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Exploitaticn of biclogical resaurces und the harvesl of population species are commonly aacticed in flaheries,
foresory and wild life msmagememi, Balivalion of maximom barvesting effort has a grear impact on the
cconomics of fisheries and oihar hin-resnurces. The present paper deals with the problem of a biotconomic
flshery model under envirommental vatriability. A technigue for finding the maximum harvesting effort in
fuctoating envircnment has been develaprd in & owo-species compelitive sysiem, which shows thal under
reslistic ewvironmental variability the maximum hacvesiing effort & 1=ss than what is estimated in the
determiaistic model. This method also spables ms 10 find ot the zafe regiona in the parametrc apace for which
the chance of exlinction of the species is minimized. A real life fishary problers haz been considered to ahtain
the inapcessible porameters of the syslem in & systeoatic way. Such eudies may help resoncce Managers 1o get
an idea for controlling the system.
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1. Imtroducision

A gquantitative and qualitzhive understanding of the inter-
aptign of differznl species is crucial for the managemert
ul Nigleries, Hatveating has gererally a strong impact on
ke populatiom dyoamics of @ harvested species. The
seveily ol this impact depends on the naluee of the unp-
lemented harvesling stralegy which, i tara, may range
Foom the mepid depletiom to the coropleks preservation of a
popalation. The study of populatiom dynamics with bar-
vesling is & sthject of matheriatical bivecononucs, and is
related to the optimal management of renewablc resour-
ces (Clark 199097, The exploitation af biological roaommscs
and the harvest of popualation specias are commenly prac-
ticed in fisheres, for=siry, and wild lifc managcment.
Problems telated to the exploitation of muktispecies sys-
temis are not only interacting bul also difficull ps there are
theoretical as well as practcal difficoltics in the deter-
mination of sn optimal policy for the harvesting of &
multigpecies fishery, Firsl, the difficulty Lies in the can-
siroction of reabalic moded of a muhispetica fysiem

which leade Lo an analytically tracisble oplimi control
problem. Secomdly, il &3 dilficult to camy oul dyoamme
pptimization i a problem invoelving more than two-stale
variables and many pammciers, Thindly, quantilatively
valid estimates of intcraction cocfficieniz eve avinlable
for very few muoltispecics comwumitica, Morenver [ih
and wildlife populatings often flucluate wapredictahly in
numbcrs A% cnoeriainly i% prevalent in resirce écona-
mics. For the omenenss interest of both theorstical and ficld
coologists, we have comsidered this important ecological
problem in @ more realistic sense by imtroducing envl-
runmemal variability, Ancther important aspect regarding
this Lype of problem is the knowledge of sysiem para-
melers which are not possible v measute through expe-
rinwwtal observations or ficld studes. These parameters
ate kown as inaceessible parameters and the priot know-
ledpe of thess parameters will help resource managers to
maonitor e 5yelem and chalk out suitable barvesting pelicy
o prevent exploitation of the Tesources. For this we dis-
cuze the problem with the help of malhenatical model
adopdng  echnigues wmdupled For  proper  treatment.
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Finally, we tcprosent the outcomes of aut mathematical
snalysis under different biological scanarios and real life
applications to provide en idea to the rescurce managers
for controlling the system parameters which, in turmn, seve
the epecies from extinclion.

1.1 frief review

The problem af inter species competition was considered
by Gause (1935} for 1wo species obeyving the law of logi-
stic growth. Clark (1990 considated harvesting of 4 single
species 10 an egatagically competing twy fish population
medel, Modifying Clark’s moedel Chauchuri (1936, 1988)
siudied combined harvesting and considered the pers-
pectives of bioecanomics and dynamic optimization of
a two-species tishery. Brauer and Soudack (1981) and
D2i and Tang (1998} studied constant rate of harvesting
in a predator-prey system to allow simultaneous harvesi-
ing of hoth the species. They showed how Lo approximate
the region of asymptotic stebility in bielogical terms.
in the initial states which lead to coexistence of the twa-
species and their global dynamics by efficient compuiot
gimnlation. McMNamara er of (19953, Alvarez (1998),
Alvarcz and Shepp (1998) discussed optimal harvestng
under stechastic flocmations. However, they nagiecied
the competition between harvesters, and assumed that the
population is under tolal and exclusive cantral.

To formulate the harvesting strategy, the knowiedge of
maximurn value of efforts is eseential. Bhattacharya and
Bepum (1996) gave light in this direction bul their stody
was based om a deterministic situaton, In waditional sco-
nomic studigs of rational harvesting planning, the objoc-
tive of the harvesior is to find a plan thal maximizes Lhe
present expected vulve of the cumulative vield Clark
{1990 gave some indications for finding oprimal hatvest-
ing in a stochastic two-species system, However, he over-
looked some of the most important consaquences of fluc-
tuations o resaurce stocks. For example, the stock-recruit
function. which needs to be estimated trom fishery dada,
may nok be known precisely. Comsequently, major umcer-
tainty a8 o sustainable vields may prevail. Furthermore,
in many fisheries the exact magnilude of the current
stock i3 onknown al the time that guotas are specified,
The optimal harvesting policy in 2 competitive system —
under environmemal variability - is thus still a challeng-
ing, important and open prablem in ecoingy.

1.2 Basic qim of our study

Resource zindies are gabject to many siochastic effeers.
The growth, mortality and reproduclive raes of fish,
insect and animal populalion vary in a random manner.
Fires, disease, insects agack, environmental flucomations
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may harm or destroy forests and fisheries, and thege
nomena ane usvally uvnpredictable. Random changes ;
resource glocks have wo very important bi““““lli;miT
conseguences — risk discounting and model g we| )
parumeter vncertainty, The main objectives of ﬁsh:ri:
managemend - ot the evaluation of the results of mayg 6.
ment - are usually based on the abundance of harvagy
stocks. For the fishery managers to chalk ot ratiggy|
harvesting pelicy, optimal fishing effort and martaliy
sodal avadable catches {catchability coefficienis), H'pe::i-:;
interaction lerms &re some of the Lnportant paramate,
of the system that need to be estimated propedy, Ip,
more realistic siteation, such as, the system with externy
epvironmenial randomness or undar intTinsic stochas
variability, it is practically impossible 1o give proper eq;.
mation of ail the system parameters. However, very fey
of the parameters affecting the system can be eslimates
through experimenial sudy. Very few techniques have
been developed to estimate the inaccessile parameters
of the svstem. Thus a suitable technique is required fior
estimmation of Inaccassible perameters in a system under
stochastic fluctuations. This may play an important mle
for controlling the system or to pravent the species from
extinetion.

Therefore, we have proposed & rechnigue to estimale
the inaccessible parameters of the system of a harvested
two-species campetition model with dogistic growth, This
tnodes which is furher modified by introducing siochs-
stic fluctuations on both the populations ag an ¢asmple,
In a raal gnvironment, these parametric cstimations iy
offer a more valid cstimate of harvesting effuct hithens
prior described ones from purely deterministic case. We
have alsp shown the cficicney of this technigue in other
rcal life situntions.

2. 'The mathematical model and a methad For
finding ecologically stable region

Let us first consider @ daterministic harvested two-species
compelition popuiation growth model:

ds I

— 1—— f— I — Ex

ele R R'J X4

dy ¥ (1
B a=-Ey ey ) )
o 57 { LJ fly—g,Ey

whete r. 5, &, £, K, L are all positive constanld. Here nf
represent the matura! growth rate and X, L cnvircmnffﬂml
carrying capacity of the two-species & and ¥ TESPC‘:'{"E‘]T'
Both species follow logistic growth patem. The inter
actipn lemms — ¢y and — fxy indicate thac the L
spacies compete for the psc of commaon resuurcc-lw*
assume that both the species ate subjected o 8 gombin
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harvesting effort (£) and qy, 45 are the catchability eoaffi-
cients of the lwo-species.

The possible steady states of {10 ace Py (0, 00,
Pr: (M Ar— quE), U Pt (0. 5 (s — ) Pus iz, ¥),
where x* = Kol (s - qE) - 5r G EYN@PEL - rs), and
W= K (r = 1 E) — s - aBE)W(fiKL ~ rs).

The cxistenee and local sability properiss of the squi-
libtia have besan elaborately discussed by Chaudhur
(198€). If r5> BKL, the dynamical behaviour of the
system is slzble, If on the other hand re < o351, the sysiem
iz unstahle arcund the positive inlerior equilibriom (M)

The conventional theory of harvested populations is
hased on the assumprion that environmental and biologi-
cal parameters remain comstaol. But, environmental tan-
domness is an inherent property of the harvesied sysem
(May 1975} and. environmentat stochasticicy on the re-
production Fagtors play an mmportant tole on the dyna-
mics of harvested popelation (Dimentberg LY88). It may
be noted thar the ecolopicel effeeia for terrestrial and
aguatc systemns will depend on the character of the pliy-
sical frequency distributlons, and the general qualitadve
response of these systems conld be inherently different.
For terrestrial system, the envirpamental vapability is
large at both shorr dime periods aad long time periods and
could be expected o develop intemal machanizms to the
system which would cope with short term variability and
mininnze the effects of long term varations. Hence,
analysis of the system with white nolse gives better re-
sults. (Gaussian whitc noisz 15 exteemely vseful 1o model
rapidly fluctuating phengmena. However, as can be seen
by studying their spoetra, the physical frequency distr-
bution remains almost constant through oot the entire
span of the speetra; and that these are white 1o u gowd
approtimation. Howewver, for naiural aguatic systems,
less robust internal processes are needed (o handle the
smallet arplitude variability at short time periods com-
mensurale with the lile span of the species. Mence the
physical frequency distributions of the spectra are rapid.
perpemal and hiphly irregular, Thersforc, for such processes
it is ugeful 1o describe the main @odom quantity as colour
naise, Uhlenheck and Ovnrtein (1954) process is the appro-
priate choize o model 2 coloured noise environment in
most of the applications (see, Horsthernke and Lefever
1983). Here we have assumed the Stratonovich inlerpre-
tatior, of the stochastiz differential equations {Hoel & al
1993), which conserves the ordinary rule of calculus and
in this case the stochastic differential cquutions can be
considered as an ensemble of ordinary differential equa-
tioms.

Totroducing the envirarmental stochasticity in the form
of colour noise on the growth of both species we shall
investigate the dynamical behaviour of the system (1),
The hehaviour of this syst2m in a tandom envitanment is
congidercd within the frame work of the following model:

499
% =x{r+y{t)- %}—m}r—qlﬂx
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where the penurbed terms ;{0 {=1, 2} are vocome-
lated colour noise and follow the Orosezin-Uhlenbeck
PrOcess.

The methematical expectation and correlation fungtion
of the precess m (£ (i = 1, 2} are given by:

(0 (Y =0, {m (o () = el expi- & o -1 i) (3)
and

(M2 (O} =0, {7 (M2 ()Y = 85 pexp(-Faini— 12 !34]

where & e’ .8, &5 > O ars respectively the intensities and
the correlation times of the noise and {} represents
uverage over the ensemble of the stochastic process. The
1,08 and 7,(¢) are the solutions of the stochaslic difieren-
tial equaton {Uhlenbeck and Omatein 1954 and are given
by

d fail)

—;:_l=_ ﬂﬂl""’aﬂm_d?" 5)
and

d 4 [

T‘r:hz' - _Eﬂ'ﬂz +E|:| \'E%* l:ﬁ_!
where

= —ﬁ j =
&= =1,

denotes the standard zero mwean Gaussian while moize
characterized by:

S =0 E M S =80 u) (1)

and

Ein=0{Ga N &L)=dH-1 {8
with & () the Dirac delta funetion which is defined as

di=Llorh=4
= [I, otherwise,

Subetituting X = log x and ¥=log y in equation (2} and
using the wansformation w =X X% v=TF - I'¥, respec-
tively, we obtain the linearized system. We have deter-
mined the speciral density functions of the stochastic
tunctions in the lincarized system and have abmined the
mestt square deviations (D) and D) of both the
populations following the convenotional lechnigue which
has been elaborately discussed in Sarkar er af (2001} and
also given in figurs 1,
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) . ] ; " : it will remain there tor 2 long time, ayr

An important concept in stochestic populaton dyna-  shc syaterm, it ! " - . Tradley
mics is the concept of stabilily. Once 2 stachastic system by the equilibrium point. I ﬂum."am'"a give igy
af population iy caught within the atrraction domainof 2 W the deyiaticn fmml the cyuilibriur point. Large degar.
stable equilibrium point of the comesponding determini-  fures gy occur, which can lead 10 cscape from the gy,

Technique to solve: Stachasiic Differentizl Equations (SDE)

'

Ordinary Differential Equalion + Color Noise

y

rl-l-lr-—-ﬂ-i-h-h

Our Techmigue
{Sarkwr &t at.. 2001, Environmetincs, 12)

:

Salution of SDE

A OEE D EE NN FEE N M o ek deb s o ke n wm m

h J _Y_l
! Without Noiss With Naise |
| !
l
1 ¥ I
L Find ow the =xpectaiion {which gives Expeciation HiveE lhe ‘
v | ihe eguilibrivan point) and the deviations equilibriwm  valie  but I
V| {which is zero in thiy case) deviations are not equal te zem |
; .
i I I
" Ter mininiize Lhe devialions
! Using Tchebyshev's inequality w:;hm::;:::: o 'h:;:sl::;
! ta find cul the lolerance interval parunelers we obtan
! system of sguations an
| solving those we obal
+ Search for New Technique different se1 of values of

Sy IEI pAramclers

v

Tmterseaztion b these sels ﬂ:i'l'ﬂ
us the woleranee interval on ral®

aime mnd the idea of corael B

gore L. Schematic diagramme of the technique for finding safe purameuric region (for derail mathematical analysis sep, Sarkar

wrl el 2NN ).
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main of atraction of the equlibrivm. Enhancement of
intensities of random Aucteetions increase the deviations
of the population from mean population level {or equili-
brium level} depicting instshility of the aystem arcumd
the posilive equilibrion:. This sort of phenomena was
also observed by May (1973) in a diffarent system cha-
racterized by standard Gaussian white naise. But for the
persistenice of the species and for ecological stability of
the systemn, the mean square deviations of the populations
need 10 be minimum arownd rhe neighbourhood of the
positive equilibrivm and this pives rise to the idea of tole-
rance intervals around the positive equilibrium, The para-
mricrs of the system should be controlled in such a wey
that the entire popukation lie within these wlerance intervals.

The conventional technique (see, fignre 1) only leads
to the conclusion thai the harvested system influenced by
sither white ooise or cnlaur nojse is unsmble. But for
controlling the system we musl heve some idea on the
maximom tolerapce vulues of the systerm parameters.
Maxirmnum harvesting effort may be a key factor 1o regain
the stability of the harvested system around the positive
equilibrium. Unfortunately, in this context spectral den-
sity and mesn sguare deviation analysis are not the appro-
priate tools. We have extabiished a technique for finding
the maximom {tolerance) values of the maccessible para-
meters of Lhe system which may give some idca for con-
trolling the system to the system mansgers. The key
technology for such a method Lics in the solutions of
siochastic differential equations, and en application of
TehebychefFs inequality.

Therefore, we have solved ihc linearized stochastic
differential equation following the epproach of Hoel ¢r af
(1993} gnd otain

ne

EQLW'U}

w{rh e a (D) gy ()+ " (O) gy ) +I{1 -

+ B8 )+ onlom (0= VL))
L M

L
&K

£20E ()4 (- VZEEMI,
K &

vt} = w (@ (30" (00 gy {2} + [{T - )1 ()

{
Here
i 4f FHR
= — b-—— d
a K+ L L afimn, &n
7 ofl =y
Hy=— L — when, a' - 4b > 0.

A=

=e“5(cmﬂ{:—%sinﬁ|'r}. when, 47 — 45 < ),

m
-E"'r,(]—_iif:]: \I'I'IEll,ﬂz'—‘tE"‘D-
ﬁ{:}=%ﬂ-. whea, * 4 > 0.
-
_—,%g{nﬂ;t, when, g — db <0,
=re", when, a* = db =10
. —atyat—ib —a-ya’ - 4b
with ff =————, RFa————,
2 2
. _—a _ T _a
= 3 2 1= 9 T = 2 and
(= Ingﬂ+ W =[r-ﬂ:-q]~ ~oy i) - ).
xX*® K
0} = mg%+ V(D) =[s- "Tr" ~ 8081

The solution without noise takes the following form:

w(t} = wl0) g} + u’ (0} gult}
Hr} = v (00 eyt v (0) $:01). (10

In this case, the ensemble averape of the populations are
given by

{u (20 = o (03 4y (0 + o €00 {ghs (D)
and
(v () = v (00 {y (0) + 7 (00 {2 (£}).

For ¢ — oo, {{)) — 0 and also {g()} — 0. Hencz, we get
Lty = 0 and {v()} = 0. Using the inverse transformation,
we obtain () = x*. {4} = y* as well as the deviations of
both the populatione ie. &° =0and o,” =0 (ford>0).

We are now ready to present the technique for pplimal
harvesting by using Tehebycheff™s inequality. This method
was developed hy Sarkar et af (2001) and has been suc-
cessfully nsed by Chattopndbyay £ /! (2001). For ready
reference. the ant line of the technigue is 2leo discuszed
im Figure 1.

We observe that whon of mD apd of =0 are greater
than a smail nsighbourhood around the positive equili-
brium for different cholce of system parametars, both the
populations deviale from the tolerance leve] and the sys-
tzm begoumes unstahle around the positive equilibrium. In
ferms nf system parameters, the deviations from the mean
of two populations x and y are given hy:

3 _ gk '_MIK[’_‘?|E]_"{’_?1‘E]]+ l+i
T =% (KL~ 5 5
2| B {r— g, E)— ris - GBI
(oL~ rs)?
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1, PIAR (G —g E)~rs— B

2 —
o2+ 5 { -
3 _ e 2EOE{s — E) - 5(r—g E)] &
o, =Ef T +{1+551
rleidfs - g, )= s{r=g, B0
(afKL—r3)*
20, L Kl qE) ~ste-g B
+ 8 st2+§ul RKL—rs . {11}

Ecclogical stability will pergist if both the populations lie
within the tolerance intervals. To obtain this we shall
have to minimize the deviatdons from mean population
level. Cansequeatly wa obiain two-gats of equations con-
taining the system parameters, One can easily find out
the solutions of these ses of equations by using Gauss
elimination method (Danilina ¢r q! 1988} or any other
methed which will give two-sets of paraweter values thar
ate optimmum for each popuolation. The intersection of these
two-sets will give the safe or smhble zone in the purmetric
region of the system arcund the positive interiar equili-
hnum (P

3. Applleation of the method under different
ecologicel scemario

In this seclion we will apply the above method in three
differeat ecological settings to show 1ts atility in both
theory and practice.

{i} We aira to establish that the conclusion drawn through
speciral density analysis and our method is identical. As
optinal harvesting i3 the main factor for contralling the
harvesied system, we shall put our emphasis on the har-
vest function involving the parameters, catchability co-
efficients (g, =) and the efforc (E).

{ii) We reinvestigate Lthe deterministic two-species mode]
of Bhattacharya and Begum (1996} under realistic envi-
ronmental variability. We show that if the system mana-
gers chalk oot suitable harvesting strategy based go then
estimalion, there is a high probability of extinction of the
mothar species, and cansequeatly the entire population.
So, there i5 & need for valid estimation of the system
parameters under environmental variability.

(iii) We shall consider a study based on the sxperimental
field obgervations carried out in Senagalese Artisanal
Fisheries (Laloe er ai 1998} and apply the techoique far
fiding the imaccessible paramelcrs in & systematic way
without maihematicel details.

Problesm It Here, we consides the two-specics harves-

ted zyst=m (equation 2) with colour noisc and will try to
estimate the catchability coefficients (g, and g5} by both
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the conventional spectral density analysis technique g
pur method (see, figure 1). The behaviour of the syyey,
in the plane of the satchability cosfficiants ¢, and 4208 an
intereeting pirenomenon in the study of harvesting 5t
tepy. For this problem, the resulc throngh specera) density
analysis shows that in e g,—g plane if

l‘+

+
fh-'?Emd‘?:—"EEﬂ““E the straght lines

es(ofKL— rs)

., 7 4y |
B4 =g+ £ L2+ —
rE{( 50}3 5 i

iy
gy ==+ 1

£ (oKL~ rs) 1

Eol{l+——3rt+ Bk 2+ Ly
EE, E{.

5
% =I%

5 r
"'ﬁl"il ‘E] .
then the sysiem ol nteracling species in a randoim envi-
ronrent exhibits abnotmally large fluctuations around
the positive equilibrium with increasing ume and a peric-
dic backpraund naise. Our objective is Lo show that the
spectral densily analysis and the method developed by us
here give identical resubts in this particular siluation, bul
our method give more precise values for the cawchability
coefficients.

Towards this we differenre af [ziven in equation (11]]
with respeet [0 ). ¢3. E aod obtain the following set of
equationz by equating i o zero:

g = ¥ oriE—guF) es{a il - rs}
e -
E ERK ESK 11+ E e 2ol 2 +l*}}
En Eﬂ
_x BRG—qE} Es (KL - - rr)
27 rE ' PN+ =) 5 +az.':‘.?.z(2+-l—1]
&, A
E r{BK - 5) Eslrs —cBKL) _
- l
BRG =" (g, — R {(L+ S35t 1oL 2+ 2N
Eﬂ J:II:I
(1L

Similarly differentiating & [given in equasion (11} with
respect to gy, gz £ 2nd equating to zero we oblan the
following set of equations:

PR G/ 1 Er(efiki —rs) -
I.n I
E =5 3£{{]+§7:|r=+ﬁ2552{\2+'§:”
o
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_5 _sr-gF) £'r{afKL - r£) .
E Bl poriae S+ B4 1)
& &

Ee $(erL~ #)

ol — 5y

_ 'rirs— ofKL) (13
&3l 1.
( sy —0g O+ =) + 8 e {2+ =)}
dg 8y
Solving equations (12) and {13) we obtain
¢ 5

Qe =5 T2, g

where, g and gz are the maximum values marking the
boundaries of the safe zome. It is obvious that if 4, and
gz do 0ot lis in the safe zone i.e. when g =2 #7/E and
ga —3 ¥'1E, then the system sxhibits abnormally large
fluctuationy.

Ecological implication: This eaxample clearly shows
that conclusion drawn from the conventional 1echnigque
and owr method is the same. Bt for monitoring the harves-
ted populations the exact critical values of the calchahbi-
Iy ecefficients and barvesting efforts should he known
in advence. This new technigue will be of considcruble
help to the resource managers in (his aspect.

Problemi 2:  The method for finding the maximum value
of effort in a harvested system is still an open question
even in dJeterministic framework. For this, we consider a
logistic prowth model of two-species with competitive
Inerastion between them as discussed in Bhatiacharya
and Begum (1996} where they have cilculated the maxi-
muin efforts, We address the question if their estimated
values for maximem hacvesting of the speciss are valid
under environmental variability or nojae?
Frot equasion (11, we s2e that

. 2.,]_!
d—azi:-ﬂund L0,
aE dE™

Conscquently, we obtain the maximum havesting effort
LEer} for species | a5

£, - PK-8)
! PRy — 4
- £x (rs —affKL)
(ml = .ﬂk"h:'{{l +E£]SE + EI.’Z.ET?'[_: + EL"}I
iy o

which iz positive if
[i) ol < v, 3K < 5, ol < 861 < rqy

303

(i) r < al, 5 < BK, rg, < sqy < olga. {a)
Also, the maximum harvesting effort (E) for species 2
as:

E.— sled. - r}

e S T T
alag, = 241
er(rs—apkL)

(5q, —M][{HL;:-JP; + ek (2 +31—J]
D o

which is poeitive if
(0 r =, < BE, 59y < rgy < PEgy
i) o < r, BK < x5, By < rgy < 541, {2

[t is to be notad here that the maximum baryesting effort
without noise, calculated by Bhattacharya and Begum
(19946) are

r{ AK - 5) and SL=0)
BRg, = ra; flg, —sq,
under the same conditions in () and {b} respectivaly,

For stable equilibrium, if conditions (z) md (#) hold, the
EXPréssInns

&s(rs - oKL) o
B €. a2 zowiom 1
{rg, ﬂfqu}liﬁﬁﬂ}s +oteL {2+55H
erirs—afkL)
) 1
(sq, ~aLg,) [ﬂ+§g}ri+ﬂzsﬁ‘{2+aﬂ

have a negative effect on E, and E; respectively. Soin a
real environment, the maximum barvesting effort is less
than what was estimated by them. Hemee 18 a realistic
gituation the condition for maximuem hervesting effort in
a two-specics combined harvesting system will be,

E.: = miﬂ {Eﬂl Eﬂi}*

Ecological implicarion; The ebove discussion revesls
the fret that while monitosing s systern it 18 necassary to
consider the most realistice situation. I resource managers
choosa 2 harvesting stralegy in a purely deterministic
sitwation they muy be in m wrong rack and harvesting
oy lead to the extinction of the mother species and, uli-
mately, of the entire population. Hence, the estdmation of
maximum harvesting effort through our method provides
& mote realistic view for monitoring the system and may
he helpful to save the species from exploitation.

Problewt 3: In this problem we provide a systemade way
of parameter ¢stimation and gaining control on & pme-
tical problem, We consider the experimental fisld ohzag-
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vations carried out on Scosgalese artisanal fishery. En
maltiflest-multispecies fisheries exploitztion, fishing
urtits of some fleets may be an imporiant factor. Laloe
et of {1998) conzidersd Lotka-Volterra model for mwlti-
species harvesied fishery mystem to repeeseot the main
features of the Senegalese artisanal fishery (Laloe and
Samba 1991). They ohtained some values of the parame-
tery from experimeatal observations and estimated other
inccessible parameters of the madel vsing lewst squares
critarian. They also concluded that the squilibrium reia-
tions obtained from their model are similar to the madels
of Pellx and Temlinzon (1969}, Laloe {1088} and Schasfer
(1957). The question zddressed hers is whether these
estimations are 5133l valid for the same mode! under envi-
rosumental fluemation?

We take the same rwo-species model congidered by
Lalos £ 2l (1998) with environmental geochasticity in both
the populations, and reconstruct the problem as an opti-
mizetion protlem, Our basic aim is to find out the range
of maccessibie parameters in tsoms of known parameters
which will give the safe parametric zone,

The model equations with noise are;

dc
o =xr+m, {'}—?—‘:-}"m}' — g, Ex

2 _ ys+m, 00— 23 oy, B, (14)
i L

where the periurbed terms .00 {i= 1, 2) are coloured
noise following the Ornstsin-Uhlenbeck process descri-
bed in equativns (3) and {4). The constraint an the con-
ditions for the existeace and local stability of the
deterministic system aroundd the positive equilibriym are
obiained in § 2.

The parsmetric values obtaines) from Laloe ef 4f {1998)
are X'= 10000 tong, L= 40000 tons, r= 2.520day, 5=
D-65/ay, qy = 1-810ns/day and o = 4-087/toms/day. The
objective is 10 estimate the interaction parameiers o, J
and the effort £ that are imaccessible 1o experimental vaki-
dation.

To solve the above optimization problem we proceed
in the following way:

Step I: Minimize o [equation (11)] considering the con-

straint incguality. This gives the following set of equa-
tions for 2, Band E;

mﬂ‘lﬁ{H%} SBELIEK (r =g E}=r (s— g 0]

&= —
EBAK2L —ve' 132 +;—,}[ﬂK lr—qmEY-r{s—g.E)
0
ﬂ+£_)32+¢[=£'(2+i’} I.i+ rsle
p-—2 %

Eraeir,
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g SOK-9) _ es{rs—afikLy
f— ___--_-'-"'
PR =12 (g, - BiayidL+ i v, T
0 &
{15
Similarly, minimizing o [equation {1 1)1, ane cay gt

.2 a2 N
1+ + B2+ )K" + %5
by : 2y

@= £riKL
ersod 4+ {1+ ';T} raklol(s— g - ﬂ""ﬁE}]
g~ c
ek} —sek® (x+ EL} (s ~ g2 8}~ 3l -5, K]
B
Fe ol = #)
oelg; —5g
_ Er{rs—afikL) {16)
(2g, — el )[{} +E—',:||.'r'2 + ﬁIE Kt 2+ l}]
o By

Step 2:  Solving equation {i5) and using the Eiven pana.
melric values ane ¢an obtain the tolerance values of g, i}
and £ far which the deviation of x-population from the
mcan level is minimam. Thiy gives ey = 0809, §, =
246-123, £i=1-184. These values will give the safe TERion
in the parmmetric space for which s-population will ke
stable around the pesitive savilibriem under environ-
mentel siochasiicity.

Step 3. Similarly solution of equation (16} will give he
iclerance values of @, 2, £ for which the deviatien of *
populalion from the mean level is minimom. This yields
5 =14-842, [ = 0006, Ey=0-136. These values wili give
the eafe region in the parametric space for which y-popu-
laticn will be slable arcund the positive equilibrium
under environmenital stochasticity,

Step 4. This step involves the (olerance values of @ f
and £ obiained from the above Iwo-steps Far which fte
entire systeny will remain stable wround the positive equi-
likrium and both the papulations will lie inside the tole
rance level, These are:

€ = min (), ;] = 0003
B.=min (8. &} = 0-006
E.=min {E,, E;} = 0-136. {17

For the zbove set of parameter values, wa observe tha
the ¥ populatian lie, inside the tolerance level, depicling
steble sitation (see, figure 2). Keeping all the othey acces-
sible parameters fixed, if we funther increase the carche-
bility coefiicient (g,) about ten times than the previots
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ote. then the vales of the inaccessible paramweters will
change and they will be no loprer in the safe parametiic
zone. In this situation, we obrzrve that Both the papola-
ticn will deviate from e lolerance level, depcting zn
unstable sitmation (ses, Dgeee 30, The sale paruinsric

Time (DHy)

Fipure 2. Mumerical sobations of aquation (%) show dhat the
acizmianwen wnrdren of popailations Tis witlin the tnlavance iniere
val for clepicting a siahle gituarian, Parameters af ¥iver i the
mexr,

Tima [Day)

Figore 3. Muenical solotions oF sgueation (3 s'ow fan ihe
meximum nombee of pogulalions Jie ontsids the tolerancs infer-
val with gy m 18 Dionsfilay, cepicting a anstabde sitwaticn.
e pacametcrs o5 given in the tex.

505

reglan (ste, Biure 4} for which Bath the popolaticas will
persiet under enviroamentzl sicchasticily can be otiained
(Laing the values derived ir. step 2 and step 3) by cRlcu-
latiog the mbersaction region M N, where

M={a=0-0003 5 =0- 246123, £, =0 L.]134}
i o= [ m U — 14842, By w (7 - (M)O6, Ky =0 - 0-136])

and keeping all ather accessibla parameters fixed

Ecolagical implicatden: To is quite intcresting %o noie
that the valaes of joacecesible paremeters o and B csil-
rdted by Laloc ef of (L9578} have ot incrcased by about
200% and doereased by 94% respeoiively by our method
[the walues of & and 8 estimatcd by Laloc er of (1998)
were 0005 and 00965 respectively] and hepce the dif-
fereniigl wmpact of envippmmental flocgation is clear,
The above step wise discussiom will be helpful to the syz-
Lem imanagers o chalk oot a suitable harvesting sitategy
amd o eslimsts The oekogwp sysleny pacuoeters {prp-
vided somoe of the cdher gysiem parameicrs are known
through experimental study) In fishery problems in prac-
Bee.

4, Con¢lusisn

Explaitalion of biologiea] resorces end the barvesi of
Populaiion species are commonly practGucd in fsbedes,
forcsmy and wild life management, In is papir, & tWo-
specics combintd harvestng Lotha-Volterrs competitive
system has becn considered. Bul as unccrtaiaty is wery

Figore 4. Rafc parametric rops,
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niuch prevalent in resouree econamies, randam flucux-
tions im the form of colour noise has been compidertd in
the system. The main purpose of this paper is to 2stimaie
the maximom harvesdng effort and other inaccessible para-
metery of the rysteon parsmetsrs. We have icd 1o solve
thi® problest in twe ways — the conventional approach by
cakulating rican square devistion: of the populations
with the help of spectral density analysiz, and by wing
a new technique devsloped by us through zalutlen of
stochaehic differential equations as well as using Toheby-
cheff®s inequality. In any biological systen the mechapism
of regaining ainbility of the sysiem iz an important consi-
derotion but the spectral densily enalyais is mot the appro-
prigie tool in such a eituatior. For such smations, e
prramciors, specifically the macoeseible pirameters of
the system may play an impartant okt in conwrolling the
aysiem. The method developed by us for finding inacces-
sible paramerers jovolved in the system, enables Ls Lo
vbtam the maximum harvesting effore for which the sys-
tem remaing slable ground the pusitive cguailibriom under
stochastic Aluctuaiions. I has alsp been abgerved thal the
maximum harvesting effort extimated frotn detemmingstic
situaidon is greater than in stochanic eavirenment, whick
iz an imporiant findiog from mmanagement view point
Moresver (o substantiate the analytical resul:s r=al life
fishery dsia have been oscd Lo detecmine Hwe inaccessible
PATAMEtAS Jo 2 systenatic manner and a pararesthe kafe
regicn has been found for comteodling the ecohygicel sla-
bilicy of the sygbem:,
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