MARAM/IWS/DEC14/Peng/B11

RESPONSES TO PREVIOUS PANEL RECOMMENDATIONS

ON PENGUIN RESEARCH

D S Butterworth and W M L Robinson

Responses have been inserteckohitalicised underlined texfter each recommendation

INTERNATIONAL REVIEW PANEL REPORT FOR THE 2010
INTERNATIONAL FISHERIES STOCK ASSESSMENT WORKSHOP
29 November - 3 December 2010, UCT

A Parma, A E Punt and G Stefansson

Key I ssuesto be discussed at Wor kshop

Penguins
Models of the impact of fishing on penguinsthrough reducing overall prey abundance

(A sessions)

Consideration of basic model structure and Bayesstimation procedure proposed
Simulation testing of estimation process

Treatment of estimates close to demographic canstvaundaries

Specification of robustness tests, particularlyeggmrds the functional form of the
penguin parameter-fish abundance relationships

Extension of model to incorporate further pengulated data (e.g. tag-recapture)
Specification of priors

Incorporation of immigration effects

Extension to multiple Western Cape colonies

Consideration of analysesrelated to theimpact of pelagic fishing close to breeding
colonies (B session)

What alternative GLM (or other) model formulations;luding ones with multiple
dependent variables, might be considered to anabgsdts from the experiment of
opening and closing to fishing around pairs of pgmgolonies?

What open/close alternation (if any) scheme wittagh colony pair might be most
appropriate, and what interval for alternation dtddae considered (single or multiple
year periods)?

B. Penguins

B.1 (*). The Panel highlights the considerable eatdi collaboration among scientists with a
diverse range of skills. In the specific case afiquens, the best outcomes will occur when
modellers, population ecologists, penguin spe¢gliand pelagic species specialists all
collaborate to ensure that models are realistidogically, and the appropriate data are
available and cleaned.
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Such collaborative interchanges have taken placgeurthe auspices of DAFF’s Pelagic
Working Group.

B.2 (*). The recommendations outlined below reqtire availability of several data sources
which are not currently included in the models. TP&nel highlights the importance of
providing these data to the modellers as quicklypassible, if key deadlines for OMP
development are to be met. In addition, it is int@or that any data included in the model be
fully documented to ensure that the data are aedlgppropriately.

This was facilitated through the DAFF interchangesntioned above, though did not always
prove to be a smooth process

A. Models of the impact of fishing on penguins tigitoreducing overall prey abundance

BA.1 (H). Some of the annual moult counts (and kehe proportion of juvenile birds at the
time of moult counts) have estimates of associai@ecision (e.g. MARAM
IWS/DEC10/PA/P4). These measures should be usedeight the data in the likelihood
function. There will likely be sources of uncertgimot captured by these measures of
precision which should be accounted for (if necggsasing an “additional variance” term.
[Consideration of basic model structure and Bayesistimation procedure proposéd.

The process errors associated with fitting to thdséa proved to be so large that this
sophistication was not considered warranted in wivals a necessarily coarse estimation
process— see section S1.2 of MARAM/IWS/DEC14/Peng/3

BA.3 (H). The tagging data should be included ehyi in the likelihood function along the
lines of MARAM IWS/DEC10/PA/P3. These data have thetential to reduce the
uncertainty associated with estimates of surviva should tighten the relationship between
survival and measures of sardine and anchovy aloged®oreover, use of the tagging data
will provide a link with previous work, e.g. by Alegd. Implementation of this
recommendation will require access by the MARAMIgsiz to all of the available tagging
data. Altwegg and the MARAM analysts should coll@e to identify an appropriate set of
specifications for how the tagging data are to meuded in the likelihood function (i.e.
whether a separate survival term is to be estimitethe first year after tagging, whether
some parameters are to be shared between Dass&obhdn Islands, etc.) Inclusion of the
tagging data should reduce the number of poinineséis of survival rate which end up at the
upper bounds for their priorsExtension of model to incorporate further penguwetated
data (e.g. tag-recapturg).

This has been done — see MARAM/IWS/DEC14/Peng/Biorse 2.3 and 3.2.5 and
MARAM/IWS/DEC14/Penq/3b section S2.5..

BA.4 (H). Penguin biologists should identify a séthypotheses to relate specific measures
of sardine and anchovy abundance/density (tempodlspatially aspects) with population
processes for penguins (ideally fledging success&njile survival, age-at-first breeding, and
adult survival). An attempt should then be madalémtify whether there are data that could
be used to quantify these measures of abundanséidem cases in which data do not

1 Altwegg R. 2009. Survival of African penguins abbben and Dassen islands from 2002 to 2006.
MCM/2009/SWG-PENL6: 11-17.
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currently exist to quantify the measures, collaettad such data should be identified as a
research priority.Extension of model to incorporate further penguwetated data (e.g. tag-
recapture)}

Discussions were held to identify a number of piémechanisms a priori, and hence to
suggest which_components from acoustic survey teegpubvided the best candidates for
relationships. Final choices were informed by whedved to best inform the models (e.g.
Robben island penguin adult survival was founddadobst linked to the biomass of sardine
west of Cape Agulhas as estimated in November sitve

BA.5 (H). The uncertainty in the biomass trajeaserifor sardine and anchovy should be
accounted for when evaluating the relationshipsveeh penguin demographic parameters
and sardine/anchovy abundances. This can be adhigvé) selecting a small number (e.g.
10) of sardine and anchovy biomass trajectoriem fthe posteriors estimated using the
sardine and anchovy assessment models and usisg treectories as input data to the
penguin model, with application of the Markov Chawtonte Carlo (MCMC) algorithm
conditioned on each of the trajectories, (b) seigca representative number of parameter
vectors for the penguin model from each of the MCRBI@ins to construct the parameter
vectors for the penguin model, and (c) basing thierénces regarding the impact of
alternative OMPs for anchovy and sardine on thesarpeter vectors.

This was not pursued given the already substatgEinical challenges encountered in what
turned out to be a rather complex estimation preces see section 2.1 of
MARAM/IWS/DEC14/Penq/3b.

BA.6 (H). The credibility of the work will be cordgrably enhanced by further simulation
testing. The initial simulations conducted (MARAMS/DEC10/PA/P7) suggest that there
is little bias if there is no model-misspecificatioHowever, the only source of variability

included in these simulations was that associatiéiul twe moult count data. The Panel have
the following recommendations in regard to simolatitesting: (a) consider further

simulations in which there is an impact of sardamel anchovy on the dynamics of the
penguin population via, for example, impacts onldieg success, participation in, and age-
at-first, breeding, juvenile survival and adult\sual even if the current model suggests that
this is not the case, (b) allow for error when nueiag) the covariates related to sardine and
anchovy abundance, and (c) generate values forrdhdom effects for survival and

reproductive success. The distributions of estimébe key parameters (e.g4 and 4, )

from the simulations should be compared with thiose the posteriors based on the actual
data. The distributions for estimates of the impzEfcteduced pelagic fish catches on future
penguin population trends should be similarly coraga[Simulation testing of estimation
process.

Given the substantial technical challenges encaedtavith the estimation process (see
preceding comment), and given that such furtherkvegemed likely to prove both difficult
and time consuming, the time needed to pursue a$pect further was not considered
warranted in the light of resource limitations.
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BA.7 (H). As currently formulated, fledging succemsd juvenile survival are lumped in a
single time-varying parameter. This is approprigieen that the data used in MARAM
IWS/DEC10/PA/P6 would not allow these processesetalistinguished. However, there are
data to inform some of the processes involved jma@uction. Figure 1 outlines the penguin
dynamics, which biological processes impact theouar life stages, and the data available
for each process / life-stage. The Panel recommeg@smodelling fledging success and
juvenile survival as separate processes, (b) inujuthe data on fledging success [initially as
relative indices but as absolute measures in sé@hsitests], on total nest counts, and on
juvenile survival rates from tag-recapture datathe likelihood function, (c) including
relationships between fledging success and juvesiteival and measures of sardine and/or
anchovy abundance in the model, (d) calculating riites of immigration based on the
differences between the estimated annual numbagefl animals and the numbers expected
given the number of breeders, the fledging succates and the juvenile survival rate (c.f.
MARAM IWS/DEC10/PA/P5). In the longer term, modelsuld consider participation in,
and age-at, first breeding (see below)ofsideration of basic model structure and Bayesian
estimation procedure proposed; Extension of modehtorporate further penguin-related
data (e.g. tag-recapture)ncorporation of immigration effecis.

This was pursued only in part, in that tag-recaptwlata for adult penguins were used as
fully as possible to assist in the estimation ahlgurvival rates and immigration. However
given that the model fits indicated these to beptimaary driving features for the model, and
with little variation in the overall reproductionrpcess (which includes first year survival)
(see MARAM/IWS/DEC14/Peng/3a Figure 8), attemptdittdurther data to modelled
components of that reproduction process was nasidened warranted.

BA.8 (L) Consideration should be given to the u$guvenile tagging data to estimate
migration rates independently.

Only tagging data for adult penguins were used (g&dRAM/IWS/DEC14/Peng/3b section
S1.3)in the interests of simplicity, and also given tireak signal at the reproductive level
compared to the strong signal in adult survivabther data.

BA.9 (H). The Panel expects that many model rung. (based on different density-
dependence assumptions, relationships betweenaimpuprocesses and measures of sardine
and anchovy abundance, etc.) will be conductedighlights the need to assign weights to
the different models using objective approaches. &mmple, the model-estimates of
immigration can be validated using inferences basedrends at Dyer Island. In addition,
models in which parameter estimates hit biologicbdsed bounds should be downweighted.
[Specification of robustness tests, particularlyr@gards the functional form of the penguin
parameter-fish abundance relationships.

In practice (and given resource constraints) thigswaddressed by sensitivity tests — see
MARAM/IWS/DEC14/Penq/3b section S6.

BA.10 (H). The survival and reproductive succesaupeters should be assumed to be beta-
distributed. Consideration of basic model structure and Bayesgstimation procedure
proposed.
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This was implemented for the reproductive paransetermore complex formulation proved
necessary for survival — see MARAM/IWS/DEC14/Pdénsg8tions S2.1 and 2.3.

BA.11 (H). With regard to moult counts, the currestimation method is treating the moult
counts for Robben Island as absolute (with a kndwas). The Panel supports this
assumption. In regard to Dassen Island where areejgiple proportion of the population is
not covered in the moult counts, the Panel reconaisémat these counts be treated as relative
counts, and that sensitivity be evaluated with eespo different assumed values for the
constant of proportionality. In very recent yedhere is evidence of substantial numbers of
penguins from these two colonies moulting at lan&ifurther south before returning to these
colonies to breed; the Panel recommends that nooulits for this period be omitted when
fitting the model.

This advice was followed for the Robben Island rhddefortunately resource constraints
precluded taking the Dassen Island model further.

BA.12 (H). Standard diagnostics for MCMC analysesg( Gelman-Rubin R, Geweke

statistic, trace places for multiple chains, estiguld be provided for the final reference case
model(s). MCMC diagnostics should be provided fargmeters and derived variables.
[Consideration of basic model structure and Bayesistimation procedure proposgd.

These statistics have been given consideratiothfotengthy MCMC chain generated.

BA.13 (H). The sensitivity of the model resultsdifferent assumptions regarding the age-at-
first-breeding, including ogives relating the prbbigy of first breeding with age, should be
examined in tests of sensitivity. Such assumptisinsuld, at least initially, assume time
independence, given the technical complexitiesnobiiporating such possible dependence.
[Consideration of basic model structure and Bayesistimation procedure proposgd.

This was addressed in part — see Table S12 of MARYSIDEC14/Penqg/3b — but not taken
further given the low sensitivity of quantities pfimary interest (projected penguin
population trends) to variations in the age-at-nrétu

BA.14 (L). Data on time-trends in age-at-first ey should be collated and analysed for
incorporation in the model. Care needs to be takleen analysing these data to account for
the probability of missing the first time an aninbaéeds. Extension of model to incorporate
further penguin-related data (e.g. tag-recaptuye).

Resource limitations precluded this being pursubdugh it did indeed seem a low priority
for the reasons stated in responses given the resgsoto BA7 and BA13 above.

BA.15 (L). A model which includes multiple Weste@ape colonies should be developed.
[Extension to multiple Western Cape colonies.

Resource limitations have precluded extending vimtkis thus far.
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B. Consideration of analyses related to the impaictpelagic fishing close to breeding
colonies

BB.1 (*). The Panel considered how open/closureradttives should be implemented in the
near future with the objective to maximize the @iobty of determining whether pelagic
fishing near colonies has an impact on penguineedard to this question, the Panel drew the
following conclusions:

1) Within the current set of models, the ability taimgate the extent of additional
(residual) variance will not be impacted by whiclands are open or closed to
fishing.

2) There is no reason not to start opening closeddsland closing open islands in the
short term because doing so will allow data colddrom the feasibility study to be
part of the experiment (in the event an experinenbnducted) and hence reduce the
time needed to draw conclusions.

3) Keeping islands closed (or open) for three-yearoperis appropriate to balance two
conflicting goals: (a) maximizing contrast and hemainimizing the confounding
between treatment effects and the impact of long-térends in environmental
conditions by changing the closure status annuaiig, (b) allowing use of indices of
penguin dynamics which might be impacted by fishafiggcts in previous years by
not changing closure status over a long periodchuoe.t

4) A power analysis to decide on whether a full expent should take place can be
conducted at any time, but its reliability will lpeeater (particularly for new indices)
in the future (see Table 1).

5) Monitoring of penguin populations and pelagic fishundance (the latter ideally
through an enhanced programme of surveys in thghbeurhood of key penguin
colonies at regular intervals during the penguibsgeding period) is vital to an
effective experiment.

Table 2 lists the implications of these recommeiodatin terms of which islands would be
open and closed to fishing from 2011 onwardléh@t open/close alternation (if any) scheme
within each colony pair might be most appropriagad what interval for alternation should
be considered (single or multiple year periods)?

The recommendations here (see Table 1 below) waremented, and consequent results,
including for new indices, are to be found in MARANS/DEC14/Peng/4. Though further

small scale acoustic surveys to monitor local atnmd around islands have been

conducted, unfortunately it seems that largish psscerrors confound the utility that 5)

above saw from the results of such surveys — seRANWKWS/DEC14/Peng/6.

BB.2 (H). The presented analyses related to poweibased on two indices only: fledging
success and breeders per moult count. The alblitjnprove the estimates of the additional
variation in the indices will be greatest for thasdices which have not been monitored in
the past (see Table 1 for an estimate of the extewhich three additional years of data will
impact the standard deviation of unexplained viamain fledging success and breeders per
moulter). To the extent possible, the types of ysed on which MARAM
IWS/DEC10/PB/P2 are based should be extended &y ottices. Can methods put forward
to estimate experiment power be improyed?
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Results have been presented for six indices forb&oband Dassen Island in
MARAM/IWS/DEC14/Penqg/4.

BB.3 (H). Models relating indices of penguin dynamio measures of sardine and anchovy
abundance should consider the biomass at the leeal as a potential covariate (perhaps
expressed as density to compare or estimate jo@ftbets for Robben and Dassen Islands).
In addition, the GLM model used to estimate addaiovariation should include biomass as a
covariate and a random year factor, evaluatedstepwise manner\What alternative GLM
(or other) model formulations, including ones withultiple dependent variables, might be
considered to analyse results from the experimémipening and closing to fishing around
pairs of penguin colonie$?

Abundance estimates from appropriate strata of litenual acoustic surveys for pelagic
fish over the west and south coasts have beeningbdse models. However, for the reason
given in the response to BB.1 above, use in thisneraof the results from the small scale
surveys around islands has not proved viable. Resot all the GLM variations mentioned
above are reported in MARAM/IWS/DEC14/Peng/4, Table

BB.4 (H). Examine the relationship between sardind anchovy local abundance estimates
from surveys around island colonies and the reowrit and spawning biomass surveys (this
relationship may need to be used if only an incategpset of local estimates of abundance are
available).

This examination is reported in MARAM/IWS/DEC144¢6nUnfortunately it seems that the
high process error component of the small scalesydata precludes their providing much
useful information towards this end.
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Table 1: For the index time series already available for monitoring the impact of pelagic fishing near
to colonies on the reproductive success of penguins, 95% confidence intervals for the parameter
estimate of the standard deviation of the error together with the available data, as well as Cls that
would be obtained with three extra years of data given that the point estimate remains the same.

Fledging success Breeders per moulters ratio

g, =0.182 95% Cl g, =0.209 95% Cl
df =4 (0.109; 0.523) df =11 (0.148; 0.355)
df =7 (0.120; 0.370) df =14 (0.153; 0.330)

Table 2: Specifications for which islands with penguin colonies should be closed (X) and open () to
fishing under the approach recommended.

2008 2009 2010 2011 2012 2013 2014
Dassen X X X
Robben X X X
St Croix X X X
Bird X X X
rocomes o, odes T umen

surviwval

Mumbers = Breeders = Fledgings
Data rMoult Total Fledging

CoOunTs nest success
counts

wariables

Juveniles

Tagging
data

Figure l. Outline of thedynamic of breeding and juvenile survival.
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INTERNATIONAL REVIEW PANEL REPORT FOR THE 2011
INTERNATIONAL FISHERIES STOCK ASSESSMENT WORKSHOP
28 November - 2 December 2011, UCT

A D M Smith (Chair), C Fernandez, A Parmaand A E Punt

Key Issuesto be discussed at Wor kshop

Penguins
* Review of updated penguin model
)] Is the estimation satisfactory, including of theiahility in the penguin
survival rate-sardine biomass relationship?
i) Are further robustness tests required, includingsateration of different
hypotheses linking demographic parameters to foadability?

* Review of Penguin Pressure model
i) What further work would be needed to make this rhogderational?

» Linking the penguin model to the pelagic OMP

i) What are appropriate performance statistics?
i) How best to balance “future benefit to penguins” “fisgure decreased
catches”?

B.2. Penguins (MARAM)

Note: A number of the recommendations below effegtirepeat those above made a year
earlier, so that back reference has been made osetloccasions to avoid repetition.

BE.1 (H). Consider additional robustness testshiciu

(a) there is immigration after 1999,

(b) the log-normal distribution for the variation abdbé penguin survival rate — sardine
abundance relationship is replaced by an alteradé\g. gamma),

(c) the relationships between sardine and anchovy amnoeddensity (temporal and
spatially aspects) and population processes fogyes are based on alternatives
selected by the penguin biologists (summarized$SHERIES/2001/SWG-PEL/3).

[Are further robustness tests required, includingsideration of different hypotheses linking
demographic parameters to food availability

All these suggestions were pursued, with resui®nted in MARAM/IWS/DEC14/Peng/3a
and 3b.

BE.2 (H). Future projections showed a strong depeag on the value of?, the parameter
which determines variance of the random effectsatral mortality M, decreasing foig
=0.10 and increasing fo& =0.05. This was attributed to the assumption obgnbrmal
distribution for the random effects dn resulting in lower average survival with increagsin
g . Incorporate a log-normal bias-correction fadtmr M so that the expected value Mf

9
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does not depend on the choiced?. [Is the estimation satisfactory, including the véiley
in the penguin survival rate-sardine biomass relaship?

Ultimately it proved necessary to introduce a ratb#éferent and more complex formulation
for the M error distribution — see MARAM/IWS/DE(@Rénqg/3a, section 3.2.1.

BE.3 (H). Resolve the problem of systematic deoraiin the residuals from the fits to the
recaptures from marking in 1990 and 1992. Firsgckhthat the basic data are correct and
investigate whether information exists about tagginccess and other factors in those years.
If this investigation does not highlight a probleone technical solution which could be
implemented within the model is to drop the datatfese years and another solution is to
estimate year-specific initial tag-loss / emigraticates. s the estimation satisfactory,
including the variability in the penguin survivalte-sardine biomass relationship?

Transients were introduced (see section S2.5 of MWRNS/DEC14/Peng/3b), though these
did not fully resolve the fitting problem. Ultimbtehowever, as shown in Table S12 and
Figure S12 of MARAM/IWS/DEC14/Peng/3b, the key utstpvhich are the projected
penguin population trajectories are not that samsito this aspect of the model fit.

BE.4 (H). Summarize the results of the projectiohshe penguin model in terms of (a) the
probability of declining below current abundanced gb) the difference in the change in
penguin numbers with fishing to that without fisipirwith particular focus on the next 5-10
years. YWhat are appropriate performance statisfics

Figure 10 of MARAM/IWS/DEC14/Penqg/3a and Table SIAARAM/IWS/DEC14/Penqg/3b
implement aspects of this suggestion.

BE.5 (H). Impose a uniform prior o, and alternatively an inverse gamma prior&n [Is
the estimation satisfactory, including the varidilin the penguin survival rate-sardine
biomass relationshig?

The technical difficulties which arose in this redaand how they were resolved, is detailed
in section 3.2.6 of MARAM/IWS/DEC14/Penqg/3a.

BE.6 (H). Estimate a linear (constrained not torease) relationship between reproductive
success and anchovy abundance rather than asstiranegs no dependence of reproductive
success on anchovy abundance, and hence develmgieaipr distribution for this parameter
based on MCMC sampling which could admit relativedw reproductive success at low
anchovy biomassesls[the estimation satisfactory, including the véilay in the penguin
survival rate-sardine biomass relationshjp?

Ultimately little dependence was evident; see Fgur 8 and S9 of
MARAM/IWS/DEC14/Peng/3a and 3b respectively.

? Initial implementation of this recommendation dgrithe review indicated that it removed most of the
dependency o

10
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BE.7 (H). The uncertainty in the biomass trajee®rfor sardine and anchovy should be
accounted for when evaluating the relationshipsveeh penguin demographic parameters
and sardine/anchovy abundances. This can be achigve

(a) selecting a small number (e.g. 10) of sardine amah@vy biomass trajectories from
the posterior distributions estimated using thedisar and anchovy assessment
models, and using these trajectories as input tatéhe penguin model, with
application of the Markov Chain Monte Carlo (MCM@lgorithm conditioned on
each of the trajectories,

(b) selecting a representative number of parameteokedor the penguin model from
each of the MCMC chains to construct the paramegetors for the penguin model,
and

(c) basing the inferences regarding the impact of rwdtere OMPs for anchovy and
sardine on these parameter vectors.

[Is the estimation satisfactory, including the vaiidy in the penguin survival rate-sardine
biomass relationshig?

See response above to BA.5.

BE.8 (H). The credibility of the work will be considerably leanced by further simulation testing
which should
(a) consider simulations in which there is an impactsafdine and anchovy on the
dynamics of the penguin population via, for examjoepacts on fledging success,
participation in, and age-at-first breeding, juversurvival and adult survival even if
the current model suggests that there is no impacsome of these demographic
parameters,
(b) allow for error when measuring the covariates eglato sardine and anchovy
abundance, and
(c) generate values for the random effects for sunawal reproductive success.

See response above to BA.6.

BE.9 (H). As currently formulated, fledging succes®l juvenile survival are lumped in a
single time-varying parameter. Develop a conceptoatlel of the penguin population and
show how each parameter/process in the current Impeeains to actual biological
processes. Ideally, fledging success and juveniteival should be modelled as separate
processes, and the data on fledging success l{inida relative indices, but as absolute
measures in sensitivity tests), on total nest guamhd on juvenile survival rates from tag-
recapture data should be included in the likelihbatttion. s the estimation satisfactory,
including the variability in the penguin survivalte-sardine biomass relationship?

See response above to BA.7.

BE.10 (H). Standard diagnostics for MCMC analysegy.( Gelman-Rubin R, Geweke
statistic, trace plots for multiple chains, etthpugld be provided for the final reference case
model(s). MCMC diagnostics should be provided fargmeters and derived variablels. |

11
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the estimation satisfactory, including the varidilin the penguin survival rate-sardine
biomass relationshig?

See response above to BA.12.

BE.11 (H). The sensitivity of the model resultdifierent assumptions regarding the age-at-
first-breeding, including ogives relating the prbligy of first breeding with age, should be
examined in tests of sensitivity. Such assumptisinsuld, at least initially, assume time
independence, given the technical complexitiesnobiiporating such possible dependence.
Although many of these sensitivities have alreadgerb evaluated (MARAM
IWS/DEC11/P/PENG/P1), this should be repeatedHerfinal version of the modells[the
estimation satisfactory, including the variabilitythe penguin survival rate-sardine biomass
relationship?

See response above to BA.13 Final sensitivity t®sate reported in Table S12 of
MARAM/IWS/DEC14/Penq/3b.

BE.12 (M). Compute the historical time-trajectorf moult numbers had there been no
harvests of anchovy or sardine.

This has not (yet) been done — the perhaps morertami and interesting result seemed to
be that had there been no immigration of penquinRobben Island during the 1990s, as
reported in Figure 7 of MARAM/IWS/DEC14/Penq/3a.

BE.13 (L). Data on time-trends in age-at-first lsieg should be collated and analysed for
incorporation in the model. Care needs to be takleen analysing these data to account for
the probability of missing the first time an aninakeds. I the estimation satisfactory,
including the variability in the penguin survivalte-sardine biomass relationship?

See response above to BA.14.

BE.14 (L). A model which includes multiple West&Zape colonies should be developds. [
the estimation satisfactory, including the varidgilin the penguin survival rate-sardine
biomass relationshig?

See response above to BA.15

B.3 Penguins (Other)

BF.1 (*). The Panel noted that the Penguin Pressuviodel (MARAM
IWS/DEC11/P/PENG/P2) was a work in progress. Theeabe of a detailed technical
specification precluded formal review, but the Raw&knowledged some innovative features
of the approach. While the exploratory nature ef todelling approach currently precludes
its use in providing direct management advicepjiears to be a useful tool for synthesis of
current information and understanding, and shoudsisa in identifying and prioritising
further research. In relation to identifying andioptizing future research, the Panel
supported the inclusion of factors in the modelnewen data are not currently available to

12
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parameterize the relationship between the factwispgnguin population dynamics, provided
that account is taken of the uncertainty assocmitddany such relationships.

This model has now been published: Weller, F., Bia¢cL.-A., Shannon, L. J., Sherley, R.
B., Crawford, R. J. M., Altwegq, R., Scott, L..wstd¢, T., and Jarre, A. 2014. A system
dynamics approach to modelling multiple drivers tbé African penguin _population on
Robben Island, South Africa. Ecological Modelligdy7: 38-56.

13



