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Summary

The results from the small scale hydroacousticexs\of the abundance of anchovy around
Robben and Dassen islands over the 2009-2013 peméoginalysed under the assumption of a
Gaussian form for the trends in density at eacmislover the course of the winter months.
Based primarily on Alg the model selected from amongst a number of neriaas the same
trend in abundance with year for the two islandsngatible with the assumption used by
Robinson (2013) in his GLM analysis of the impactctifsures to pelagic fishing around
these islands on penguin recovery, though the Hatse limited power to distinguish
deviations from that assumption. The abundancenatts from the island surveys, though
compatible also with the May recruitment surveyntle show appreciably larger variance.
This raises the question of whether these smalé staveys merit continuation, unless it is
possible to increase their frequency considerahising the winter months each year to
improve the overall precision of the integrals oleeal abundance which they can provide.

Introduction

Small scale hydroacoustic surveys to determine @nclaround Robben and Dassen islands at variogesta
during (primarily) the winter months have been makplace since 2009. The purpose of these sunaeybéen
to monitor anchovy abundance on a finer spatio-tgaipscale than provided by the annual recruitnsemtey.
This is to provide better insight into the levelsppey available annually to penguins during thaieeding
periods at Robben and Dassen islands. This wilefudly assist in the interpretation of the resutsm the
current feasibility study of alternating pelagisHing closure around these islands, with a viewatos
determining whether such closures benefit pengopulation recovery.

This paper provides an analysis of the results fthese surveys in that context, through providintjnze-
integration of results for each year.

Data and M ethods

Janet Coetzee kindly provided the anchovy abundastimates and associated survey sampling stamedand
for these surveys (see Table 1 and Figure 1), dsawehis same information for the full area cadtiby the
annual May recruit surveys (see Table 1 and Figure

The basis of the method of analysis is to assuraettie changes over time in the anchovy abundanemy
year around an island follow a normal (GaussiamyeuThe details of the analysis are set out inAhpendix.
For the most general form of the analysis attemptesl parameters of these Gaussian forms whicker@ahe
magnitude of the peak abundance and the date arhwis occurs vary freely amongst years and betvee
two islands. Only the spread parameter for thesadas the same from year to year, though potéytialony-
dependent. The analysis considers a range of diogpions of this general (full) form of the mode&ljth the
best model being selected primarily on the baste®fAICG, model selection criterion.
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The main thrust of the analysis is to determine twhirences can be drawn about the annual abuedasic
anchovy available to penguins at these islands thverperiod of the surveys, and how these relatthéo
abundance estimates provided by the annual Mayitezrveys. This has relevance, for example, &ckimg a
key assumption made in the GLM analyses by Robin@®13) of various statistics collected which relat
penguin reproductive success to the anchovy abeedaand catches in the near-vicinity of the twaridk. This
is that the abundances of anchovy available eaahamund each of the two colonies are (in expectain a
proportion that stays constant over time (anddgpendent of the overall anchovy abundance).

Results and Discussion

Table 2 provides results for a large number of smforms of the full model mentioned above (Modg)
where these simplifications are described in détaihe Appendix. Figures 1a—1f provide fits to #reall scale
survey abundance indices for six of the twelve rhwddgants. Importantly, in moving from Model 1 kébodel 2,

which assumes equal spread))( parameters for the distribution of abundanceiriretevery year for the two
islands and is AlCjustified, theEﬁparameters (see Appendix) become proportionalgdithe-integrals over the

Gaussians forms for all the model variants follayyirand hence provide (on exponentiation) indices of
integrated annual abundance in the near vicinitglahdi.

The AIC values in Table 2 indicate that the data availald@ot support attempts to estimate a parametgr (
which separates the time when peak abundances at@assen and Robben islands each year (Modé&ls83,
and 11, when compared to models which ignore tiffisrdnce).

A minimum AIC; is one of two criteria used to determine the s&lacof the best model. The other is the
realism of the parameter estimates. The annualcasgctiynamics cycle is well known, with the bulk thfe
recruits passing southward along the South Afriwast coast during the winter months. As such, egémof
parametersi)i, (the day when the annual anchovy abundance peakset colonyi) which fall outside the
April-to-August period, are regarded as unrealiatid grounds to reject the model. It so happertsthimleads
to the rejection of Model 10 (see Figure 1f) whiths the lowest AlCvalue, but for which four of thd_y
parameters fall outside this range.

The three best of the remaining models in term&l@f. are Models 6, 7 and 9, for which the results far t
abundance relatel = exp(E) parameter are shown in Figure 2. Although Modelatginally shades Model 9
in AIC. terms (their difference is that the former alloyesar-specific estimates of the date at which abnoela
peaks during the season), Model 7 is rejectednmisame reason as Model 10 — estimates of these aclaiside

the realistic April-to-August range.

The final preferred model is thus Model 9, whichsseannual abundances at Robben and Dassen to lave t
same ratio each year. This is preferred over botlde6, which allows variation in this ratio, ancotiel 12
which treats the abundance of anchovy each ydae tonchanged in expectation.

Figure 2a compares the estimates of the abundatatedB = exp(B) parameter for Model 6, where these
estimates are allowed to have different trends wahr for the two islands. The point estimatestfa three
common years show broadly similar trends, but #smaated variances are very high. Figure 2b repbat for
Models 7 and 9 for each of which Robben and Dassertaken to have the same trend; these trends e
compared with those from the May recruitment susvayown in Figure 3.

These comparisons are clearer in Figure 4, whersethiesults are shown on the same plots with common
normalisations to geometric means over 2010 to 2Wifzat is evident from these plots is compatibilitith
common trends from the small and larger scale gsr¢ghough given the large CVs for the island risstdr
Models 6 and 7, achieving compatibility in thossea=is not a “strong” result), except for 2009 ehitye small
scale survey around Robben gives low results comaptr the May recruit survey. Recall that Modek&hie
preferred model, and there results do evidence athility more strongly.
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Conclusions

The preferred model from the analysis is Modeb® vfhich the trends in abundance around RobberbDasden
are the same, as assumed for the GLM analyseg afiipact of pelagic fishing around these islandgp@mguin
recovery by Robinson (2013). Given the large C\soaimted with the estimates from the small scateeys,
the small scale survey data clearly have limitedigroto distinguish deviations from this assumptitimugh
nevertheless there is nothing in the results frbe arious models to suggest that this assumptotd e
appreciably incorrect.

The reason for these large CVs is related to trgelastimates of additional varianeg ;) forthcoming from

these analyses (see Table 2). What this is indigasi that in addition to the largish sampling Qusthe small

scale surveys, there is a larger still “processdrereflecting deviations from the normal distritout assumed to
reflect the annual trend in abundance near andstaer the penguin breeding season — presumabhesudt of

the patchy nature of shoals of recruiting fish lasytmove down the west coast to the Agulhas barf&atare

which the larger-scale May recruit surveys are ablategrate over.

Unfortunately however, this indicates that therétike information content in these small scalevays, which

despite their greater frequency within a year,iadécated by these analyses to provide less presSmates on
an annual scale than the May recruitment surveses Fsgure 4b for Model 9 in particular). This muasise the

question of whether these small scale surveys roenitinuation, unless it is possible to increassarthiequency
considerably during the winter months each yeaintprove the overall precisionf the integrals over local
abundance which they can provide
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APPENDIX
Data
The following small-scale surveys have been coretatound Dassen and Robben islands:
Dassen Island: 2010 (3 surveys), 2011 (6), 2012 (4)
Robben Island: 2009 (6), 2010 (4), 2011 (6), 2@®)22013 (1)
Basic model

The biomass of fish around Dassen and Robben slandodelled as a Gaussian form each year whish ha
three parameters: the maximum biomass each yeadath on which that maximum occurs, and the widthe
Gaussian.

InBLSS = al + b}, — ﬁ (d—di)’ +elg (1)
d
where:
i is the island around which the survey is condycted
y is the year of the survey,
d is the number of days from 1 January to the sudatg,
B;"_‘;bs is the pelagic fish biomass estimated from theeyyr
J‘y is the day which the abundance of fish arourahidl is at its maximum in year,
ok characterizes the spread of the distributionsf éver time during the year, and

e,  isthe error term, distributed AIS(O, (aj,,d)z), where(a} ,)” = (a;;fibs)z + (0lqa)’

The estimable parameters afebl, 6}, d}, andayy. The abundance parametéf§sse® andbissre" are set to

zero (i.e. absorbed in the intercept terhs The process error (or “additional variance”ysis 44 allow for
the fact that the actual distribution each yeanoisexactly Gaussian.

The negative log-likelihood is:

2
i,0 i i 1 3i )2
InB%> — <a + bl — ~(d—di) )]

2(0a)

. 1
—1nL=Z Inoy s +———
iy,d Z(O-JL/,d)

)

The single 2013 survey is excluded from the analyseit makes no meaningful contribution to thelifood
function. The full model has 18 parameters and 8t ghoints. The model can be simplified by redudimg
number of parameters. The AlGcores are compared to judge which model is pedferThe following
variations of the full model are considered:

ol =0y Spread is the same for both islands.
JyR = cZyD +A Robben maximum density occutslays later than at Dassen.

JyR = cZyD Robben and Dassen maximum densities occur aathe ime as each other each year.



FISHERIES/2014/JUL/SWG-PEL/39

d)=d,dy=d+A Maximum densities occur at the same time eachateatimeA days apart.

di=d The time at which Robben and Dassen densitiesnarémal occurs on the same day every
year.

b;' =b, The same biomass difference occurs around thedsleach year.

in/ =b The biomass is the same each year at each island.

Models incorporating the following combinationsvaifriations are considered:

Full model

Oq = 0g

oh=04df =dp+A

oy =0,dy =dp
'—addD—d dR d+A

og=04d,=d

© © N A WN R
S
I

=00 & = & b= b,
ohi=04dy=d, dy=d+A b, =b,
oh=04d,=d b, =b,
10. of =04 d}y = d}) b, =b
11. gj=04dy =d,dy =d +A b, =b
12. ad—add =d b3",=b

To aid interpretation of the results, it is conwatiito express abundances relative to the geonmaéan around
Robben Island over 2010 to 2012, i.e. re-paranzterb), — b}, as follows:

1
by, = by, — 3 (b3o10 + b3o11 + b3o12)

For comparison with the May recruit survey estiradewe takery"bS =In R;bs. The standard errors qj’bs are
calculated as

SE(ro?s) = Jln{l +[ev(rg>)])
Re-parameterizing in terms of the 2010-2012 average

— obs obs obs
= - (7”2010 + 72011 + 7’2012)

The standard errors are then given by:

[SECr2>)]” + S{[SE(rsbso)]” + [SE(rsee)] +[SE(rds,)]”}  fory = 2009,2013
SISEG™)] + 5 {[SECrs8s,)]” + [SE(rs)] ) fory = 2010,2011,2012

[SEC)]" =
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Table 1a: Small scale survey abundance estimatesdas around Robben and Dassen islands.

Robben Idand Dassen |dand
Biomass Biomass

Day (MT) Ccv Day (MT) CVv

2009 95 1703 0.616
109 1004 0.650
124 4880 0.379
177 4456 0.270
208 16320 0.431
219 12996 0.417

2010 157 64847 0.363 153 154182 0.478
214 81621 0.322 201 146027 0.505
245 41309 0.318 249 5179 0.459
279 2585 0.540

2011 67 49289 0.301 59 45381 0.235
136 4406 0.203 130 28608 0.228
178 48962 0.704 186 63749 0.562
207 549 0.251 200 19172 0.500
228 7556 0.838 222 9808 0.622
269 657 0.350 262 3907 0.491

2012 86 41705 0.380 59 38496 0.330
118 72711 0.350 116 20253 0.370
199 159039 0.280 167 163258 0.340
215 187249 0.320 206 42779 0.470
249 31693 0.580

2013 186 7159.16 0.322

Table 1b: Recruit survey estimates up to Cafenta.

Year Anchovy cv
2008 1426705.18 0.202
2009 1306044.71 0.189
2010 1667994.16 0.267
2011 281260.18 0.283
2012 990378.35 0.138
2013 1164277.86 0.182

Table 2: Comparison of results from fitting diffateModels (see Appendix for Model descriptions).

No. of Not in

Model Parameters data points —InL AlCc [ o R4 ol  d's  Apr-Aug
Model 1 18 34 6.88  95.35 0.88 0.59 0.73 0.44 7 4
Model 2 17 34 6.90  86.04 0.87 0.60 0.74 0.44 7 3
Model 3 15 34 838  73.42 0.89 0.63 0.79 0.47 4 3
Model 4 14 34 841  66.93 0.89 0.62 0.80 0.47 4 3
Model 5 12 34 1544  69.73 1.15 0.68 1.09 0.58 1 0
Model 6 11 34 16.28  66.57 1.19 0.70 1.12 0.60 1 0
Model 7 12 34 11.86  62.58 0.96 0.70 0.93 0.53 4 3
Model 8 10 34 18.66  66.88 1.28 0.73 1.25 0.64 1 0
Model 9 9 34 19.21 63.92 1.26 0.75 1.26 0.66 1 0
Model 10 10 35 1437  57.90 0.92 0.90 0.85 0.77 5 4
Model 11 7 35 25.96  70.07 1.69 0.77 1.67 0.67 1 0
Model 12 6 35 2727 69.54 1.77 0.80 1.73 0.69 1 0
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Figure la: Fits to the full model (all parametes8reated freely), i.e. Model 1.
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Figure 1b: Fits to Model 4 (the maximum densitieRabben and Dassen islands occur at the samddime
each, though this time varies with year).
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Figure 1c: Fit to Model 6 (the time at which deiesitat Robben and Dassen are maximal occurs sathe day
every year).
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Figure 1d: Fits to Model 7 (as for Model 4, butiwihe same biomass difference between the modetsyesar).
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Figure le: Fits to Model 9 (as for Model 6, buthwihe same biomass difference between the modeiisyesr).
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Figure 2a: Estimates of the annual abundance ilelor Robben and for Dassen islands for Model 6,
renormalized to their geometric means over 201P0tt2. The error bars here and below show 95% Cledba
on the Hessian.
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Figure 2b: Estimates of the annual abundance iBdesnormalized to their geometric means over 201202,
for Model 7 and Model 9 for both of which Robberdddassen islands share the same abundance trend.
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over 2010 to 2012 as detailed in the Appendix, ttogrewith 95% Cls.
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Figure 4a: Comparison of fish abundance indicé¥odben and Dassen islands as estimated by the scadl
surveys and the May recruit survey estimates, aacmalised by their average abundance over 201@2-201
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Figure 4b: Comparison of the fish abundance indice®obben and Dassen islands (here assumed ¢othav
same trend) as estimated by the small scale su(@yand the May recruit survey estimafé), each
normalised by their geometric means over 2010-2@b&ther with 95% Cls.
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