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SUMMARY

A revised form of an earlier model is presenteaviich Dassen and Robben Islands are split and
modelled separately for reasons as outlined in tleecompanying document
MCM/2007/MAY/SWG-PEL/O6a. The latter document sumises all data inputs as used in the
model. Some of the equations are given below asidgle illustrative example presented to give the
Working Group a general idea of the revised moeetion.

Given the time spent on finalizing data issues r@ubding the new version of the model, there has
been insufficient time to prepare a comprehensa@ithent. Rather this document should be seen
as preliminary only and for the purpose of disaugsihe model, with a more comprehensive
document to be tabled at the next meeting. It nalst be appreciated that the single illustrative
example presented is by no means considered s#bisfat this stage as there are several aspects in
need of further work.

INTRODUCTION

A number of questions have recently been raisedrdagyy the status and management of the
African penguinSpheniscus demersudhe PWG penguin task team agreed that it wouldseéul to
develop a dynamic model to assist in understanifiegpopulation dynamics as well as in an attempt
to reconcile the various data sources. This doctidescribes the development of such a model.
Although still preliminary, the model is of a forthat can readily be linked to the pelagic OMP
(Operational Management Procedure) testing pracetsde account of the relationship between the
breeding success (and perhaps also natural mgytadiifrican penguins and the abundance of both
anchovyEngraulis encrasicoluand/or sardin&ardinops sagafe.g. Crawforcet al. 2006).

The aims of the current model under developmenasaifellows:

1) to provide a dynamic, rather than static, repregent of penguin dynamics;

2) to fit to available data to provide estimates opartant demographic parameters such as
survival rates, which can then be compared to aliallable estimates;

3) to attempt to reconcile some apparent contradidtends in the different data series;

4) by gradually increasing the complexity of the model represent different plausible
hypotheses, to assist in identifying the most paosious hypothesis to explain the observed
trends in the population;

5) to quantify and provide additional substantiatiar the relationship between penguin
breeding success (in terms of the three variabhesin chicks fledged per year; proportion of
mature birds that breed each year and proportidsirdé maturing at each age) and pelagic
fish abundance; and

6) to dynamically project the penguin population assgnvarious future scenarios to assist in
providing advice regarding the management of thgpm population (and possibly pelagic
fish populations as well).
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It is important to note that the model as presehtm@ is still in the early stage of developmertd an
hence results presented are preliminary only. Tleehis based on the best available data and
knowledge of the population, and the task groupl wintribute to this process by further
scrutinizing the actual data, the interpretatiordenaf these data and other model assumptions.

The model is spatial in that several different dapons of penguins are represented, and different
levels of movement between these populations candselled. The main focus of the model is on
Dassen and Robben Islands, which are here modsdjearately (but with some parameter estimates
assumed common to both). The third population i®rDigland because it has the next largest
numbers of penguins, recent declines in the pojpunldhere are of concern and it is considered an
important breeding site for penguins given thewast shift of sardines. The fourth population is
Boulders. Although relatively small, this colony sveonsidered important to include because of its
position, its role as the focus of several othedigts and because penguins are known to have
moved from Dyer island to Boulders, Robben and Brasand hence it is useful to quantify to what
extent movement of birds away from Dyer island doatcount for observed declines at Dyer and
increases at these other colonies.

The model also includes an Algoa Bay colony but éxample presented here assumes no
movement from Algoa Bay to the other colonies aedde this component is not linked in the
example shown and hence will not be discusseddutiére.

Model Dimensions

The PWG agreed that for the purposes of couplimgpi@ and pelagic fish models, the south-
western area should be disaggregated into theafmifpareas:

1) Cape Columbine to Cape Agulhas
i) Cape Agulhas to Algoa Bay
1)) Algoa Bay to Port Alfred

Hence there will be two sets of penguin colonieslefled, corresponding to i) and iii) as there are
virtually no penguins in area ii) and so no neadaio associated model. The sardine and anchovy
models would consist of all THREE areas, with meateldicted biomass in i) and iii) being used
only when trying to find a functional relationshwith the penguin results. The model described
here is primarily for area 1), with four sub-ardgsRobben Island; 2) Dassen Island; 3) Boulders
and 4) Dyer island.

A summary of all the data inputs are provided ine thaccompanying document
SWG/EAF/SEABIRDS/26APR07/01. The model time stepris year and hence average trends are
modelled. Penguins in each sub-area are modeldtingt from 1987. Penguin populations are
projected 5 years to 2012 under various scenarios.

The model is coded in AD Model Builder which persmiapid and efficient minimization.
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POPULATION MODEL

An Age-Structured Dynamic M odel

The basic dynamic model used to represent the ptpnldynamics of the female penguins when

assuming no movement between sub-areas is as #llow

. 3

NS, = NEoetog 2 fs)e) = (1)

NSuran = N3, S)°) s, a=1 @

N)S/+1,a+1 = N;a [Sy 2<a<4 (3)

NS = (NS + N3, )T, m=5 4)
with

NS = zo N>, ()

Ny =, D0y NG, (6)

S = (7)

a)l = fl(By) |:Hmax (8)

w, = f,(B,,)1 (9)
where:
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N;a is the number of female penguins of agm the 1 April in sub-aremaand
yeary;

N;”eeds is the number of breeding penguins in araad yeay;

Of is the fraction of chicks that are female;

S, is the post-first-year survival rate in ygar

Sj's is the annual post-fledging survival rate of jule@penguins in yeay and
sub-aress,

m is the largest age considered (the “plus groset at 5 years);

Uya is the proportion of female penguins of agdat mature and commence

breeding in yeay, determined as a function of a component of pelasgin

abundanc® in yeary-1;
fl(By) is a breeding success factor (multiplier iy to compute the average
fledging success, and which is a function of a congmt of pelagic fish

abundance® in yeary;,
Hmax Is the maximum observed breeding success (chieitgdd per female per yr);

fz(By_l) is a factor determining the proportion that breegeary (with the maximum
possible breeding proportion set at 1) which isracfion of a component of
pelagic fish abundand&in yeary-1; and

is a carrying capacity-related term for adult pgng in sub-area, used to
introduce density dependence into the penguin digsatihrough the

dependence oSyj'Son the total abundance of all penguins aged 2 &tet.o

Breedersand Moulters

Equation (6) above provides a model value for tivalmers of breeding females in each of the sub-
areas. The numbers of female juvenile and adultitersupresent on the 1 December each yeae

given respectively by:

N S
y,Juv_ moult

=Njudsy)ts (10
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N ;Ad_moult = z N;,a |9°y;é (11)
a=2

and hence the juvenile moulters as a proportiadotaf moulters is computed as:

— s s s
py,JuvTot - N y,.]uv_moult/(N y,Juv_ moult + N y,Ad_mouIt) (12)

Adding Immigration and emigration effects

The model allows emigration from Dyer Island to Btais and to Robben and Dassen Islands. The
initial movement model is a simple one and couldniygroved in future. Basically it assumes that a
proportion (estimated within the model) of firstag breeders from Dyer move west. Of these birds
moving west, a second proportion (again estimatignimthe model) are assumed to immigrate to
Boulders. The trend in numbers at Boulders carxp&amed only by immigration and the model
estimates the proportion of the westward emmigrénasare needed to match the observed trends at
Boulders. The remainder of the westward emigrameenio Robben and Dassen Islands, with the

relative proportion moving to each island agaimested within the model.

Spatial Area |

Modelled movement
patterns

Agulhas
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Mathematically, for Dyer Island, Equation (3) fbetcasea=2 is thus modified as follows:
® e =N, (5, f1-E, ) (13)

where Ey is the proportion of first-time breeders (assuntede between the ages of 2 and 3
years) that emigrate from Dyer Island. The emigraproportion is estimated (as a constant year-

independent value in initial model simulations)hintthe model by fitting to breeding pairs data for

Boulders. The actual number of birds emigratinchegear Enunf**is thus:
Enum ™ = E, 8, [N}, (14)

The proportion of the first time breeders that igrate to Boulders (Bld) rather than to Robben and
Dassen islands is determined by paramiggep, estimated within the model. Similarly, the
proportion of these (i.e. the balance that movedbben or Dassen) is determined by the parameter
Erog also estimated within the model. It follows tEajuation (3) (for the case=2 ) must be

modified as follows for the Robben, Dassen and &engdl colonies respectively:

NSflt,)S = N;gbsy + (1_ Eprop)[ﬂEROB) DEnunfyer (15)
N;?+als,3 = N)Iigssy + (1_ Eprop)[ql_ EROB)EnlJnfyer (16)
NEs = NIE'S, + E, o, CEnUN® (17)

Taking account of major oil spills

The Apollo Sea oil spill in 1994 and Treasure pillsn 2000 resulted in the death of approximately
5000 and 2000 breeding adults, mostly from Robleh2assen islands (Undertef al. 1999,

2006, Crawforcet al. 2000). As this is an important additional sourtenortality, in the model it is
assumed that an additional 2500 and 1000 breedmglés from Dassen and Robben died in these
yrs, with the number assumed dead from each oéttves colonies determined by a fixed input
parameterdil_prop; set = 0.5 in illustrative example) and from eade class computed on the

assumption of proportionality to the abundanceéhat aige class.
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Equations (3) (and Equation (4) similarly) for Rebband Dassen is thus modified as follows:

s — S’ [S _ paM oil (18)

where

and M is an additional mortality term set as the obsgrvember of penguins age 2+ that died

in yeary as a result of oiling.

In addition, it is likely that most if not all ctks fledged in those years will have died (Crawford,
pers. commn) and hence it is assumed that onlyadl pnoportion (set at 50% here) of age 1 birds
survived in those years.

Annual variation in adult survival rate

The simplest version of the model assumes adul&aliSis constant over time. Allowing adult

survival rate to vary freely from year-to-year asamnual estimable parameter (i~ S,) would

lead to an over-parameterised model, but process @frthis kind can be incorporated in the model

by treating it as a random effect. To maintain 8)e<1 constraint, it is easiest to transform to an

annual adult natural mortality ra{#! ):

M, =-(nS, (19)
where M, =M €&” n, ~ N(O, (J )2) (20)
and theM and 7, become estimable parameters.

In a strict frequentist paradigm, obtaining maximiikelihood estimates requires integration over

these random effects. The simpler approach herebmalyought of as providing estimates for the
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Bayesian posterior modes, given uniform priorsaibthe estimable parameters exceptfés for

which normally distributed priors of mean zero anadancea,f are assumed (see equation (20)).

Starting values and equilibrium assumptions

Given a value for the starting (1989) number oflachoulters (ages 2+) in an aré) ,; ..» the

total initial population size can be computed a#l agthe initial number of breeding females. Under
the assumption that the population of each colerat equilibrium in the year the model
commences, and assuming further that there isiaigta immigration/emigration, as well as that

aw, = H (1989 (i.e. fledging success observed in 1989) and- w, (1989 (i.e. proportion of mature
birds expected to breed that year), simplifiespodlem of solving for the starting number of

breeding femaledN.*** through solving the balance equation:

N =Nt ) s SO e

with
s — * NSAd moult
§)° = )| 1~ onmout | 22)

Given N™*% | the initial numbers at each agean then be computed as:

N(l))reed,s mf m[ﬁsojs)% a=1
e i, e
N Jreeds g, DrulEﬁSO’S)SO 3<a<m
Nbreedsme&i%s)%A%mz/l So a=m

(23)

-
NO,a -

Fitting procedure

The estimable parameters are estimated by minightkia total negative log likelihood.
The model is fitted to moult count data (availaloleRobben, Dassen and Dyer Islands), breeding

numbers data (available for Robben, Dassen, Dy&Baulders) and to data on the proportion of

8
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juvenile to total moulters (available for RobberadSen and Dyer). Contributions by each of these to

the negative of the log-likelihood4AL ) are as follows.
Moult counts

The moult counts are assumed to be log-normallyibliged indices of the total numbers of adult

female penguins such that:

|mete = 156 or g5 =In(1 M=) ~In(I?) (24)

where I;“"“"'S is the (observed) moult count (expressed in tesfifemales only) for sub-aresand

yeary,

fj =0° N7 Ag_mour IS the corresponding model estimated value, Wm:iaigd_mou,t is the

model-estimate of the number of female moultergiasn by Equation (11);

g° is the constant of proportionality for moultersresponding to sectar and

g, from N (O, (Jj)z).

y

The contribution of the moult count data to theateg of the log likelihood function (after removal
of constants) is given as shown below with contitns added over sub-areas

_ |n Lmoult - Z[ns |n(a.£noult)] + n_zs (25)
with
ng R 2
grot = {Z (ln |y ~In j) } /ns (26)
y=1
where
Ns is the number of years for which there are moolint data in sub-area
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The proportionality constant]® for sub-areas's moult numbers is estimated by its maximum

likelihood value:

1 .
ng == (n1:-nKz,, o) 27)
y

Breeding pairs

The breeding pairs data are assumed to be log-tigrdistributed indices of the total numbers of

adult female penguins that breed each year, sath th
|beeds = [ or g3 =In(l o) —In(i ) (28)

where |°*%* is the (observed) breeding pairs count for sub-send year;,

A

|2 = g8 eeq N2 is the corresponding model estimated value, whef&** is the model-

estimate of the number of breeders, as given byatau(6);

Ooreeq 1S the constant of proportionality for breedersresponding to sectsr and

g, from N (O, (Jj)z).

y

The contribution of the breeding count data tortegative of the log likelihood function (after

removal of constants) for all sub-aresas thus as follows:

—inLree = 3, (o] + n—; (29)

with

ng . 2
OA.Sreed — \/l:z (In | Sreed,s _ |n | ;)r,s) :|/nb,s (30)
y=1

is the number of years for which there are bregdbunt data in sub-area

where

,S

10
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The proportionality constang,,.., for Robben Island is assumed equal to 0.9 (teecefininor

undercounting) and the; .., values for the other colonies are set equal tdribigben Island value.

Proportion of juveniles:

The log-likelihood contribution from the juvenilegportional abundance data is given by:

n
= ooz @
with:
I"IpyS 2
0"-Sprop = {Z (| Srop,s _ ﬁ;JWTOt) }/,] o (32)
y=1
where
I yp rons is the (observed) juvenile proportional abundatet@ for sub-aresand year
Y,
N,s Is the number of years for which there are propoal abundance data in sub-
areas, and
P}, suerot is the model-estimate of the proportion of juvemioulters to the total

number of moulters, as given by Equation (12).

Adult mortality residuals:

The following penalty term is then added to theateg log likelihood:

~InL= =35, F 1(20?) (33)

where

n, is the adult survival residual for yegiwhich is estimated for yeayd to y2 (set here as

1988 to 2006); and

11
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o, is the standard deviation of the log-residualsctvins input (with the sensitivity of

results to alternatives for this choice desiralbigaked).
Parameter estimates and constraints

Parameters estimated in the model were constramibe following ranges for reasons of biological

realism:

0<M <10
0<S; <10
O<E<10
0<E,,, <10
0< Epos <10
0< Nofd_mou
0 < NG mou

Dy
O < NO,Ad_moult

Bld
O < NO,Ad_mouIt

Apart from the nine parameters above, an additid@af, parameters are estimated. Not all these

28 parameters are estimated in every simulationekample, in versions assuming no movemient,

andEprop are set equal to zero.

ASSUMED RELATIONSHIPSWITH FOOD AVAILABILITY: BREEDING
PROPORTIONS, PROPORTION MATURE AND CHICKS FLEDGED

Breeding proportion
It has been suggested (R. Crawford, pers. comnat)ttie proportion of birds that choose to breed in
particular year may vary depending on food avdilgbias reflected by thé functional dependency of

Equation (9). A number of different formulationse goossible regarding the change in the proportion o
mature birds that choose to breed (in April) eaelary as a function of relative prey bioma& the

previous yean-1, where prey biomas8' is computed as relative to the maximum value oleskover a
series (Fig. 1). The simplest assumption is th@4 @f mature birds breed each year. At the otheeme,
the proportion breeding may be assumed a simpmeadifunction of prey biomass, but this was not icEred

realistic by the task group. The illustrative ex#mpere assumes 100% of birds breed if relativey pre

12
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biomass is above the medi&@} value, but that the proportion breeding decrekisearly for lower values of

B".

Proportion mature

Crawford (pers. commn.) has also suggested thairtportion of birds of different ages that mature

each yeay may be a function of relative prey bioma3s, the previous yeay-1, where prey

biomass is computed as relative to the maximumevahserved over a series. The simplest model
assumption is that the base-case input values dochaage over time. An option being tried in the

model involves assuming that the proportion matuehages 3 and 4 remains fixed at 0.9 and 1.0
respectively if relative prey biomass is abovertifedianB" value, but then decreases linearly with

lower values ofB" as illustrated in Fig. 2.

Chick fledging success

One of the most important functional relationshipat needs to be determined before the pelagic
OMP testing process can take account of the relstip between the breeding success of African
penguins and the abundance of pelagic fish condisavay in which the average numbers of
chicks fledged each year relates to pelagic fismbiss, i.e. th@ functional dependence in Equation
(8). The model can currently be run either by udimg observed values for Robben and Dassen
Island, or by fitting a functional relationship Wit the likelihood maximisation. The latter should
result in approximately the same level of variapiis evident from the Robben island data and the
maximum average number of chicks fledged is assweqgadl to the maximum observed values.

There are a number of ways in which this relatignslould be modelled. Following Plaganyi and

Butterworth (2006), a breeding success factpB)) is thus formulated as a function of the

available biomass of prey and acts as a multiphehe maximum observed chick fledging rate (Fig.
3). To reduce the number of parameters in the mddelbreeding success factor is scaled such that
it is 1 when the pelagic biomass is at the maxinoloserved value. A useful functional form to use

is that classically referred to as a Beverton-Htick-recruitment relationship, modified here to

represent fledging success as a function of pelzigimass in area, B;

f(B2) = a (B, (33)
B+B;

wherea and S are parameters witfy = (a —1) so thatf1(1) = 1.

13
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When adding a term to allow for fluctuations abthus relationship, Equation (33) becomes:

a

alB 2
f(B2) = —ye(cay‘UBR/Z) (34)
" (a-1)+B:

where

¢,  reflects fluctuation about the expected curvestas-area in yeary, which is assumed to be

normally distributed with standard deviatiemr (whose value is input in the applications

considered here).

In order to work with estimable parameters thatracge meaningful biologically, Equation (33) is

re-parameterised in terms of the maximum pelaginbiss, By, , and the “steepnessh of the
relationship, where “steepness” is the fractiormaiximum fledging success that results wign

drops to 20% of its maximum level, from which itléavs that:

a
h= 35
50 -4 (35)

By ignoring the random variation term and choosrgingle parameter valime the fledging success
relationship can thus be set. The parambteray be thought of as controlling the level of prey
biomass below which breeding success is negatingbacted (Fig. 3). Given that this is not known
or easily determined, Plaganyi and Butterworth @0€uggest that a prudent approach may be to
select two values that roughly bound the likelygann this relationship. Moreover, rather than

assuming a deterministic relationship, variabiligs been added such that the extent of variability

about the curve can be changed by adjusting treEterosr.

When fitting the chick fledgling success functionalationship, the contribution to the negative of
the log likelihood function (after removal of coasts) is computed by summing over the Robben

and Dassen Island contributions as follows:

—InLee ="y [n (s In(&sﬂedge)] +n—; (36)

14



MCM/2007/MAY/SWG-PEL/06b

with

2
nf,s ~
OA.Sﬂedge - z(ln | ;Iedges _ |n | ;Ied,s) ]/]f,s (37)

y=1

where | /*®* is the (observed) mean fledging success for sehsand yeay;

IAﬂed,s
y

is the corresponding model-estimated value, angby Equation (33) (or (34); and

n, is the number of years for which there arddlag success data in sub-asea

,S

For illustrative purposes, in the results presehi@ chick fledgling success is assumed equalkto t
observed Robben Island values for Robben, DyeBandders, and the derived Dassen series values
for Dassen Island. A single result is shown usihg tlerived Dassen series scaled upwards
(multiplied by 1.27) to convert values from meaimckh fledged per breeding attempt to units of per

year.

RESULTSAND DISCUSSION

There is insufficient time to present results fibiseenarios here hence only a selected illusteativ

example is shown in detail in Figs. 4-10.

These results were generated using the obsenagiritesuccess estimates. The simulation shown
assumes that first-time breeders move from Dy@&awlders (to match the Boulders population
data) and to Dassen and Robben. The pelagic abcemdanes used is the combined sardine and

anchovy strata A_E series (see data document).

A few points of interest in the results:

* The results of the revised model version are ctergisvith previous results presented
suggesting that the average and maximum of puldishevival estimates are too low to
sustain populations, even when considering moveifnemt Dyer to Robben/Dassen and
Boulders (Table 1).

15
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The fits of the model to the data are still ungati®ry (Fig. 1 and 9) and further work is
needed in this regard (see also comments in acegmmpdocument by Butterworth and
Plaganyi).

Figure 6 summarises the three model relationsinesf chicks fledged, the proportion of
mature birds that breed each year and the propoofibirds of ages 3 and 4 that first mature
each year) that are determined are functions gbéiegic fish abundance input series. In the
illustrative example here, the observed chick flagguccess values are used but these will
ultimately be used to estimate a functional respanshin the model.

Note from Fig. 7 that the juvenile survival ratamsdelled as density dependent, and hence
for example it is seen to decrease over the lasyéars following the observed population
increases. A low level of density dependence wasgshe example shown.

The effect of modelling adult survival as a randeffiect is shown in Fig. 7. The average
adult survival rate over the modelled period rartggstsveen about 0.93 — 0.65%mwith an

average of 0.88 ¥ In the example shown, the, value was set relatively high (0.6 — Table

1). A random effects term will similarly be addedthe juvenile survival rate in further
investigations — the main use of the approach sudy the trends in the residuals. Note that
the model result suggests a decrease in adultvalinate in 2005 down to about 0.72, which
is consistent with the hypothesis proposed by s@aslegroup members of a large decrease
in adult survival over this period. Note that ifudtdsurvival decreased this dramatically in
2005, it suggests, as shown in Fig. 7, that antiadail 20 000 adult penguins (males and
females from Robben and Dassen Islands) must Hadedrdthese years. It would be very
useful to obtain independent evidence of such latgebers of dead birds. From preliminary
discussions with R. Crawford, it appears that ualsumbers of dead birds were not
observed on the islands during the moult countspagh this may have been simply
because the focus was on live birds. Dr GrahamAeiko Museum) records all birds on
the beach each month and removes them (behinditiesylto prevent duplication. In
correspondence with Dr Avery, his observationssaiggesting some recent increase in
penguin mortality due to both seal predation andlirigtress”, but these observations are
based on tens rather than hundreds or thousaratsefvations.
Fig. 8 shows modelled numbers of birds that mowed8dulders and to Dassen and Robben
in the illustrative simulation. Given the poortfitthe Dyer Island proportion of juveniles
data (which show a very low proportion of juvenjlesmay be necessary to modify the
movement model to allow movement of younger biods Earlier model results (not
repeated here) showed that if movement from Algag Bestwards was assumed for years
when pelagic recruit abundance was high, this cbattl explain the observed decrease in
16
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penguin breeding counts at Algoa Bay, and assisxjaining the observed increases at
Dassen and Robben island without having to invakealistically high survival or fecundity
estimates. However, task group members notedhbed ivere few observations of penguins
emigrating westwards, given the predominant com@mtugom movement studies of a
counter clockwise movement of birds. It is wortlatdeg in mind though that the cited
studies were conducted prior to the very largegases in pelagic abundance on the west
coast and hence further discussion is neededths feasibility of the hypothesis that birds
moved westwards to exploit the high food avail#pili

Three modifications to the movement model thatcareently being developed/investigated
are: a) to allow emmigration of younger birds fr@yer island; b) to allow the proportions
moving to vary with time; and c) to account for sormmigration of birds from Namibia.

Fig. 10 shows a comparison of the total observedb®us and trends of breeding pairs in the
western Cape as a whole, compared to the total aumibhe model (summed over Dassen,
Robben, Dyer and Boulders, and hence accountingpiroximately 90-95% of all birds in
the western Cape). The lower figure shows the mestainate of the total number (males
and females aged 1 and older) and total breedeéhe iwestern Cape, and the predicted
trends.

Fig. 11 shows an example of a model fit when mbylitng the Dassen Island chick fledgling
success values by 1.27.

Fig. 12 shows an example of the model fit to thélstm Island fledgling success data when

using the combined anchovy and sardine strata AuBdance index.

Conclusions

The model developed here has proved a useful to@xploring various hypotheses and providing a

dynamic picture of penguin dynamics. The modellieen built up from a very simple form to a

more complex form that permits simulating movenuadriirds between colonies. The simplest form

of the model integrates current understanding afjpan population dynamics to test whether the

various parameter estimates are compatible witll#it@. These investigations suggest that there
may be problems with both the data used in and@sisons of the model.

For most colonies, the trends in penguin numbeanocdy be explained if immigration to and

emigration from colonies is assumed. The modekssribed here is still in the process of

development and hence results should be viewedetimmary only.
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Table 1. Summary of example results for full madeluding all areas and assuming movement
from Dyer to other colonies.

Model Illustrative example
Parameter estimates
No. of parameters estimated

M 0.11 S,(ave) 0.88
Sy 080 Siaeros | 0.76  Sjmeoas | 0.75
E 0.77
E prop 0.12
Eroe 0.59
E, 0.00
H it n/a
a n/a
No..+ (ROB) 2779
No.+ (DAS) 10490
No..+ (Dy) 9766
N2+ (BLD) 7
Likelihood contributions
-InL ROB moult -15.280
-InL ROB breed -11.343
-InL DAS moult -33.562
-InL DAS breed -39.896
-InL Dy moult -8.685
-InL Dy breed -7.922
-InL Bd breed -6.005
-InL Alg breed n/a
-InL ROB prop -27.005
-InL DAS prop -6.706
-InL Dy prop -6.005
-InL S resid 9.799
-iInL TOTAL -146.604
g moult ROB 0.718 g moult ROB 0.900
g moult DAS 0.403 g moult DAS 0.900
g moult Dy 0.724 g moult Dy 0.900
Model version Age 1 2 3 4 5
Proportion mature at age 0 0 Varies Varies 1
Pelagic series 44
Sigma(s res) 0.6
Z start year 2005 n/a
Algoa emmig. start / end yrs 0 0 n/a
K factor (Rob, Das, Dy, BLD 10 10 10 5
Hmax 0.97
1994 2000 Prop. Fledglings
No's die (oiling) 2500 1000 0.5
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Proportion breeding in yr y
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Prey biomass (in yr y-1) as
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Fig. 1. Schematic showing different possible assionp regarding the change in the proportion ofuret

birds that choose to breed (in April) each ygas a function of relative prey biomaBs the previous
yeary-1, where prey biomass is computed as relative tarta@mum value observed over a series. The
simplest assumption is that 100% of mature birdstbreach year. Other options would be to assume

100% of birds breed if relative prey biomass isvabthhe mediarB" value or an estimateB' . value,
but that the proportion breeding decreases lindarljower values ofB" .
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Fig. 2. Schematic showing initial input assumptiegarding the change in the proportion of birdditierent

ages that mature each ygaas a function of relative prey biomaBs$ the previous yeay-1, where prey
biomass is computed as relative to the maximumevahserved over a series. The simplest assumption
is that these proportions do not change over tineoption being tried in the model involves assugnin
that the proportion maturing at ages 3 and 4 resnaxed at 0.9 and 1.0 respectively if relativeypre

biomass is above the medi&1 value, but then decreases linearly with lower e@alof B" as shown.
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Lower h estimate
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Fig. 3. Schematic showing different possible asdionp regarding the change in the average fledging

success each yepas a function of relative prey biomaB$ in the same yeay, i.e. thef; functional
dependence in Equation (8). Prey biomass is cord@mgeelative to the maximum value observed over a
series. The shape of the curve is determined bygées'steepness” parametewith different values
leading to either a near-linear decrease in fleglginccess as prey abundance decreases versusacscen
in which fledging success drops below the maximinseoved level only at relatively low levels of prey

abundance. The lower curve shows the formulatisnraed in the preliminary base-case model.
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Fig. 4. lllustrative preliminary results from

full model. Model-predicted trajectories of the rhems of female moulting penguins (left panel), nemi breeding pairs {2from left), and proportion juveniles (right) at

Robben (top panel), Dasserf{ftom top); Dyer island (3rd from top), and BoulsleiObserved data are shown as diamond point®imetd by a line.

22



MCM/2007/MAY/SWG-PEL/06b

Age composition

Projected no. of Moulters and Breeding females
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Fig. 5. lllustrative preliminary results from futtodel. Age structure.

23



MCM/2007/MAY/SWG-PEL/06b

Q £ © 9 v )
) ) ) ) Q \]
S G
—8—Age 3 —a—Age 4
O <o) © ) \Z )
) ) %) S \) \
S-S I S

Fig. 6. lllustrative preliminary results from futlodel. Functional relationships with pelagic abunma

VP
1 -

o «%QJ

| 1002 .

- 5002 i
€002 H «,oem
- 1002 %,
| 666T - ©
/66T i mmwy
G661 9%
€661 I 2
| T66T I %qq\,
. 686T I oqq\,
/86T

2 1A/pabipal) sx1o1yd

T T T T T
N = A
— o o O

0.6 1

()

paaliq eyl ainyep ‘doid

Robben
Dassen

[ T
N
i

0.2 1

® o
o O O
1A/pabpa|} sx!

=

24



MCM/2007/MAY/SWG-PEL/06b
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Fig. 7. lllustrative preliminary results from futtodel. Juvenile and adult survival.
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Fig. 8. lllustrative preliminary results from futtlodel. Numbers moving.
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Fig. 9. lllustrative preliminary results from futtodel. Model residuals.
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Fig. 10. lllustrative preliminary results from futtodel. Comparison of total observed numbers amtitof penguins in the Western Cape with the tataibers of birds as

estimated by the model.
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11. lllustrative preliminary results from meddvith scaled up Dassen fledging success seriedeMpredicted trajectories of the numbers of fermabulting penguins (left

panel), number of breeding pair§{®om left), and proportion juveniles (right) at Bmen (top panel), Dassef'{®&om top); Dyer island (3rd from top), and Boulser

Observed data are shown as diamond points notjdipe line.
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Fig. 12. Example of model fit to Robben island §dg success data when using the combined anchodysardine strata A_E abundance index.
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