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Abstract

The management of wildlife resources, such as populations of the Red
Kangaroo, is complicated by the lack of local population data, and the
differing value judgements of interest groups, The use of a simple
bioeconomic framework was investigated as a basis for determining a
socially optimal level of exploitation which accounted for economic retutns
to shooters, damage costs to Fnstomlists and preservation benefits to
conservationists, An application is presented using data from the Gascoyne
management zone, Western Australia, and discussed in terms of the.
applicability of simple biceconomic models, the observed harvest effort
and management implications,
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fmther by Clark (1976) and Waugh (1984),

The objective of this study was firstly to npply & aim{sh, bloeconomic model to hurvest and
?rmmhclam clau?cu,d for Red Kangaroos, and secondly to incorparate wider social values
nto-the analysis,

2, Traditional blocconomic model

”gl;? traditional bioeconomic model, as proposed by Schaefer (1957), cun be developed ns
OHOWS '

Eeonomic rent, 7, is defined by

n =TR-TC |
e PH - CE ()
where TR = total revenue from harvesting kangaroos
TG =totol harvesting cost
= price per unit harvested
= COSt por unit effort
H = hatvest

B = hurvest effort

Irnl?ny given year, harvest is determined by shooting effort and population levels as
ollows:

Ho =QX.B=ABX @

where X = papulmim
A = catchubility coefficlent



Tl m ynamios for kangatoos are represented by the first derlvative of the logistic
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Lxpression (4) specifies the conditions for n steady-state which provides n basis for n
expresslon of sustwinble papulation, "This Is a-useful abstraction for policy purposes.
dX/t =H | )

'The teaditional bioecoriomic model can then be expressed as the maximisation of economic

rent subject to this steady-state asspmption, This assumies: no external values, and o socinl
discount rate of zero,

fition size

Bearranging 1o deseribe sustninuble population in terms of harvest effort (5), expressions
for the sustainable harvest (6), and sustainable rent (7) can then be derived, From this point
all expressions of economic rent, harvest effort, harvest and population will refer o these
sustainable parmerers,

X = ABK/r (5)

where X = sustainable population
B e sustainabla effort

H o =ARE- (A2R/nE2 (6)
where H = sustainable harvest

% = (PAK Q)R- (PA2KMER M
where 1t = sustninable economie rent

In pringiple, the bioeconomie maodel cun be used for two purpases:
+ o estimute the level of harvest in o totlly deropntted situntion,
+ 1o estimate the optimal level of harvest, ind the associnted kangaroo population,

| wly deregulnted situntion then only the economic or
resouree rent consisting of returns to shooters 15 considered, If there sie open neeess
conditions, then rent will be tosally dissiputed, The open aceess level of effort (8), harvest
(9), and population (10) are ns follows,

To estimate the level of hnrvest i i t




Com =0 . (R=TO)

whete w0 =toulydissipuied economiprent

BooeCAK-ORAREH  ®

where By =opentccess level of sustuinobloeffort

Ho  =@OKE-GROEE O
where Hy  =openagcesslevel of sostinible barvest
Xo  mGeABQKE (0
where Xo = open aecess leel nt*sus‘m!’x‘mbli{;},pdxjiulimmi; .
1 the socil objective is U naximisation of economic rent
MR = MG, L, dn/di = 0, The v
(13), and the subsequent population (14) can be
fr = (PAK « Qi » (PAYK/ B2 (n
where ©tx = optimallevel of sustainable economie rent

B = (/2A) - (Cr/2PAZK) (12)
where Bg = optimal level of sustainable effort

Hy = (AR « (ARK/)ER? (13
where My = optimal Jevel of sustainable harvest

X =« ABKS (14)
where Xp = optimal level of sustainable population

hon this wit osour when
LD '¢12), harvest
ollows,

)&Q
derived 1§

3, The inclusion of external benefits and costs

As well us the private revenue and costs which neerue to the kangaron shooter, the valie of
the g,izm‘m;és:: by kangaroos o grazing enterprises, and the preservation value to ,
onist need to be considered, ifficulty in valuing these aspects has not been

o

vonservat ,, ered, The diff : his
resolved i this study, Instead simplified functional forms have been assumed and
questimates of parameter values used to obtaln fHustrative results,

It was tssumed that both the damage and preservation values are constants foreach
individunl knngaroo, so totnl damage and preservation values are o function of value per
individupl ¢ population level, The net socinl value from hurvesting can then be

i )
deseribed s 4 ,cmx%l,zi‘m;nicmz of these two values (15),
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‘Thig sustainable social rent, [T, cun then be described as ths sum of the economie rent and
the net sociul value, expressed in terms of effort (16). R ,

& =(AK-OR-(PA%WE

n ”?f‘*‘NSV s ’ L T o

= [PAK-C+ (D> QUARMIE-2PAZKWEE (1§

Cwhere TT = susiwinable social rent | SR
‘This expression ean then be solved for o level of effort which ‘nmximfs.as social tent (17),
By =[PAR-C+ (D - QUAK/)I2PA2K /) an
where By = socinlly optimal level of sustainnble effort
"The corresponding harvest and population levels can be derived by substituting this level of
%m tg)mmﬁ t‘?fﬁ??fé??@%g% 65(}1 g:;;;;mvid& expressions for the socially oprinat
Hp o = AKEq - (AR (18)
where Hy = socially optimal level of sustainable harvest
Xy = (r< AEp/KR (19
where Xyp = socinlly optimal Jevel of sustinable population

4. Estimating these parameters

Though the steaciy-state assumption (4) can facilitate manipulation, ind may be valid for
longsrun policy analysis, the assumption s less valid when applied to the distribution of
duty used for parameter estimation. Actual kinga ulations are subject to stochastic

environmental conditions, und the system is not normally in long-run equilibrium,

A miethod of estimution has been presented by Uhler (1980) for 1 diserete formulution of
ﬂ;&a&g{nﬂxggg)ga Schnefer model as follows, This reluxes the steady-state assumption in
expression (20), ‘
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7. Discussion

This paper shows how bioesonomie ;zhmgge can be applied to the xx;:tg;u;&rzmss&&@!»’wil‘cllim
resources such as knngaroo populations, The following diseussion will cover the .
applicability nsd extension of this type of model, n contparison with observed data, and the
management implications,

Binecanamic models

This applieation s an exanple of w stmple model whieh ean be upplied 1o avollable data,
Man;; more sophisticated appronches eould be devised, including: Clark thd Munro's
(J975) eapital theory model; the replacerment of the logistie finetion witl it Interaetive
series of rainfall, vegetation biomass and populntion rate of inerense (May et al 1976;
Caughley 1987); non-linear functions and thresholds (Tisdell 1984); or cohort analysis and
dynamic paol madels (Gulland 1977), Throughaut the development of this varlety of
appronches, the need for robust applications which operate with small amountsof
intormation his been noted by Beverton and Holt (1957) and May et al (1978), Though
Cughley (1977) considered the analysis of harvest and effort dati unsuitable for the ~
analysis of populations of mammals, due to the buffering ability within nge classes, the
Information needs of dynnmie pool models, which take nccount of nge streture, hns
precluded thelr widespread appliention (CGulland 1977),

Harvest effort and economic mcentives

The observed level of effort from 19721987 are much lower than the lovels of effort which
would maximise private rent, or the miximum private effort which would dissipate private
rent (Yable 3), This sugaests thut either the economic incentive is low comparedto =
x;%mgmiv& activities, e, w high opportunity cost, or that the current regulntory §s restricting
effort,

¥
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1 dncrease In market price may reduce the soelally optiml lovel of effort, as the mam ,
" private refurng to shooters Increnses compared 10 the value of damage mitigations This
privite and socinl optima miny conve Ili , w‘ iiso oceur | vt_h&pgmfgvm
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menns that the: el soelnl optlma may ¢
damage valug  cleersnse, This ehnnge in per orilists could oceur |
> ible to look to harvesting

conjunction with an inereuss In mincket value I pastoralists
Kuuguraos as o realistic ahermtive enterprise,

Management Implications

The tradeof(s between Interest groups hus been diseussed by Tisdell (:1979% in terms of
'Kaldor=Fieks' tradeoff hetween conservationists and farmers, s nx/subsidy ~razt1:)roxmlx to
the traceoffs between Interest groups has been made by Colling wnd Menz (1986), and an
exerelse In terms of pest control by Young (1984). Bounties have been disoussed by
Fisdell (1979), There is the question of who pays, and little evidence of the operation of
any suceessiul bounty systems (Whitehouse 1986), Solutions bused on fux systems dre
geoerally inflexible, and politically sensitive (Waugh 1984),

‘The other mutn option to u government mandated finaneinl incentive 1 that of vesting
Woperty rifxlm; in o sole owner, "The basie mtionale for atempting o interanlise soctil ¢osts
§ 50 there Is nn incentive for manngement in the Interests of society (Gordon 1954, Tisdell
1972), Purthermore, privatisation does not ensire conservation, as this W!lljd&‘ﬁ{?%@ upon
the price recelved per kunirao relitive to the value of the foregone stack (Tisdell 1972),
Qne major problen for moblle wildlite is the question of seafe, 'The upproprinte seale for
sole owners may be 1t the management zone seate, perhups with responsibility vested in
loeal bodies similar to eatehment and nndenre groups,
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