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INTRODUCTIOn

natural po~ulations experience fluctuations in many aspects of their

environment, such as temrer~turc or food availability, which nay nffect their

mortnlity or their rcproductivc success. Such fluctuations - environmental..... . ..". .
• "noise" - are therefore norn~lly reflected in .fluctuations of populati"on··size.

Sone pcpulations do not fluctua.te nuch, even as u'result of lar~e environmental

fluctuations, and are presumably fRirly \lell stabilized af;ainst suchp.erturbations •

. Others". PP., th.e: pthcr. h.clnrl", neen- ·to· ne· very- semsitivh' 'to' ehvironmen1:nl noise.

Clearly, a population which is in a precarious state·is More likely to be driven
. ~. '.", . t . '

to extinction if it is highly sensitive to npise than if it is fairly well

stabilized. Exploitation of a species can M99~fy.poth· mortality and repro~
f ... ~ .''';').'' '. ! J , ' • .. '.• " ....... ~ . •• - • (t ,,,.. ."

ductive rRtes, ~nd nay therefnre modify thc sensitivity to noise, and hence affect

tllc likelihood of .. extinction.

These considerntions sur;r;ost that, when assessinE; thc effcct"of e}:ploitation. . - :.-, . "-

on natural po~ulations, we should consider not only thc effect on overall population.
size, but also the effcct on thc ,se;~s~tivity of population'size tn environMental

•• '.• '\. 'I. •• "", •

nois~: 'Thi~'a~pe~t has rcccntly h~on studicd in thc contcxt of whale populations

by Beddin~ton and [!ay (1977). Thcy concludcd that sensitivity to noise increased

under exploitation, and tv'ould bccone infinite for a population exploited -at, MSY.·
..... .' • ~ • '.' - > ........ ,,',.' ........

It has 'recently 'heen' ob3erve~' (Hor~~od and Shepherd, 1977; Shepherd, 1977) that thin

conclusion depends on the details of the population Model used and the form of'. '.' ...
envip.o:n_MfP:tü~ . .n.oi.se, assured.,. and is only valid' fbr 'the rather special ~an~ in.

p:r-actice rather unlikely) conditions specifieil by Beddinr,ton ·and lhy. . ,.
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.The purpose of this paper is ther€fore to point out that thc analysisof

sensitivity to cnvironrnental noise is not at all easy, an~ ~equi~es dctailed

knowlad~e of thc nechanisns of population size re~ulaticn and of the environnental

factorsresponsible for po~u12tion size fluctuations. It is in fact nore difficult,

and rcquires more infornation, th~n thc prediction of population size chanr,es under

exploitation - t,hich is itself quite difficult enour,ho For n~nar,ernent pu~poses any

results concerning thc sensitivity of populations to environnental noise therefore

need to be treated with extrene cautiono

THE P-ETUPJT TIHF.

An attractive neasure of sensitivity to environmental noise is the variance

of population nunbers eenerated by a ~iven variance in sone environmental variable,

such as te~perature, 01" carryin~ capacityo l~ nay illustrate the np-thod of analysis

co~veniently usin~ a sinple bulked-population first-order differential equation· . ...

Model for a population, wherc N is population size an::!

dtr'dt' = lIG (~T) •••••••••• ~ ••••••••••••••••••••••••••••••••••••••••••••••••••••• (1)

G (H) isthe density-dependent net reproduction rate. including mOl"tality fron

both natural caunes and exploitation, ie

G (In :: R (H) .. l1 on • F on '0 ... 0 0 .. • 00 0 0 0 0.0. 0 o. 0 • 0 0 • ~ 0 0 0 •• 0 •••••• ~ •• 0 0 ••• (2)

Thc annlysis may beextended with various degrees of difficul1=Y to handle multiple­

aga, fi~ite diffcrcnce and tinc-lar~ed nodels, but the basic method remains 8inllaro

Wo assune that the population in fluctuatinf, around some fairly well-defined

.moan level, 11'1, givon hy .

G (Ip'.:) = R (H)~) .. ~f (N~~) - F (H~':) = 0 0.000.0 ••• 000 ••• 0 •• 0 ..... ~ ••• 0 •• 0.0. (3)

and examine the size of fluctuations around W:: 0 Hriting n =H - W~ ,md retaininp: e
only first-order terns we obtain

dn
dt + n - 0 . .

T - •••••••• •••.•,•• •••••••••••••••.•••. •••••••••••••• • •• • ••• •• ••• • ••••

• iso the return tine, given by

T = -11 (~r~~ G' (lT~·e)) ••••••••••••••••••••••••••• ., ~ •••••••••••• (5)

If the fluctuations are sufficiently snall, this linear approxination about equi­

libriuM will be adequate, and even if the fluctuations are lar~e it nay tell us

much of interesto ITeverthcless, one should recognize that:
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(a Y thc return tine is only a cornplete 'descI'iption of 'transient behaviour aoout

equhibrium f~I' thc si~~le 'sy~'t'em,,~ ha~~' chosen. ~ore' co~plicat.ed nodel~'~cad..
't~ ~~ch ~or~ 'eIl~~rse' beha~i~ur which' can~~t be'~o;~i~~ly .describ~d, a!though 'it .

iistill' 'p~~iibie" to arrive '~t a d~fi~iti~~ of r~'turn ti~e' ~hich ';etains mu~h'
thc ;~~'me i~'fo~a~ion (sec' ;c~ ,11ay '1973 )';' . . " .

(b) the tr~atInent"is''only 'vaild iith~~~ is'. i~dee~~ a~ '~·quilibri.~ population
,.:' ,~(' " ,'i',: ;t, '.',' ,:.,.:.:,~ ..:'".' ;.".' ,". -... ". -::,' ",~, \. . : ..:. :".:.' : ~.,

size, detcrmined by density-dependent effccts, about which the populationfluctuates

in a fairly well-behaved :rna:nner': I~"is not' 'obvlous tha~ this. is ~l~~y~ so~ but

~~ci~"~~':a~sumPtion is alm~st esse~tiai' i~ order '~o"~ak~ '~yprogr~ss,a~d'is

co'mmo~iy" ~i~~ made ih asscssme~ts' of population si~e. .' , .: ' .: '
\:. " ..' r ... ~ ," .. .. .. ~ , . . ..

THE DEPEUDENCE OF RETURU TIUE ON THE LEVEL OF EXPLOITATIOll.. . . : '.. .. . ," .
So faI'~'thereforc, wo' rc'eogniz~that th~ treö:t~ent is only approxinate, but

~ , .. .. .' .:

have no serious reservations about its general yalidity•. Thenext step.is to

assess the dependence of retu~~'ti~e on ~h~ level ~fcXP1~it~~ion;, F, ~~hi~h~ of

cour~e' irifi~~~~es the:eq~iiibriumpopul~ti~n size li*'and henee T 'via eq~ation (5) •
• , • , • •••• • ,- -. .... .' .'.;' • • : ',' ; •.... \ " ~ l • "

'This is'carricd out by analysi~ of thc detailcd form of G (N)., Beddington

an'd Hay (1977)' st~d:ied the usual logistic e~uatio~, fo~ whic·h. .',

~;'(in'~'M' (U) =.;' (l-N/K) ••••• : ::'••.•••.~ •..••• :~~.•••.• :~ •• ~ •• : ••••••• •••••••• (6)
. ) . .

whcre 'I' isO the' intririsic rate of ·5.ncrcase and K iso thecarrying capaeity•.. They.

showed th~t,' ''i=or; constan1: F':( ie 'f~~ ;c~~sta~t fishi~g cdrtality) ,.
T =1/ (r - F) •••••.•••.••••••••••••••.•••••.•••••••••••••••••••••••••••."•••• (7)

In 'this'c~se thcr~fo~e thc ~·turn~tirn~·incrcas~sas eXPloitatio~;increases~'and.

in fa~1:: becornes infinite if F' =r ('~he'n, h;wevcr,' the po;u'la:ti~nsiz~ 'is'~f :course

reduced to zero anyway). H~wever, Bedding~~n an~H~y'aiso' poin~ed.out'. th~t if the
.: .' _ .: '.. '.' f . ',. , '. . ' ~.' , ". • • • • ,,'. '.. • • ;. '. .' .i • • • "'. • ~ •

population 1s exploited at constant yield (ie so that Y =NF 1s constant), then.. .. ~ .. ..' '.,

T ':' l/Cr/i::'Y/Yin-ä'x') .~ ~ ~~ •••..•.•••.•••.••••••••••.•••••••••• •••••.• (8)
• :- • . .: >' ~":. ~ , •. , ., . • , ;. • " ".' t. .

where Ymax ~s the maximur; sustaiIlable yield (HSY), equal, to rK/4.·· .'.

In'this case~ therefore, altho~ghthc return time ~tiil i~cr~~se~ as exploitation
~: ~ ~ ..-

increases, the behaviou~ i5 more extreme, since it goes infinite if thc population

is expl~it~d at its ff5Y. "W~'~emdrk' he'low that this beha';iour. dcpend.s on" th~ .

detai.ls:~f thc: ~od~l"~~Cd"~~dpö:irrt'o~t hcr~only tha't, cvc·~ when this part5.cUlar

model i8 used, it oeeurs ONLY for exploitation at constant yicld. That is to say,
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for exploitation whore a quota i5 set, always EXACTLY taken, and nover revised, .

~gardless·of the ~tate'of the stock. It is not likely'(nor perhaps' even f~asible)

th~tsuch a management scheme would ever bu used, and one should therefore regard

an infinite return time as an extreme case which wouid -hever 'occur in'pr~ctice.

Furthe~ore', Horwood and Shepherd (1977) ha....e shown that for equaily plausible

population ~dels (eg incorporatinß the Beverton and Holt stock/rccruitment

rela:'Üonship'), cx~ctlY thc. '6pposj.t~ behaviour of return time on explolta,tlon 1s
~ ..... , .. ~

indicated, so that it is rcduced by increasing exploitation.

, Thuswe find that the behavioUr of return time as a function of exploitation

depends c~ucially on th~ nature ofthe population model uscd. At pres~nt we a!e

too ir,norant to predict reliably evcn thc.directionin which it.should change, ~nd
, '.

any conclusions rcached via asscssments of its behaviour should be trcated with

great circumspection.

THE INFLUENCE OF RETURN TIHE on SENSITIVITY TO NOISE
..

Thc final stage of the rnethod is to aS50ss the way in which variations of

return·time influcnce sensitivity to naise~ It is not fruitless to pursue the
" i

analy~is further, evcn in vicw of what has been said above, since it may·b~ that

something may bc disc6ve~ed about return tim~~ other than by analy~is ;i pop~la~ion
rr:odc'ls :. perhaps' by' spc'ctral 'analysIs' of popul~ttion' flUctu~tion;s. .If this ~houid
pro~c to bC ~o, it might indecd provide a nost valua~l~ tool with which'~o test

population models.

; Beddihgt"ori 'anel' Mai (1'977)' 'c·oncluded that' an 'increase of ret~~n time would lead

to im incrcased s~nsitivity t~ noise - hence thcir' cancern about th~ possibil·ity

.. c:f return time bccomin:g infinite. However,Shepherd (1977) hn~ shown that thc

bchaviour d~pends onthc fo~n of noine assumed. The'incrcased' sensitivity noted

by Beddington aud Uay occurs only when the noise perturbs the reproductive rate ~

directly: the opposite effcct' occurs i~ tho'norse oniy·p~~turb? ~~pr~d~~t;v~.ra~es
indirectly (via aperturbation of carrYingcapacity, for ex~plc). Th~s it is not

possiblc to say whethcr an increascd return ti~eshouldle~d t~~anincrcasedor. . .. . .. .
reduced sensitivity to n6ise~ unlcss onc knaws t~c sourcc of.t?c fluctua~ions~ and

can introduce them into themodel equat~ons accurut~ly. This is not no~nally so.
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CONCLUSIons

It is possible to estimate the sensitivity of populations to environmental

noise, and how this is influeneed by exploitation, by examining the transient

response of models of the population dynamies, and in particular by studying

thc eharacteristic time for thc population to return to equilibrium after

perturbation (the return tiMe).

It transpires that ~mether the return time increases or decreases as a

result of exploitation depends on the detailed form of density-dependcnee in

reproductive and mortality rates, and no generally valid conclusion can yet be

stated.

It also transpires that whether the Gensitivity to noiGe is inereased or

deereased by an inerease of return time depends on the nature of the environmcntal

noise, and whether it pcrturbs reproductive rates directly, or only indircetly

via thc carrying capaeity, for example.

Our present understanding of the nature of regulation and the source of

fluctuations in the nunbers of most populations is thus clearly insufficient for

any firn conclusions to be stated coneerning the effeet of exploitation on the

sensitivity of populations to environncntal noise. It is however clear that the

possible pathologieal Gensitivity to noise of populations under pure "quota"

management suggestcd by Deddington and Bay (1977) oeeurs only under very extreme

and rather unlikely conditions. It should not therefore be a major factor

influeneing the deeisions of those responsible for Managing exploited natural

populations, nor should it be allowcd to diseredit the coneept of MSY as the foeus

for (but not necessarily the target of) deliberations on management proeedures.

Nevertheless, management bedies should be awarc that the sensitivity of a

population to environmental noise May be affected by the degree of exploitation,

and should be alert to thc possibility that increased sensitivity may develop in

some populations. Should this oeeur it should be regarded as a serious matter,

and manaGement objeetives would necd to be modified accordingly.
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