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EXPLOITATION OF KANGAROOS AND WALLABIES
IN WESTERN AUSTRALIA

II. Exploitation and Management of the Red Kangaroo : 1970 - 1979

R..T. Prince (W.A. Wildlife Research Centre, P.O. Box 5l, Wannerco, W.A. 6065)

ABSTRACT

This paper gives an account of the development of a formal wildlife management policy for Red
Kangaroos in Western Australia, and documents the pattern of continued exploitation of this kangaroo in
Western Australia under cover of the management programme to the end of 1379,

Commercial exploitation of the State's rangeland Red Kangaroo populations continued throughout the
1970-1979 decade, and remains the major feature of the management programme. The programme itself
aims at maintenance of widespread viable Red Kangaroo populations throughout the species' range while
permitting control of the numbers of kangaroos on the pastoral rangelands in accord with the need for
sound rangeland management.

Commercial exploitation fell from a short-term average harvest level of near 300 000 carcases per
annum in 1970 to < 150 000 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 for some considerable time
(probably in excess of 15-2G years). The pattern of expioitation 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 reflect changes in environmental productivity mediated by
changing rainfall patterns and their consequent effects on stock recruitment and the subsequently
avaijlable harvests.

The Red Kangarco Management Programme that has been in force in Western Australia since 1971 has
a demonstrated capacity to effectively direct and, if necessary, constrain the pattern of harvest of the
rangeland kangaroo stocks, and thus contributes to necessary regulation of rangeland grazing pressure
while conserving the nucleus of this important sector of the State's Red Kangaroo population. The
coincidence of the major concentrations of kangaroos with the better quality pastoral lands and the
concentration of hunting activity in these areas of continuing land-use conflict ensures that the
programme will remain refevant to future management of the Red Kangarco 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 still the most effective routine monitering method available for use in
Western Australia. Intermittent aerial census of the stocks can however make a useful contribution to
management decisions and should therefore be utilized on this account in the future, but annual census is
not necessary. Aerial census at intervals of 3 - 5 or 6 years will provide adequate back-up for the
routine harvest monitoring incorporated within the present Management Programme.

The apparently critical factors, that is, a relatively low but usually profitable real market price for
kangaroos, coupled with the usual pattern of widely dispersed and generally intermittent hunting oi 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 pastoral rangeland stocks of Red
Kangaroos in Western Australia have been identified.

INTRODUCTION
Following the amendment of the Fauna Conservation interested parties of requirements for licensing for
Act in 1969, the next action in the process further participation in the State's kangaroo trade,

leading to establishment of formal supervision of and the criteria to be wused In determining
exploitation and management of Red Kangaroos eligibility for the issue of licenses. Meanwhile,
{Macropus rufus; see Kirsch and Calaby 1977} in the existing trade continued operations in
Western Australia by the Department of Fisheries accordance with the Regulations published on June
and Wildlife (formerly Fisheries and Fauna) was 13, 1952, opursuant to the Fauna Protection Act,
taken during April 1970. By notice published in 1950, and {further information was sought from
the Government Gazette of April 17, 1970, and persons then operating within the kangaroo trade,
simultaneous press releases throughout Australia, so as to determine their eligibility for future issue
the Western Australian Government advised of necessary licenses.




This action by the Western Australian Government
during 1970 followed the onset of a severe drought
in the pastoral areas of the State in 1969, and
coincident heavy exploitation of the Red Kangaroo
commencing in 1969 and continuing into 1970
{see II C. and Table 1}, Knowledge of strong
public concern regarding the impact of uncontrolled
commercial exploitation of these kangaroos and the

possibility of mass transfers of kangaroe trade
operations from eastern Australia into Western
Australia at this time provided the further

incentive for reassessment of the role of the State
fauna authority in regulating the activities of the
kangaroo trade in Western Australia.

The preliminary action restricting the available
shooting effort then involved in the State's
kangaroo  trade became  effective from  the

beginning of August 1970, and publication of new
Regulations pursuant to the Fauna Conservation
Act, 1950-1963 on November (8, 1970 permitted
the final action necessary for full implementation
of the formal Management Programme to be taken.

The management controls which became effective
from February 7, 1971 were based on an
investigation into the scope and structure of the
State's kangaroo trade, while the initial bharvest
limit that was set was based on a preliminary
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 reliable population statistics were availabie,
The management controls were also backed-up by a
harvest monitoring system based on detailed returns
ifrom shooters. These returns provided data on the
numbers of kangaroos taken, their sex and average

weight, the distribution of the hunting activities,
and an index of the effort actually expended in
hunting.

Commercial harvesting of 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 of 1979 were less
favourable than in 1970. The observed changes in

annual harvests and the changed status of the
expleited kangaroo stocks in 1979 were
essentially reflections of changes in rangeland
productivity and the abundance of kangaroos.
Changing rainfall patterns were the primary
determinant of these changes. The 1%70-1979
decade was however a time of change in the
marketing of kangaroco products. The most

important of the changes affecting the kangaroo
irade in Western Australia was the closure in 1973
of the American market for kangaroo skins.

In this paper | provide a brief review of the
position of the kangarco trade and its role in
exploitation of kangaroos in Western Australia in
the late 1960s, and the development and operation
of a management programme for the State's Red
Kangaroos during the decade [970-1979. Detailed
summaries of harvest data compiled from shooter's
harvest returns are presented and changes in
patterns discussed. The observed patterns of
variation in the harvest rate (catch/effort = C/f)
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 centinuing management supervision
is also discussed.

BACKGROUND

A. THE RED KANGAROQO

The Red Kangaroo is widely distributed throughout
the arid and semi-arid interior of Australia, but
the main populations are concentrated on the
better quality rangelands that are occupied by the
pastoral industry, Its dietary preference is for the
more nutritious components of the rangeland
pastures. A semi-nomadic behaviour pattern
admirably fits the species to exploit the locally
changing patterns of plant preduction, but also
heightens 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 kangarcos and domestic livestock, Formal
kangaroo management programmes similar to that
operating in Western Australia are aimed at
alleviating problems arising from this conflict.

Comprehensive details of the biology and ecology
of 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 features of the
life history and reproductive capacity of the Red
Kangaroo which have a bearing on exploitation-based
management are nevertheless summarized below for
convenience,

Female Red Kangaroos can reach sexual maturity
at |8 months to 2 years of age and are capable of
continuous breeding, but first reproduction s
commonly retarded in the wild, and the pattern of
extended and recurrent droughts expected in the
arid to semi-arid ‘environment they inhabit in infand

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 average productivity of field populations
is likely to be much lower. Exploitation-based
management of the rangeland Red Kangaroo
populations must take this factor into account if
harvesting is to be sustained.

B. THE KANGAROO INDUSTRY 1IN WESTERN

AUSTRALIA IN THE 1960s

Commercial exploitation of the kangaroos and
wallabies in Western Australia prior to 1970 has
been reviewed by Prince (198%); but exploitation
during this earlier period was based solely on an
export trade in dry skins, and existing overseas
markets for skins collapsed in 1953, The dry skin

trade did not recover subsequently, and the
kangaroo industry changed direction in the mid-
1950s. At this time the Western Australian



kangaroo industry shifted emphasis to trade in
kangaroo  meat, initially towards export of
processed and fresh game-meat for human

consumption, and later to local usage for pet-food.

Large numbers of fresh skins from ‘the carcases
used by pet-meat processors were discarded as
waste at first, 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 of dry skins were
then being forwarded to Western Australian buyers,
and the fresh skins from locally processed kangaroo
carcases comprised the bulk of the skin trade.
The meat produced was sold mainly as pet-food,
due to the earlier loss of the main game-meat
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
quantities of pet-meat were also being exported to
interstate and overseas markets in 1969.

Thus, the kangaroo trade existing in Western
Australia at the beginning of 1970 Was
continuing the previously established pattern of

commercial exploitation of the S5tate's kangaroos,
with the major segment being export orientated
(see Prince 198%4). Red Kangaroos provided the
majority of the- carcases then being utilized, and
the kangarco industry itself had been reorganized
to cater for full utilization of all carcases taken.
The kangaroo industry alse 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 WESTERN 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 State's kangaroo trade in 1969
that sparked the major change. Prior to this point
the jurisdiction of the Department was restricted
to partial control over the exploitation of the
Wc)estern Grey Kangaroo (Prince [984, Section III
B.).

My investigations into the scope and structure of
the Western Australian kangaroo trade during the
peried March 1969 1o early 1970 showed that
the trade was dependent largely on exploitation of

the Red Kangaroo, and that its operations were
essentially organized into four functional levels,
i.e. shooters, chiller operators, carcase buvers and
processors, and skin buyers and traders, The
important contribution being made by full-time
professional shooters to the overall harvest effort
was apparent, although there were also numerous
itinerant shooters. [ also noted a rapid expansion
of the total monthly harvests being taken through
1969, and the total State harvest taken rose to
¢. 400 000 Red Kangaroos during this year.

The acknowledged interdependence of the Red
Kangaroos and the pasteral industry on maintenance
of the productive capacity of the rangeland
pastures, the need for grazing management in this
situation, and the effective and economically
beneficial contribution of the commercial kangaroo
trade in  controlling kangarco numbers on
rangelands pointed to the desirability of a formal
programme for supervision of Red Kangarco
management being based on these points. The
required controls would therefore have to be
adapted to fit in with the structural organization
of the kangaroo trade.

Thus, the formal Red Kangaroo Management
Programme devised for Western Australia was
founded on the principle that the kangaroos

constituted a living natural resource and a problem
in land management, as well as being unique fauna,
and that resolution of this conflict 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 for
management of kangaroo populations were endorsed
by the Australian Ceonservation Foundation in a
paper first published in 1967, and reprinted with
an additional supplement early in 1970 (Anon,
1967, 1970). 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 progressively Implemented from August 1970,
Overall control over the total commercial Red
Kangarco harvests taken in Western Australia since
February 1971 has been effected by limiting the
numbers of current shooter's licenses on issue and
placing further limits on the maximum allowable
annual harvests. General policy is implemented in
the field via statutory requirements for
self-locking, numbered, royalty tags to be affixed
to carcases at the time of taking, backed-up by:

i) further constraints placed on the activities
that may be carried out by (a) the different
licensees, and (b) on the different classes of
premises invoived in the trade;

ii) restrictions on the location of chiller units;
and

iil) requirements for detailed returns documenting
the activities of licensees (see Regulations),
augmented by  ongoing  surveillance by
enforcement staff (Wildlife OQfficers).

Shooters' returns aiso provide basic research data
on hunting areas, harvest composition, and shooting
effort (see IV B., IV C.).

Details of the proposed Management Programme
were also discussed and defended before the House
of Representatives Select Committee on Wildlife
Conservation at a public hearing in Perth on June
4, 1970. The recommendations published by this
Committee on conclusion of their enquiries were
consistent with the programme adopted in Western
Australia (Australia. Parliament. 1971),

The relationship between the general functional
organization of the Western Australian kangaroco
trade and the system of regulatory controls
imposed from 1971 onwards is shown in Figure 1.



Functional Level General Type Licenses Registered Monitoring Taken Traded
in Trade of Control Premises System or Received, etc. Commercially

Fauna Return
Damage License / (monthly}
{commercial authorization)__ None .
{occasionaly)

Dry Skins
(Transfer) | Tags Whole ’roos/

Permit to Take \ (usually)
Professional Shooter Fresh Dressed
(nominee only). Carcases
Professional Shooter
(with tag concession)

{including issue of
tags as authorized)

i . . {usually}
Permit to Receive Dealers License Fresh Dressed Chilled

and Hold Carcases —— Dressed

Carcases Carcases

Cross | Check
Permit to Process Processors License Processing o . . -u— — pChilled Drossed e — = - Frocessed Meat
Carcases Works Carcages -
0
Fresh Skins
Form 2
Return
Cross | Check

Permit to Skin Dealers

Fr
Deal in Skins License —_—
{inclucing tanning) l{

Form 5  {Depot tradir
Returmn

Form 4 (Trading Summary)
Return

Permits to Export; Interstate Export
Disposal of Products License
Outside State

Overseas Export
License

Processed Meat

Licence Duplicates to
HEAD OFFICE
RECORDS 4

* Trading Intrastate only

** Cross Check — Skins scld by shooters
{Fauna Returns: Form 1's)

4 Cross Check — Exports by precessors
or Skin Dealers

Figure 1. Diagram showing the relationship between functional organization of the Western
Australlan Kangaroo trade and the imposed system of regulatory controls.
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OPERATION OF THE STATE RED KANGAROO MANAGEMENT

PROGRAMME IN WESTERN AUSTRALIA : 1971 - 1979

A. INTRODUCTION
The formal Red Kangaroo Management Programme

being developed and adopted in 197G-71 was
considered an ecologically sound and practical
approach to management of the State's Red

Kangaroo populations. This programme was based
on the concept of sustained vyield (SY)} harvesting
of the pasteral rangeland stocks of Red Kangaroos
by a commercially viable kangaroo industry, and
general protection of the kangaroos living outside
the pastoral rangelands. It was considered that
this approach would allow the continuation of the
eceonomically  productive kangaroo trade which
would at the same time perform the useful service
role of constraining the numbers of Red Kangaroos
in the pastoral 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 still abundant. The
objective of management at that point was
therefore to constrain the activities of the

kangaroo industry so as to eliminate the possibility
of excessive exploitation and to encourage future
stability within the industry.

B. OQPERATION OF THE PROGRAMME

Restriction of the potential harvest effort, backed
up by a biologicaily realistic maximum harvest limit
was seen to provide a good starting point for the
formal management of the exploited Red Kangaroo
stocks in Western Australia in accordance with the
general objectives stated above,

For the first year of operation of the Management

Programme  in 1971,  fifty-seven  professional
shooters licenses were allotted and an interim
harvest limit of 225 000 Red Kangaroos was
adopted, with a limit of just over 200 0G0 of
these kangaroos being directly allocated to the
professional  shooters, The number of Red
Kangaroos taken during the first twelve months

from February 7, 1971
approximately 173 000

Management during 1971 was primarily a hoiding
operation. From this point annual maximum
harvest limits 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 needs rangeland grazing
management,

to February 6, 1972
(see Table I).

was

of for

The year to year changes in the maximum harvest
limits, etc, from 1971 through [979 are listed
in Table 1. The notable features relative to the
1971-1979 harvest data are:

i) the slight increase in the harvest taken in

1972 relative to 1971

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

i)

the further
levels generally sustained f{rom
1979; and

the increase in
licenses issued in
The observed change
attained in 1971 and 1972 can be related to
renewal 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 rainfall was marginally
better than that received in 1972,

Marketing of Western Australian kangaroo products

was affected from the beginning of 1973, firstly
by the announced intention of the United S5tates

iii) elevated annual average harvest

1976 through

the numbers of shooter's

1979.
in

iv)

actual harvest levels

Federal Government to bar further access of
kangaroo skins and skin products to the formerly
lucrative W©S market in accordance with the
provisions of their Endangered Species Conservation
Act of 196%, 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 from 1973 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 influence 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 Kangarco harvests being
taken in February and March 1973, and this
harvest trend continued in the following 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 limiting the mobility of
shooters. In formerly drought affected areas such
as the Leonora district {Leonora-Eastern Goldfields
Management Area, Fig. 4) this dispersal of the
remaining kangaroos was sufficient to effectively
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.

Continued, reduced hunting pressure on the
depleted and dispersed Red Kangaroo stocks
through 1974  was considered desirable In terms

of the management objectives, and was achieved.
A further relatively low harvest target was also
adopted as an interim measure at the beginning of
1975, so that allocations to professional shooters
could be advised., The final decision on the formal
harvest limit for the year was deferred at this
point, pending a proposed review of the status of
the exploited stocks later in the year, or some



Table 1.

Statistical Summary - Red Kangaroo Harvesting in Western Australia : 1970-1979.

Number of Annual

Year Maximum . Harvest 5 Shooter Actual Rainfall
Harvest Limit(s} Allotment Licensees Harvest Inc[ex3
1970 NA ¢ NA NA 275 600 4.0
1971 225 000 2 2882 173 000!? 7.0
1972 260 000 X2 gggg Sy (s 000)° 3.0
1973 zoglfsoo 2021[?50055 54 118 000 8.0
1974 150 000 2 gggg 4920 129 000 7.0
1975 140 000 Speé‘i‘ged 51 110 000 10,0
1976 150 250 spegfged 4810 144 000 1.5
1977 150 000 td 3882 49 151 600 2.0
1978 180 000 1z 883? i s ooy 7.0
1979 130 000 e 338; ol (12590 58[39 2.0

Maximum total Red Kangarco harvest limit specified for year. 2 Harvest limits controlled by limiting
the number of royalty tags to be issued during the year. Entitlements of different licensees to draw {or
have issued) tags within this limit are commonly apportioned at the time of deciding the harvest limit.

Annual Rainfall Index Scores (RNI) applicable to the whoie of the Red Kangaroo harvesting area within
Western Australia (defined by Prince 1984, Appendix I); low RNI scores = low rainfall, high scores = high

rainfall (Maximum RNI = 10.0; RNI < 4.0 = Rainfall deficiency). 4 NA = not applicable.
Maximum tag entitlement initially allotted to established professional kangaroo shooters, 6 Allotment
of royalty tags reserved for discretionary issue if necessary during the year. 7 Allotment specifically

reserved for possible use within the Gascoyne Catchment Management Area (see III B., this paper).
Shooting authorized directly by licenses issued pursuant to Fauna Conservation Regulation 3.
Numbers within the annual total harvest actually taken by other than the established professional

kangaroo shecoters. 10 Some professional shooters' licenses allowed to lapse, but reissued in following

year, 1 Number of additional temporary shooters' licenses issued. 12 Total for 12 months from

February 7, 1971 to February 6, 1972.



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 hunting areas of the
State during 1975  effectively pre-empted the
proposed review, The total harvest for the year
fell to 110 00G carcases.

The reduced harvest levels taken during 1973-1975
were considered sufficient to have relieved the
earlier pressure on the kangaroo stocks by 1976,
and these three years had also coincided with a
rainfall pattern extremely favourable to renewed
recruitment to the existing kangaroo stocks. An
increase in the annual harvest of approximately 30
per cent over the 1973 harvest was therefore
recommended for 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 of 1976, and the total Red Kangaroo
harvest for the year rose to around E44 Q00
carcases.

Drought continued into 1977, so the projected

harvest limit 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 Kangarco harvest for
1977 rose slightly, in comparison with 1976.

Nearly two years of State-wide drought to the
beginning of 1978 would clearly have resulted in
widespread failure of reproduction in the field
populations, but the existing kangaroo stocks could
also have been expected to continue to put
pressure on the rangeland vegetation  with
continuation of drought into 1978, The necessity
for continued harvesting of kangarcos in these
circumstances was indicated. Maintenance of
shooting efficiency to this point (Figs. 13 and
14) also suggested that substantial reduction in
kangaroo numbers had not then occurred.

Consideration of the projected harvest limit for
1978 was further influenced by the acceptance by
the State Government of a programme aimed at
rehabilitation of degraded rangelands within the
Gascoyne Catchment (see Wilcox and McKinnon
1972). A policy favouring a greater reduction In
Red Kangareo numbers in this Management Area
(Fig. %) was accepted. A non-sustainable maximum
of 60 000 kangaroos was predicted to be
available, but the economically practicable harvest

limit for the Gascoyne Catchment Management
Area for 1973 was considered to bhe about
4G 000, Taking these factors into account, the

projected State harvest limit for 1973 Was

increased to 180 000 carcases.

Widespread rains early in
relief from the drought,
kangaroo stocks in

1978  gave temporary
and the dispersal of the
response  to  these  rains
restricted shooter success. Further light rains
later in 1978  maintained this shooting pattern,
and also promoted Iincreased reproductive success
in the residual kangarco populations, but the
coincidence of dispersal of the kangaroo stocks
with increasing operating costs for shooters during
the year apparently restricted shooting activities In

some areas. These factors were sufficient to
cause the 1978 Red Kangaroo harvest to drop to
near 130 300 carcases. Less than 27 000
carcases were  taken  within  the  Gascoyne

Catchment Management Area {Appendix I, Table A
. 3.

The temporary respite gained from the prevailing
drought following the rains received in the first
half of 1978 did not herald general relief of the
drought later in the year however, and drought
conditions re-intensified 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 available to the end
of 1978 could not provide direct information on
the magnitude of the overall reduction in numbers
of rangeland Red Kangaroos that would have been
expected by the end of this third year of drought,
but did suggest that appreciable <changes had
occurred in some Management Areas, e.g. changes
in sex ratios in the harvest in favour of females,
and apparent reductions in harvest eifficiency
(catch/unit effort; refer Figs. 13 - 36). In view of
these considerations, and the continuing drought, a
maximum projected harvest limit of 1[50 000 was
proposed and accepted as the basis for administration
of the prograrmme during 1979. The commercial
quota remained at 180 000,

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 licenses

were alse issued during this year In addition to
those issued 1o the established professional
shooters, and these temporary shooter licensees

accounted for
1979 harvest.

approximately 20% of the total
The changes noted in the harvest
composition and in shooting certainly reflected a
further reduction in numbers of adult Red
Kangaroos in the field at the end of 1979.

IV MONITORING OF THE HARVEST IMPACT ON THE RANGELAND RED KANGARQOS
IN WESTERN AUSTRALIA : 1971 - 1979

A. INTRODUCTION

The soundness of the general Red Kangaroo
Management policy adopted in 1371 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 information on the status
and productivity of the exploited kangaroo stocks
in regulating future harvests, and also in refining
further estimates of the available annual harvests,
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Wiidlife Conservation Act
REGULATION 8A
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B. THE HARVEST MONITORING SYSTEM

Ideally, harvest
of numbers of

regulation is based on knowledge
the target species, and the net
productivity of the harvested populations. This
direct approach was not possible in  Western
Australia due to the size of the area involved, the
limited staff and funds available tc service such a
programme, and the state of the art of broad-scale
population census techniques applicable to the
State's Red Kangaroo population at the inception

of the formal Management Programme. Monitoring
of the status of the harvested stocks via
documentation of the ongoing  harvest was

therefore the main practical course of action open
for collection of needed research data.

Detailed documentation of the harvest taken by the
shooters in fact offered the best indirect means of
checking the apparent status of the harvested
sector of the kangaroo population, and of picking
out specific problems needing further investigation.
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) Conservation Regulations following the
success of this trial. The Return Form 3 in
current use (Fig. 2) is similar to that f{irst
tested.

Additional information on population composition,

reproductive status of the female kangaroos, and
shooter activity was obtained by direct enquiry
and/or investigation as required, subject to the
practical limits on this work as previously
described.

Ground transect and aerial survey counting
techniques have also occasicnally been used to
provide further direct measures of local kangaroo
abundance.

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

1. Harvest Origin and Dispersion

One of the simpler pointers to the possible

stability of exploitation of a particular species is
provided by examination of the pattern of origin of
harvests taken. Stable exploitation systems shouid
show a greater consistency of pattern of offtake.
Detailed documentation of the origin of harvests
taken was therefore included to provide this basic
information,

2, Other Harvest Parameters

The fact that the data pertaining to the
commercially harvested kangaroos would provide a
biased sample of the hunted population(s) was
recognized at the outset when choosing to

implement a harvest-based monitoring system in
Western  Australia. However, it was also
considered that statistics calculated from the
harvest data could provide a window through which
the interaction between the shooters and the
hunted kangaroos could be viewed and possible

problem areas identified.

The difference in growth patterns of adult
kangarcos  which  results in  marked  sexual
dimorphism Dbetween adult male and female

kangarcos (Frith and Calaby 1569, p. 145) provided
the basis for selection of two different harvest
parameters to be obtained.

Professional kangaroo carcase shooters are paid by
weight of carcases harvested, and so prefer to
take the larger animals available wherever possible
when a cheice is open to them. Consequently, this
selection results in preferential harvest of male
kangaroos, and generally the larger, and presumably
older individuals of each sex. The percentage
maleness of the harvest and the average weights
of the carcases taken are both therefore likely to
provide information on selectivity exercised by the
shooters.

Average carcase weights can also provide a
possible guilde to the average age of the animalis
being harvested. Of course the  body-weight :
age relationship may vary within populations in
response to seasonal and other changes in
nutrition, and also between local populations if
there are differences in genetic growth potential,
or if conditions affecting the growth of the
animals in the different groups are dissimilar.
However, the general difference In growth patterns
suggests that variations in female carcase weight
should provide the most useful index related to the
changing nutritional status of the population in the
short-term, while the male carcase weight should
provide the better indication of average age of the
most heavily exploited sector of the population,

The catchfunit effort (= C/f)  statistic can
provide an index of abundance of shootable
kangaroos relative to the shooter, and may also
reflect changes in abundance of the kangarco

stocks because, in general terms,
S, and if q,
constant, then

C (catch) = g f
the catchability coefficient remains

C/f (efforty o<

S {stock).
However, C/f ratios can also be expected in this
instance to vary independently of the numbers in
the hunted population (stock, S}, in the short-term
at least, because of changes in the behaviour of
the kangaroos and kangaroo shooters in response to
changing weather patterns. Stiil, such changes in
behaviour may not be of overriding importance in
the longer term if the total harvest (C), and
total effort (f), data accumulated monthly within
each vyear represent different approximations to
potentially stable harvestieffort combinations. In
this case, the patterns of variation observed may
be analyzed with respect to variables affecting the
different factors in the equation.
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D. THE HARVEST DATA

1. Data Collection and Processing

Kangaroo harvest data summarizing the activities
of each licensed shooter are first recorded in the
field 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 of each
month (including 'Nil' records) and forwarded to
the Department.

The "Hrs. of Hunting" column on this form was
added at the beginning of 1972, having been
omitted during 1970-1971. 'Hours of hunting' is
defined as the time spent in actually searching for
and shooting the kangarces taken during each
hunting day, and is recorded to the nearest half
hour. The 'dead' time that may be spent by some
shooters in choosing to travel long distances to
and from 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, Appendix
1), but this possible problem was overcome by
issue of more explicit instructions to shooters from
1973.

The minimum geographic recording unit utilized in
compilation of these Red Kangaroo harvest data is

one-quarter of the standard 1° Lat. x 13° Long.
(DDHG; Brook 1976) blocks of the 1:25G¢G 000
Australian National Mapping  grid. These

one-guarter 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  utilized 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 for example in
Fig. 3. The effects of the specific block boundary
variations required for practical recording of data
in the field are taken into account as necessary in
data interpretation.

On receipt In the Department, the shooters'
hunting Returns are first checked by administration
and enforcement staff before being forwarded to
the research branch for further action. After
coding of these returns as required, the new data
are transierred to a permanent computer file
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

interaction between the shooters and the hunted
kangaroos.

2,

The major indices of harvest impact and population
ahundance and status calculated from the harvest
data-base are:

i)

The Harvest Statistics

Rate of offtake : units = carcases/kmZ/annum.

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

ii)  Catchfunit hunting effort, (C/f) : units =
carcases taken/hunting hour.
Calculated as (Total numbers of carcases
taken/total effective hunting effort),
These indices are calculated separately for

each sex without reference to the proportion
of time 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 effort has been
reported.

i)  Average carcase weight units = kg/trade
carcase.
Calculated as (Total weight of the specified
carcases/total numbers taken within the
class).
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 of harvest : units = %.
Calculated as (100 x Male carcases/total
carcases within the specified group).

The statistics specified in (ii), (iii} and (iv) above
are calculated for each of the designated State
Management Areas (Fig. % and for the
whole-of-State data also. The separate
Management Areas were first formally defined in
1974, and include larger sample sets of the basal
quarter-DDHG blocks.

3.

Density distributions of the annual rates of harvest
offtake of Red Kangaroos Iin Western Australia
during the eight years 1972 through 1979 are
mapped in Figs. 5 - 1Z. These maps were
produced wusing SYMAP (Version 5.20, Harvard
University Laboratory for Computer Graphics and
Spatiaf Analysis 1977).  Digitized coordinates for
the Western Australian coastline were provided by
the Department of Lands and Surveys, Western
Australia, and mapped as an Alber's equal area
projection with standard parallels at 17°30'S and
31°30'S and central meridian at 121°CG'E on the
UGG 1967 spheroid using MAPROQJ (Version 1.2,
Hutchinson 1981). Full data for 1971 are not
available because of incomplete harvest reporting
during the first half of this first year of operation
of the Management Programme.

Harvest Data Summaries

The patterns of wvariation in the other harvest
statistics listed in IV D. 2. (above), e.g.
catchfunit effort, average carcase weights and

percentage maleness in the harvests taken over the
whole-of-State, and within the main State

Management Areas from 1972 through 1979 are
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Figures 5 - 12.

Maps showing the distribution of Red Kangaroo harvest
offtake rates within Western Australia :
1972 through 1979.

(Note that the area included within the harvest
offtake Class 1 shown on these maps largely
defines areas open to commercial exploitation of
Red Kangaroos from which reports received
indicate no commercial harvesting has occurred
during the past 10 years.)
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Figure 13. Patterns of 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
whole of State harvest - Western Australia : 1972 - 1979,
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Figure 1%, 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 whole of State harvest - Western Australia : 1972 - 1979,
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Figure 15. Patterns of 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
Murchison Management Area harvest - Western Australia : 1972 - 1979,
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Figure l6. 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 Murchison Management Area harvest - Western Australia : 1972 - 1979.
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Figure 17. Patterns of 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 @ 1972 - 1979,
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Figure 18. 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 Gascoyne Catchment Management Area harvest - Western Australia : 1972 - 1979,
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Figure 19. Patterns of 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
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
tota! Carnarvon Management Area harvest - Western Australia : 1972 - 1979,
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Figure 21.

Patterns of 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
Ashburton (West) Management Area harvest - Western Australia : 1972 - 1979.
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Figure 22, Patterns of variation in the three month running averages of carcase weight
and harvest rate for female Red Kangaroos, and the proportion of males inciuded 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 weight
and harvest rate for male Red Kangaroos, and the proportion of males included in the total
Pilbara Management Area harvest - Western Australia : 1972 - 1979.
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Figure 24. 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 Pilbara Management Area harvest - Western Australia : 1972 - 1979,
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Figure 25. Patterns of 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
Ashburton (East) Management Area harvest - Western Australia : 1972 - 1979,
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Figure 26. 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 Ashburton (East) Management Area harvest - Western Australia : 1972 - 1979,
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Figure 27. Patterns of 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

North Eastern Pastoral Management Area - Western Australia : 1972 - 1979,

Note. Figure 27.
indicated by # are:

Carcase weight values offscale

Month & Year Weight Month & Year Weight

1173 27.8 0574 29.3
1273 27.6 G674 30.8
Gu74 27.2
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Figure 28. 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 North Eastern Pastoral Management Area harvest - Western Australia : 1972 - 1979,
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Figure 29. Patterns of 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
Magnet Management Area harvest - Western Australia : 1972 - 1979.
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Figure 30. 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 Magnet Management Area harvest - Western Australia : 1972 - 1979,
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Figure 31. Patterns of 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
Sandstone Management Area harvest - Western Australia : 1972 - 1979.
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Figure 32, 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 Sandstone Management Area harvest - Western Australia : 1972 - 1979,
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Figure 33. Patterns of 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
Leonora-Eastern Goldfields Management Area harvest - Western Australia : 1972 - 1979.
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Figure 3%, 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 Goldfields Management Area harvest - Western Australia ¢ 1972 -
1979,
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Patterns of 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
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Figure 36. 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 Nullarbor Management Area harvest - Western Australia :
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shown in Figs., 13 - 36. The complete monthly
harvest summary data relevant to these Figures are
listed in Appendix [I, Tables A II. 1 - A IL12.
These Appendix tables also include the available
1971 data.

4, Quality of the Data

Documentation and monitoring of the operations of
the kangaroo trade in Western Australia via the
statutory returns required since commencement of
the formal Red Kangarce Management Programme
have been facilitated by an extremely high rate of
compliance, but reliability of data supplied via this
type of system is a known source of general
concern to critics of such programmes. In this
instance, the separate accounting of numbers taken
that is required by the carcase royalty tag system
provides an independent check which can also be
efficiently policed. The records obtained cover
> 95% of the known total Red Kangaroo harvests
taken over the 1971-79 period,

The accuracy of the sex and weight data is less
readily verifiable, Direct sampling and comparison
of the ohserved data with those provided on other
occasions is the only practical check that can be
applied here, but is also most time-consuming, and
cannot therefore be used routinely. My personal
experience in this regard suggests that minor
mistakes due to mis-sorting of carcases can occur,
but the effects of these mistakes are of little
consequence overall. Arithmetic errors are also
likely to occur in compiling the composite harvest
data that are entered onto the Returns, and errors
in data transcription are always possible at this
point. Some of the more obvious of these possible
errors are able to be readily detected and
corrected in transferring records to the data-base
{(see TV D. l.). Further safeguard is also provided
by the ability to compare harvest data provided by
neighbouring shooters.

Two further points are worth remembering in the
context abhove, Firstly, the Western Australian

Red Kangaroo  Management  Programme  was
designed to allow licensed professional shooters a
continuing interest, and hence responsibility, in
their trade commensurate with their primary role
in  rangeland kangaroo management. A major
reason for irresponsibility was therefore eliminated
at the start. Secondly, the scope for fabrication
of truly misleading data is limited, and considerable
ingenuity would be required to produce a
consistent, non-systematic input of false data that
could confuse analysis. Apart from this, reat
ability to check the veracity of data entered on
Returns does exist. The commercial incentive to
cheat in this situation is also low.

In conclusion, the major portion of these records
has in fact been of most acceptable quality, and
the evidence available suggests that assertedly
misleading reports would comprise a small minority
of those supplied. The consistency of the general
patterning in the pooled harvest data presented in
this paper (Figs. 13 - 36}, and the results of the
analyses attempted using the data provided (Section
Vv and Appendix I) also suggest that false data
have not been a source of any real problems. It
would however be extremely naive to dismiss the

possibility of deliberate data fabrication having
occurred from time to time, and of some such
unreliable data  being  incorporated into  the
data-base.

Problems in obtaining full supporting detail along
with the basic numbers and weight datz on Returns

have nevertheless persisted. Omission of specific
‘origin of harvest' location data has been a
continuing problem, and exclusion of 'Hrs, of
Hunting' information has also detracted from the

value of many of the records. The fact that the
problems mentioned above appear to be accentuated
when turnover of shooter licensees is involved
suggests that this loss of information could largely
be avoided in the future by better briefing and
instruction of new shooters prior to  their
commencing work in the field.

V PATTERNS IN THE HARVEST DATA AND MONITORING STATISTICS, 1970 - 1979, AND
MAINTENANCE OF COMMERCIAL EXPLOITATION OF THE RED KANGARQO IN WESTERN AUSTRALIA

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 Kangarcos could be
sustained and that this option provided the best
management strategy available for conservation of
the kangaroos living in this most important part of
the species' range, The need seen was not to
prohibit exploitation, but to ensure stability in
management at a time of major change in the
pattern of exploitation.

Harvesting of Red Kangaroos was continued in
Western Australia throughout the 1970-1979 decade
and has since been continued through 1980 - 1983
(Prince, unpublished data). The pattern of ongoing
commercial exploitation of this species which
probably dates back to a beginning before the end
of the [9th Century (Prince 1984) has thus
apparently been maintained. The question that
arises now is whether this established pattern can
be regarded as sustainable in the future.
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B. HARVEST DISPERSION PATTERNS
I. General Consideration

The source data used to produce the harvest
offtake maps (Figs. 5-12) are affected to some
extent by deficiencies in reporting of the correct
locations from which some of the kangarcos taken
during each of the years under consideration have
been obtained {IV D. 4., above). The data
displayed are nevertheless sufficient to show:

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

ii}  the changes in dispersion of hunting pressure

in different parts of the State from year to
year.



The intermittent hunting pattern evident in some
parts of the Pilbara Management Area and in other
parts of the State which are outside the core area
comprising the Murchison - Gascoyne 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 times when stocks have previously
been depleted in the more favoured hunting areas.

2.

As explained before, 1971 harvest offtake data
have not been mapped because of the incomplete
source records. However, hunting increased in the
Pilbara  Management  Area  during 1972 in
comparison with 1971 {(cf. Appendix II, Table A IL
6) and apparently substituted in part for the
declining harvest levels then observed in the
Magnet, Sandstone and Leonora-Eastern Goldfields
Management Areas, as did the additional expansion
of hunting on the Nullarbor in 1973-1974 (Figs. 6
& 7). The coincident contraction of hunting within
the Lecnora-Eastern Goldfields and Sandstone
Management Areas from 1972 through 1974 s
particularly striking, This did in fact reflect the
reduction in kangarco numbers in these areas
resulting from the combination of recruitment
failure and continued hunting during the peried of
extended drought in this part of Western Australia
from [963 to early 1973.

Harvest Patterns and the Red Kangaroc Stocks

The relatively wuniform distribution of harvest
pressure  dispersion along a north-west to
south-east clinal axis from about the northern

coastal sector of the Carnarvon Management Area
and extending towards the Leonora district as
shown in Fig. 8 deserves further comment. Red
Kangaroo stocks in Western Australia would have
been widely dispersed during the last three
quarters of 1975 as a consequence of widespread
heavy rains. The harvest pattern shown in Fig. &
should therefore reflect more accurately the
natural pattern of abundance of the harvested Red
Kangaroo stocks within the area being hunted in

comparison with the harvest patterns shown in
most of the other similar maps. The pattern
suggested in Fig. 8 is in fact similar to that
revealed by aerial census of the Western

Australian Red Kangaroo populations in April-June
1981 (Caughley, in litt.; Short et al. 1933},

The post-1975 harvest patterns (Figs. 9 - 12) show
firstly the general increase in hunting pressure
which coincided with the onset of drought during
1976 (and its eventual persistence into 1980), but
harvest pressure being maintained within the core

hunting areas (e.g. Murchison,  Gascoyne
Catchment) had already declined by 1979 (Fig.
12). The relatively 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 1975 (e.g. Frith and
Calaby 1969, Fig. 11} The bulk of the evidence
available also suggests that the stocks present in

1975 were less abundant than in 1972.
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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 1) also presents an analysis of the
factors explaining the major part of the observed
pattern of 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 C/f data (Appendix I)
were  generally consistent with  the  initial
assumptions made regarding the dynamics of the
exploited kangaroo stocks and the interaction

between these stocks and the professional shooters.
The main factors found to affect the patterns of
variation examined in each of the two series of

analyses noted above were also  generally
consistent, l.e. immediate short-term rainfall
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 of the Red
Kangaroo in Western Australia at present can be
considered as an extension of a long established

pattern. 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 of 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 1} did generally
refiect the changing abundance and productivity of
the Red Kangaroo stocks, and that the modern
(1970-1979) harvests have also conformed to this
same pattern, then two cross-relationships between
harvest 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
1970-1979 decade ~and those predicted to be
available over this same period by equations
derived from the analysis of the historic harvest
pattern.

The hypotheses above can be tested because, in
the case of the C/f indices, the major patterns
can generally be described by a combination of
rainfall variables alone {(Appendix I), and only one
further assumption concerning the sex-ratio in the
harvests taken is required for calculating the
C/f indices applicable to the total harvests when

considering the harvest rates possibly attainable
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Figure 37, Relationship between the annual Red Kangarco harvests taken in Western
Australia from 1919 through 1953 and the potentially attainable annual average harvest
rates in the corresponding years within the present Murchison State Management Area, and
comparisons with similar data for the period 1965 through 1979.
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Figure 38. Relationship between the annual Red Kangaroo harvests taken in Western
Australia from 1917 through 1953 and the potentially attainable annual average harvest
rates in the corresponding years within the present Gascoyne Catchment State Management
area and comparisons with similar data for the period 1965 through 1979.
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within the Murchison Management Area. The input
variables required for predicting the possible
pattern of available harvests within the peried
covered by the modern harvest record are also
independent of any knowledge of these harvests
(Prince 1984, Appendix I}

In making a test of the hypothesis that potentially
attainable annual average harvest rates should be
related to the recorded historic harvest levels it
was necessary to further assume that the harvests
taken before 1970  within the presently defined
Murchison and Gascoyne Catchment Management
Areas (Fig. 4) retained their same relative
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 formerly have been attainable
within the two Management Areas mentioned were
calculated from the appropriate rainfall records
using the equations derived in Appendix I, and a
simple average of 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 before 1970 included 50%
males (cf. Fig. 15 The relevant correlation
coefficients for testing the association between the
two variables considered in these analyses were
calculated using the SPSS programme package (Nie
et al. 1975).

Two different estimates of the potentially available
annual  harvests for each year within the
197G-1979 decade were calculated for comparison
with the actual harvests taken. The first of these
estimates was calculated from the equation fitted
by Prince (1984, Appendix I} to the harvest data
block including the 1915-1953 plus 19635-1972
harvests, and the second from the similar equaticn
fitted to the 1915-1953 harvest data alone (ibid.).

3. Resuits

The relationships between the historic annual Red
Kangaroo harvests taken in Western Australia {from

1917 onwards, Prince 1984, Table 2) and the
potentially attainable annual average male +
female harvest rates calculated for each of the
presently defined Gascoyne  Catchment  and
Murchison 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 ohbserved total State
Red Kangaroo harvests obviously provides the
better fit, but the discrepancy in goodness of fit
in regard to the early Gascoyne Catchment harvest
rate estimates is associated with the cluster of c.
five 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 general similarity of
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the patterns in the data displayed in each figure is
evident,

The important points to note from Figs. 37 and 38
are:
i) the relative scarcity of annual harvest totals
much in excess of 200 000 Red Kangaroos
per annum;

the absence of any recorded harvests at
potential or observed annual average male +
female harvest rates below a lower limit of
about 3.5 carcases/hunting hour;

the distribution of the major proportion of
the data points around the apparent peint of
inflection of a curve with lower and upper
asymptotes tending to zero and infinity
respectively; and,

the  distribution of different nominated
sub-sets of data relative to the general
distribution of the data displayed. The
majority of the 1965 through 1975 points tend
to lie along or near the upper left boundary
of the data set, i.e. annual harvests taken
during this period were relatively high in
comparison with the harvest rates, whereas
data for the four drought years 1976 through
1979 tend to lie towards the lower right,
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

ii}

ili)

iv)

the actual harvests taken during the  1970-1979
period is detailed in Table 2.

4, Discussion

It is «clear that the total numbers of Red

Kangaroos taken in Western Australia during the
1970-1979 decade were greater than the combined
total average harvests predicted by either of the
equations describing variability in the historic
harvests, and that the total discrepancy between
the actual harvests taken and the sums of either
of the separate estimates of the annual average
harvests is not inconseguential, particularly in
regard to the estimates based on the equation
fitted to the 1915-1953 harvest data alone
(Table 2). To put these results in perspective,
the apparent average annual excess harvest during
the 1970-1979 decade was between 27 650 and
44 400 carcases per annum. The inferences to be
drawn from these comparisons are consistent with
those suggested by the data included in Figs. 37
and 38,

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

raise two
does the apparent
the putative excess

If we concentrate our attention on the comparison
between the actual harvests taken and the
estimates of available harvests based on the
1915-1953 plus 19635-1972  predictive equation, it
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Comparison of the Annual Red Kangaroo Harvests Taken in Western Australia

Table 2,

from 1970 through 1979 with Predicted Annual Harvests for these Years Based on an

Analysis of the Historic State Harvest Record for this Species (from Prince 198%).
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is clear that the major part of the apparent excess

harvest was accumulated during the first 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 limitation 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 conscious management decisions (see III  B.),
but the harvest effort available during 1978 and
1979 was nevertheless sufficient apparently to
account for 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 harvest,

The comparison between the pattern of actual
harvests and the harvest pattern predicted from
the 1915-1953 harvest 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 have comprised
the exploited Red Kangaroo stocks within Western
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 Western Australian rangelands was certainly
effected by Increased commercial exploitation
through 1963 to the end of 1972, and the
apparent harvest excess during this four year
period was equivalent to ¢, 40-45% of the total
harvest taken, e.g. the total commercial Red
Kangaroo harvest over this period was approximately
1.05 million, and the predicted excess was between

395 000 ('1915-53  + 1965-72' predictions
compared) and 480 000  (*1915-53' predictions)
animals. There is little practical difference
between these two comparisons, so we are not
assisted in making a choice between the two

predictive equations, but we 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 on past
evidence could at least have been within the range
between 400 000 and one million kangaroos.

Drought in 1976  through 1979 was apparently
more intense than that experienced during the
1969-1972 period (cf, Table 1, Annual Rainfall

Indices) so the relative impact
the existing kangaroo stocks
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 53% of that taken through 1969-1972,
and the annual harvests taken during the four
years i976 ~ 1979 tend ailso to be less than
might generally have been expected from the

of this drought on
could have been
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comparison between the annual average male +

female  harvest rates and the historic correlation
between total harvests and potential male +
female harvest rates calculated for the Gascoyne

Catciunent and Murchison Management Areas (Figs.
37 and 33). This result suggests that the
reduction in Red Kangarco numbers achieved in the

early 1970s had not been reversed by the
beginning of 1976, Continued exploitation in the
following four drought years would have further
depleted the numbers, The total reduyction

occurring in this latter period could have been as
much as 00 000 kangaroos relative to the
pre-1976 stocks, and would be expected to have
had a proporticnately 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 efforts of
a group of 30 additional temporary shooter
licensees were required to assist in holding the
1979  harvest to 150 000 carcases (Table 1),
and that during 1980 (Prince, unpublished data)
the average male harvest rate continued to decline
relative to 1976-1977, the average female harvest
rate also dropped, and a much wider dispersal of
the available shooting effort 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 attrition of the
total Red Kangarco 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 most recent extended drought was not broken
until mid- 1980, so with a minimum of two years
from resumption of breeding to recruitment of
additional animals to the harvested stocks following
the break of the drought, the continued harvesting
during 1980-1%81 would be expected to have
further depleted kangarco numbers. Aerial census
of the Western Australian Red Kangaroos during
April-June 1981 suggested that the total State
population then numbered approximately one million
animais {Caughley, pers. comm.; Short et al. 1983).
The exploited pastoral rangeland sector of this
population numbered about 750 000 kangaroos.

Having considered the likely impact of harvesting
on the stocks, we can now return to the problem

of <choice bhetween the two harvest prediction
equations as the most reasonable predictors of
future available harvests. In total, the sums of
the available annual harvests suggested for the

1970-1979 decade really differ very little 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 (Table 2), so with the annual
average sustainable offtake ratio probably being

close to  10% of the exploited stocks, the higher
excess harvest estimate would represent a maximum
over harvest of less than 3% of the total stocks
within any single year and would usually be
expected to be much less (c. 1%). There is no
practically - justifiable value in attempting to attain
more precise annual harvest regulation than this in



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 Kangaroo stocks would be expected to

continue into the early 1980s, it is therefore
prudent to consider that the harvest prediction
equation providing the lower available harvest
estimates, i.e the equation based on the
'1915-1953"  harvest pattern analysis (Prince 198%,
Appendix 1), will provide the better estimates of
the annual available harvests in the near future,

The data in Figs. 37 and 32 suggest the same,

VIl GENERAL DISCUSSION

The 1970-1979 decade saw the Western
Australian Department of Fisheries and Wildlife
{formerly Fisheries and Fauna) assume a primary

role in relation to conservation of the State's
kangaroo populations and, for the first time,
impose effective controls over the course of

commercial exploitation. The change in emphasis
of official policy on management of the State's
kangaroo populations which occurred over the
period from 1965 through [970 resulted {from
increasing concern over the possible impact of a
revitalized commercial kangaroo trade on existing
kangaroo populations. The lack of any real
knowledge of the total impact of this trade posed
a special problem at this time.

By 1969 it 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 change in the
former largely laissez faire approach to kangaroo
exploitation and management by the State fauna
authorities {Prince 1984).

Management of Red Kangaroos on the arid and
semi-arid rangelands of the North West and
Murchison and associated areas of the State being
utilized by the pastoral industry provided a most
interesting challenge.  Existing knowledge of the

biology of the Red Kangarco, and of its
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 Kangarco
outside the areas of potential land-use conflict
pesed no real problems in land management, the
greater legal protection available under the Fauna

populations  living

Conservation Act, 1950-1969 could be extended
to them. On the other hand, controlled
commercial harvesting of the natural increase

produced by those kangaroo stocks coexisting with
the domestic livestock of the pastoral industry on

the better quality rangelands supplemented by
additional water points was seen to provide the
most productive and useful management compromise
by taking into account the needs of both wildlife
conservation and the pastoral industry in this
potential conflict situation, The kangaroo industry
could therefore be accommodated in a management

service role while being permitted to pursue its
own particular goals within the limits set by
variations in the biological productivity of the

exploited kangaroo stocks.
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Western
involved

Commercial trade in  kangaroos in
Australia since 1970 has therefore been

only in those situations where the potential for
land-use conflict has existed, and in these
instances harvest impact has generally been

regulated in accordance with management need and
biological indicaters. Commercial factors have been
assigned a secondary role only, relative to
implementation of basic management decisions.

The functional organization of the State's kangaroo
trade in Western Australia in 1970 was readily
amenable to  imposition of effective legal
constraints providing the means for control and
adequate documentation of the trade itself, and
this was done. However, the move by the Western
Australian Department of Fisheries and Fauna to
assume formal control of exploitation of the Red
Kangarco at this time caused considerable
misapprehension among those who  considered
themselves most likely to be directly affected by
any changes that might ensue. The opportunities
for basic misunderstanding of the objects of the
formal management 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 of problems between the interested

parties, and a source of advice to the Minister for
Fisheries and Wildlife on ongoing management.

Necessary recognition of the need for adequate
control of rangeland grazing pressure as a
component of kangaroo management policy was
further emphasized during 1974 with implementation
of a rangeland rehabilitation programme for
degraded rangeland within the Gascoyne Catchment
(see Wiicox and McKinnon 1972).

The generalised frequency distributions of the
specific local average vyearly rates of harvest
offtake for Red Kangaroos recorded in Western

Australia since 1971 and plotted in Figs. 5 - 12
were similar in pattern to that apparently found by
Sinclair (1977) in his examination of the 1975
harvest data for New South Wales, although a
greater range of values and a higher frequency of
relatively high rates of offtake appears te have
applied within Western Australia. In part, this
apparent difference may be attributable to
differences in the methods of calculating the
respective offtake data. Deficiencies in reporting
of the areas of origin of some sectors of the
Western Australian harvests as mentioned
previously (e.g. IV D. 4.) could also have distorted
some of the calculated offtake figures for this

State. Nevertheless, the general similarity in the
offtake figures noted above is supportive of the
view that the recent harvest impact on the

Western Australian Red Kangaroo stocks has been



greater than in New South Wales. Primary reasons
for this difference may be ascribed to the
generally greater vulnerability to exploitation of
the Western Australian Red Kangarocos (see
Newsome 1971, Fig. 7), and the lower intrinsic
productivity of the Western Australian rangelands
(Fitzpatrick and Nix 1%70; Moore 1970, pp. 96-7)

The Red Kangaroo harvests taken in Western
Australia since 1915 (Prince 1984, Fig, 6; and
Figs., 37 and 38, this paper) have usually been
< 200 000 per annum., In the few instances in

the past where the annyal harvests have exceeded
200 0909 in consecutive years, such cumulative
harvests appear to have been associated with
appreciable reductions In the numbers of kangarocs
remaining on the rangelands in succeeding years,
The pattern of harvests and apparent kangaroo

population responses cbserved through the
1970-1979  decade is consistent with  this
established pattern, so the operation of the
Western Australian Red Kangarco Management

Programme in controlling and directing the course
of commercial exploitation of the State's rangeland
Red Kangaroo stocks during [971-197% has
ensured continuity, rather than having imposed any
major changes in exploitation. The programme has
however demonstrated its capacity to limit 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 objectives set
for the programme have therefore been satisfied.
Nevertheless, the numbers of Red Kangaroos
remaining on the State's pastoral rangelands at the
end of 1979 were apparently much lower than
ten years previously, and we know that the total
State Red Kangaroo population numbered about one
million 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
off 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 teo the issue of development of an
ecologically sensitive and sustainable environmental
management  strategy for these arid areas.
Newsome (1975) 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 land
management, and also threatens the Iong-term
commercial viability of some of the established
pastoral enterprises. These problems were

exacerbated by the further decline in productivity
of the dependent livestock 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 affected areas is the first line of attack in
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attempting solution of the problems mentioned, but
this action cannot be considered in isclation,

Joint use of the pastoral rangelands by the Red
Kangaroo and domestic livestock populations could
lead to changes in emphasis of the established Red
Kangaroo Management Programme in the future,
Even so, it is most important 1o remember here
that the most consistent Red Kangaroo harvests
during the 1970-79 decade were obtained from
the general area of the Murchison, Gascoyne
Catchment and Carnarvon Management Areas, and
that these areas appear historically to have also
been major contributors to earlier State harvests,

Apart from the protected sector of the State's

Red Kangaroo population, the most abundant
residual managed stocks are still found in the
above mentioned parts of the State (Caughley,
pers. comm.; Short et al. 1983), and the

distribution of these kangaroos generally co-incides
with the acknowledged best rangeland areas.
These areas are also those identified by Jennings

et al. {1979) as the areas most likely to support
profitable pastoral enterprises in the future.
Kangaroo  management similar to that in recent

times will therefore be a continuing reguirement,
The available harvests in the immediate future can
however be expected to be lower than those taken
during the past decade.

Because
kangaroo

recent of the

differed only in

harvesting
carcase trade have
degree from those sustained in the past, the
possibility of continued commercial exploitation
triggering a population collapse 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 will not arise in the future. Closer
scrutiny of the situation is needed to put these
matters in their proper perspective.

operations

The questions being addressed at this point are:

how apparently did the fortuitous balance
between productivity and exploitation of the
Western  Australian Red Kangaroo stocks
arise; and,

how has this balance been maintained during
the past decade?

In over-view, the two factors seeming to have
most relevance in appreciation of the seemingly
lucky balance achieved between exploitation and
productivity of the Red Kangaroo stocks in
Western Australia are the relatively low market
values of kangaroos that have generally prevailed
for 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 logal kangaroo
stocks.

Historically, the dry-skin trade apparently favoured
a much stronger seascnal bias in hunting effort
than the modern carcase 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 [. 1),

i)



the net impact of harvest on the kangaroo stocks
probably was not 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 difficulties
encountered by shooters during the shortened major
hunting period apparently substituted for the lack
of formal constraints on the available harvest
effort, 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 affecting the volume of the Kkangarco
trade from the mid- 1960s to the present are
therefore of more direct relevance to discussion of
future management needs.

The
skin

real market values on offer to professional
shooters were at rock bottom commencing
1952 and followed through to !966 when the
growing kangaroo meat trade turned towards
increased dependence on exploitation of the Red
Kangaroo, The prices for kangaroos being offered
by the carcase trade before 1966 were apparently
little different from 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. 1). The standardized average unit
values on offer during each of 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
kangarco shooters. The relatively low economic
returns available from kangarce harvesting during

the 1952 - 1966 period obviously provided no
great incentive for exploitation because the
commercial harvests taken through 1952 - 1966

were practically of little consequence, even though
there was no formal limitation on hunting. From
1966, however, market values commenced a rise
which was sustained through to the end of 1972,
being terminated in early 1973 only on loss of
the United States skin market. During this last
short period the market prices on offer for
kangaroos were similar to those commonly availabie
in earlier times {c. 4% of alternative wages). With
this increased economic incentive and the aid of
drought in 1969 and 1970, the harvest offtake
was dramatically increased.

Management controls introduced through 197G-1971
quelled this increase in harvest pressure, and with
the aid of improved rainfall in 197i the harvest
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 ). Reductions in the stocks of Red
Kangaroos available for harvest from the end of
1972 clearly would have affected the size of the
later harvests, but despite this fact and the
effective limitations on the harvest effort during

1976 and 1977, the first two years of the most
recent four year State-wide drought, the total
harvests taken to the end of 1979 were
apparently suificient to account for all the

harvestable kangarcos available, This resuit was
achieved despite the prevailing market prices on
offer during the 1973-1979 period being about

ol

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 of harvesting
these kangaroos than in the past, with a
predominantly professional operation now seemingly
able to function at lower profit margins per
kangaroo taken.

The fully commercial operations of the professional
kangaroo shooters do nevertheless promote stability
in exploitation because of their dependence on the
availability of sufficiently numerous kangaroco
stocks needed to sustain their operations. Any
future substitution of the limited and concentrated
potential effort of the truly professional shooters
on which the Western Australian Red Kangaroo
Management Programme has been based during most
of the past decade with a more diffused pattern of
distribution of effort based on increased numbers
of non-professional shooters, i.e. part-time
licensees servicing the same kangaroo trade, could

de-stabilise the existing harvest pattern. An
increase in the commercial value of kangaroos
could also have the same effect. These
possibilities are  sufficient reasons for the

Department of Fisheries and Wildlife continuing to
maintain control over the future course and extent
of commercial exploitation. The kangarco trade
has demonstrated its ability to take what has
obviously been a large fraction of the 3State's Red
Kangaroo stocks within a two to three vyear
pericd in the past, e.g. in 1935 and 1936, and
again in 1969 and 1970 (see also Prince 1984).

The counter possibility of a future collapse of the
commercial kangaroo market similar to that of the
1950s poses a different problem In natural
resource management from that discussed above,
The solution to such a problem obviously lies
outside the ambit of the direct responsibilities of
the Department of Fisheries and  Wildlife.
However, the real difficulties occasioned by such
an event point to the desirability of maintaining
the greatest range of possible markets for
kangaroo products at all times, Lifting 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 still appears relevant to continued
effective  management of the  State's Red
Kangaroos.

Protection of
Nature Reserves

Red Kangaroos via provision of
within the established pastoral
areas of 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 of the
Red Kangaroo alone., However, the reservation of
representative samples of the rangeland ecosystems
of which the Red Kangaroo is but one part is a
legitimate and necessary wildlife conservation
objective. Acquisition of some suitably large
Nature Reserves containing areas of prime Red

Kangaroo habitat should therefore be pursued
within the pastoral rangeland areas on this
account.



Vil
Commercial harvesting of Red Kangaroos in
Western Australia during the 1970-1979 decade
continued  the long  established pattern of

exploitation of this species on the State's pastoral
rangelands and made an important contribution to
regulation of the total grazing pressure in these
areas without major cost to the general public.
The kangaroos harvested also provided valuable
income and employment for many people.

A  self-sustained commercially based kangaroo
industry will continue to provide the most
effective and economic means of removing excess
numbers of Red Kangaroos from the State's
pastoral rangelands in the future.

The 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 of Governments to effectively
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 favouring
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 Western Australian pastoral areas has not been
a feature of the State's Red Kangaroo Management
Programme to date and is not presently essential
to conservation of the Red Kangarco itself.

The failure to provide suitable Nature Reserves
within the pastoral rangeland areas of the State
does nevertheless inhibit attainment of the
objectives relevant to general wildlife conservation
in these areas. Acquisition of Nature Reserves
which may contain large areas of prime Red
Kangarco 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 stabilizing management of 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
future compatibility between rangeland management
and wildlife conservation objectives in the most
efficient manner possible. A continuing kangaroo
industry was recognized as a key factor in this
equation.

The above management
satisfied to date.

objectives have been

The apparent reduction in the total rangeland Red
Kangarco stocks remaining in Western Australia at
the end of 1979 was largely attributable to the
effects of prolonged drought during the last four
years of the decade on the productivity of the
rangeland vegetation and the consequent impact on
the dependent animal populations. The kangaroo
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management responses during this drought were
generally in tune with the needs for rangeland
grazing management, but control over the course
and extent of exploitation of the residual kangaroo

stocks was maintained, Thus, the management
programme permitted the correct response to
changing conditions in the fileld as far as

management of the kangaroo stocks was concerned
without sacrificing its main conservation objective,

The existing State Red Kangaroo Management
Programme therefore remains relevant to
management and conservation of the Red Kangaroo
in Western Australia in the 1980s because the most
recent decline in abundance of the field stocks has
not generally altered the bhasic pattern of
distribution of the remaining Red Kangaroos
relative to the pastoral industry, nor has it
affected the expected pattern of interaction
between the animails involved or their responses to
changes in prevailing weather patterns.

Consistent with the continuing 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 efficient 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 facilitating surveillance of
operations and law enforcement activities.

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 ability to effectively check the
veracity of the individual reports, enhances the

value of this system of harvest monitoring. Its
continuing role in the total programme is not
diminished.

Aerial census can nevertheless provide much more
specific  information on the distribution and
abundance of the State's Red Kangaroos than the
indirect harvest data. Still, application of the
aerial census technique does not replace the need
for ongoing harvest reporting. These two facets

of the menitoring process are therefore
complementary.

The April-June 1981 aerial census of the Western
Australian Red Kangaroo population (Caughley,
pers. comm.; Short et al. 1983) confirmed the
initial assumptions made in the early stages of
implementation of formal management for this

species in the early !970s regarding the general
distribution and abundance of Red Kangaroos in
Western Australia, and showed that there were
approximately one million Red Kangaroos present

at the time of census. The exploited pastoral
rangeland stocks included about 75% of this
population.

Aerial census can be expected to fill a more
prominent role in the future management of Red
Kangaroos in Western Australia because of its
ability to provide direct quantitative data on
distribution and abundance. Choice of the



appropriate frequency of census should however be
determined by considering the potential contribution
of the population data to the monitoring process

and ensuing management decisions, the cost
effectiveness of mounting and executing a census,
and the relationship between such routinely

collected census data and the underlying pattern of
variation in abundance of the species. Adequate
census of an area as extensive as that occupied by
the rangeland stocks of Red Kangarcos in Western
Australia is indeed a costly venture that cannot be
lightly entertained by the State's wildlife
managers. There is also ample evidence to show
that there are 2 to 3 year lags in adult kangaroo
population responses to changes in field 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 census supplementation
at intervals of between 3 and 5 or 6 years of the

VIiE
Licensed professional kangaroo shooters provided
the source data for the kangaroo harvest

summaries presented and discussed in this paper.
Their contribution to the success of the harvest
monitoring system is gratefully acknowledged.

Initial computer programming for setting up the
data-base and for extracting summaries was
undertaken by my colleague Norman Hall. 1 thank

him for this and his further efforts in maintaining
and upgrading this data processing system in
succeeding years. Recent refinements to the basic
system have been made by Wilf fLehre, and Karl

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

In the past it appears that a relatively fine
balance between the average levels of productivity
of the kangarco 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
expioitation for the major rangeland kangaroo
management effort suggests that pressures on the
wildlife managers could grow if the real value of
kangaroo products was to increase appreciably, or
the harvest efficiency increased further.
Management must remain cognizant these
possibilities in the future.
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APPENDIX I

ANALYSIS OF THE PATTERNS IN THE WESTERN AUSTRALIAN RED KANGAROO HARVEST

DATA AND STATISTICS :

INTRODUCTION

The catch/unit effort {C/f) statistic was chosen as
the primary harvest variable to be considered in
harvest monitoring because of its potential 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 changes in the behaviour of the
shooters, and alse the kangaroos. Further
statistics considered to permit better interpretations
of the variations in the C/f indices were therefore
collected. (Section IV C., this paper).

1t follows from the above (provided of course that
the data to be used in analyses would be reliable)}
that the recorded patterns of variation in the
various C/f indices calculated from the harvest
record (see Figs. 13 - 36, this paper, and Appendix
ID should be quantifiable in terms of variables
which relate to either the productivity of the
kangaroo stocks and hence numbers (S, the stock
size), or the Iinteraction between the kangaroo
shooters and the kangarcos (q, the catchability
coefficient) if the Initial assumptions made
regarding the impact of harvest etc. on the local
kangaroo stocks were correct (see Section V also),

Analyses of the patterns of variation in the
monthly C/f indices calculated from the harvest
data applicable to each of the Murchison,
Gascoyne Catchment and Carnarvon Management
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 SPS3S
programme package).

Available monthly harvest data for 1972 through

1979 for each of the Murchison, Gascoyne
Catchment, and Carnarvon Management Areas were
analysed separately, but all the analyses being

attempted were done sequentially (see below).

It was assumed for these analyses that the numbers
of kangaroos within each of the three separate
Management Areas + being considered were
unaffected by kangaroo numbers elsewhere, i.e.
that there was no significant mobility of kangaroos
between the different Management Areas, and that
the recorded C/f indices were not sequentially
biased, e.g. by technological or other changes
affecting harvest efficiency.

Required monthly 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 [I, Tables A II. 2 - 4.

Previous analysis of the pattern of variation in the
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1972 - 1979
historic annual harvest records for the Red
Kangaroo in Western Australia {Prince 1984,

Appendix [) showed that rainfall patterns were of
major importance in relation to realized harvest
patterns and that rainfall up to six years prior to
the year of harvest influenced the harvest pattern.
A similar length prior rainfall record was therefore
considered in this instance. Rainfall input data
required for the proposed analyses were obtained
from the Australian Monthly Rainfail Review series
published by the Australian Bureau of Meteorology.
The figures listed in Table 2 of these publications
for Districts 6, 7, and 7A were used as
approximations for monthly rainfall received within
the Carnarvon, Gascoyne Catchment and Murchison
Management Areas, respectively (cf, Fig. A L 1
and Fig. 4; Appendix III).

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

exploitation through the

PROCEDURES AND RESULTS

The separate data for each of the three selected

Mancogement Areas were first examined to test
their concordance with some generally believed
hypotheses concerning shooter behaviour, e.g.

that heavy rainfall impedes shooters in the short

term, and that hunting is generally focussed on
situations where kangaroos are most readily
obtained. Following this, the actual patterns of
variation in the wmonthly C/f indices were

explored to test the assumption that these indices
would generally reflect changes in the status of
the exploited kangaroo populations within the three
Management Areas.

Main correlation results derived from the first
series of analyses are summarized in Table A L 1.
These results showed that hunting effort expended
within any month was negatively correlated with
the rainfall recorded within the month without
reference to the timing of the rainfall in all three
Management Areas, All harvest rate vs rainfall
within the month correlations were also negative
in sign, but statistically 'not significant', as were
those for male carcase weight £ rainfali.
Female carcase weight vs rainfall correlations
were also negative, with that for the Murchison
Management Area again being ‘'not significant’, but
coefficients for the Gascoyne Catchment and
Carnarvon Management Areas were 'significant'
and of similar magnitude., The total numbers, and
the numbers of both male and female kangaroos
taken per month were also negatively correlated
with rainfall received within the month.



Table A L 1.

Summary of Main Results from Simple Correlation Analyses : Harvest

Data vs Rainfall and Time

Correlation Results

Correlation Examined] Management F'\rea2 S
r values Significance Test
Probability
EFFORT MU, GC and -0.34
vs RAIN CN to -0.35 <0.001
FWT MU - ve NS
vs RAIN GC and CN -0,32 <0.001
HNC, MNQO and -0.33
FNO MU'CSC and to <0.001
vs RAIN _0.44
EFFORT MU 0.47 <0.001
MONT GC -0.19 <0.05
vs MONTH CN +0.18 <0.05
LMRATE and LFRATE MU and +0.21 <0.02
vs MONTH GC to +0.57 to <0.,001
LMRATE, 0.34 <0.001
LFRATE CN 0.41 <0.001
vs MONTH e .
VINO MU and GC -0.14 <0.10
vs MONTH CN -0.08 NS
MU -0.19 <0.05
FNO MONTH GC 0,03 NS
vs MON CN +0.33 <0.001
MU -0.17 20.05
HNO MONTH aC -0.09 NS
Ve - CN +0.15 <0.16
MWT MU, GC and -0.16 %0.05
vs MONTH CN to -0.24 to 0.0l
. MU -0.43 <0.06¢
FWT MONTH GC 0.13 NS
vs s CN -0.05 NS

1

The Variable Names refer to variables described as follows:-

EFFORT = monthly
RAIN = monthly
FWT = monthly
MWT = monthly
MNO = monthly
FNO = monthly
HNO = monthly
MONTH =

LMRATE = monthly
LFRATE = monthly
Ln =

hunting effort : (Hours expended within the harvest month}
rainfall : (mm rec'd within the harvest month)

average female carcase weight : (kg/carcase)

average male carcase weight : {kg/carcase)

mate harvest : (No. of male carcases taken)

female harvest : (No. of female carcases taken)

total harvest : (No, of male + female carcases)

month of record : (No. of months elapsed commencing from January 1972 = 1)

male harvest rate : Ln (MNO/EFFORT)
female harvest rate : Ln (FNO/EFFORT)

Logarithm to base e

2 Management Area (M.A.) Codes (see Fig. #) as follows:-

MU = Murchison M.A.; GC = Gascoyne Catchment M.A.; CN = Carnarvon M.A.
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- Western Australia :

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 1979, with oniy minor
relief during 1978 (Fig. A [. 2), the correlation
was tested between monthly rainfall and time
elapsed from the beginning of each of the data
sets being examined. The correlation coefficients
obtained for all three Management Areas were
negative but 'not significant’, no doubt because the
inherent variability in monthly rainfall in this arid
part of the 5tate was sufficient to obscure the
total rainfall deficiency accumulated within the
last four years of the record. The harvest
changes observed cannot therefore simply be
explained by immediate changes in total monthly
rainfall (cf. Section III B,, Table 1), Nevertheless,
the total harvest effort expended per month
declined with time in both the Murchison and
Gascoyne Catchment Management Areas, but a
slight increase occurred in the Carnarvon Area.
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Annual rainfaif received in some of the Red Kangaroo hunting areas
1970-1979.

Reported average harvest rates for animals of each
sex also increased with time in both the Murchisen
and Gascoyne Catchment Areas, although the total
numbers taken per month tended to decline over
the same period. 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 all three Management Areas, whereas
female carcase weights only declined appreciably
within the Murchison Management Area.

The next step in the sequence of analyses
attempted here was a general exploration of the
relationship between the monthly harvest rates and
rainfail patterns recorded within each of the three

selected Management Areas. Three separate
analyses were undertaken in each case, viz. male
harvest rate (LMRATE), f{emale harvest rate



(LFRATE), and the combined male + female
harvest rate (LHRATE), because of the sex specific
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 II 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 1 to RAINL72).

The simple analyses above indicated a 'significant’
negative association between harvest rate and
rainfall within each month from one to three
months prior to the month of record (RAINL 1 to
RAINL 3), consistent with the general hypothesis
of reduced hunting success immediately following
rain. In the case of the Gascoyne Catchment
data, harvest rates were aiso negatively associated
in general with rainfail centred on the period
around six months prior to the harvest month. In
fact, the combined male + female harvest rate in
this instance was negatively associated with
rainfall within seven of the first 12 months prior
to the harvest month in question.

Correlations between monthly harvest rates and the
rainfall received within months further back in the
record than the end of the {irst year were more
variable in each case. Probably because of the
male harvest bias mentioned above, the male
harvest rate equations appeared to provide the
best indications of the possible links between prior
rainfall events and the presumed pattern of
subsequent recruitment to the exploited stocks.
The Gascoyne Catchment data appeared ciearest in
this respect and suggested that rainfall events
within approximately 24 to 4 years prior to the
month of record were the most important. The
Murchison analysis suggested a similar, although
less clearcut association, In contrast, the
Carnarven male analysis suggested a different
pattern of variation in harvest rates related to
rainfail within a shorter period of time.

Results for the corresponding female harvest rate
analyses tended to differ slightly, but to still be
generally similar to those described for the males

above, while those for the combined male +
female harvests tended to be closer to the results
for the males, no doubt because of the general

predominance of males in the harvests taken (see
Appendix 1),

Following the first general run of analyses
examining the possible effects of past rainfall
patterns on harvest rates (above), the Gascoyne

Catchment data were selected for more detailed
examination. Two Ifurther factors were considered
in conjunction with the separate rainfalt variables
at this point.

Thus, the observed changes in harvest patterns
(Figs. 13 - 36) suggested that short term changes
in selectivity exercised by shooters could influence
the male harvest rate, e.g. if 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
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the harvest could also reflect both changes in
abundance of the preferred target sex (males), and
probably some interactive component reflecting
possible changes in shooter behaviour as well,

The selection difference variable added and tested
here (SELWT) was defined 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.g. Frith
and Calaby 1969, p. 145) while at the same time
correcting for the anticipated effects of seasonal

changes in nutrition and the expected impact of
interrupted recruitment, both of which could be
expected to similarly affect males and females,

Both the SELWT and MPCT variables were
'significantly' associated with variations in the
male and female harvest rates (LMRATE and
LFRATE) reported for the Gascoyne Catchment,
with the partial correlation for SELWT being
negative in each case, and MPCT positive in

respect to the males and negative for the females.
Together, these two variables accounted for nearly
half the variation in male harvest rates {RZ® =
G.46) and one quarter of the variation in female
harvest rates (R2 = 0.24). Further variation at
this point was also accounted for by a combination
of the above two variables and mid-year rainfall in
the harvest year (RAINL7; - ve coefficient) plus
rainfall in five of the 12 months within the fourth
year prior to the harvest month (all coefficients +

vel,  Total variation accounted for at this point
was approximately 65% for males and 350% for
females.

The latter result above also suggested that total

rainfall received within the fourth year prior to
the harvest record in question {i.e. RAINLYY4)
could provide a good approximation to the
component accounted for by the separate monthly
rainfall variables within this particular vyear.
RAINLY# was accordingly substituted in the
regression  variable lists for the 12 separate
monthly rainfall records, RAINL37 to RAINL48,

and the equations recalculated. The new equaticns
derived accounted for a similar proportion of the
total variation in harvest rates as before
(LMRATE, R® = 0.66; LFRATE, R2 = 0.53).
Residual variation unaccounted for by the latter
equations was then examined. Attention was
concentrated on the male data. The new results
suggested that rainfall in two or three of the last
six months of the third year prior to the record,
i.e. within the set RAINL3l to RAINL36, could
be individuaily important in influencing harvest
rates, and that total rainfall in this third year
{RAINLY3) might also provide a good approximation.

RAINLY3 was chosen for inclusion as an
independent variable at this point. The relevant
equations were recalculated, and further analysis
pursued by utilizing the =zero (0) inclusion level
facility provided by the SPSS multiple regression
procedures (Nie et al, 1975, p. 347).

Inclusion of RAINLY3 in the new regression
equation showed that this variable replaced SELWT
(partial correlation now reduced to NS; P = 0.15).
The related zero inclusion level analysis also
suggested that total rainfall in the 12 months



Table A 1. 2.

Equations Describing Patterns of Variation in Observed Red Kangaroo Harvest Rates
in Three of the Western Australian State Management Areas : 1972 -1979.

A. GASCOYNE CATCHMENT MANAGEMENT AREA

LMRATE = - (G.27386993 + 2.1257757*MPCT - 0.561830854*RAINLY1 - 1.3972971*RAINL7 +
0.92101761*RAINL12 + 0.45200766%RAINLY3 + 0.77190694*RAINLY S + [0.5*0.10622**2]

LFRATE = 1.7430621 - 1,908833*MPCT - 0.559893838*RAINLY1 - 1,3955602*RAINL7 +
0.91591402*RAINL12Z + 0.45039957*RAINLY3 + 0.77292417*RAINLYY + [0.5*0.10621**2]
LHRATE = 1.4837161 - 0.55312037*RAINLY1 - L.403C265%RAINL7 + 0.90365767*RAINL12 +

0.44793262*RAINLY3 + 0.77082476¥RAINLY#4 + [0.5%0.10613%*2 ]

B. MURCHISON MANAGEMENT AREA

LMRATE = -1.4049754 + 3.380834*MPCT - 0,99061851*RL1T3 + 0.74349578*RAINLY2
+ 0.75908057*RAINLY4 + 0.29108765%RAINLYS + 0.54519955%RAINLY6 + [0.5%0.13655%%7]

LFRATE = 0.62131638 - 0.67411978*MPCT - 0.098931713*RL1IT3 + 0.74637199*RAINLYZ +
0.76342133*RAINLY 4 + 0.2879804*RAINLYS5 + 0.54706559%RAINLY6 + [0.5*0.13662**2]

0.25491924 + 1.4438513*MPCT = 0,94938205*RLIT3 + 0.73881911*RAINLY? +
0,75909542*RAINLY 4 + 0.28320566*RAINLYS + 0.5740379I*RAINLYS - [0.5*0.13570**2]

LARATE

]

C. CARNARVON MANAGEMENT AREA

LMRATE = ~ 0.23660948 + 1.8137187*MPCT - 1.9612883*RLIT3 + 1.1860095*RAINLY?2
+ [0.5%0.19230%+7]

LFRATE = 1.8094772 - 2.2782406*MPCT - [.9647047*RLIT3 + 1.200869*RAINLY2 + [0.5*0.19230**2]

LHRATE = 1.4070038 - 2.0061261*RL1T3 + 1.0652096*RAINLYZ + [0.5*0.19402**2:]

Key to Variables and Equations

LMRATE = Monthly Male Harvest Rate : Ln (MNQ/EFFORT)

LFRATE = Monthly Female Harvest Rate : Ln (FNO/EFFOQORT)

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

Ln = Logarithm to Base e

MNO = Monthly Male Harvest : Total Number of 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 Effort : Total Hours Expended Within the Harvest Month
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Note I: The Value + [O.5*O.XXXX**2] added to the end of each harvest equation is a
correction factor equivalent 1o 0.3%$**2  where S is the standard deviation of the {Log)
regression equation. Calculation of the approximate arithmetic value of the predicted
annua! harvest is made by adding this correction to the value of the equation, Refer
Baskerville, G.L. (1972). Use of Logarithmic Regression in the estimation of plant
biomass. Can. J. For., 2 : 49-33,

RAINL7 = Monthly Rainfall Received 7 Months Prior to the Harvest Month

RAINLIL2 = Monthly Rainfall Received 12 Months Prier to the Harvest Month

RL1IT3 = Total Rainfall Received Within the Peried 1 to 3 Months Prior to the Harvest

Month

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

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

RAINLY3 = Annual Rainfali Received Between 25 and 36 Months Prior to the Harvest Month

RAINLYY = Annual Rainfall Received Between 37 and 48 Months Prior to the Harvest Month

RAINLYS = Annual Rainfall Received Between 49 and 60 Months Prior to the Harvest Month

RAINLY® = Annual Rainfall Received Between 61 and 72 Months Prior to the Harvest Month

MPCT = Observed Percentage of Males Within the Total Monthly Harvests

Note 2: The Value of All Rainfall Variables Above is Mm*lO'3

Note 3: The Value of MPCT Used in the Above Equations is = (MNO/HNO)

immediately preceding the month of record combination with total rainfall received within
(RAINLY1) should be added to the remaining years 2, 4, 3, and 6 prior to the harvest month in
independent regression  variables, Changes question (RAINLYZ2, RAINLY%4, RAINLY5, RAINLY6)
suggested by the series of results above were made finally accounted for nearly three-quarters of the
and the final eguation was calculated, This total variability (R2 = 0.74).

equation accounted for just over 70% of the s gmijar combination of variables also accounted

total variability (R2 = 0.72) in male harvest rates
recorded in the Gascoyne Catchment and was of
the form:

LMRATE = bO + I:)1 MPCT + b2 RAINLYIL +
b3 RAINL 7 + bq RAINLIZ + b5 RAINLY3 +
b6 RAINLY#

An equation of similar form accounted for  60%
of the total variability in the female harvest rates.
An equation including all the above variables, with
the exception of MPCT, aiso accounted for a
slightly lower proportion of the total variability in
the combined male + female harvest rates (RZ =
0.56). The three equations calculated are listed in
Table A L. 2.

The preliminary solution describing the pattern of
variation in the Gascoyne Catchment harvest rate
data was next used as a guide to possible variable
combinations to test in further exploring the
patterns of wvariation in harvest rates in the
Murchison and Carnarvon Management Areas. The
Murchison data were considered first.

The two variables MPCT and RLIT3 (the total
rainfall received within months |, 2, and 3 prior to
the harvest month) accounted for just over 60% of
the total variability (R2 - 0.62) in the Murchison

male harvest rates, and these two variables, in
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for just under half {(RZ = 0.47) the variability in
the female harvest rates in the Murchisen, and just
over half (R? = 0.56) the variability in the
combined male + female harvest rates. The
inclusion of MPCT as a 'significant' variable in
respect to the combined male + female harvest
rate equation in this instance contrasts with its
omission from the same equation for the Gascoyne
data.

The initial examination of the pattern of
variability in harvest rates relative to rainfall in
the Carnarvon Management Area data had already
suggested that relatively short-term rainfall only,
i.e. within two years of the harvest record, was
associated with the observed variability in harvest
rates. This was confirmed on further examination
of these data. The combination of MPCT, RLIT3,
and RAINLY2 accounted for 60% (R? = 0.60) of
the total variability in male harvest rates and just
over halfi (RZ2 = 0.351) of the total variability in
female harvest rates. As in the case for the
Gascoyne Catchment data, MPCT was not
significantly related to the pattern of variability in
the combined male + female harvest rates in
these Carnarvon data. The combination of RLLT3
and RAINLYZ alone accounted for just 39% (R =
0.39) of the variability in this latter case.

The equations fitted to the Murchison and
Carnarvon harvest rate data are included in Table
A L 2,



Table A 1. 3.

Summary of Contributions Made by Different Combinations of Independent Variables in
Explaining Observed Variability in Harvest Rates in the Gascoyne Catchment,
Murchison and Carnarvon Management Areas - Western Australia.

GASCOYNE CATCHMENT

A.
Independent Variable52

RAINLY! + RAINLY3 -+
RAINLY4 + RAINL?7 only

Above vars. + RAINLIZ2

Above vars. + MPCT

Independent variables2

RAINLY! + RAINLY#
Above vars, + MPCT

Above vars. + RAINLY3 +
RAINL7 + RAINLI2

C.

Independent variable52

RAINLY1 + RAINLY3 +
RAINLY & + RAINL7 +
RAINL1Z

Management Area
MURCHISON CARNARVON

Male Harvest Rate (LMRATEI) Equations

RZ Independent Variabie52 Rz Independent Variable52 R2
RLIT3 + RAINLYZ + RLIT3 + RAINLY2
0.53 RAINLY# only 0.46 only G.46
0.55 Above vars. MPCT 0.70
Above vars. RAINLYS +
0.72 RAINLY6 0.74 Above + MPCT 0.60
Female Harvest Rate (LFRATE Equations
R2 Independent variab!e52 R2 Independent variable52 Rz
RLIT3 + RAINLYZ2 +
0.33 RAINLY 4 + RAINLYS + 0.44 RLIT3 0.23
RAINLY6
0.50 Above var. + MPCT 0.39
. {or RAINLYZ + MPCT = 0.36)
0.60 Above vars. + MPCT 0.47 Above vars. + RAINLYZ 0.5]
Male + Female Harvest Rate (LHR/—\TEI) Equations
2 . 2 2 ; 2z 2
R Independent variables R Independent variables R
RLIT3 + RAINLY2 + 0.45
RAINLYY4 only .
Above vars. + MPCT 0.48
Above vars. + RAINLYS
0.56 + RAINLY 6 0.36 RLIT3 + RAINLY2 0.39
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! These dependent Variable Names refer to the Ln (Observed Monthly C/f) values as specified :

Ln =

Logarithm to base e

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

RAINL7 = monthly rainfall received 7 months pricr to the harvest month

RAINLi2 = monthly rainfall received 12 months prior to the harvest month

RLIT3 = total rainfall received within the period | to 3 months prior to the harvest month

RAINLY! = annual rainfall received between | and 12 months prior to the harvest month

RAINLY2 = annual rainfall received between 13 and 24 months prior to the harvest month

RAINLY3 = annual rainfall received between 25 and 36 months prior to the harvest month

RAINLY#4 = annual rainfali received between 37 and 48 months prior to the harvest month

RAINLYS = annual rainfall received between 49 and 60 months prior to the harvest month

RAINLYS6 = annual rainfall received between 61 and 72 months prior to the harvest month

MPCT - observed percentage males within the total monthly harvests
The consistent inclusion of the variable MPCT in remained ‘'significant', These three variables
the majority of the equations discussed above and together accounted for 45% of the total
the apparently major contributery role of MPCT in variability in the harvest rate and 380% of the
regard to the proportion of the total variability in total variability actvuaily accounted for by the

the observed harvest rates actually accounted for
by the appropriate equations posed the question as
to whether MPCT, a harvest numbers related
variable, «c¢ould wvalidly be included as an
independent variable in the fitted equations. The
problem did not of course arise in the case of the

predictive 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 possibility that misleading

results could have been obtained in the other cases
considered was investigated by excluding MPCT
from the list of independent variables included in

the separate predictive  equations  previously
derived. The results of these tests are summarized
in Table A 1. 3.

Exclusion of MPCT from the respective equations
describing variation in the monthly male and
female harvest rates within the Carnarvon and
Gascoyne Catchment Management Areas showed in
the case of the male harvest rate data that the

rainfall variables now considered alone generally
remained 'significant’ and accounted for
approximately 7 3% of the total variability

previously accounted for by the final equation with
MPCT included (cf. Table A 1. 2), In contrast,
exclusion of MPCT from the fitted female harvest
rate equations tended to reduce the list of
‘significant' rainfall related variables. Alone, oniy
RLIT3 was ‘'significant' in respect to the
Carnarvon  female harvest rate, while only
RAINLY! and RAINLY#4 remained 'significant’ in
the case of the Gascoyne female data, In each
instance, MPCT was the next 'significant' variable
to be included, and the additional Rainfall
variables previously included in the full equations
only then became 'significant'.

Omission of MPCT from the list of variables
included in the combined male + female harvest
rate equation calculated for the Murchison data
showed that only RL1T3, RAINLY2 and RAINLY#%
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previously derived final equation (e.g. partial R? =
0.45 «cf. total R? = 0.36). RAINLY6 was 'not
significant' (P = 0.08) when entered as the fourth
variable in the equation, but zero inclusion level
analysis at this point suggested that rainfall
received both early within the first year from the
month of record and in the second half of the
second year would still be 'significant' without the
inclusion of MPCT, even though similar variables
were already included in the egquation, This result,
and the fact that both RAINLY5 and RAINLY®
only picked up residual variability after inclusion
of MPCT suggests that the contribution of these
two variables, particularly in respect to the
greater relative importance of RAINLYé, could
reflect a reinforcement of a predominant shorter
term c¢ycle that could possibly be defined more
precisely using more suitable subdivisions within
the prior rainfall record than have been tested sc
far. The partial correlation coefficient for total
rainfall in months 20 to 23 prior to the record
(RL20T23) also remained close to significance (P =
0.06) at this point.

The further examination of the separated rainfall
contributions in respect to the Murchison male
harvest rate equation presented a similar picture
to that described above. RLIT3, RAINLY2Z and
RAINLY4 together accounted for  46% of the
total wvariability and 62% of the wvariability
actually described by the full list of independent

variables included in the original equation ({e.g.
partial R? = 0.46 cf. total R? = 0.74). The
combination of MPCT with the former three

variables accounted for 70% of the total variability
in harvest rates.

In contrast with the above two cases, all rainfall
variables previously included in the predictive
equation for the Murchison female harvest rate
were individually ‘'significant' without the inclusion
of MPCT, and accounted for the major portion of
the +total variability previously described (R? =
0.44, cf. 0,47 for the full equation). Apart



from the relatively low proportion of the total
variability accounted for in this instance, the
minor contribution attributable to MPCT and the
apparently weaker influence of RAINLY2 and

RAINLY#%4 on the pattern of variation in the female
harvest rates are both suggestive of a proportionately

lesser impact of commercial harvesting on the
female sector of the kangaroo stocks in the
Murchison Area. This result is consistent with the
observations mentioned previously, i.e. that

harvest impact usually falls more heavily on the
male sector of the stock.

In summary, it suffices to say at this point that
the generally high proportion of the total harvest
rate variability that was still accounted for by the
'significant' Rainfall wvariables when MPCT was
omitted from those equations in which MPCT was
initially included is supportive of the view that
variation in MPCT is largely reflective of changing
abundance of kangaroos relative to the shooters'
desired harvesting performance criteria. MPCT
may, therefore, be validly included among the
independent variables in deriving the predictive
equations discussed above,

DISCUSSICN

The common feature of the resuits discussed above
is the incorporation in the fitted harvest rate
equations of short-term rainfall variables (i.e.
those relating to rainfall received within 12 months
or less prior to the month of record) having a
predominantly negative impact on harvest rates,
and the consistent inclusion of MPCT in all the
male and female harvest rate equations.

The inclusion of short-term rainfall as a negative
factor influencing the recorded harvest rates is
consistent with the common belief that hunting of
Red Kangaroos is less successful following rain.
The initial correlation analyses (Table A L 1)
showed however that rainfall could be expected to
influence the behaviour of shooters just as easily

as it could affect the behaviour of kangaroos.
Thus, reductions in harvest offtake immediately
following rain can firstly be attributed 1o shooters
reducing  effort simply because of physical
difficulties, e.g, reduced mobility and a greater
risk of bogging their vehicles, and secondly,

because of expected reductions in the availability

of animals to shoot, which further reduces the
expected profitability of hunting on  these
occasions.

[n contrast with the above responses of shooters,
the observed changes in total harvests and the
total harvest effort relative to the average harvest
rates attainable through the 1972-1979  period
within the Murchison and Gascoyne Catchment
Management Areas appear paradoxical at first
sight. Incidentally, resuits of this sort highlight
the type of bias to be expected in the harvest
monitoring statistics being collected from shooters.
Even so, the response observed can still be readily
explained in terms of the effects of changing
expectations of profitability on the operations of
the professional kangaroo shooters. The key
factors contributing to the response in this
instance are:

1) the effects of the declining exploited stocks
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of kangaroos on the composition of the
harvests potentiaily available to the shooters

to the end of 1979 and,
i) the attendant relative changes in distribution
of the residual stocks of kangarcos then

being hunted.

Thus, the harvest data (Appendix 1I, Tables A I[. 2
& 3) show that the average carcase weights of the
male kangarcos being taken declined to the end of

1979 and that the harvest composition also
changed 10 a predominance of females. BRoth these
factors  would have increased the relative
harvesting costs/carcase taken. In addition to

these direct changes affecting the harvesting of
kangaroos, the reduction in numbers would also
have confrented shooters with a much more patchy
distribution of relative abundance (e.g. Frith and
Calaby 1969, p. 90), although the local centres of

greatest abundance would not generally have
shifted and high harvest rates could stil] be
maintained while hunting in these locations.
Hunting in these circumstances is increasingly

focussed on the limited centres of abundance and
effort is not expended in looking elsewhere for
kangaroos during hunting trips because the shooters
know from experience that they will be unlikely to
find many animals. The harvest rates (C/f indices)
reported at this point are therefore less likely to

be representative of the average abundance of the
kangaroo stocks than at other times. The
associated changes in the distribution of the
harvests taken as shown in Figs. 5 - 12  and
detailed in Tables A II. 1 - A II.12 support this
view.

Apart from the general observation that the

inclusion of MPCT in the separate male and female
harvest rate equations most probably reflects the
changing abundance of kangaroos relative to the
professional shooters' desired harvesting
performance criteria, the particular resuits
obtained may also be affected by the fact that the
total harvest effort recorded has not been
apporticned by sex in calculating the separate C/f

indices for the male and female sectors of the
harvests,
The inclusion of MPCT in the male + female

harvest rate equation calculated for the Murchison
Management Area and the relatively low proportion
of the total wariability also accounted for by
MPCT in the equation fitted to the Murchison
female harvest rate data when compared with the
results for the Gascoyne Catchment (Table A I 2)
appears to be attributable to the fact that
shooters  were able to maintain a marked
predominance of males in the Murchison harvests
through most of the record (cf. Figs. 15 and i7).
I have no data which would assist in deciding
whether this difference between Management Areas
ls due either to differences in the selection
differentials that shcoters in each area have been
able to apply, or to differences in the composition
of the respective kangaroo stocks.

The apparently different pattern of influence of

short-term rainfall on the harvest rates recorded
within  the Gascoyne Catchment also deserves
further comment at this peint. The inclusion of



both the monthly rainfall received seven months
prior to the harvest month in guestion and the
monthly rainfall 12 months prior to the harvest

month (RAINL 7 and RAINL!2) along with the
total rainfall received within the first 12 months
preceding the harvest month (RAINLY1) as
significant variables in the full eqguations fitted to
the Gascoyne Catchment harvest rate data
suggested that the influence on harvest rates
apparently being described by these three variables
could possibly be defined more simply by some
other rainfall variable(s) not previously considered

in  the analyses attempted. Division of the
expected monthly rainfall pattern within this
Management Area into an expected 'rainy' and a

slightly shorter 'non-rainy' period within the year
suggested a possible starting point for further
investigation.  This line was pursued further, but
the question raised was not resolved.

It is of course possible that an artifact could have

been responsible for the apparent difference
referred to above, due to the primary rainfall
input data used in the analyses being averaged

over a much wider area than that included within
the Gascoyne Catchment Management Area itself

(ci. Fig. A 1. 1 and Fig. #). However, two
other possibilities are suggested. Firstly, it is
possible that the within year pattern suggested

could reflect some underlying variation in pasture
growth patterns in response to rainfall in this area
and its resultant effects on dispersal of the
kangaroo  stocks relative to the  shooters.
Secondly, this pattern could also reflect some
other  difference peculiar to the  Gascoyne
Catchment  Management  Area. This  latter
possibility further considered In the following
discussion.

The
events

is

rainfall variables related to prior rainfall
further removed from the harvest month
than the end of the first [2 month period that
were included in the full equations fitted to the
various sets of harvest data all had positive partiai
correlation coefficients, The real factors relating
to the association of these rainfall variables with

harvest rates are therefore likely to be those
describing changes in recruitment and total stock
abundance.

Rainfall between 13 and 24 months prior to the
harvest month (RAINLY2) is Included in all the
equations  calculated for the Murchison and
Carnarvon Management Areas (Tables A 1. 2 and

3), and although this specific variable is excluded
from the Gascoyne Catchment equations, the
apparently more complex relationship between the
harvest rates and rainfall within the first 12
menths prior to the harvest month discussed above
in relation to the Gascoyne 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 Australia
(Prince, unpublished data). Rainfall patterns which
would influence recruitment to stocks therefore
appear to be important in all three Management
Areas considered.

The within year rainfali events contributing to this
presumed stock recruitment effect in each instance
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have not been further separated, but three possible
changes could be involved, e.g. :

i} improved rainfall very late in the period
could have improved reproductive success;
generally good rainfall could be expected to
have enhanced the survival of mature and
newly independent joeys and so boosted stock
recruitment; and,

i)

the availability of kangaroos to shooters
could be improved by the accumulation of
kangarcos in more accessible places as a
consequence of redistribution of stocks within
the particular Management Area following

changes in the pastures.

1)

The latter to be the most

because shooter

two changes
probable  direct contributors
behaviour rules  out any immediate impact
attributable to the first suggestion. [f the correct
explanation is provided here, it follows that the
relative contributions of the two main recruitment
factors suggested have differed with respect to the
different Management Areas considered. Direct
recruitment seems likely to be the more important
factor in the Carnarvon and Murchison Management
Areas, whereas redistribution of stocks following
increased breeding success appears most likely to
be the major contributor within the Gascoyne
Catchment Management Area.

appear

The apparent qualitative differences between the
Murchison and Gascoyne Catchment Management
Areas discussed above may thus be responsible alsc
for the differences between these two Management
Areas with respect to the apparent associations
between harvest rates and rainfall earlier in the
record than 24 months prior to the harvest month,
e.g. the apparent associations between harvest
rates and and the rainfall variables RAINLY 3
through RAINLYé (Table A [ 3).

The data considered in the analyses presented here

were insufficient to more adequately explore the
possible  questions raised within the above
discussion, but it is clear that the sustained

pattern of exploitation observed is based on both
recruitment to stocks in the shorter term and also
on the size of the residual stocks remaining after
prolonged droughts. The present pattern of
interaction between rainfall and harvests therefore
appears consistent with the general pattern of
interaction between rainfall and harvest previously
deduced in regard to the historic harvest data
(Prince 1984, Appendix I).

One further feature of the results discussed that is
worthy of final comment is the omission of specific
body-weight related variables from the lists of
'significant’ independent variables included in the
full harvest rate equations derived in each case.
The variable SELWT was initially included in the
Gascoyne  harvest rate  equations, but  was
apparently replaced by RAINLY3 in the final
equations. This result, and the fact that average
male carcase weights have been observed to
increase approximately two years after the onset
of sustained drought (see Figs. 13 - 36) suggests
that the average male carcase weight parameter is
generally indicative of changes in the rate of



recruitment to Red Kangaroo stocks in Western
Australia rather than the intensity of harvest,
The observed pattern of change in average male
carcase weight has not been fully investigated as
vet, but the usually anticipated long-term changes
might still 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 relatively high proportion of the total variability
in monthly C/f indices in terms of variables
which can be related to both short-term changes in
relative abundance and presumed real changes in

abundance related to patterns of recruitment and
prior exploitation, The harvest menitoring data
collected in Western Australia to 1979 can

therefore be regarded as providing useful insights
into the status of the exploited Red Kangaroo
populations. The equations derived here should not
be considered definitive however, although they are
suitable for the primary purpose of the analyses
attempted.
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APPENDIX I

SUMMARY OF THE RED KANGAROO HARVEST DATA FOR
HARVESTS TAKEN WITHIN NOMINATED STATE
MANAGEMENT AREAS - WESTERN AUSTRALIA :

1971 - 1979
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APPENDIX III
LISTING OF DISTRICT RAINFALL DATA USED IN DERIVING

CORRELATIONS GIVEN IN TABLE A 1. I. AND
EQUATIONS GIVEN IN TABLE A 1. 2., APPENDIX I
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APPENDIX III

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

{Data Source and Data as Described in Appendix D)

Month District 7 District 7A District 6
& Year = GC = MU = CN
0166 34 2 0
0266 18 15 I
0366 10 4 4]
0466 87 81 64
0566 0 0 16
0666 L4 22 27
0766 0 14 22
0866 11 12 17
0966 0 5 5
1066 28 27 2
1166 3 5 i
1266 1 0 0
0167 51 39 111
0267 21 3 36
0367 1 0 5
0467 0 3 3
0567 15 37 37
0667 0 20 44
0767 0 19 12
0867 3 20 33
G967 0 3 0
1067 2 7 l
1167 3 3 L
1267 43 L5 0
0168 20 24 20
0263 49 i8 20
0368 65 52 138
0468 21 34 49
0568 14 20 3
0668 63 99 92
0768 27 g 13
0868 3 8 3
0963 6 12 5
1068 4 1 2
1168 0 3 ]
1268 2 0 0
0169 15 0] 0
0269 26 19 3
0369 4] 0 0
0469 4] 2 3
0569 43 54 55
0669 6 19 36
0769 0 7 4
0869 0 1 1
0969 0 6 5
1069 L 3 2
1169 0 4 2
1269 3 1 1
0170 7 2 0
0270 2 56 114
0370 11 4 0
0470 15 29 37
0570 71 31 50
0670 3 29 29
0770 2 .} 3
0870 0 6 6
0970 22 11 13
1070 0 3 2
1179 0 1 1
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Month District 7 District 7A District 6

& Year = GC = MU = CN
1270 3 17 2
0171 21 19 52
0271 56 37 4
0371 21 35 28
0471 ] 3 i
0571 2 14 15
0671 132 29 20
0771 14 54 133
0871 4 16 34
0971 4] 2 0
1071 4] 7 9
1171 5 2 0
1271 0 0 2
0172 0 4 4
0272 6 4 0
0372 9 5 4
Q472 0 0 0
0572 2 L4 47
0672 3 &0 57
0772 52 55 9y
0872 3 13 L2
0972 0 10 6
1072 L 0 &
1172 & 8 0
1272 20 2 0
0173 110 6 11
0273 2 5 4]
0373 47 4] 32
0473 36 26 14
0573 37 27 28
0673 &] 35 56
0773 42 62 41
0873 27 22 21
0973 1 10 4
1073 3 7 6
1173 10 18 5
1273 51 13 52
0174 26 i7 19
0274 25 14 5
0374 54 34 21
Q474 22 34 4
0574 9 49 61
0674 7 15 23
0774 74 101 128
0874 22 32 36
0974 5 23 2
{074 4 11 31
1174 3 7 1
1274 6 LG 2
0175 2 0 4]
0275 i 94 157 163
0375 90 43 27
0475 22 79 44
0575 4 30 23
0675 6 29 40
0775 23 3l 41
0875 i 17 3
0975 i 4 4
1075 42 57 39
1175 41 38 54
1275 83 18 1
0176 3z 6 9
0276 20 28 15
0376 37 4 5
0476 3 17 1
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Month District 7 District 7A District 6

& Year = GC = MU = CN
0576 4 14 21
0676 0 5 5
0776 1 5 28
0276 12 9 25
0976 4 11 7
1076 9 19 5
1i76 4] 2 1
1276 16 0 )
0177 12 2 3
0277 3 2 4
0377 27 10 18
0477 1 10 13
0577 15 15 48
0677 11 16 41
0777 2 & 0
0877 7 12 3
0977 1 1 8
1077 1 & 2
1177 9 8 3
1277 13 30 1
0178 20 51 6
0273 72 63 26
0378 44 2 21
0478 6 il 43
0578 0] 1 i
0673 [ 10 13
0778 21 43 32
0873 60 3] 16
06978 1 2l 4
1078 5 3 0
1178 9 3 0
1278 3 9 0
0179 5 0 0
0279 54 13 21
(379 27 5 26
0479 19 16 3
0579 19 7 6
0679 I 14 7
0779 G 3 0
0879 26 ia 12
0979 4 I 0
1079 0 0 0
1179 1 7 0
1279 23 14 5

WILLIAM BENBOW. Aching Government Ponter, Western Ausiraha





