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This paper deals with lhe derivation of togis{ic models for catfle, sheep and goa6 in a commerciat ranching system in irachakosDistrict' Kenya' a savannah ecosystem with average annuar rainfafl'or siri.s t 1s9.3mm and an aiea or 10 1,7ha. rt invorvesmodelling livestock population dynamics as discrete'time logistic equations.with fixed ca..yirt;;cities. The fixed carryingcapacities are generated endogenously using time-series ranch data, covering a period of 15 yearc, from 1gg7 to 2001, in acommercial ranching en{erprise' Th€ model incorporates interacti,on parameters, generated endogenousry. The estimation of thelogistic models involves estimation of econometric models fior each livestock species, followed by the recovery of the logisticmodels mathematically' optimisation procedures are employed to determine the optimal stocking levels and rhe optimat off-takelevels' The model'generated carrying capacities are 2 985, 791 and 201 animal units (AUs) for catdl, shep ana goats, respectively.optimal stocking levels are 'l 369, ,54 and 69 AUs for catde, sheep and g;, ,."p""tively, while the optimal off-take t€vels are857' 88 and 63 for cattle, sheep and goats, resp€ctively. This shows itrat ttri logistic models-based system analysis is applicable tothe rnanagement of mixed-species commerciai ranctring enterpases. 
-
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lntroduction

Proper ranch management requires good grazing manage_
ment strategies ihat provide effective means of manipulat-
ing the grazing animals so as to achieve the highest level of
animal production sustainably (pratt and Gwynne i977).
The means of manipulating the grazing animals include
choice of optimal species mix (optimal st,ocking level). The
optimal stocking level is equal to or less than the .logistic
model-generated' carrying capacity (Kinyua 1g9g, Kinyua
and Njoka 200i). The logistic model_generated carrying
capacity, therefore, represents the upper-bound stockin;
level of the land. For a fixed area of land, the highest level
of animal production is equated to the maximum sustained
off-take level (Pratt and Gwynne 1g77).

The methods of determining these management paiame-
ters - maximum sustained off-take, optimal species mix
(optimal stocking level) and the logistic model-generated
carrying capacity - have various shortcomings. The
determination of species mix (common use) is based on
vegetation structure, diet selection and approximated
animal exchange ratios (grazing pressure equivalence) that
are derived from the ratios of the rnetabolic body weights
(Stoddart and Smith i9S5, pratt and Gwynne 1977). ihis
method of determining species mix relies on trial and error
estimates and lacks analytical advantage, making it dfficult
to determine the optimal species mix- Similarly, the determi_
nation of stockinE level and carrying capacity involves trial

and error approximationsl based on the availability of
forage on the one hand, and the animal forage require_
ments on the other (Stoddart and Smith 1955, pratt and
Gwynne 1977). As in the case of species mix, this method
lacks analytical advantage, which makes it also dfficult to
determine the optimal stocking rates.

ln order to correct these shortcomings, which underlie the
determination of carrying capacity, optimal species mix
(optimal stocking levels) and optimal off-take levels,
systems analysis procedures are used as an altemative
method of determining these parameters. The systems
analysis procedures are based cn the generalised Lotka_
Voterra mathematical model, involving a set of logistic
equations foi a given ranch (Odum 1g71). This approach
underlies the objective of this study, which is to provide
estimates of the canying capacity, estimates of the optimal
species mix (optimal stocking levels) and estimates of the
optimal off-take levels in a multi-livestock species setting,
based on logistically formulated discrete_iime livestock
population dynamic models (Equation 1).

Conceptual view

The formulation of livestock population dynamics, based on
discrete-time logistic equations rv,+h fixed carrying capacity,
is captured in Equation (1), which is a difference equation



NFka and Kinwa

(Starfield and Bleloch .t9g6, Anderson 1991, Caughley and
Sinclair 1994).

Equation (1):

n-l
L,, +1o,,L,,

Lou-L,,:M,:pL(l- /=' 
)_S,j, l.\ 

K
for i, j = 1,...,n and i *j

Here, Sn is a control variable, representing the off_take
level of livestock species i during period f (time step in
years) and is measured in animal units; L, represents the
biomass of livestock species i in period t and is measured
in animal units; and K,, also measured in animal units,
represents the carrying capacity for livestock species i.
The parameter fl represents the exponential growth rate
for the livestock species i. The parameter o,; represents
the interaction effect of livestock species 7 oh species i
and this interaction parameter is negative, zero or posi_
tive, depending on whether the interactive relationship is
complementary supplementary or competitive, respective_
ly. This parameter also gives an estimate of exchange
ratios or grazing pressure equivalence among species;
that is, it plays the role of converting L* animal units into
the equivalent Ln animal units. Under thi6 formulation, both
carrying capacity and exchange ratios are endogenously
determined, making it possible to empirically estimate the
theoretical population growth models where the logistic
model-generated, rather than the theoretical, carrying
capacities is determined endogenously.

Conceptually, the term K, represents the maximum
number of animal units of livestock species j that can be
supported through period f, or the number of animal unit
years (AUYs). Three cases can then be identified, as
shown in Equations (2), (3) and (4).

Equation (2) - Case 1 (stocking level below carrying
capacity):

K, t (L,, +fo rL,,)

for i, j = 1,...,n and i *j

This implies that the AUys of available forage exceed the
AUYs of forage demand by the standing population of
livestock species i. The standing livestock population
increases, since there is enough forage to meet their
maintenance requirements and leave a balance for growth
and reproduction.

Equation (3) - Case 2 (stocking level equal to carrying
capacity):

K, = (L, +!o ,L,,)

fori,j=1,...,nandi*j

This implies that the AUys of available forage exacfly
match the AUys of forage demand by the stanOing popula-
tion of livestock species r- The standing livestock population
barely meets its maintenance requirements, leaving no
balance for growth and reproduction. As a result, thepopulation change is zero, implying that Lo is at the
maximum stocking level.

Equation (4) - Case 3 (stocking level above carryang
capacity):

K, <{L,+forL,,)
j

for i, j = 1,...,n and i *j

In this case, the forage demand by livestock species i is
greater than the AUys of available forage, or the standing
livestock population is greater than ths carrying capacity.
The excess number of animals will die out, resul*tng in ttre
decline of the standing population of livestock species r.

The discrete-time livestock population logistic models,
Equation (1), are, in fact, quadratic equations without an
intercept (Beaftie and Taylor 1995) and are derived frcm the
discrete-time compounding model (Equation 5a).

Equation (5a):

L,,: L,o(l+ 4)' - {o
fori= 1,...,n

where l, represents the population of livestock species i in
year t; L, represents the initial population (at f = 0) of
livestock species 4 r, represents the rate of annual livestock
population growth; S,, rdpresents the off_take level for
livestock species i in time zero (f = 0); f represents discrete
time-step in years. The term Lio(j+r)t is the discrete{ime
compounding formula, capturing the population groMh of
livestock species i. When t = 1, Equation (5a) becomes
Equations (5b).

Equation (5b):

L,, = L,n(l+ I)'- S,o

fori= 1,..,,n

When t = 2, Equation (5b) becomes Equation (5c).

Equation (5c):

L,r= Z,n(l+ r,)(1 + r,)-Sr, = I,,(l + r)-S,r

for i = 1,...,n

Here, p,represents the fixed rate of population change for
species i and parameter 6, represents intraspecies competl
tion- Paramete. t, represents interspecies interaction
between the discrete-time livestock population logistic
models; (Equation 1), are, in fact, quadratic equations
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without an intercept (Beaftie and Taylor 19g5) and are deri_
ved from the discrete.time compounding models (Equation
5a).

The general form of Equation (5c) is shown in Equation
(5d). This eguation is independent of time: that is, ,t,is not a
variable.

Equation (5d):

L,,_r=I,.,(1+rr)-E
for i = 1,--.,n

From an ecological point of view, the rate of livestock
population growth per year (r,) is affected by intra_ and
interspecles ccmpetition, thus (r,) is rnore realistically
modelled as shown in Equation (5e).

Equation (5e):

r, = lfr , _ (6,Lu* E;-, )"ilj,))
foriand j= 1,...,nandi* j

Here, parameter fl represents the fixed rate of population
change for species i while parameter 4 represents intra-
species competition. Parameter,Lu represents interspecies
interaction between species i and species j; this parameter
is negative, zero or positive, depending on whether the
interactive relationship is competitive, supplementary or
complementary, respectively.

Substituiing r, in Equation (5d) with 4 in Equation (5e)
yields Equation (5f).

Equation (5f):

Lr*, : L,,{l +{fi , - {6,L,, *t \ r|X } - .t,
for i and j = 1,.-,,n and i *j 

j=t

Multiplying out Equation (5Q and rearranging terms yielcls
Equation (6a) and, Iike Equation (1), it isa difference
equation- Shifting Sn tom the right to the left_hand side of
Equation (6a) yields Equation (6b). Equation (6b) is the
econometric (statistical) model, and although it is non_linear
in variables, it is linear in parameters.

Equation (6a):

Lu. - L,, : M,, = F,Lo - 6i,L2, +f S,ut,,t, - S,i
J-l

for i and j = 1,..-,n and i *j

Equation (6b):

Lr, - L,* S,, = M, + S,, : fl ,L,, - d, L' u *f )",, L,,L,,
J=l

for iand j= 1,...,n and i*j

Materials and methods

Study area
The study area is located on Malili Ranch, 70km south_easl of Nairobi on the Athi_Kapiti plains, along the
Nairobi-Mombasa road, in Makueni District, Eastern
Province of the Republic of Kenya. The ranch has a land
area of 10 1'l7ha and is.t 750_1 g50m above sea level.
Its vegetation is typical of eco_climatic Zone 4 (pratt ancl
Gwynne 1972) and is mainly covered by Acacia species
Themeda triandra tree grassland in association with Chlo_
ris gayana, Sefan'a sphacelata, Eragrostis tenuifalia, Cen_
chrus ciliaris and pennrsetum mezianum grass species,
and Acacia mellifera, A. drepanalobium, i. iockii, Bata-
nites aegyptiaca, Combretum molle and Atbizia gummi_
fera woody plant species. The ranch's operation is based
on cattle, sheep and goat livestock species. lts average
annual rainfall is 589.3mm for the period covering 1g7g_
2001, with a standard deviation of 159.3; the rainfall
ranges from a minimum of 1l7.4mm to a maximum of
924.Smm, as shown in Figure .l 

.

llethods
Through on-site visits to Malili Ranch in 2002, time series
data for the period 1987 through 2001 on catfle, sheep
and goat populations was collected from the ranch
records. Animal numbers were then converted to AUs,
effectively converting discrete data to continuous data,
where one AU is equivalent to the metabolic body weight
of 454k9. This data is shown in Tables 1, 2 and 3 for
cattle, sheep and goats, respectively, while the distribu-
tions of livestock sales and the standing livestock popula_
tion over tirne are shown in Figures 2, 3 and 4 for cattle,
sheep and goats, respectively. The ranch livestock sales
policy is not formalised; animal sales are dependent on
the demand for slaughter stock and immature iivestock by
the adjacent agro-pastoral communities. Based on the
data shown in Tables 1,2 and 3, the complete economet_
ric population growth model, Equation (6b), was estimat_
ed for cattle, sheep and goats, using the SPSS 200j
software for statistical analysis. The respective specific
forms of the cattle, sheep and goat models are as shown
in the three equations which follow.

1

C
E
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Figure 1: Malili Ranch annual rainfall distribution from 19g7 to
2001
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L*,,*, - Lro,, * Sc,., = Mro, + Sar., = fr ,olro,, - 6 rol' c,,, * Lr^uLr",,L *,, + Lso6olsul.o
Lrr.,*r- Lsrr+Srr., = Mrn.,*S*., = fr*Lr^,,-6r^L2sn,, * Lror,Lr^.,Lcu.,* hsncoLsnLc,,

Lcu,,rt- L"o.,*So,,, = Mo,,,*SG,., = FooLoo.,-6ool'oo,, I L"oruL*,,Lco.,* tr"osnlcoLsn

It is notable that all the variables in the aforementioned After the estimation of the econometric models (Equationeconometric models are contemporaneous, although they 6b), the logistic models (Equation 1) were recovered fromare derived from time series data- These models can also the former (see box containing seven equations, whichbe estimated using cross-secticnal data. follows at the top or tle next pag"e).

Table 1: Malili Ranch data cn cattte off-take rates and on variables included in Equation (6b), in AUs

llme in
years
(t)

Caille
sales
(S-.)

Change in
standing
populatidn
(Ato.,)

Standing
popuiation
of cattle
(Lo,)

lntraspecies
competttion
variabie
(L'o.,)

Total cattle
population
change
(ALo., * So., )

lnterspecjes tnterspecies
interaction interaction
variable: variable:
cattle and sheep caftle and
(L..''L*., ) goas

1988 390.7s 132.63 523.38 2172.50 4719773.63 16.1 525.4 141 038.71989 524,2 91'45 615.87 2 305.13 5 313 638-15 196 212-7 175 996.71990 536.73 _17.30 519.43 2 396,58 5 743 595.70 1g8 892.2 140 655.31991 743-79 -142-43 601.36 2379.28 5 660 982.84 171 903.0 144232.0'1992 617.96 _183.& 434.32 2236.85 5 OO3 493.45 160 919.0 173 154.61993 654'66 98'88 753.*1 2 A53.21 4 215 663.09 141 014-5 132 103.51994 565'57 -63'90 501'67 2152-Og 4 ffi1 487-06 160 050.s 140 875.81995 666.44 _72.79 593.Ctj 2 088.19 4 360 516.59 144 628.0 144 816.01996 523"72 39'58 563'30 2215.51 4 908 502.28 173 1M.3 225 140.11997 423.18 -1.35 421-83 2 255.09 5 085,148.95 170 056.3 227 200.31998 424.92 208.78 633.70 2253.74 5 079 343.99 57 109.77 167 .t59.91999 322'29 -39'46 282.83 2462-52 6 063 9S9.9S 99 879.81 183753.22000 453.8.1 -208.85 244.96 2 423.06 5 871 200.38 s2 qrl 2,q 12a .A. o. a1r.vo c 6i. t ZU0.3B 92 924_35 127 343.92"',0 a

Table 2: Malili Ranch sheep data, in AUs, for the variabres incruded in Equation (6)

llme Sh"a
in years sales in standing population standing competition interaction interaction(t) (S*.J population change population variable variable: variabte:(AL*.,) (AL$ t+ S$.r) (L*,) (Lr*.J sheep ano catfle sheep and

(L*,.LGJ goats

1988 26.08 10.77 36.85 74.35 5 528.22 161 525.4 4 826.631 989 25.&t _2:t2 23.52 85.12 7 245.24 196 212.7 6 498.841990 25.22 _10.73 14 49 82.99 6 887.84 198 892.2 4 870.861991 25.s1 -{.31 25.20 72.25 5 220.64 171 903.0 4 380.041992 19.21 -3.26 15.95 71.94 517.5.22 160 919.0 5 568.801993 21 U 5.68 it.oz 68.68 47.17.08 141 014.5 4 418.94.1994 11.98 -5.11 6.87 74.37 5 530.60 160 050 9 4 868.131995 9.s2 8.91 18.43 69.26 4 7%.67 144 628.0 4 803.041996 13.50 -2.75 10 75 78..t6 6 109.45 173 164.3 7 g42.g21997 7.66 -50.08 42.42 75.41 5 687.12 170 056.3 7 597.861998 10 57 ,t5.21 25.78 25.U 642.01 57 .txg.77 1 879.321999 9.21 _2"21 7 L$ 40.56 1 6.t4.79 99 879.81 3 026.292000 4.85 -1 .67 3. 18 38.35 1 470.65 9) qra 1q ) e^a ac@.rr r 4/u.bs 92 924.3s 2 906.76
36.68
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Lr.r- L, = lJir = F,Lu-6,L7, +ZLqLi,Ljt- Si,
j=r

: fr ,Lo(t - fi +, *i[ r,,) - r,,

= fr,Lu{t-d,L,+fv rL,,)- Su
j--t

= fr,L,,(l-a,{ L,,-E?t, }-S,

= fi,L,(t-r-,\ Lu*!o,,L,, )-S,
j=l

rl
L,, +lo,iL,,

= F,Lu(t---iL)-S,,
i
rl

= B,',Q-YE":)-r,
l\,

Under the steady state conditions, when So equals .tlr. we
foriand j= 1,..,,n and j and i* jl
The respective specific forin of the logistic models for
cattle, sheep and goats is as follows: (see equations at
the base of this page).

. Under the steady state condition, when Sn equals ALnwe
have constant herds and flocks, and Equation (1) becomes
Equation (7). Under this condition, the system is in equilibri-
um. However, when S" is less than /Ln the system is in
disequilibrium, tending to a higher stocking level or higher
standing livestock population- Similady, when S, is greater
than dL, the system is again in disequilibrium, tending to
lower stocking level or standing population.

Equation (7):

L,, *!.o,,L,,
Lo-, - L, = 0 = fr ,Lr(l - ---+-)- S,.,

K
for i, j = 1,..,,n, and i *j

Solving Equation (7) for S, yields (Equation 8).

Equatircn (8):

L,, *fo uL,,
S, = fi,Lr(l- 'jl 'l

.t(,
for i, j = 1,...,n, and i *j

ln order to solve for maximum sustained off_take levels,
Equation (8) was optimised for catile, sheep and goats, and
the three equations comprising the first_order conditions
were solved simultaneously to yield the optimal livestock
species mix and the optimal stocking levels. Substituting
the 'optimal species mix'values into Equation (S) yielded
the optimal ofi-take values.

Results and discussion

The results of cattle, sheep and goat model parameter
estimates for the econometric models, Equation (5b), are
presented in Table 4.

Based on the F-test, the whole of the cattle model is
significant (P . 0-05). The catUe exponential growth rate
parameter (Fo) is positive, as expected, and is also signif-
icant (P < 0.05). The catUe intraspecies parameter (Sj is
negative, as expected, and is significant (p < 0-05). The
cattle and sheep interspecies competition parameter
(tro"n) is positive, implying complementarity, but not signif-
icantly so (P > 0.05); from an ecological point of view, this
implies that sheep do not have a major impact on the
cattle population_ The cattle and goat interspecies compe-
tition parameter (1".*) is negative, implying compeiition,
but not significantly so (F > 0.05); from an ecological point
of view, this implies that goats do not have a rnajor impact
on the cattle population.

Based on the F-test, the whole of the sheep model is
significant (P < 0.05). The results of the sheep model show
that the exponential growth rate parameter (p.n) is positive,
as expected, and is also significant (p < 0.05). The
intraspecies competition parameter (6"n) is negative, as
expected, but is not significantly so (p > 0.05); this implies
that sheep intraspecies competition does not exert a strong
influence on the sheep population_ The sheep and cattle
interspecies competition parameter (t*.,) is negative,
implying competition, but not significantly so (p > 0-05);
from an ecological point of view, this implies that caitle do

L*r-, - Lro, = AI.ro, = p c,Lc,r(l- 
Lqlt o c,*Lo + o ro*L*,

"--)-st',
Lst,r,r - L*, = LLo, = p *ro,til - 

Lr*, * o src,L.,., * o *onLr;o, 
)K" )-S*''

and

Lco.,-r- L*, = M*, = B*Loor(l-L*,+o"n 
Lrrr+ooo*Lo-

Ko" 
1)- s*''
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Table 3: Malili Rancfr goat data, in AUs, for the variables shorrn in Equation (6b)

-

l==.;
years (t) (S...J standing population standing competition interaction interactionpopulation cfiange population variable variable: goats variable:(AL*r) (AL*.,* S*.,) n(L-.,) (Lr*.,) anoltte goats and(L*,1-.,) sheep(L*,"L*,)

1e88 31ss 1143 4302 64s2 ii?xJ3 111133,11 i3i8ll1989 18.60 _17.66 0.94 76.35 5 829.32 175 996.90 6 498.841990 30.97 1.93 32.90 58.69 3 44,t.52 140 655.28 4 870.86't991 13.5.1 16,79 30 30 60.62 3 674.78 1M 232.A7 4 380.041992 11.M -13.07 _1.43 77.41 5 992.31 173 154.48 5 568.801993 24.74 .t.12 25.86 64.34 4 139.64 132 103.40 4 418.941994 t6.23 3.89 20.12 65.46 4 285.01 14O 875.75 4 868..t3.1995 15.73 32.27 48.06 69.35 4 809.42 144 815.63 4 803.041996 10.47 _o.87 9.60 101.62 10 326.62 225 140.53 7 g42.g21997 14.4A _26.58 _12.10 100.75 10 150.56 227 200.72 7 597.861998 15.12 0.45 15.57 74.17 5 501.19 167 159.90 1 879.321999 15.31 -1.43 13.88 74.62 5 568.14 183 753.02 3 026.292000 io.es s"go .r6.7s 
73. j9 5 3s6.78 117 343.47 2 806.262001 13.63 3 87 17.50 79.g9
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Figure 2: Cattle saies and standing populations over time
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Figure 4: Goat sales and standing populations over time

not have a major impact on the sheep population. The
sheep and goat interspecies competition parameter (\,-)
is negative, ir;rplying competition, and is significlii
(P < 0.05); ftom an ecological point of vieu this implies
that goats are ccrmpetitive to sheep.

Figure 3: Sheep sales and standing populations over time

Based on the F-test, the whole of the goat model is signif_
icant (P < 0.05). The goat exponential growth rate parame.
ter (PGo) is positive, as expected, and is also significant
(P < 0-05). The goat intraspecies parameter (6n.) is
negative, as expected, and is significant (p < 0_051- The
goat and sheep interspecies competition parameter (i"*r,)
is positive, implying complementarity, bui not signmcaify
so (P > 0.05): ftom an ecological point of view, this impliei
frat sheep do not have a rnajor impact on the goat pc6ruhtion-
The goat and cattle interspecies competition parameter
(i.,*") is_negative, implying competition, and is significanUy
so (P < 0-1); tom an ecological point of view, this impliei
that cattle have a major impact on the goat population.

The parameter values of Equation (1), after recovery ftom
Equation (6b), are shown in Table 5. These results show
the following: that sheep are complementary to catfle, while
goats are competitive; that both catfle and goats are
competitive to sheep, and that catile are competitive to
goats, while sheep are complementary. The results also
show that the logistic modelgenerated carrying capacities
are 2 985_07, 791.14 and 2AO.92 AUs for catUe, sheep and

1995 2000
YEAR

+-a/\/\
t' a I r l-+-i,

t'tt-/'tl.tt
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Table 4: Parameter estimates for the econometric models, Equations (6b) (n = 15f

Parameters ShCa

Fo

6c"

lo*

A*

9*

6e

1.283
(4.540r'
-o.000430
(4.241)*

0.00003377
(0.045)
-{.00106
(-{.941)

2.942
(2.325)'
-o.00372
(-{.687)
-o.000699
(-f .343)

-0.0121
(-2.664r

7rn"

i*

0*

6co

l*-

Leoc,

R2 0.967 0.650

2.632
(2.871r
-{.00131
(_4.053r.

0.0002091
(0.083)

-o.000618
(-1.647)

0 815
12.090'-F 79.513- 5.111',

" Results are for equations identified in top row of table, with parameters indicated in the left-hand column; t-statistics are in parenthesis:
* indicates significant at the 0.05 level and * at the 0.01 level

Table 5: Parameter values for the logistic populauon models, Equations (1f

Parameters Go

Po
om
6*
Ku
f*
6sr,
dsaco

Ks
fl^
6w
dco
Kfu

1.283

{.0785
2.4U

2 985.07
2.942
0.'t 8857
3.2s

791.14
2.632
0.04718

-0.01596
200.92

a Results are for equations identified in top row of table, with pa€meters indicated in the left-hand column

Table 6: The optimal species mix (optimal stccking levels) and optimal off-take levels, in AUs

Livestock species Optimal species mix (optimal stocking levels) Optimal off-take levels

Cattle
Sheep

goats, respectively.
The results of the optimal species mix (optimal stocking

levels) and optimal off-take levels are presented in Table 6.

These resutts show that the whoie ranch stocking level is 1

856.94
88.18

592.15 AUs, which is equivalent to 6.4ha per livestock unit.
The results ftom this study shed some itEht on the grazing
management. The objective of grazing management is to
manipulate the grazing animals so as to realise highest

1 368.79
153.96

Goats 69.40 63.09
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animal production while. maintaining or improving the range
!?ld,,i:n: This objective invotve-s ir,""ili"rriration ofoptimat stocking tevers and tir";io;k ,;;;;es mix. Thecurrent practice invotves the use 

"f 
d;;;; AU as thestocking levels that are arbitrarily Outu.rilui (pratt andGwynne 1ezl). The errtr tu*;,. il;iLo, recom-mend a livestock stockins tevet of a.;;;;; iu, *to, ,"not only optimal but also empirically OeterminJ, based on!1jl:o carryins capacity tosi"ti" rn.J"i. iiis tosisticmodel has atso enabled ,. f J"t"rrir" it" cptimalspecies mix 1 369, 154 and 69 Au;;i;tie, sr,"ep anogoats, respectivety; based on tf,e rS_ye;;;;" stocking

l1r:! jh"- observed species mix in this ;;;; z fir,64,i1iflfTte, sheep and soaE. ."p.,ir"rv.'"
rn conctusion, the results confirm that it is possible to

!1ive..tre fixed logistic modelgenerateO 
f ivest& carryrngcapacity, optimal species mix (optimal 

"**i^;Lr"b) andsustained optimal off-take tevels. This ;;," important
^rl{ft'.j in the management of both wildtife and tivestockspecies. Further research in this area .t"rfO in*"Ugate theeconomic aspects of livestock and wildlife management,based on systems anaiysis.

Notes

I The following is a logistic model,,with rainfall{ependent carryingcapacity, and its statistical estimation i" 
"f.. ir..o on timeseries datia:

l"jl],= 1,..-,n, and i*j, where /, is the rainfafl parameterforanimal.species i, and R, is the rainfall i" v"rrl r[Iie ttrat tnismodel is no*,linear in paiameters. - 
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