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INTRODUCTION
Natural populations experience fluctuations in many aspects of their

envircnment, such as temperature or food availability, which may affect their

mortalitv or their reproductive success, Such 4ﬂuctuat:iono - environmental

"n01ue" - are therefore nornally reflected in.fluctuations of ponulation size.

Sore populatlonq do not fluctuate nuch, even as a'recult of large environmental
fluctuations, and are presumably fairly well stabilized aralnut such verturbatlons.
Clearly, a Donulatlon which 1 in a precarious state is more likely to be drlvéﬁ
to extinction if it is hlrhlv sensitive to npise than if it is fairly well
stabilized. Exp101tat}onAof a species can mod;fy both mortality and repro- o
ductive ra%é;;’a;a’EAQ théfefnre nodify the sensitivity to noise, and hence affect
the llPellhood of extinction. .. . . e

These conglderatlons suggest that, when assessing the effect of éfbloifation

_ on natural nonulatlon we should consider not only the effect on overall populatlon

31~e, but also the ?foQ? on the sensitivity of population 'size to env1ronmental
n01se. Thiﬂ é;pect.hés recently been studied in the context of whale populatlons

by Beddln ~ton and lay (1977) They concluded that sensitivity to noisd 1ncreased

under exploitation, and would become infinite for a ponulatlon exploited -at- MSY.

It has recertly heen observed (Horiood and Qhepherd 19773 Shepherd, 1977) that thl”
conclusion depends on the details of the population model used and the forn of

CnVlSPFPFPFQ;an°l se, assuned,. and is-only valid- for the’ rather Sﬁec1al (and 1n

ppactice rather unlikely) conditions specified by Beddlngton and Hay.
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‘ .The purpose of this paper is therefore to point out that the analysis of
sensitivity to environméntal noise is not at all easy, and requires dectailed

knowledge of the mechanisms of population size regulaticn and of the environmental

factors responsible for ponulation size fluctuations, It is in fact nore difficult,

and requires more information, than the prediction of population size changes under
exploitation - which is itself quite difficult enough. For management purposes any
results concerning the sensitivity of populations to environmental hoise therefore
need to be treated with extreme caution.
THE RETURN TIME

An attractive measure of sensitivity to environmental noise is the variance

of population numbers generated by a piven variance in some environmental variable,

such as temperature, or carrving capacity. Ve may illustrate the method of analysis

conveniently using a simple bulked-population first-order differential equation.

nodel for a population, where N is population size and
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G (1) is the density-dependent net reproduction rate, includihg mortality from
both natural causes and exploitation, ie . ‘ ‘ '

G (u) = R (N) - ! (N) - T (N) .!.'.00'll‘l.o.ou.t.o.‘o.‘o'.‘Qc’.'.."“.o.o’.!-‘.0-‘00 (2)

The analysis mav be extended with various degrees of'difficulfy to handle multiple-

age, finite difference and time-larred models, but the basic method remains similar,

We assume that the population is fluctuating around some fairly well-defined

mean level, N%, given hv .

G(II*) =R(}I*) "li (Plﬁ) "’P(Ir":) = O .I'.O.l.....‘..';OQ'..DQ‘;.C..l...l' (3)
and exanine the size of fluctuations around N%, Writing n = N - }N% and retaining

only firsteorder terms we obtain

_ +.I.1.=()

dt T I.....Ol...l.‘\‘...‘."."....C'."....O..Q'...lll.'.'.....'.."‘.‘.‘ (”’)

T'is'fhe'return time, siiven by

T 2 =1/ (0% G' (1)) (eierinnersssneseeaneescanninsionnssesensasesanssssnansse (5)
If the fluctuations are sufficiently small, this linear approximation about equi-
libriun will be adequate, and even if the fluctuations are larce it may tell us

much of interest. MNevertheless, one should recognize that:
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(a) the return tine 1s only a complete descrlptlon of tran 1ent behav1our about
'equ111br1un for the slmple system we have chosen._ More compllcated nodels lead

to nuch more dlverse behav1our whlch cannot be so.31mp1y descrlbed, although 1t

is st111 pos 1ble to arrlve at a deflnltlon of return tlne whzoh retalns nuch .
the sane 1nformat10n (see eg May 1973),_ _ o . oo |

(b) the treatment 1s only valld 1f there 1s 1ndeed an equlllbrlun populatlon

s1ze, determined by denslty-dependent effects, about whlch the populatlon fluctuates
1n a falrly well-behaved nanner. It 10 not obv1ous that thlS is always so, but
such an assumptlon is alrost essentlal 1n order to nake any progress, and 1s

. commonly also made 1n assessnents of populatlon s1ze. .
ETHE DEPFNDBNCE OF RETURN TIMF oN THF LFVEL OF BXPLOITATION ‘

So tar, therefore, we recognlze that the treatment is only approxxnate, but

have no serious reservations about its general valldlty. The next step 1s to o
assess the dependence of return tlne on the level of exp101tat10n E whlch of
course 1nfluence the equlllbrlun populatlon s1ze Nh and hence T v1a equatlon (5).
ThlS is carrled out by analy31s of the detalled form of G (N)., Beddlnpton
and Hay (1977) studled the usual 1og1st1c equatlon, for whlch '. Y
CRUAD S MO 2r (AN/K) et eea s enceanssinsanesaanens (6)
where r is the 1ntr1n81c rate of 1ncrease and K 1s the carrylng capac1ty. They.
showed that for constant F (1e for constant fishing nortallty),,
T =1/ (r - F) sestsiestiretettitititentiettcnststesatttnsscascnsncsoncscsnsns (7)
" In thls case therefore the return tlne 1ncreases as exploltatlon 1ncreaoes, and .
in fact becomes 1nf1n1te 1f F = r (when, however, the populatlon 51ze 1s of course
reduced to zero anyway) However, Beddlngton and May also p01nted out that if the
populatlon 18 exp101ted at constant yield (1e 50 that Y = NF is constant), then

l/(r/" max) .;;....f.;................................................. (8)
'where Ymax is the naxxmun sustalnable yleld (MSY), equal to rK/u.f, . e
In thls case, therefore, although the return tlne stzll 1ncreases as, exploltatlon
1ncreases, the behavxour la more extreme, sxnce it goes 1nf1n1te 1f the populatlon
s exp101ted at its HSY ‘ We remark below that this behavxour depends on the ‘
details of the model used and p01nt out here only that, even when thls partlcular
model is used, it occurs ONLY for exploitation at constant yield. That is to say,



for exp101tatlon where a quota 1s set, always EXACTLY taken, and never revised,
regardless of the state of the stock. It 1s not llkely (nor perhaps even fea31ble)
that such a management schene would ever bu used, and one ‘should therefore regard
an 1nf1n1te return tlme as an extreme case which would never occur in practlce.
Furthernore, Horwood and Shepherd (1977) have shown that for equally plau31ble p
populatlon nodels (eg 1ncorporat1np the Beverton and Holt stock/recrultnent «
relatlonshlp), exactly the oppos:te behav1our of return tlme on exp101tat10n 1s
ilndlcated, so that it 1s reduced by 1ncrea51ng exp101tatlon. .

Thus we find that the behaviour of return time as a function of ex0101tat10n
depends cruc1ally on the nature of the populatlon model used. At present we are
too 1gnorant to predict rellably even the dlrectlon in Whlch it should chanpe, and
any conclu31ons reached via assessments of 1ts behav1our hould be treated wlth
great c1rcunspect10n._ ' L )

THE INFLUENCE OF RETURN TIME ON SENSITIVITY TO NOISE ' o | o
" The final stage of the nethod is to assess the way in whlch varlatlons of

) return tine 1nfluence sen31t1v1ty to noise. It is not fru1tless to pursue the

analy31s further, even 1n view of what has been said above, since 1t may be that

psomethlng may be dlscovered about return tlmes other than bj analys1s of populatlon

' models perhaps by spectral analy81s of populatlon fluctuatlons. If th1s should

prove to be so, it nlght 1ndeed prov1de a nost valuable tool w1th whlch to test

populatlon models.
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to an increased sen81t1v1ty to noise - hence thelr concern about the posslblllty

t'of return time beconlnp 1nf1n1te. However, Shepherd (1977) has shown that the _
behav1our depends on the forn of noise assuned. The 1ncreased sen51t1v1ty noted

by Beddmgton and IIay occurs only when the noise perturbs the reproductlve rate ‘
dlrectly° the opposlte effect’ occurs 1f the hoise only perturbs reproductlve rates
indirectly (via a perturbatlon of carrylng capacxty, for exanple) Thus 1t is not
p0331ble to say whether an 1ncreased return tlme should lead to an 1ncreased or .
“reduced sen51t1v1ty to n01se, unless one knows the source of the fluctuatlons, and

can 1ntroduce them 1nto the model equatlons accurately Thls is not nornally so,



CONCLUSIONS

It is possible to estimate the sensitivity of populations to environmental
noise, and how this is influenced by exploitation, by examining the transient
response of models of the population dynamics, and in particular by studying
the characteristic time for the population to return to equilibrium after
perturbation (the return tine).

It transpires that whether the return time increases or decreases as a
result of exploitation depends on the detailed form of density-dependence in
reproductive and mortality rates, and no generally valid conclusion can yet be
stated.

It also transpires that whether the sensitivity to noise is increased or
decreased by an increase of return time depends on the nature of the environmental
noise, and whether it perturbs reproductive rates directly, or only indirectly
via the carrying capacity, for example.

Our present understanding of the nature of regulation and the source of
fluctuations in the numbers of most populations is thus clearly insufficient for
any firm conclusions to be stated concerning the effect of exploitation on the
sehsitivity of populations to environméntal noise. It is however clear that the
possible pathological sensitivity to noise of populations under pure "quota"
management suggested by Beddington and May (1977) cccurs only under very extreme
and rather unlikely conditions. It should not therefore be a ﬁajor factor
influencing the decisions éf those responsible for managing exploited natural
populations, nor should it be allowed to discredit the concept of MSY as the focus
for (but not necessarily the target of) deliberations on management procedures.

Nevertheless, management bodies should be aware that the sensitivity of a
population to environmental noise may be affected by the degree of exploitation,
and should be alert to the possibility that increased sensitivity may develop in
some populations. Should this occur it should be regarded as a serious matter,

and management objectives would need to be modified accordingly.
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