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INTRODUCTION

Crawfordet al. (2006) present relationships between the breesiiogess of Robben Island
African penguinsSpheniscus demersand the abundances of both anchBwgraulis
encrasicolusaand sardin&ardinops sagaBased on their analysis, they suggest that the
management of the purse-seine fishery should ersleguate escapement of fish to maintain
the combined biomass of anchovy and sardine alvowenillion tons. Given that this
potentially has important repercussions for the agament of the pelagic fishery, their
analyses have highlighted the importance of furtmel more detailed investigations into this
issue. This paper provides a brief summary of sfuriber considerations in this regard.

A DYNAMIC MODEL

Ideally a dynamic model needs to be constructadkeszribe the penguin population dynamics.
One of the simplest forms to capture the essenteegbopulation dynamics of the adult female
penguins is as follows:

Nya = N,S+(Nyr Ja HS, ST 1, (1)

where Ny is the number of adult females at the start af ye

S is the post-first-year annual survival rate,

T is the average age at first breeding (taken toebe 4),

H is the average breeding success (fledged chakpar per year),

Of is the fraction of chicks that are female,

S is the first year post-fledging survival ratedan

ly is the number of immigrants in yegrwhich could be modelled in

various ways.

Note for simplicity in these initial investigatiohsis set = 0, andl is taken to be a constant
rather than using year-specific estimates. Follgv@nawfordet al. (2006), values for
parameters were fixed as follows= 4 yr andy = 0.5. Moreover, the averages of the
estimates for Robben Island (0.91) and ofShestimates for other colonies (0.51) were used.
Assuming further a steady initial population oV period 1986-1989, Fig. 1 shows the
sensitivity of population trends for adult penguiaghe choice of an adult survival parame&er
(and also t®)).

Given this sensitivity, and also the fact that maa&apture based estimates of survival rate are
often subject to biases that are difficult to qifsinit is conventional practice in marine
population modelling to estimate one of ®iandSj parameters parameter by fitting to time
series of an index/indices of abundance for theufaion (or estimate both should priors be
provided for a Bayesian analysis). In this casagbee is complicated further because of a
suspected large immigration effect. Given the extéimmigration between different penguin
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colonies, it may be preferable to seek to estirmath parameter(s) through combined fitting to
the abundance data available for all colonies. Siata are available (Underhdt al.in prep)
but there was insufficient time to prepare furthealyses for the current meeting.

INCLUDING DENSITY DEPENDENCE

Butterworth and Plaganyi (2005) stressed thatvery important to appreciate that assunfing
(or H in the example presented here) depends only @yigetesource abundanBedoes not
provide a viable model structure from which to driaferences of the effect of pelagic fishing
on penguins. Consider an example as follows:

H, = f(B,) i.e. penguin breeding success is a functioretdgic abundance in yegpr

For a general model, we need to link the penguidehto a model of the (pelagic) resource.
Equation (1) is modified as follows:

N, =N,S+(N,_., )a, f(B,)S,S™ )

The problem is that any harvest strategy givesedfidistribution forBy and hence forf (B, .)

The net effect is thus that the model predicts eerall exponential increasing or decreasing
trend in penguin abundan®g. There has to thus be some density dependencelintd into
the equation.

Crawfordet al. (2006) suggest aexplicit maintenance of a combined sardine-anchovy biomass
of 2 million tonnes to support penguin populatiofgge Appendix 1). Cunningham and
Butterworth (2006) argue that proposals of thisurethave to be caste in a probabilistic
framework, with the associated analysis necessarked to OMP testing so that the variability
of B under harvesting is appropriately taken into antomdeed, a dynamic model is needed to
evaluate an appropriate distribution of pelagicratanceB to ensure stability of the penguin
population.

An appropriate way to proceed would seem to bentmduce density dependence into the
penguin dynamics through the dependenc® ¢éay) onN. If § is a decreasing function of

as well as an increasing function Bfthe model behaviour will yield broadly stable dés/ of
penguin abundance for a range of pelagic harvéshsities, where such a level decreases as
harvesting intensity is increased.

One possible formulation is that based on Thonetal. (2000) adapted as follows:

(. N,
S, ﬁsj(l— AJ (3)

Note that the value of the density dependent teesndetween zero and 1, so that, for example,
when the population size is very small relativéh carrying capacity related teid (note K*
differs from, being greater than the penguin cagytapacityK), then this term tends to 1.
Estimating or specifying the value $fis not straightforward: one approach is to set tialue
based on the maximum realistic population growtl nathe absence of fishing. The choice of
an appropriate value féf* would also need to give consideration of the gmbty that penguin
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numbers at the turn of the"L€entury may have been abnormally high due to gpetitive
release effect as a result of seal numbers hawieg beduced close to extinction in what was
the only major human-harvest-induced perturbatiothé ecosystem at that time.
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APPENDIX 1

Crawfordet al. (2006) fitted a regression relating breeding sssEkto the combined biomass
of anchovy and sardirig as follows:

H = 0159* In B+ 0461 (A1)

Based on their analysis, they suggest that theaghgseshold fish biomass (approx 2 million
tons) below which breeding success decreases. Howe form of the relationship fitted
(linearity in InB) automatically imposes a convex shape oflars. Bplot, which therefore
may inevitably show behaviour suggestive of a tho&s effect. In order to determine whether
the existence of such a threshold is supportettaily, it becomes necessary to undertake
further analyses.

A curve of the form:
H=aB" +3 (A.2)

was thus fit to the same data (see Fig. A.1) usingModel Builder which allows for fairly
straightforward implementation of the Markov Ch#onte Carlo (MCMC) method to perform
Bayesian integrations to provide posterior credipihtervals. Note that equation (A.2) has an
intercept parameter and hence the curve is noedbt@ go through the origin. The aim of the
analysis was to check for statistical evidence tit'curvature” parameter <1 (i.e. a convex

relationship). The maximum likelihood estimatesaniéd werea = 0245 = 024 and
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y = 038 (Fig. A.1). To examine the uncertainty around tieiationship, an MCMC analysis

was conducted, based upon uniform priorsufdd andy, to compute the distribution (based on
1000 retained values) fét as a function of the followinB valuesB =1, 2, 3, 4 and 5 million
tons. Fig. A.1 shows the median and upper and |®&eile’s for each of these distributions.
The median posterigr value obtained was 1.79 (note > 1) with upperlangr 5%-ile’s of

2.137 and 0.277 respectively.

The results of the MCMC analysis thus demonstitzethese data are not sufficient (from a
statistical perspective) to support the hypothete threshold-type relationship compared, for
example, to a linear relationship between breedutgess and pelagic biomass over the range
of resource biomass spanned by the data. Thmaslfrom a 90% credibility interval forthat
extends well to either side of 1, thus admittinghbmonvex (threshold-like) and concave
relationships, with the latter actually having greater support in the data.
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Fig. A.1. The maximum likelihood estimatel (= 024B%* +  Opdf a relationship between
breeding success and resource biomass obtainesiryythe data from Crawforet al (2006).
The vertical lines represent the posterior medantsupper and lower 5%-ile’s (computed
using an MCMC approach) for the predicted values fasction of a range of biomass values.
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Fig. 1. Demonstration using a simple dynamic madglenguin dynamics of the sensitivity of modelled

penguin abundance trends (shown relative to th® 18&el) to the choice of the adult survival

parameteS and first year post-fledging survival rate parangj (see text for details).



