent l ivestock populations during the
extended 1976-1980 drought and the co-incident
adverse changes in general economic factors
affecting the pastoral industry. Implementation of
restorative rangeland management programmes in
the allected areas is the first l ine of attack in

attemptint solution of the problems mentioned, but
this action canoot be considered in isolation.
Joint use of the pastorai rangelands by the Red
Kangaroo and domestic l ivestock populations could
lead to changes in emphasis of the established Red
Kangaroo Management Programme in the luture.
Even so, it is most important to remember here
that the most consistent Red Kangaroo harvests
during the I97O-79 decade were obtained from
the Seneral area of the Murchison, Gascoyne
Catchmenr and Carnarvon Vanagement Areas, ind
that these areas appear histo.ically to have also
been major contributors to earlier State harvests.
Apart from the protected sector ol the State's
Red Kangaroo population, the most abundant
.esidual managed stocks are sti l l  found in the
above mentioned parts ol the State (Caughley,
pers. comm.i Short et al. t983), and rhe
distribution of these kangaroG generally co-incides
with the acknowledged best rangeland areas.
These areas are also those identif ied by Jennings
et al. (1979) as the areas most l ikely to support
profitable pastoral enterprises in the future.
Kangaroo management similar to that in recent
times wil l therefore be a continuing requirement.
The available harvests in the immediate iuture can
however be expected to be lower than those taken
during the past decade.

Because recent harvesting operations of the
kangaroo carcase trade have differed only in
degree from those sustained in the past, the
possibil i ty of continued commercial exploitation
triSgering a population coilapse in the near future
is considered most unlikely, particularly in view of
the protective cover provided by constraints
imposed by the existing Management Policy. This
judgement should not however be taken to mean
that management oversight of commercial
exploitation is unnecessary, or that problems
requiring harder management choices being made
than hitherto wil l not arise in the future. Closer
scrutiny ol the situation is needed to put these
matte.s in their p.oper perspective.

Ihe questions being addressed at this point are:
how apparently did the Jortuitous balance
between productivity and exploitation of the
Western Australian Red Kangaroo stocks
artse: and.

ii) how has this balance been maintained durins
the past decade?

In over-view, the two lactors seeming to have
most relevance in appreciation of the seemingly
lucky balance achieved between exploitation and
productivity of the Red Kangaroo stocks in
Western Austraiia are the .elatively low market
values of kangaroos that haye generally prevailed
lor most of the period during which this species
has been exploited within the State, and the
apparently patchy dispersion and often intermittent
impact of hunting with respect to local kangaroo
srocKs.
Historically, the dry-skin trade apparently lavoured
a much stronger seasonal bias in hunting eifort
than the modern ca.case trade, so while relative
unit values for kangaroo skins were sometimes
much higher than those available during the past
decade (see Prince 1984, Appendix I, Fig. A I. l),
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the net impact of harvest on the kangaroo stocks
probably was nor then generally as great as it
might now be with consistent hunting at similar
price levels. Thus, in the past, probable gear and
hunting saturation problems and other diff iculties
encountered by shooters during the shortened major
hunting period apparently substituted ior the lack
of formal constraints on the available harvest
eflort, the imposition of which became necessary
in the early 1970s after observing the increased
modern hunting impact occasioned by rising prices
and drought in the late 1960s (Prince 1984).
Changes aflecting the volume ol the kangaroo
trade from the mid- 1960s to the present are
therefore of more direct relevance to discussion of
luture management needs.

The real market values on offer to professional
skin shooters were at rock bottom commencing
1952 and followed through to 1966 when the
growing kangaroo meat trade turned towards
increased dependence on exploitation of the Red
Kangaroo. The prices lor kangaroos being offered
by the carcase trade belore 1956 were apparently
litt le different lrom those available from the sale
of dry skins and are matched only by the minimum
prices of the early 1930s (Prince 1984, Appendix
I, Fig A I. l). The standardized average unit
values on olfer during each oi these two periods
were equivalent to < 2% of the alternative wage
rates potentially obtainable by persons who might
at the time have considered becoming professional
kangaroo shooters. The relatively low economic
returns available from kangaroo harvesting during
the 1952 - 1966 period obviously provided no
great incentive for exploitation because the
commercial harvests taken through 1952 - 1966
were practically of l i tt le consequence, even though
there was no formal l imitation on hunting. From
1966. however. market values commenced a rise
which was sustained through to the end of 1972,
being terminated in eariy 1973 only on loss ol
the United States skin market. During this last
short period the market prices on offer for
kangaroos were similar to those commonly avaiiable
in earlier t imes (c. 4% of alternative wages). With
this increased ec-onornic incentive and ihe aid of
drought in 1969 and 1970, the harvest olltake
was dramatically increased.

Management confols introduced through 1970-197 |
quelled this increase in harvest pressure, and with
the aid ol improved rainfall in 1971 the ha.vest
was substantially reduced. Even so, another dry
year in 1972 combined with the continued buoyant
market demand led to an appreciable rise in the
harvest, and this harvest was substantially greater
than any of the harvests later taken (1973 through
1979, Table t). Reductions in the stocks of Red
Kangaroos available for harvest from the end ol
1972 clearly would have allected the size ol the
later harvests, but despite this {act and the
effective l imitations on the harvest effort during
1976 and, 1977, the first two years of the most
recent four year State-wide drouSht' the total
harvests taken to the end of 1979 were
apparently sull icient to account lor all the
harvestable kangaroos available. This result was
achieved despite the prevail ing market prices on
offer during the 1973-1979 period being about

30% lower on average than those available from
1968 through 1972, and therefore lower also than
the historic average prices for skins. Modern
harvest technology clearly appears to have
provided a more efficient means ol harvesting
tnese kangaroos  than in  the  pasr ,  w i th  a
predominantly professional operation now seemingly
abie to function at lower prolit margios per
Kangaroo taKen.

The fully commercial operations of the professional
kangaroo shooters do nevertheless promote stabil ity
in exploitation because of their dependence on the
availabil ity of sufficiently numerous kangaroo
stocks needed to sustain their operations. Any
future substitution of the l imited and concentrated
potential eilort of the truly professional shooters
on which the Western Australian Red Kangaroo
Management Programme has been based during most
ol the past decade with a more diffused pattern oi
distribution ot eflort based on increased numbers
of non-orofessional shooters. i .e. part-t ime
licensees servicing the same kangaroo trade, could
de-stabil ise the exisring harvesr partern. An
increase in the commercial value of kangaroos
could also have the same effect. These
possibil i t ies are suificient reasons for the
Department ol Fisheries and Wildlife continuing to
maintain control over the future course and extent
of commercial exploitation. The kanBaroo trade
has demonstrated its abil ity to take what has
obviously been a large lraction of the Staters Red
Kan8aroo stocks within a two to three year
period in the past, e.g, in l93J and 1936, and
again in 1969 a d l97O (see also Prince 1984).

The counter possibil i ty of a future collapse of the
commercial kangaroo market similar to that of the
1950s poses  a  d i f fe ren t  p rob le rn  in  na tura l
resource management lrom that discussed above.
The solutioo to such a problem obviously l ies
outside the ambit of the direct responsibil i t ies of
the Department of Fisheries and wildlife.
However, the real dilf icult ies occasioned by such
an event point to the desirabil ity of maintaining
rhc prcarFst of rnssible markets lor
kangaroo products at all t imes. Lift ing of the
temporary Australian embargo on the export of
kangaroo products in September 1975 relieved
some of the financial strains placed on the
Western Australian kangaroo trade in 1973, but
further access to the United State's market for
kangaroo skins sti l l  appears relevant to continued
e{Jective management ol the Staters Red
Kangaroos,

Protection of Red Kan8aroos via provision ol
Nature Reserves within the established pastoral
areas ol Western Australia has not been an
integral feature of the State's Red Kangaroo
Management Programme to date, and such land
reservation is not essential for conservation ol the
Red Kangaroo alone. However, the reservation ol
representative samples of the rangeland ecosystems
ol which the Red Kangaroo is but one part is a
Iegitimate and necessary wildlife conseryation
objective. Acquisit ion of some suitably large
Nature Reserves containing areas of prime Red
Kangaroo habitat should therefore be pursued
within the pastoral rangeland areas on this
accoun!.
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VII CONCLUSIONS

Commercial harvesting ol Red Kangaroos in
Western Australia during the 1970-1979 decade
continued the long established pattern of
exploitation of this species on the Staters pastoral
rangelands and made an important contribution to
.egulation of the total grazing pressure in these
areas without major cost to the general public.
The kangaroos harvested a.lso provided valuable
income and employment for many people.

A sell-s{rstained commercially based kangaroo
industry wili continue to p.ovide the most
etfective and economic means of removing excess
numbers of Red Kangaroos from the State's
pastoral rangelands in the future.

Ihe fact that the Red Kangaroo is a member of
the unique Australian fauna separates consideration
of its management from that which may be
considered appropriate for feral exotic species in
the same situation, however.

The obligation oI Governments to etlectively
conserve indigenous wildlife is in this instance
compatible with the established management
practice of permitting the commercial harvest of
excess numbers of kangaroos while also lavqrring
the continued persistence of a widespread viable
core population of kangaroos sharing the rangelands
with the pastoral industry.

The provision of extensive Nature Reserves within
the Vestern Austraiian pastoral areas has not been
a feature of the Statets Red Kangaroo \ranagement
Programme to date and is not presently essential
to conservation of the Red Kangaroo itself.

The tailure to provide sritable Nature Reserves
within the pastoral rangeland areas of the State
does nevertheless inhibit attainment oI the
objectives relevant to general wildlile conservation
in these areas. Acquisition of Nature Reserves
which may contain large areas of prime Red
Kangaroo habitat should therefore be pursued on
this account.

The Red Kangaroo Management Programme being
developed in Western Australia during 1969-1970
and finally implemented in early .1971 was aimed
firstly at stabil izing management ol the rangeland
Red Kangaroo stocks at a time of major change in
the pattern of commercial exploitation of the
species within the state, and of then ensuring
luture compatibil i ty between rangeland management
and wildlite conservation objectives in the most
ell icient manner possibie. A continuing kangaroo
industry was recognized as a key factor in this
equation.

The above management obiectives have been
satislied to date.

The apparent reduction in the total rangeland Red
Kangaroo stocks remaining in Western Australia at
the end of 1979 was largely attributable to the
elfects of prolonged drought during the last four
yea.s of the decade on the productivity of the
rangeland vegetation and the consequent impact on
the dependent animal populations. The kangaroo

management responses during this drought were
generally in tune with the needs for rangeland
grazinS management, bur conIrol over the iourse
and extent ol expioitation of the residual kangaroo
stocKs was mainrained. Ihus. rhe management
programme permitted the correct response to
changin€ conditions in the field as far as
management ol the kangaroo stocks was concerned
without sacrif icing its main conservation objective.
The existing State Red Kangaroo Management
Programme therefore remains releyant to
management and conservation of the Red Kangaroo
in Vestern Australia in the 1980s because the most
recent decline in abundance of the tield stocks has
not generally altered the basic pattern of
distribution ol the remaining Red Kangaroos
relative to the pastoral industry, nor has it
affected the e)eected pattern of interaction
between the animals involved or their resDonses to
changes in prevailing weather patterns.

Consistent with the cootinuing relevance of the
established management programme, it is apparent
that harvest documentation obtained via the use of
detailed shooter's returns has provided a most
practical and eJficient method of procuring a broad
overall appreciation of important changes in the
status of the exploited Red Kangaroo stocks in
Western Australia. This system has also served
the purpose of tacil i tating surveil lance of
operations and law enforcement activit ies.

The high rate of compliance achieved in obtaining
the data required and the generally acceptable
quality of the majority of the data so obtained.
combined with the abil.ity to elfectively check the
veracity ol the individual reports, enhances the
value of this system of harvest monitoring. tts
continuing role in the total programme is not
diminished,

Aeriai census can nevertheless provide much more
specific information on the distribution and
abundance of the State's Red Kangaroos than the
ind i rec t  harves t  da !a .  S t i l l ,  app l i car ion  o f  the
aerral census technique does not replace the need
for ongoing harvest reporting, These two facets
of the monitoring process are therefore
complementary.

The April-June l98l aerial census of the Western
Australian Red Kangaroo population (Caughley,
pers. comm.; Short et al. 1983) confirmed the
init ial assumptions made 

-in 
the early stages of

implementation ol lormal management for this
species in rhe early 1970s regarding the general
distribution and abundance ol Red Kansaroos in
Western Auslralia, and showed rhat thire were
approximately one mill ion Red Kangaroos present
at the time of census. The exploited pastoral
rangeland stocks included about 75% of this
population.

Aerial cens{-ts can be expected to Iill a more
prominent role in the future management of Red
Kangaroos in Vestern Australia because of its
ability to provide direct quantitative data on
distribution and abundance. Choice oI the
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approp.iate frequeocy oI censis should however be
determined by considering the potential contribution
of the population data to the monitoring process
and ensuing management decisions, the cost
elfectiveness oI mounting and exeqrting a census,
and the relationship between srch routinely
collected censrs data and the unde.lying pattern of
variation in abundance ol the species. Adequate
censls of an area as extensive as that occrpied by
the rangeland stocks of Red KanBaroos in Vestern
Austral-ia is indeed a costly venture that cannot be
li8htly entertaind by the Staters wildlife
mana8ers. There is also ample evidence to show
that there are 2 to 3 year lags in adult kangaroo
population responses to changes in lield conditions,
and that a period of 5 to 6 years is more typical
of recurrent short-term variation in overall
abundance of Western Australian Red Kangaroo
populations. Routine aerial censrs stpplementation
at intervals oi between 3 and t or 6 years of the

indirect harvest monitoring data usually collected
from the kangaroo trade appears best suited to the
Vestern Australian situation.

In the past it appears that a relatively fine
balance between the average levels of productivity
ol the kangaroo stocks and their exploitation was
able to be achieved by an industry that operated
in circumstances where real product values were
relatively low and harvest efficiency was less than
that which might now be the case.

The practical dependence on commercial
exploitation Ior the major rangeland kangaroo
management effort qrggests that pressrres on the
wildlile managers could grow if the real value of
kangaroo products was to increase appreciably, or
the harvest elliciency increased further.
Management must remain cognizant of these
possibilities in the tuture.
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APPENDIX I

ANALYSIS OF THE PATTERNS IN THE WESTERN AUSTRALIAN RED KANGAROO HARVEST
DATA AND STATIS1]CS . 1972 - 1979

INTRODUCTION

The catch/unit effort (C/f) statistic was chosen as
the primary harvest variable to be considered in
harves t  mon i to r ing  because o f  i t s  Poten t ia l  to
reflect changes in numbers in the exploited Red
Kangaroo stocks, but it was recognized that the
particular indices calculated could be biased
because of chan8es in the behaviou. oJ the
shooters, and also the kangaroos. Further
statistics considered to permit better interpretatlons
of the variations in the C/f indices were therelore
collected, (Section IV C., this paper).

lt lollows from the above (Drovided ol course that
the data to be used in anaiyses would be reliable)
that the recorded patterns of variation in the
various C/l indices calculated from the harvest
record (see Figs. 13 - 36, this paper, and Appendix
II) shouid be quantil iable in terms of variabies
which relate to either the productivity oJ the
kangaroo stocks and hence numbers (S, the stock
size), or the interaction between the kangaroo
shooters and the kangaroos (q, the catchabitity
coefficient) i l  the init ial assumptions made
regarding the impact of harvest etc. on the local
kangaroo stocks were correct (see Section V aiso),

Analyses of the patterns ol variation in the
monthlv C/f indices calculated from the harvest
data applicable to each ol the Murchison,
Gascoyne Catchment and Carna.yon ManaBement
Areas to test this hypothesis are detailed below.

METHODS

The preliminary harvest pattern analyses reported
here were performed using the step-wise multiple
regression technique of Nie et al. (1975; the SP55
Programme pacKaSe).

Available monthly harvest data for 1972 through
1979 for each of the Murchison, Cascoyne
Catchment, and Carnarvon Management Areas were
analysed separately, but all the analyses being
attempted were done sequentialiy (see below).

It was assumed for these analyses that the numbers
o I  kangaroos  w i th rn  each o I  the  rh ree  separare
I\4anagement Areas being considered were
unaffected by kangaroo numbers elsewhere, i.e.
that there was no significant mobil ity of kangaroos
between the different Management Areas, and that
the recorded C/f indices were not sequentially
biased, e.g. by technolo8icai or olher changes
aflectinS harvest elf iciency.

Required monthiy harvest rate (C/f) indices were
converted to natural log (Ln) values for the
analyses and other harvest input data required
were derived from the relevant harvest data
summaries (see Appendix II, Tables A IL 2 - 4).

Previous analvsis of the Dattern of variation in the

historic annual harvest records lor the Red
Kangaroo in  Western  Aus t ra l ia  (Pr ince  1984,
Appendix I) showed that rainfall patterns were of
maior imDortance in relation to reaiized harvest
patterns and that rainfall up to six years prior to
the year oJ harvest influenced the harvest pattern.
A similar lenBth prior rainfall record was therelore
considered in this iostance. Rainfall input data
required for the proposed analyses were obtained
from the Australian Monthly Rainfall Review series
published by the Austraiian Bureau of \, leteorology.
The f igures  l i s ted  in  Tab le  2  o f  these pub l ica t ions
for Districts 6, 7, at\d 7 A v/ere used as
approximations ior monthly rainlall received within
the Carnarvon, Gascoyne Catchment and Murchison
Management Areas, respectively (ci. Fig, A L l
and Fig. 4; Appendix III).

Continuity of substantial exploitation throuBh the
whole ol the 1970-1979 decade was considered
adequate demonstration of the continued
commercial viabil ity oi exploitation in view ol the
minor component of the historic annual harvest
variabil ity attributable to variations in market
prices in similar circumstances (Prince, ibid.).

PROCEDURES AND RESULTS

The separate data lor each of the three selected
Management Areas were first examined to test
their conco.dance with some generally believed
hypotheses concerning shooter behaviourr e.B.
that heavy rainfall impedes shooters in the short
term, and that hunting is generally locussed on
situations where kangaroos are most readily
obtained. Following this, the actual patterns of
va.iation in the monthly Clt indices were
explored to test the assumption that these indices
would generaliy rellect changes in the status of
the exploited kangaroo populations within the three
Management Areas.

Main correlation results derived lrom the first
series of analyses are summarized in Table A L l.
These results showed that hunting effort expended
within any month was negatively correlated with
the fainfail recorded within the month without
reference to the timing of the.ainfall in all three
Management Areas. All harvest rate vs rainfall
within the month correlations were also negative
in sign, but statisticaily 'not significant', as were
those Ior male carcase weight vs rainlall.
Female carcase weight vs rainlall correlations
were also negative, with that lor the Murchison
Management Area again being 'not significanti, but
coetficients for the Gascoyne Catchment and
Carnaryon Management  Areas  were 's ign i f i can t r
and of similar magnitude. The total numbers, and
the numbers of both male and female kangaroos
taken per month were also negatively correlated
with rainiall received within the month.

67



Table A I. l.

Summary of Main Results from Simple Correlation Analyses : Harvest
Data vs Rainfall and Time

Correiation Results. l
LOrrelaTlon t rxamrneo - Management Area2

r values 5ignificance Test
Probabil ity

EFFORT
vs RAIN

F W T
vs RAIN

HNO,  MNO and
F N O
vs RAIN

EFFORT
vs MONTH

LMRATE and LFRATE
vs MONTH

LVRATE,
LFRATE
vs MONTH

\,,lNo
vs  MONTH

F N O
vs MONTH

HNO
vs VONTH

M W T
vs MONTH

FVT
vs MONTH

MU, GC and
C N

MU, GC and
C N

C N

MU and GC
C N

MU
GC
C N

MU
GC
C N

MU, GC and
C N

MU
cc
C N

-0.34
to -0.35

-0,32

-0.33
to

-0.44

4.47

+0.18

+0.21
to  +0 .57

-0.34
+0.41

- 0 . 1 4
-0 .08

-0.03
+0.33

-0 .17
-0.0 9
+0.15

- 0 . 1 6
to -0.24

-0.43
- 0 . i 3
-0 .0J

<0.001

N S
< 0 . 0 0 1

<0.0 0 t

<0.0 0 l
<0.05
<0.05

<0.02
to <0.001

<0.001
<0.001

< 0 . 1 0
N S

<0.0 5
N S

<0.0 0 t

:0.0 J
NS

<0. . i  0

:4.0 5
t o : 0 . 0 1

<0.0 01
N S
NS

MU
GC and CN

MU
GC
C N

MU and
GC

^ 
The Variable Names refer to variables described as follows:-

EFFORT
RAIN
F W T
\,twT
M N O
FNO
HNO
MONTH
LMRATE
LFRATE

Ln

monthly huoting effort: (Hours expended within the harvest month)
monthly rainfail: (mm rec'd within the harvest month)
monthly ave.age femaie carcase weight: (kg/carcase)
'nonth ly  average male  carcase we igh t :  (kg /carcase)
monthly male harvest: (No. of male carcases taken)
monthly female harvest: (No. ol female carcases taken)
monthly tota.l ha.vest : (No. of male + female carcases)
month oi record : (No. oJ months elapsed commencing from January 1972 - I)
monthly male harvest rate : Ln (MNO/EFFORT)
month ly  female  harves t  ra te  :  Ln  (FNO/EFFORI)

Loearithm to base e

' 
Management Area (M.A.) Codes (see Fig. 4) as follows:-

MU = Murchison M.A.; GC = Gascoyne Catchment M.A.; CN = Carnarvon M.A.
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Considering the latter result above and the fact
that drought conditions prevailed throughout the
areas in which Red Kangaroos were being exploited
during 1976, 1977, and I979, with oniy rninor
relief duriog 1978 (Fig. A, I. 2), the correlation
was tested between monthly rainfall and time
elapsed from the beginning of each of the data
sets being examined. The correlation coell icients
obtained for all three Management Areas were
negat ive  bu t  rno t  s ign i f i can t ' ,  no  doubt  because the
inherent va.iabil ity in monthly rainlall in this arid
part of the State was sufficient to obscure the
total rainfall deficiency accumulated within the
last four years of the record. The harvest
changes observed cannot therelore simply be
explained by immediate changes in totai monthly
rainlall (cf. Section l l l  8., Table I). Nevertheless,
the total harvest elfort expended per month
declined with time in both the Murchison and
Cascoyne Catchment Management Areas, but a
sliqht increase occurred in the Carnarvon Area.

t l
lz

\ . +
b

0
1970 1971 1972 1973 1974 1975

YEAR
1976 1977 1978 1979

Figure A I. 2. Annual rainfali received in some oJ the Red Kangaroo hunting areas
- Western Australia I I970-1979-

Reported average harvest rates for animals of each
sex also increased with time in both the Murchison
and Gascoyne Catchment Areas, although the total
numbers taken per month tended to decline over
the same pe.iod. On the other hand, the male
harvest rate declined markedly in the Carnarvon
Area, while the female harvest rate increased to
an even greater extent, so that the combined

male + female harvest rate tended to increase.
In contrast, average male carcase weights declined
with time in ail three Management Areas, whereas
female carcase weights oniy declined appreciably
within the Murchison Management Area.

The next step in the sequence of anaiyses
attempted here was a general exploration of the
reiationship between the monthly harvest rates and
raintall patterns recorded within each of the three
selecred Vanagement {reas. Three separa!e
analyses were undertaken in each case, viz. male
harvest rate (LMRATE), fe.nale harvest rate
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(LFRATE), and the combined male + lemale
harvest rate (LHRATE), because of the sex specil ic
hunting bias known to be exercised by shooters and
the additional observation that hunting impact was
apparently greater in respect to the male sector of
the stock (Prince, unpublished observations; see
Appendix Il also). The separate Rainfall variables
included at this level ranged from rainfall received
within the month of record (RAIN) to rainfall
received within each month up to six years prior
to the observation (RAINL I to RAINLT2).
The simple analyses above indicated a 'signiJicantl

negative association between harvest rate and
rainfall within each month from one to three
months prior to the month of record (RAINL I to
RAINL 3), consistent with the general hypothesis
of reduced huntinS success immediately lollowinS
rain. In the case ol the Gascoyne Catchment
data, harvest rates were also neSatively associated
in general with rainfall centred on the period
around six months prior to the harvest month. In
fact, the combined male + female harvest rate in
this instance was negativeiy associated with
rainfall within seven of the first 12 months prior
to the harvest month in question.

Correlations between monthly harvest rates and the
rainlall received within months further back in the
record than the end of the first year were more
variable in each case. Probably because ol the
male haryest bias mentioned above, the male
harvest rate equations appeared to provide the
best indications of the possible l inks between prior
rainfall events and the presumed pattern ol
subsequent recruitment to the exploited stocks.
The Cascoyne Catchment data appeared ciea.est in
this respect and suggested that rainfall events
within approximately 2+ to 4 years prior to the
month of record were the most imDortant. The
Murchison analysis suggested a similar, although
less clearcut association. In contrast, the
Carnarvon ra le  ana lys is  suggesred a  d i f fe renr
pattern of variation in harvest rates related to
rainfall within a sho.ter period of t ime.
Results lor the corresponding female harvest rate
analyses tended to dil ler slightly, but to sti l l  be
generally similar to those described for the males
above, while those for the combined male +
female harvests tended to be cioser to the results
for the males, no doubt because of the general
predominance of males in the haryests taken (see
Append ix  I I ) .

Following the first general run oi anaiyses
examining the possible elfects of past rainfall
patterns on harvest rates (above), the Gascoyoe
Catchment data were selected for more detailed
examination. Two further factors were considered
in conjunction with the separate rainfall variables
at this point.

Thus, the observed changes in harvest patterns
(Figs. l3 - 36) suggested that short term changes
in selectivity exercised by shooters could influence
the male harvest rate, e.g. i l  smaller male
carcases than usually taken were to be considered
acceptable from time to time, then the corresponding
male harvest rate could temporarily be increased.
The observed changes in harvest composition
summarized by the percentage maleness (MPCT) in

the ha.vest could also reflect both chanses in
aoundance o f  the  pre ter red  ta rge t  sex  (ma iea) .  and
probably some interactive component reilecting
possible changes in shooter behaviour as well.
The seiection difference variable added and tested
here (SELWT) was deJined by the ratio of (Average
male carcase weight / average female carcase
weight). This variable was chosen so as to reflect
the general difference between weight vs age
curves for male and female kangaroos (e.9. Frith
and Calaby 1969, p. 145't while at the same time
correcting for the anticipated ellects of seasonal
changes in nutrit ion and the expected impact of
interrupted recruitment, both o{ which could be
expected to simiiarly affect males and females,
Both the SELWT and MPCT variables were
'significantlyr associated with variations io the
male and female harvest rates (LMRATE and
LFRATE)  repor red  io r  rhe  Gascoyne Carcnment ,
with the partial correlation for SELWT being
negative in each case, and MPCT positive in
respect to the males and oegative for the females.
Together, these two variables accounted for neariy
half the variation in male harvest rates (Rz
0.46) and one quarter of the variation in female
harvest rates (R' = 0.24). Further variation at
this point was also ̂ accounted for by a combination
oI the above two v6riables and mid-year rainfall in
the harvest year (RAINLT; - ve coefficieot) plus
rainfall in f ive of the l2 months within rhe iourth
year prior to the harvest month (all coefficients +
ve). Total variation accounted for at this point
was approximately 5J% lor males and J0% for
Jemales.
The latter resuit above also suggested that total
rainlall received within the fourth year prior to
the  harves t  record  in  ques t ion  ( i .e .  RAINLy4)
could provide a good approximation to the
component accounted for by the separate monthly
rainjall variables within this particular year.
RAINLY4 was accord ing ly  subs t i tu ted  in  the
regression variable l ists lor the l2 separate
month ly  ra in fa l l  records ,  RAlNLST to  RAINL48,
and the equations recalculated. The new equations
derived accounted for a similar proportion of the
total variation in harvest rates as before
(LMRATE,  R2 =  0 .65 ;  LFRATE,  R2 =  0 . i3 ) .
Residuai variation unaccounted for by the latter
equations was then exami,ted. Attention was
concentrated on the male data. The new results
suggested that rainlall in two or three of the last
s ix  -nonrhs  o f  tne  rh i rd  year  p r io r  to  the  record ,
i .e .  w i th in  the  se t  RAINL3I  to  RAINL36,  cou ld

be individually important in influencing harvest
ra tes ,  and thar  ro ta l  ra ln la l l  in  Ih js  rn i rd  year
(RAINLYS) miSht aiso provide a good approximation.

RAINLY3 was chosen for inclusion as an
independent variable at this point. The relevant
equations were recalculated, and fLtrther analysis
pursued by uti l izing the zero (0) inclusion levei
facil i ty provided by the SPSS multiple regression
procedures (Nie et al. 1975, p. 347).

lnclusion of RAINLY3 in the new resression
equat ion  showed Iha t  th is  var iab le  rep laced SELWI
(pa. t ia l  cor re la t ion  now reduced to  NS;  P :0 .1J) .
The related zero inclusion level analysis also
suggested that total ralnlall in the 12 months
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Table A l. 2.

Equations Describing Patterns oi Variation in Observe{ Red Kangaroo Harvest Rates
in Three of the Western Australian state Management Areas : L972 -1979.

A.  CASCOYNE CATCHMENT MANAGEI4ENT AREA

L M R A T E = - 0 . 2 7 3 8 6 9 9 3 + 2 . 1 2 5 7 7 5 7 + M P C T - 0 . J 6 1 8 0 8 , 4 * R A I N L Y I - 1 . 3 9 7 2 9 7 1 + R A 1 N L 7 +
0.92.101761*RAINL12 +  A,45200766+RAINLY3 +  0 .77190694*RAINLY4 +  to ,J*O. l0622**2 ]

LFRATE = 1.7430621 - 1.908838*MPCT - 0.5r989838+RArNLy I _ 1.39J5602+RAINLT +
0.91591402*RAINLt2  +  0 .45039957+RArNLy3 +  0 .772924t7+RArNLy4 +  [0 .5*O.1062 l * *4

LHRATE = 1 .4837161 -  0 .553L2037+RAINLY I  -  1 .403026J+RAINLT +  0 .9035J767+RAINLI2  +
0,447 9 3242*R AINL\ 3 + 0.77 08247 6tRAINLY4 * [O.l*O. t Ortt*"2]

B .  MURCHISON MANAGEMENT AREA

LMRATE = -1 .44497 54  +  3 .380834*MPCT -  0 .99061851*RL l f3  +  0 .7  4349578+RAINLY2
+ 0 .75908057*RArNLy4 +  0 .29108 755*RAINLYJ +  0 .J45199J5*RArNLY6 +  [0 .5*0 .1365J*"2 ]

LFRATE = 0 .62131638 -  0 .67411978*MPCT -  0 .098931713+RL1T3 +  0 .74587199*RAINLy2 +
0.76342138*RAINLY4 + 0.2879804*RAINLy5 + O.i47O6Ji9+RAINL y6 + LO,5*0.13662**2)

L f lRATE =  0 .25491924 +  1 .4438513*MPCT = 0 .94938205*RL lT3 +  0 .73881911*RAINLy2 +
0,75909542*RAINLy 4 + 0.28320566+RAINLyJ + 0.J740379l*RArNLy6 + [O,J*0.13r70*+2]

C.  CARNARVON MANAGEMENT AREA

LMRATE = -  0 .23660948 +  l .8 l87 t87 iMpCT -  1 .9612883*RL lT l  +  1 . i850095+RAINLy2
+ lo.s+o.tlzlox"fl

LFRATE = 1.8094772 - 2.2782406*MpC't - t.9647o47xRLlT3 + 1.200869*RArNLy2 + Q.S*O.tlzto**zl
LHRATE = l .4O7OO38 -  2 .006 l26 l lRL. lT3  +  l .O6J2O95*RAINLY2 +  f0 .J*0 .19402**21

Key to Variables and Equations

LMRATE = Monthly Male Harvest Rate I Ln (MNO/EFFORT)

LFRATE = Monthly Female Harvest Rate I Ln (FNO/EFFORT)

LHRATE = Monthly Male + Female Harvest Rate : Ln (HNO/EFFORT)

Ln = Logarithm to Base e

14NO = Monthly Male Harvest : Total Number oI Male Carcases Taken

FNO = Monthly Female Harvest : Total Number of Female Carcases Taken

HNO = Monthly Total Harvest : Total Number of Male + Female Carcases Taken

EFFORT = Monthly Hunting Elfort I Total Hours Expended Within the Harvest Month
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Note  l r The Va lue  -  [0 . . : "O.XXXX* '2 ]  added to  lhe  end o I  eacn harves t  equat ion  is  a  , .
cor rec l ;on  fac_Lor  equ l r 'a lenL rJ3 . t+s t -2  wnere  S is  the  s tandard  c tev la t lon  o t  lne  (Log. ,

iegression equation. Caiculation of the approximate arithmetic vaiue ol the predicted

an"nual harveit is made by adding this correction to the value oi the equation. Reier

Baskervil le, G,L. (972). Use of Logarithmic Re8ression in the estimation of plant

biomass. Can. 3. Fot" 2 | 49-51.

RAINLT

R A I N L l 2

R L I T 3

RAINLY t

RAINLY2

RAINLY3

R A I N L Y 4

RAINLYS

R A I N L Y 6

\4PCT

Note  2 :

Note  3 :

= l\4onthly Rainfall Received 7 Months prior to the Harvest Month

= Monthly Rainfall Received 12 Vonths Prior to the Harvest Month

= Total Rainfail Received within the Period I to 3 Months Prior to the Harvest

Month

= Annual Rainfall Received Between I and 2 Months Prior to the Harvest Month

= Annual Rainfall Received Between 13 and 24 Months Prior to the Harvest Month

= Annuai Rainfall Received Between 2J and 36 Months Prior to the Harvest [40nth

= A n n u a l R a i n f a l l R e c e i v e d B e t w e e n 3 T a n d 4 8 l \ 4 o n t h s P r i o r t o t h e H a r v e s t M o n t h

= A n n u a l R a i n l a l l R e c e i v e d B e t w e e n 4 9 a n d 6 0 M o n t h s P r i o r t o t h e H a r v e s t M o n t h

= A n n u a l R a i n f a l l R e c e i v e d B e t w e e n 6 l a n d T 2 M o n t h s P r i o r t o t h e H a r v e s t M o n t h

= Observed Percentage oi i\, lales Within the Total Monthly Harvests

The Value of All Rainlall Variables Above is Mm*I0-3

The Value of MPCT Used in the Above Equations is = (MNOi HNO)

immediateiy preceding the month of record

(RA INLY I )  shou id  be  added  to  t he  rema ln rng

independent regression variables. Changes

sLlg8ested by the series of results above were made

"n; '  th. f inal equation was calculated. This

equa t i on  accoun ted -  f o r  i us t  ove r  70% o f  l he

ro ia l  va r , ab i l i r y  IRz  ,  0 .72 )  i n  r a l e  ha rves r  ' a tes

recorded in the Gascoyne Catchment and was of

t he  f o rm :

L \ 4 R A T E  =  b O  +  b t  M P C T  +  b ,  R A I N L Y I

b 3  R A I N L  7  +  b U  R A I N L I 2  +  b ,  R A I N L Y 3

b 6  R A T N L Y 4

An equation of similar form accounted for 50%

of the total variabi l i ty in the female harvest rates.

An equation inclLlding al i  the above variables, with

the exception oI MPCT, also accounted tor a

sl ightly lower proport ion of the total variabi l i ty" in

the combined male + female harvest rates (R' =

A.56\. The three equations calcLl lated are l isted in

Table A I.  2.

The prel iminary solut ion describing the pattern of

variat ion in the Gascoyne Catchment harvest rate

data was next used as a guide to possible variable

combinations to test in lurther exploring the
patterns of variat ion in harvest rates in the

Murchison and Carnarvon Management Areas. The

Murchison data we.e considered f irst.

The  two  va r i ab les  M IPCT and  RL IT3  ( t he  t o ta i

rainfal l  received within months I '  2, and 3 prior to

the harvest month) accounted lor just over 50% of

t he  t o ta l  va r i ab i l i t y  (R2  =  0 .62 )  i n  t he  Murch i son

male harvest rates, and these two variables, in

comb ina t i on  w i t h  t o ta l  r a i n fa l l  r ece i ved  w i t h i n
yea rs  2 ,4 ,  r ,  and  5  p r i o r  t o  t he  ha rves t  mon th  i n
ques t i on  (RA INLY2 ,  RA INLY4 ,  RA INLY5 ,  RA INLY6)
I inal ly accounted Ior nearly three-quarters ol the

to ta l  va r i ab i l i t y  (Rz  -  0 .74 ) .

A similar combination oI variables also accounted

fo r  j us t  unde r  ha l f  (R2  =  0 .47 )  t he  va r i ab i l i t y  i n

the female harvest rates in the Murchison, and iust
over hai l  (R2 = 0.56) the variabi l i ty in the

combined male + female harvest rates. The

inclusion of MPCT as a 'signif icantr variable in

respect to the combined male + female harvest

rate equation in this instance contrasts with i ts

omission trom the same equation for the Cascoyne

The init ial  examination of the pattern of

variabi l i ty in harvest rates relat ive to rainlal l  in

the Carnarvon Management Area data had already

suggested that reiat ively short-te.m rainlal l  only,

i .e, within two years of the harvest record, was

associated with the observed variabi l i ty in harvest

rates. This was coni irmed on further examination

o f  t hese  da ta .  The  comb ina t i on  o i  MPCT '  RL . IT3 ,
and RAINLY2 accounted for 50% (R2 - 0.60) of

the total va.iabi l i ty in male harvest rates and Just
over halJ (R2 - 0.Jl) of the total variabi l i ty in

female harvest rates. As in the case lor the

Gascoyne Catchment data, MPCT was not

signif icantly related to the pattern of variabi l i ty in

th! combined male + female harvest rates in

these  Ca rna rvon  da ta .  The  comb ina t i on  o f  RL IT I

and RAINLY2 alone accounted for just 39% (R2 =

0.19) of the variabi l i ty in this latter case.

The equations f i t ted to the Murchison and

Carnarvon harvest rate data are inciuded in Table

A  l .  2 .
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Summary of Contributions Made by
Explaining Observed Variability

Murchison and Carnarvon

Table A I. l.

Dilferent Combinations of Independent Variables in
in Harvest Rates in the Gascoyne Catchment,
Management Areas - Western Australia.

Management Area

GASCOYNE CATCHMENT MURCHISON CARNARVON

Male Harvest Rate (LMRATEI) Equations

Independent Variables2 ^ 2  _ . . . . 2K tnoepenoen!var raDtes R2 Independent variables2 R2

RAINLYI  +  RAINLY3 +
RAINLY4 +  RAINLT on ly

Above vars. + RAINL12

R L I T S  +  R A I N L Y 2  +u ' ) t  RAINLY4 on ly
R L I  T 3  +  R A I N L Y 2
only

0 .70

0.74  Above +  MPCTAbove yars. + MPCT

0.55 Above vars.

^ -t. Above vars.
RAINLY6

MPCT

RAINLY5 +

0.46

0.60

Female Ha.vest Rate (LFRATE Equations

Independent variables2 K lnoepenoen tva r rab les K  l noepenoen l vaa laD les
J

RAINLYI  +  RAINLY4

Above vars. + MPCT

Above vars. + RAINLY3 +
RAINLT +  RAINLI2

RLIT3 +  RAINLY2 +
0.38  RAINLY 4  +  RAINLY5 +

RAINLY5

0.J0

0.44 RL.l T3 0.23

MPCT 0 .39
+ MPCT = 0 .35)

AboYe var. +
(or RAINLY2

0.60 Above vars. + MPCT 0.47 Above vars. + RAINLy2 0.Jl

c. Male ,  Femaie  Harves t  Rate  (LHRATEI )  Equat ions

Independent variables2 R2 Independentyariables2
) )

K lnoepenoen tva r l ab tes ^ 2

RAINLYI  +  RAINLY3
RAINLY 4  +  RAINLT
RAINLI2

RLIT3 +  RAINLY2 +
RAINLY4 only

Above vars. + MPCT

Above vars .  +  RAINLY5
+  R A I N L Y  6

0 . 4  5

0 .48

A. '6  RLIT3 +  RAINLY2 0.39
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I 
These dependent Variable Names refer to

Ln -  Logar l thm

2'fhese independent Variable Names refer to variables described as follows:-

RAINLT - mon.thly rainlall received 7 months prior to the harvest month

RAINLl2 = monthly rainfall received l2 months prior to the harvest month

RLIT3 = total rainiall received within the period I to 3 months prior to the harvest month

RAINLYI : annual rainfall received between I and l2 months prior to the harvest month

RAINLY2 = annual rainiall received between l3 and 24 months prior to the harvest month

RAINLY3 = annual rainlall received between 2J and 36 months prior to the harvest month

RAINLY4 = annual rain{all received between 17 and 48 months prior to the harYest month

RAINLY5 = annual rainfall received between 49 and 50 months prior to the harvest month

RAINLY6 : annual rainfall received between 5l and 72 months prior to the harvest month

MPCT = observed percentage males within the total monthly harvests

the Ln (Observed Monthly C/f) values as specified :
to base e

The consistent inclusion o{ the variable MPCT in

the majori ty o{ the equations discussed above and

the apparentiy major contr ibutory roie of MPCT in
reBard to the proport ion of the total variabi l i ty in

the observed harvest rates actual ly accounted for
by the appropriate equations posed the question as
to whether MPCT, a harvest numbers related

variable, could val idly be included as an
indeDendent variable in the f i t ted equations. The
oroblem did not of course a. ise in the case of the
predict ive equations derived for the monthly

combined male + female harvest rates in the

Carnarvon and Gascoyne Catchment Management
Areas because MPCT was not included in these

equations, but the possibi l i ty that misleading
results could have been obtained in the other cases
considered was investiSated by excluding i \4PCT
Jrom the l ist of independent variables included in

the separate predict ive equations previously

derived. The results of these tests are summarlzed
r n  t a D l e  A  i ,  r .

Exclusion of MPCT from the respective equations
describin8 variat ion in the monthly male and

female harvest rates within the Carnarvon and

Cascoyne Catchment Management Areas showed in

the case of the male harvest rate data that the
rainlal l  variables now considered alone Seneral ly
remained 'siSnif icant '  and accounted lor

approximately 75% of the total variabi l i ty
previously accounted for by the f inal equation with

MPCT i nc luded  ( cJ .  Tab le  {  l .  2 ) .  l n  con t ras r '
exciusion of l , ' IPCT from the f i l ted female harvest

rate equations tended to reduce the Lisl ol
'sisni l icant '  rainfal l  related variables. Alone' only

RtlT3 was 'signif icant '  in respect to the

Cdrna rvon  l emaLe  ha rves t  r a l e .  wh i l e  on l y

RA INLY I  and  RA INLY4  rema ined  ' s iSn i i i can t '  i n

the case of the Cascoyne female data. In each
instance, \4PCT was the next rsiSnif icanlr variable

to be included, and the addit ional Rainfal l

variables previously included in the ful l  equations

on l y  t hen  became 's i 8n i f i can t r .

Omission of I , IPCT from the l ist of variables

included in the combined maie + female harvest

rate equation calcuiated for the Murchison data

showed  tha t  on l y  RL lT3 ,  RA INLY2  and  RA INLY4

remained 'significantr. These three variables
tosether accounted for 45% of the total
vaiiabil ity in the harvest rate and 80% of the
total variabil ity actually accounted for by -the
previously derived final equation (e.8, partial R'=
A.45 c l .  to ta l  R '  =  0 .56) .  RAINLY6 was 'no t

signil icant' (P : 0.08) when entered as the fourth
variable in the equation, but zero inclusion level
analysis at this point sugSested that rainfall
received both early within the l irst year from the
month 01 record and in the second half of the
second year would sti l l  be 'significant' without the
inclusion of MPCT, even though similar variables
were already inciuded in the equation. This result,
and the Iact that both RAINLY5 and RAINLY5
only picked up residual variabil ity after inciusion
^ f  Vpr -T  s rqoFsrs  tha t  thp  .on t r ibu t ion  o f  rhese
two var iab les ,  par t i cu la r ly  in  respec t  to  the
greater reiative importance of RAINLY6, could
rellect a reinforcement of a predominant shorter
term cycle that could possibly be defined more
precisely using more suitable subdivisions within
the prior rainfall record than have been tested so
far, The partiai correlation coefficient for total
rainfall in months 20 to 23 prior to the record
(RL20T23) aiso remained close to significance (P:
0 .06)  a t  th is  po in t .

The further examination ol the separated rainfall
contributions in respect to the Murchison male
harvest rate equation presented a similar Picture
to  tha t  descr ibed above.  RL lT3,  RAINLY2 and
RAINLY4 togelher accounted for 46% oi the
total variabil ity and 62% of the variabil ity
actually described by the lull l ist of independent
var iab les  ̂inc luded in  rhe  or iS ina l  equar ion  (e .9 ,
par r ia l  R2 =  0 .+6  c f .  to ta l  R2 =  O.7a) .  The
combination of I\,IPCT with the former three
variables accounted for 70% oi the total variabil ity
]n harvest rates.

ln contrast with the above two cases. a.Ll rainfall
var iao les  prev ious iy  inc luded in  the  pred ic t i ve
equation for the Murchison female harvest rate
were individually 'significant' without the inclusion
of MPCT, and accounted for the major portion of
the total variabil ity previously described (R'
0.44, cf. 0.47 for the full equation). Apart

75



i rom the relat ively low proport ion of the total
variabi l i ty accounted for in this instance, the
minor contr ibution attr ibutable to MpCT and the
appa ren t l y  weake r  i n f l uence  o f  RA INLy2  and
RAINLY4 on the pattern of variat ion in the female
harvest rates are both suggestive of a proport ionately
lesser impact of commercial harvesting on the
female sector of the kanga.oo stocks in the
Mu .ch i son  A rea ,  Th i s  resu l t  i s  cons i s ten t  w i t h  t he
observatrons mentioned previously, i .e. that
harvest impact usually fal ls more heavi ly on the
male secto. ol the stock.

In summary, i t  suf l ices to say at this point that
the general ly high proport ion ol the total harvest
rate variabi l i ty that was st i l l  accounted for by the' s i gn i f i can t '  Ra in la l i  va r i ab les  when  MpCT was
omi t t ed  l r om those  equa t i ons  i n  wh i ch  MpCT was
init ial ly included is support ive of the view that
variat ion in tulPCT is largely ref lect ive of changing
abundance of kangaroos relat ive to the shootirsl
desired harvesting performance cri teria. MpCT
may, therefore, be val idly included among the
independent variables in deriving the preJict ive
equations discussed above,

DISCUSSION

The common feature of the results discussed above
is the incorporation in the f i t ted ha.vest rate
equations of sho.t-term rainfal l  variables ( i .e.
those relat inS to rainfal l  received within l2 months
or less prior to the month of record) having a
predominantly negative impact on harvest rates,
and the consistent inclusion of MPCT in al l  the
ma le  dnd  f end le  ha rves t  r a te  equa r i ons .

Ihe inclusion ol short-term rainfal l  as a negative
Iactor inl luencing the recorded harvest raGs is
consistent with the common bel ief that hunting of
Red Kangaroos is less successful fol lowing iain.
Ihe init ial  correlat ion analyses (Table A I.  l )
showed however that rainfal l  could be expected to
inl luence the behaviour of shooters just as easi ly
as rt  could aJfect the behaviour of kangarooi.
Thus, reductions in harvest off take immediately
fol lowing rain can l i rst ly be attr ibuted to shooters
red-ucing effort simply because of physical
dif f icult ies, e.g. reduced mobil i ty and a'gieater
r isk of bogginB their vehicies, and selondly,
because of expected reductions in the avai labi l i iy
of animals to shoot, which further reduces the
expected profi tabi l i ty oi hunting on these
occasions.

In contrast with the above responses of shooters,
the observed changes in total harvests and the
total harvest elfort relat ive to the average harvest
rates attainable through the 1972-1979 period
within the Murchison and Gascoyne Catchment
Management Areas appear paradoxical at f i rst
srght. Incidental ly, results of this sorr highl ighr
the type of bias to be expected in the harvest
monitoring stat ist ics being coi lected from shooters.
Even so, the response observed can st i l l  be readi ly
explained in terms of the elfects of changing
expectations of prof i tabi l i ty on the operations ol
the proiessional kangaroo shooters. The key
factors contr ibuting to the response in this
rnStance are:

i)  the effects ot the decl ining exploited stocks

of kangaroos on the composit ion of the
harvests potential ly avai lable to the shooters
to the end of 1979; and,

i i)  the attendant relat ive changes in distr ibution
of the residual stocks of kangaroos then
Detng nunted.

Thus ,  t he  ha rves t  da ta  (Append i x  I I ,  I ab ies  A  I I . 2
& l) show that the average carcase weights of the
rnale kangaroos being taken decl ined to the end of
1979 and that the harvest composit ion also
changed to a predominance of females. Both these
factors would have increased the relat ive
harvesting costs/carcase taken. In addit ion to
these direct changes affect ing the harvestinB of
kangaroos, the reduction in numbers would also
have confronted shooters with a much more patchy
distr ibution of relat ive abundance (e.g. Fri th and
Calaby 1959, p. 90), although the locai centres of
Breatest abundance would not general ly have
shifted and high harvest rates could st i i l  be
maintained while hunting in these locations.
Hunting in these circumstances is increasingly
tocussed on the l imited centres ol abundance and
effort is not expended in looking elsewhere for
kangaroos during hunting tr ips because the shooters
know from experience that they wil l  be unl ikely to
f ind many animais. The harvest rates (C/f indices)
reported at this point are therefore less l ikely to
be representative of the average abundance of the
Kangaroo stocks than at other t imes. The
associated changes in the distr ibution of the
narvests taken as shown in Figs. '  -  t  2 and
de ta i l ed  i n  Tab les  A  I I .  I  -  A  I I . l 2  suppo r t  t h i s
v l ew .

Apart from the general observation that the
Lnclusion of \4PCT in the separate male and female
harvest rate equations most probably ref lects the
cnanglng abundance of kangaroos .elat ive to the
prolesslonal Shootersr desired harvesting
performance cri teria, the part icular resuits
obtained may also be affected by the fact that the
total harvest effort recorded has not been
apport ioned by sex in calculat ing the separate C/f
indices for the male and female sectors of the
harvests.

The  i nc lus ion  o f  MPCT i n  t he  ma le  +  f ema le
harvest rate equation calculated for the Murchison
Management Area and the relat ively low proport ion
of_ the total variabi l i ty also accounted ior by
MPCT i n  t he  equa t i on  f i t t ed  t o  t he  Murch i son
female harvest rate data when compared with the
resu l t s  f o r  t he  Cascoyne  Ca tchmen t  (Tab le  A  I . 2 )
appears to be attr ibutable to the fact that
shooters were able
predomlnance of males

I O

i n
malntaln a maaked

the i \4urchison harvests
throLlgh most oJ the record (cf.  Figs. l .5 and l7).
I  have no data which would assi i t  in deciding
whether this di l lerence between Vanagement Areai
is due either to dif ferences in the selection
differentials that shooters in each area have been
able to apply, or to dif ferences in the composit ion
of the respective kangaroo stocks.

The  appa ren t l y  d i J fe ren t  pa t t e rn  o f  i n j l uence  o f
short-term rainlal i  on the harvest rates recorded
within the Gascoyne Catchment also deserves
fu r t he r  commen t  a t  t h i s  po in t .  The  i nc lus ion  o l
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both the monthly rainfal l  received seven months
prior to the harvest month in question and the
monthlv rainfal l  l2 months prior to the harvest
mon th  (RA INL  7  and  RA INLL2 )  a l ong  w i t h  t he
total rainfal l  received within the f irst l2 months
p reced ing  t he  ha rves t  mon th  (RA INLY I )  as
signi l icant variables in the fu11 equations l i t ted to
the Cascoyne Catchment harvest rate data
suggested that the inf luence on harvest rates
apparently being described by these three variables
could possibly be defined more simpiy by some
other rainfal l  variable(s) not previously considered
in the analyses attempted. Division of the
- ! ^ 6 . - - d  - r , n f r '  D a r r e r n  * i t h i n  r h r )
\ , ' l anagenen t  A rea  i nLo  an  expec ted  ra i ny '  and  a
s l i gh t l y  sho r te r  ' non - ra iny '  pe r i od  w i t h i n  t he  yea r
suBges red  a  poss ib l e  s ta r rng  po iq I  f o r  l u r t he r
investigation. This l ine was pursued further, but
the question raised was not aesolved.

It  is of course possible that an art i lact could have

been responsibie for the apparent dif lerence
referred to above, due to the primary rainfal l

input data used in the analyses bein8 averaged
over a much wider area than that included within

the Cascoyne Catchment Management Area i tsel l
(cl .  Fig. A I.  I  and Fig. 4). However, two
other possibi l i t ies are suggested. First ly '  i t  is
possible that the within year pattern sug8ested
could rel lect some underlying variat ion in pasture
growth patterns in response to rainlal l  in this area
and i ts resultant effects on dispersal oI the
kanBaroo stocks relat ive to the shooters.
Secondly, this pattern could also .ef lect some
orhe r  d i f f e rence  pecu l i a r  t o  t he  Ca5coyne

have not been further separated, but three possible
chan8es  cou ld  be  i nvo l ved .  e .g .  :

i )  imp roved  ra i n fa l l  ve ry  l a te  i n  r he  pe r i od
could have improved reproductive success;

i i )  general ly good .ainfal l  could be expected to
have enhanced the survival ol mature and
newly independent joeys and so boosted stock
recrultment; and,

i i i )  the avai labi l i ty of kangaroos to shooters
cou id  be  imp roved  by  t he  accumu la t i on  o f
Ldn8a roos  i n  no re  occess ib l e  p l aces  as  a

, r f  r - d ; s - . i h , - i o n  o f  s t o c k s  w i r h i n
rhe  pa r t i cu ld r  Manage re . l t  \ r ea  f o l l ow ing
.  h : n o  a c  i n  r h a  n : < i " r a c

T h e  r  t - - r  r w o  . h . r n o a s  l n D c a r  t o  b e  t h e  m o s l
probable direct contr ibutors because shooter
behaviour rules out any immediate impact
attr ibutable to the f irst suggestion. l f  the correct
explanation is provided here, i t  fol lows that the
relat ive contr ibutions of the two main recruitment
factors sugBested have dif lered with respect to the
different fvlanagement Areas considered. Direct
recruitment seems l ikely to be the more important
factor in the Carnarvon and Murchison \4anagement
Areas, whereas redistr ibution of stocks fol lowing
increased breeding success appears most l ikely to
be the major contr ibutor within the Cascoyne
Catchment Management Area.

The apparent qual i tat ive di l ferences between the
\4urchison and Gascoyne Catchment Management
Areas discussed above may thus be responsible also
for the di l ferences between these two Management
Areas with respect to the apparent associat ions
between harvest rates and .ainfal l  earl ier in the
record than 24 months prior to the harvest month,
e.g. the apparent associat ions between harvest
rates and and the rainlal l  variables RAINLY 3
lh rough  RA I \LY6  (Tab le  A  I .  l ; .

The data considered in the analyses presented here
were insulf icient to more adequately explore the
possible questions raised within the above
discussion, but i t  is clear that the sustained
pattern of expioitat ion observed is based on both
recruitment to stocks in the shorter term and also
on the size of the residual stocks .emaining alter
n r ^ l ^ n o F . {  d . ^ ' , a h r (  r h a  n r c c p n r  ^ r

interaction between rainlal l  and harvests therefore
dppea rs  cons i sLen t  w i t h  t he  gene ra l  pa r te rn  o r
interaction between rainfal l  and harvest previously
/rcr i  .e. l  in -ccir. l  .n .rp - istoric \arves! dara
(P r i nce  1984 ,  Append i x  I ) .

One further feature of the results discussed that is
worthy ol f inal comment is the omission of specif ic
body-wei8ht related variables from the l ists of
'signif icant '  independent variables included in the
tul l  harvest rate equations derived in each case.
The variable SELWT was init ial ly included in the
uascoyne  na rves l  r a l e  equa t l ons r  DUI  Was
appa ren t l y  . ep laced  by  RA INLY I  i n  t he  f i na l
equations. This result,  and the fact that average
maie carcase weights have been observed to
increase approximately two years after the onset
of sustained drought (see Figs. l3 - 36) suggests
that the average male carcase weight parameter is

Sene ra l l y  , nd i cauve  o I  changes  i n  rhe  ra te  o f

Catchment Management Area. f h i s  l a t t e r
possibi l i ty is further considered in the foi lowing
discussion.

T \e  ra rn fa l l  va r i ab les  re l a reo  t o  p r i o r  r a i n fa l l
events further removed from the harvest month
than the end ol the f irst i2 month period that
were included in the ful l  equations f i t ted to the
various sets of harvest data al l  had posit ive part ial

correlat ion coeff icients. The real factors relat ing
to the associat ion of these rainfal l  variables with
harvest rates are thereJore l ikely to be those
describing changes in recruitment and total stock
abundance.

Rainlal l  between 13 and 24 months prior to the
ha rves t  mon th  (RA INLY2)  i s  i nc l uded  i n  a l l  t he
ao la r i nns  . e l .  r l a r ^ . i  . he  Vu rch l son  and
Carnarvon Vlanagement Areas (Tables A I.  2 and
3), and althouBh this specif ic variabie is excluded
' rom the  Cascovne  Cd tchmen t  equa t i ons ,  t he
apparently more complex relat ionship between the
harvest rates and rainfal l  within the f irst l2
months prior to the harvest month discussed above
in reiat ion to the Cascoyne Catchment can be
considered similarly because very few Red
Kangaroos of 2 years of age or less are taken by
professional kangaroo shooters in Western Austral ia
(Prince, unpubiished data). Rainfal l  patterns which
would inf luence recruitment to stocks therefore
appear to be important in al l  three lvlanagement
Areas considered.

The within year rainfal l  events contr ibutinS to this
presumed stock recruitment eJJect in each instance
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recruitment to Red Kangaroo stocks
Australia rather than the intensity
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The observed pattern of change in average male
carcase weight has not been Jully investigated as
yet, but the usually anticipated long-term changes
might sti l l  be expected to show in situations where
harvesting is having the greatest impact on the
local kangaroo populations.

CONCLUSION
The equations discussed above have accounted for
a .elativeiy high proportion ot the total variabil ity
in monthly Clf indices in terms o{ variables
which can be related to both short-term chanqes in
relarive abundance and presumed real changls in
abundance reiated to patterns of recruitment and
prior exploitation. The harvest moniroring data
collected in Western Australia to 1979 can
therelore be regarded as providing uselul insights
into the status of the exploited Red Kangaroo
populations. The equations derived here should not
be considered definit ive however, although they are
suitable for the primary purpose of the analyses
attempted.
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APPENDIX II

SUMMARY OF THE RED KANGAROO HARVEST DATA FOR
HARVESTS TAKEN WITHIN NOMINATED STATE

MANAGEMENT AREAS - WESTERN AUSTRALIA :
t97t _ 1979
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APPENDIX III

LISTING OF DISTRICT RAINFALL DATA USED IN DERIVING
CORRELATIONS GIVEN IN TABLE A I .  t .  AND

EQUATIONS CIVEN IN TABLE A I .  2. ,  APPENDIX I
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APPENDIX III

LISTING OF DISTRICT RAINFALL DATA USED IN DERIVING CORRELATIONS GIVEN IN TABLE A I. T.
AND EQUANONS GIVEN IN TABLE A I. 2., APPENDIX I.

(Data Source and Data as Described in Appendix I)

Month
,! Y ear

District 7 District 7A
= l\4U

District 5

0
I
0

54
l 5
27
22
t 7
5
2
t
0

1 l l
16
5
3

37

I 2

0
I
I
0

20
20
I 8

8
92
I 3
3
5
2
0
0
0
3
0
3

5 5
36

4
I
5
2
2
I
0

I  t 4
0

37
50
29
8
6

i ?

2
I

2
I 5

0
22
l 4
t 2
5

27
5
0

8 9
3
0
3

20
l 9

20
3
7
3

t 5
24
i 8
5 2
7l!

20
99
I O
8

t 2
t
3
0
0

t 9
0
2

54
I 9

7
I
6
3
4
t

2
56
4

29
1 l

29
8
6

l l
3
I

)4

l 0
8 7

0
l +
0

l l
0

28
6
I

2 I
I
0

0
0
3
0
2
3

48
20
49

2 l
l 4
63
27
1
5
4
0
2

t 5
26
0
0

43
6
0
0
0
I
0
)
7
2

I I
t 5

7 l
)
2
0

22
0
0

0 1 5 5
0266
0366
0466
0566
0666
0766
0866
0966
1056
| 166
t266
0 t67
4267
0367
0467
0567
0667
0 7  6 7
4867
0967
t067
| 167
t267
0 168
0268
0368
0468
0568
0658
07 68
0858
0968
1068
I 1 5 8
t268
0 t59
0269
0369
0469
0569
0669
07 69
08 59
0969
LO69
l 1 5 9
1269
0 t70
0270
0370
0470
0570
0670
0770
0870
0970
t07 0
1 t 7 0

143



Month
& Year

District 7 oistrict 7A
= M U

District 6
= C N

t 2 7  0
0 1 7 I
0 2 7  |
0 1 7  |
4 4 7  L
o  57 l
067 |
0 7 7  |
0 8 7 1
097 |
t o 7  |
I t T l
t27 |
0  t 7 2
0272
0172
0 472
0572
067 2
0 7 7 2
047 2
0972
I O 7 2
|  1 7 2
r 2 7 2
0 t73
0 2 7  3
0373
0 4 7 3
0573
067 3
0773
0873
4973
t073
I  t73
t 2 7  3
0 1 7 4
027 4
0374
0474
0574
067 4
0774
0874
0974
1074
t t 7 4
t 2 7  4
0 1 7 5
0275
0375
0475
0575
0675
0775
087 5
0975
107 5
t t 7 5
1 2 7  5
0 t76
027 6
0 3 7  6
0476

3
2 l
56
2 I
c

l 2
132
l 4
4
0
0
5
0
0

9
0
2
8

52
3
0
I
6

20
I  l 0

2
47
36
37
4 l
4 2
27

I
)

l 0
J I
25
25
54
22

9
7

74
22
5
4
3
6
2

42
90
22

6
23

I
I

42
4 1
88
1 ?

20
)7
8

t 7
l 9
37
35

3

29
54
I 5
2
7
2
0
4
4
5
0

I 4
40

l 3

l 0
0
8
2
6
5
0

26
27
3 5
62
22
l 0
7

t 3
l 7

J4
t!9

l 5
10 r
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