FISHERIES/2015/AUG/SWG-DEM/STT/02 MARAM/IWS/DEC15/Hake/BG1

Investigating different methods for obtaining hake survey probability
distributions for length, and an inspection the sub-sample for which
biologicals were measured

A. Ross-Gillespie, D.S. Butterworth, T.P. Fairweather and R.A. Rademeyer

1 Introduction

The hake cannibalism and inter-species predation model that is currently being developed by Ross-Gillespie and
Butterworth (2014) has thus far failed to reflect both a biologically feasible estimate of daily ration and the
proportion of hake in the diet of hake predators indicated by the diet data obtained during surveys. Andre Punt
made a suggestion to investigate the sampling strategy used to obtain the diet data, in order to ascertain whether
this strategy might be giving rise to biases in the estimates for the population as a whole in terms of both the
length distributions and the proportions of hake in the diet of hake predators. This has led to an examination of
the raw survey catch-at-length data and the methods used to analyse these data, and a few suggestions have been
made for alternative approaches to weighting the length probability distributions from individual trawls in order

to obtain aggregated distributions for each stratum.

This document gives the details of the survey sampling procedures, the equations for the methodology currently
in place for calculating probability distributions for length, as well as equations for suggested alternative methods
for weighting. Figures illustrating the impact that these alternative methods have on the probability distributions

for length are provided.

A further aspect of this document is an inspection of the sub-sample of the survey catch for which biological
parameters are measured, in order to assess the sampling strategy for obtaining biological information and potential

biases that might arise. The effect of weighting the diet data by stratum population estimates is also illustrated.

2 Survey sampling procedure

Each cruise consists of a series of individual trawls conducted at different stations. The sampling procedure followed

for each trawl is as follows:

1. If the total catch at a station is small, all hake are measured.

2. If the catch is too large it will be sub-sampled:

(a) Since there will be an inclination to pick up larger fish first, all the hake are sorted into bins of two
size categories: large and small (these terms are relative within a catch). For some surveys, there are
a further two categories for sex, i.e large male, small male, large female, small female. All the bins in
each category are weighed individually and noted against the relevant category, but only the total is

captured in the database.
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(b) Bins are selected at random from the sorted bins to ensure all fish sizes are measured. These are referred
to as the ‘observed’ measures. Generally this means that all bins containing larger hake are measured,
and only some of the bins containing smaller hake are measured.

3. Thus for every category of hake in the catch there will be a catch weight (the sum of the weight of all the

bins) and a sample or ‘observed’ weight (the sum of the weight of the bins measured).

3 A note on nomenclature

In the documentation of the hake cannibalism and inter-species predation model, the superscripts s, and [, are
used for species and length of hake predators, while the subscripts s and [ are used for hake prey. In this document,
in the interest of compatibility with documentation of the predation model, the superscripts s, and [, have been
used for species and length of hake caught in the survey, as these hake represent the predators in the predation
model. Note that even though the nomenclature used in this document differs a bit to what has previously been
used to describe the method for obtaining probability distributions for length, the methodology is the same unless

specified otherwise.

4 Obtaining probability distributions for length from the sample

For years in which there is no sex information available, there are three possible categories for the hake samples:

large (L), small (S) and all hake not sorted by size (A).

Let nfjpéli " be the number of hake of species s, in length-group [, that were measured (‘observed’) in category i

for trawl ¢ in depth stratum d, where ¢ € {L, S, A}. The total numbers estimated to have been caught in category

i are obtained by scaling the measured numbers up by a ratio of W;Z’it / W; ‘;l’it, where W:_pd’it is the total weight of

Sp,i

the catch of category i for trawl ¢ in depth stratum d, and Wy 1.+ 18 the corresponding weight of the sub-sample of
category ¢ that was measured. The total estimated number of hake of length group I, caught in trawl ¢t and depth

stratum d is then:

Sp,L Sp,S sp,A

SPJP _ SP>L yvdvt Sp,S y)d:t 'SIMA .%di
Cplat =My aiimmsnt T My ti=sys T Myidt =y A (4.1)

y,d,t y,d,t y,d,t

The proportion of hake in trawl ¢ and depth stratum d that are of length group [, is given by:

CSPJP
pslnlp — y,d,t (42)

y,d,t Spilp
le Cy,d,t

The probability distribution for length for depth stratum d is obtained from a weighted average of the probability

distributions for length from the individual trawls in that depth stratum:

s Sp,l
pspvlp _ Et ay;:d:tpyf)d; (4 3)
d o :
Y 2o O‘Z?d,t
Currently, the weighting factor «y is defined as follows:
100 for n’? . > 100
s y,d,t
ayljd,t - s s (4.4)
ny‘jd’t for nyzjd’t < 100
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where ny At = Y ilL.SA n‘;pg’ll’t”i is the total number of hake measured in trawl ¢ in depth stratum d. This

approach is a consequence of the assumption that the hake population is distributed homogeneously across depth
stratum d and each trawl represents a random sample from that depth stratum. In line with this assumption,
all trawls should receive the same weighting unless the sample size is very small. In reality, however, the hake
population is not homogeneously distributed, so that it could be argued that the density of the hake population
at the location of each trawl should be taken into account. In other words:
spilp _ > ~;pd tp;p;i t
vd 2O szd t

_ Sp Sp . SP . . . SP . .
vt = ay’d’tﬁy’d’t, with O i being as in Equation 4.4 above, and ﬁy’d’t being a measure of density for

(4.5)

where &’
trawl ¢, calculated by dividing the total number of hake of species s, estimated to have been caught in the trawl

by the area swept by the trawl, i.e.:
S )
Zl yf’d,:

Bolue =
it
Y Ay,d,t

(4.6)

This document explores the impact of weighting without density (Equation 4.3) compared to weighting with density
(Equation 4.5) on the resulting probability distributions for length. The document further investigates the effect of
the choice of 100 as the sample size above which sampling variability is assumed to no longer dominate (Equation

4.4). Given

X for nS”d > X
E y,d,t 4.7
Qpdt = s ( : )
ny”’dwt for n <X

values X € {50,100,200} are explored.

Results are presented on both stratum-disaggregated and stratum-aggregated levels. In order to obtain a stratum-
aggregated probability distribution for length, the probability distributions for length from each stratum are

weighted according to the estimated population size (in numbers) in that depth stratum, i.e.

Z Sp prp
spolp _ “=d y,dP y,

Py >aN

For results shown in this document, the survey estimated population size N;”d has been calculated in two ways,

(4.8)

which, along with taking density-weighting into account has resulted in the Rademeyer hake model being re-run

for three different cases.

Reference Case (RC): Density-weigthing is not taken into account, and Nysf’d = ‘s”"swu / W , where B;ffwv
is the survey biomass estimate for stratum d in year y and W:f’d is the mean welght of hake for stratum d
in year y given by Wy = Zz ps”(’ipa( )8. The parameters o and 3 are the weight-length parameters for
hake. This is the method that is currently in use.

Sensitivity 1 (Senl): Density-weighting is not taken into account, and N;f’d is calculated from the survey samples
directly by averaging the densities for each trawl across stratum d to obtain an average density for the stratum

(le. >, 8 st/ 2ot 1), and multiplying this average by the total area of the stratum.
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Sensitivity 2 (Sen 2): Density-weighting is taken into account, and and N;pd is calculated from the survey
samples directly by averaging the densities for each trawl across stratum d to obtain an average density for

the stratum (i.e. >, Bz”d ./ >+ 1), and multiplying this average by the total area of the stratum.

5 Obtaining sex-disaggregated proportions

Spsl

In certain years, a sub-sample of the measured catch was also sexed. Let Ny Z’t be number of hake of species sy,
gender ¢ and length group [, measured in category i (¢ € {L, S, A}) of trawl ¢ in depth stratum d. Then the total

number of hake of gender g and length group [, estimated to have been caught in trawl ¢ and depth stratum d is:

Sp,L $p,S Sp,A
CSPJ;D _nsp’L Wg,y,d,t 5p,S Wg,y,d,t sp,A Wg,y,d,t (5 1)
g,y,d,t 7 Cy,g,d,t 378y, L ¥,9,d,t 575,85 y,gﬁd,thp,A :
9,y,d,t 9,y,d,t 9,y,d,t

Wsz’id , is the total weight of hake of species s, and gender g caught in category ¢ for trawl ¢ in depth stratum d,

and W Pt

gy, 1S the corresponding weight of the sub-sample of category i that was measured. The total number of

hake of gender g of length group [, estimated to have been caught in stratum d is:
gp?,;,p Z Cgpzj 2 t (5-2)

Currently, the proportion of the total sexed catch in length group [, that is of gender g is calculated by:

Spylp
Spl 9:y,d
quyil - Z C 'l (5-3)

Strictly speaking, however, the qg’”’ ' values should be weighted as in Equation 4.3. For the results presented in
this document, the following approach was taken:

Define a trawl-specific qg v, d 4

l
Csznp
| ,d,t
qu P 9.y (54)
9.y,dt Z C,bp,p
g'5y,d,t

The qs”’ ? for stratum d is then given by:

9,9,d
~8p,sexed sp7lp
Spolp Zt ydt gydt (5 5)
9,y,d ~5p,sexed .
Z y,d,t
~sp,sexed  sp,sexed sy .. .
where a aSlie =0 0y B%d,t, similar to equation 4.5, except that
ssexed
. 100 for ng‘“ " > 100
sp,sexed
iy = . | (5.6)
Sp,Sexe Sp,Sexe:
nylat for n vt <100
sp,sexed
where n, "7 => L S5.A Z Sun Ny d ; is the total number of hake that were sexed and measured in trawl ¢ in

depth stratum d. B°",, is a measure of density for trawl ¢ same as before.

y,d,t

This proportion q 5 is then used to split the proportion-at-length probability distribution Dy ”’ ? from Equation

4.3 (or 4.5) into male and female proportions as follows (taken from Rademeyer 2011):
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1. The proportions-at-length are grouped into 2cm length classes.

2. For all length classes < 21c¢m, the hake are assumed to be juvenile and the proportions-at-length unsexed
U).

3. For length classes > 21cm:

o If there is sex-information for both of the two 1 cm length classes to group (i.e. if Z q;”z; 5 =1and
> 9 quél d“ = 1), then the sex-information is used directly:
0 forg=U
Spylp
pg?y,chl B Spolp  Spslp spolp+1 sp,lp+1 (57)
Qg,y.aPyd T ygd Pyd for g € {M, F}

e If there is sex-information for only one of the two 1 cm length classes to group (i.e. if Z quy’fi =1or

> qs”’l AR = 1), then the sex-information from the one length class is used for both:

g 1y,9,d
pwg _ 0 forg=U (5.8)
9:Y, :
q;fi;z (pf/p(vip +p Sp,l +1> or q;zfz-ﬁ—l (p;jpép +p Spa p+1> for ge {M, F}

e If there is no sex-information for either of the two 1 cm length classes to group (i.e. >, qZ”y’g =0 and

Z q;”é Z-H = 0), then the proportion for the resulting 2 cm length class is assumed to be unsexed:

Spylp Spl+1 _
sply ) Py +p forg=U

gl = (5.9)

0 for g € {M, F'}

4. Once the stratum-aggregated py7y '» has been computed (see Equation 5.10), then for each 2¢m length class of
p_f,”:; ? greater than 21c¢m, the male to female ratio for that length class is used to split the unsexed proportion
into males and females. If there is no sex information for the length class, then the average of the length

classes immediately before and after is used to allocate the unsexed proportion.

Pap

The stratum-aggregated pg’; ", is calculated in a similar manner to Equation 4.8:

Zd spd o IC]l
Py = 72;’ 2 (5.10)

Here, N "1 1s also calculated in two ways according to the methods described in Senl and Sen2.

6 Biological sampling procedure

In earlier years, the instructions were to collect five specimens per length class for biological sampling (primary
target was otolith samples). These samples could be collected across the depth strata. Since smaller hake are
encountered more easily (relative abundance and availability to the survey) in waters < 300m, the focus of biological
sampling at greater depths is generally on larger hake in order to fulfil the sampling quota. In more recent years,
the minimum number of samples required per length class has been increased, and the quota per length bin is reset

for the second half of the cruise.
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These are

This document presents the length distributions from the total survey sample plotted against the sub-sample for
which biologicals were measured, showing how the sampling strategy outlined above could lead to biases. With this
in mind, the question then is whether weighting by a measure of stratum density or abundance will substantially
change the general trends implied by the diet data, in particular trends for the proportion of hake in the diet of

hake predators.

The hake cannibalism and inter-species predation model incorporates the diet data into the negative log likelihood

as follows:
L= = 3 (B s, + (03, — he (1~ 5, ) (6.1)
y
where
nzpéfo is the observed number of hake predators of species s, and length [, with non-empty stomachs in year
Y,
hy’jbfo is the observed number of hake predators of species s, and length [, with more than 50% hake prey

(by weight) in the stomach content in year y, and

ﬁ;p,i‘;op is the model-predicted proportion of hake in the diet of hake predators of species s, and length [, in

year y.

When stratum-weighting is not taken into account, ny”bfo and hy”bfo are simply the sum over the observations
from the individual strata !, i.e. ny bw =y ,n n, dbw and hy”bfo Skl Y dbw Let ﬁs”bfo and E‘;”;i’o denote the
stratum-weighted alternatives to n p;fo and hypbfo Two possible approaches for incorporating stratum weights have

been considered.
Appraoch A

The first step is to calculate a stratum-weighted proportion of hake in diet from the biological samples.

Sph plp
~sp,lp __ _ Zd y,d,bio (62)

y,bio Z sp sp P
d y,d bio

where N ;” is the weighting factor for depth stratum d, given by the survey estimated population size (in numbers)

for predators of species s, in depth stratum d (as for Equation 4.8). Define ~Splp and %ff’lp as follows:

~splp ___splp Splp

ny,bio - ny,bio - ny,d,bio (63)
d

T splp ~sp, lp~5plp

hy,bio py y bio (64)

These stratum-weighted 71,7 " and hy" ? then replace nyplp =Y un y"dp and hSp P=3 h;pullp in the likelihood

Equation 6.1.

1Note that observations from individual trawls were weighted according to Equation 4.5, but this weighting has very little impact

given the relatively small sizes of the biological samples from each trawl.
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Approach B

The second approach is identical to the first, except that Equation 6.2 changes to:

Sp P p lp
~sp,lp _ Zd h

py bio — l (65)
Zd 5@ 2% ;?dp
Here the weighting factor N;plp is the survey estimated numbers per length for stratum d, given by
Ny = plmlr Ny (6.6)

where N " is as for Equation 6.2 and Py p ' is the survey probability-at-length distribution for depth stratum d
(Equation 4.5).

A summary of the parameter symbols used in this document is given in Table 1.

7 Results

Note that for all the results presented in this document, samples taken at depths greater than 500m have been
excluded, since the 501-1000m depth stratum has not been sampled consistently throughout the sampling period.
Further, in order to help reduce the number of plots, M. paradozus results for the 0-100m depth stratum and M.
capensis results for the 401-500m depth stratum have not been shown here, since the respective sample sizes from

these depth strata are relatively small.

Table 2 gives a summary of the Figures presented in this document. It can be seen from Figures 1, 2 and 4 that
different choices for X (the sample size above which sampling variability is assumed to no longer dominate) make
no appreciable difference to the probability distributions. Figures 3a and 3b, as well as the stratum-aggregated

plots in Figures 5a and 5b, suggest that the impact of weighting by stratum density might be more substantial.

Figures 6a, 6b, 7a and 7b superimpose the probability-at-length distributions from the biological samples on top
of those from the whole survey sample. The last panel in each plot shows the stratum-aggregated proportions.
While the length distributions from the biological samples are not necessarily an accurate reflection of the length
distribution of the population as indicated by the survey (likely owing to the biological sampling strategy), the
biological samples to seem to at least represent most length classes reasonably well when aggregated across the

depth strata.

Figures 8a and 8a show the survey-estimated densities for each stratum and each cruise against the proportion of
biological samples taken in each stratum. There seems to be a general trend of a relatively large proportion of
biological samples coming from deeper strata where the survey estimates of the population density are small. This
is particularly the case for M. capensis . This indicates that weighting the diet data by stratum density would be
justified.

Figure 9 shows the M. paradozus and M. capensis spawning biomass trajectories for the reference case where no

density-weighting is implemented, and the estimated population size (in numbers) per stratum is calculated the
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survey estimate of spawning biomass; Senl where there is no density-weighting but the estimated population size
per stratum is calculated directly from the survey samples; Sen2 where density-weighting has been taken into
account and the estimated population size is calculated directly from the survey samples. The impact of density

weighting on the population trajectory seems very small.

Figure 10 shows the proportion of hake in the diet of M. paradorus and M. capensis predators as indicated by
the diet data when stratum-weighting is taken into account and when it is not. For Case A (when the samples
are weighted by the stratum population estimate in terms of numbers), there is not much change to be observed
for M. paradozus, but the proportion is lower for M. capensis when stratum weighting is taken into account.
The reverse is true for Case B (when the samples are weighted by the stratum population estimate in terms of
numbers-at-length), where there is not much change for M. capensis, but the M. paradozus proportion of hake in
diet is lower. Both weighting approaches have the potential to help mitigate the difficulties experienced in fitting

the hake cannibalism and inter-species predation model to the available data.
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Table 1:

MARAM/IWS/DEC15/Hake/BG1

Parameter symbols used in this document and their corresponding descriptions. In all of the below,

subscript ¢ refers to trawl and d to depth stratum.

General survey samples

Zpdl’t’z number of hake measured in category i € {L, S, A} that fall into length-group I,
n:f’d,t total number of hake measured in trawl ¢ in depth stratum d
W;pd: total weight of hake caught in category i for trawl ¢ in depth stratum d
W;pdlt total weight of the sub-sample of hake in category i that was measured
C’;"jg total number of hake of length group /,, estimated to be caught by trawl ¢ in depth stratum d
pZ”J@’ estimated proportion of hake of length group [, caught in trawl ¢ and depth stratum d
pi’c’llp estimated proportion of hake of length group [, caught in depth stratum d
D estimated stratum-aggregated probability distribution for length
O‘led,t density independent weighting factor for trawl ¢ and depth stratum d
X sample size above which sampling variability is assumed to no longer dominate
&Zf’ it density dependent weighting factor for trawl ¢ and depth stratum d
ﬂ;fd’t density for trawl ¢, taken to be the total number of hake caught divided by the area swept by trawl ¢
Ay dz area swept by trawl ¢ in depth stratum d
Sex-disaggregated samples
;”ylgi number of hake of gender g measured in category i (i € {L, S, A}) that fall into length-group [,
W;’;’fd’t total weight of hake of gender g caught in category 4 for trawl ¢ in depth stratum d
N}f"yldt total weight of the sub-sample of hake of gender g in category ¢ that was measured
C’;’py’f;’t total number of hake of gender g and length group [, estimated to be caught by trawl ¢ in stratum d
q;f’;fl’t the proportion of the total sexed catch in length group [, and trawl ¢ that is of gender g
;pylg the proportion of the total sexed catch in length group [, and depth stratum d that is of gender g
pf]”yl‘(} estimated proportion of hake of gender g and length group [, caught in depth stratum d
p_‘;f’l}l" estimated stratum-aggregated probability-at-length distribution for gender g
aZ‘j CffXEd density independent weighting factor for sex-disaggregated samples
&Z';’;texw density dependent weighting factor for sex-disaggregated samples
psexed total number of hake that were sexed and measured in trawl ¢ in depth stratum d
Biological samples
nzpéfo observed number of hake predators of species s, and length [, with non-empty stomachs in year y
hZ‘jblfo observed number of predators of species s, and length [, with more than 50% hake prey in the
stomach content in year y
ﬁ;’)éfo stratum-weighted alternative to nzpéfo
EZ” ;fo stratum-weighted alternative to h:péfo
f)Z’? éﬁg stratum-weighted proportion of hake in the diet of predators of species s, and length [, in year y,
calculated from biological samples
ﬁ;’j,l,ﬁop model-predicted proportion of hake in the diet of predators of species s, and length [, in year y




FISHERIES/2015/AUG /SWG-DEM/STT/02

Table 2: List of Figures with corresponding descriptions

MARAM/IWS/DEC15/Hake/BG1

Figure number | Description Page

Figure 1a M. paradoxus probability distributions for length for different X without density 11
weighting

Figure 1b M. capensis probability distributions for length for different X without density weight- 11
ing

Figure 2a M. paradoxus probability distributions for length for different X with density weighting 12

Figure 2b M. capensis probability distributions for length for different X with density weighting 12

Figure 3a M. paradoxus probability distributions for length for X = 100 with and without density 13
weighting

Figure 3b M. capensis probability distributions for length for X = 100 with and without density 14
weighting

Figure 4a M. paradozus stratum-aggregated probability distributions for length for different X 15

Figure 4b M. capensis stratum-aggregated probability distributions for length for different X 15

Figure 5a M. paradozus stratum-aggregated distributions for X = 100 with and without density 16
weighting for all cruises

Figure 5b M. capensis stratum-aggregated distributions for X = 100 with and without density 17
weighting for all cruises

Figure 6a Comparison of M. paradozus survey probability distributions for length with length- 18
distributions of the biological sample

Figure 6b Continuation of Figure 6a 19

Figure 7a Comparison of M. capensis survey probability distributions for length with length- 20
distributions for the biological sample

Figure 7b Continuation of Figure 7a 21

Figure 8a M. paradozus biological sample size in relation to the survey estimated population size 22
per stratum

Figure 8b M. capensis biological sample size in relation to the survey estimated population size 23
per stratum

Figure 9 M. paradozus and M. capensis biomass trajectories for when density-weighting is taken 24
into account and when it is not

Figure 10 Proportion of hake in the diet of M. paradozus and M. capensis predators for when 25

stratum-weighting is taken into account and when it isn’t

10
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Probability distributions for length for different X WITHOUT density weighting
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Figure 1: M. paradozus and M. capensis probability distributions for length shown for a selection of three cruises and for three different values of X, the
sample size above which sampling variability is assumed to no longer dominate. The results here are for the case when density weighting is not

taken into account (Equation 4.3). Note that for the sake of clarity, the vertical axes are not all to the same scale.
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Probability distributions for length for different X WITH density weighting

(a) M. paradoxus

101-200m 201-300m 301-400m 401-500m
|JL T T T T |J/L T T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
(b) M. capensis
0-100m 101-200m 201-300m 301-400m
_A/\ ‘///L | _A_J/\M
T T T T T T T T T T T T T T T 7
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
— X=50 X=100 --- X=200

Length (cm)

Figure 2: M. paradozus and M. capensis probability distributions for length shown for a selection of three cruises and for three different values of X, the

sample size above which sampling variability is assumed to no longer dominate. The results here are for the case when density weighting is taken

into account (Equation 4.5). Note that for the sake of clarity, the vertical axes are not all to the same scale.
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(a) M. paradoxus probability distributions for length with and without density weighting for a selection of cruises
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Figure 3a: M. paradoxus probability distributions for length for each of four depth strata are shown for a selection of cruises for X = 100. The grey
shaded areas indicate the probability distributions when density weighting is not taken into account (Equation 4.3), while the black lines show
the probability distributions for when this weighting is taken into account (Equation 4.5). Note that for the sake of clarity, the vertical axes are

not all to the same scale.
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(b) M. capensis probability distributions for length with and without density weighting for a selection of cruises
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Figure 3b: M. capensis probability distributions for length for each of four depth strata are shown for a selection of cruises for X = 100. The grey shaded
areas indicate the probability distributions when density weighting is not taken into account (Equation 4.3), while the black lines show the
probability distributions for when this weighting is taken into account (Equation 4.5). Note that for the sake of clarity, the vertical axes are not

all to the same scale.
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(a) M. paradoxus stratum-aggregated (b) M. capensis stratum—aggregated
probability distributions for length probability distributions for length
Without density weighting With density weighting Without density weighting With density weighting
AFR00150 AFR00150
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Figure 4: M. paradozus and M. capensis stratum-aggregated probability distributions for length are shown for a selection of three cruises and for three
different values of X, the sample size above which sampling variability is assumed to no longer dominate. The results are shown for both the case
where density weighting is not taken into account and where it is. Note that for the sake of clarity, the vertical axes are not all to the same scale.

Note also that the stratum-aggregated proportions were calculated using the methodology of Sen 1.
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(a) M. paradoxus stratum—aggregated probability distributions for length with and without density weighting

AFR00028 AFR00033 AFR00039 AFR00046 AFR00050
Sum 1985 Win 1985 Sum 1986 Win 1986 Sum 1987

i 1
AFR00066 AFR00075 AFR00079
Win 1988 Win 1989 Sum 1990

AFR00054 AFR00059
Win 1987 Sum 1988

AFR00084 AFR00088 AFR00100 AFR00109 AFR00118
Win 1990 Sum 1991 Sum 1992 Sum 1993 Sum 1994

AFR00127 AFR00133 AFR00139 AFR00150 NANO0001
Sum 1995 Sum 1996 Sum 1997 Sum 1999 Sum 2000

Proportion

1 1 I —T 1 1 1 T 1 1 I 1 1 1 = 1 1 1 -

NAN00004 AFR00165 AFR00173 AFR00188 AFR00203
Sum 2001 Sum 2002 Sum 2003 Sum 2004 Sum 2005

AFR00259
Sum 2010

AFR00238
Sum 2008

AFR00249
Sum 2009

AFR00214
Sum 2006

AFR00228
Sum 2007

AFR00270 AFR00279 ANDO00001 ANDO00002 |0 20 40 60 80
Sum 2011 Sum 2012 Sum 2013 Sum 2014
Without density weighting
—— With density weighting
) ) 1
l I l U l T l 1 l T l |
20 40 60 80 0 20 40 60 80 0 20 40 60 80

Length (cm)

Figure 5a: M. paradozus stratum-aggregated probability distributions for length are shown for all cruises for X = 100. The grey shaded areas indicate the
probability distributions when density weighting is not taken into account (Equation 4.3), while the black lines show the probability distributions
for when this weighting is taken into account (Equation 4.5). Note that for the sake of clarity, the vertical axes are not all to the same scale.

Note also that the stratum-aggregated proportions were calculated using the methodology of Sen 1.
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(b) M. capensis stratum—aggregated probability distributions for length with and without density weighting
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Figure 5b: M. capensis stratum-aggregated probability distributions for length are shown for all cruises for X = 100. The grey shaded areas indicate the
probability distributions when density weighting is not taken into account (Equation 4.3), while the black lines show the probability distributions
for the this weighting is taken into account (Equation 4.5). Note that for the sake of clarity, the vertical axes are not all to the same scale. Note

also that the stratum-aggregated proportions were calculated using the methodology of Sen 1.
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Figure 6a:

M. paradoxus

101-200m 201-300m 301-400m 401-500m Stratum-aggregated

n_obs: 8786 n_obs: 8219 n_obs: 4954 n_obs: 4185
n_est: 56663 n_est: 96307 n_est: 50774 n_est: 6439
n_bio: 75 n_bio: 105 n_bio: 70 n_bio: 65

Moa A My
n_obs: 5071 n_obs: 7394 n_obs: 4607 n_obs: 3414
n_est: 47696 n_est: 94546 n_est: 23155 n_est: 4714
n_bio: 30 mw n_bio: 95 n_bio: 86 n_bio: 100

AA_A A N )
n_obs: 2894 n_obs: 6858 n_obs: 3106 n_obs: 2303
n_est: 12224 n_est: 31142 n_est: 8521 n_est: 3288
n_bio: 22 n_bio: 70 n_bio: 30 n_bio: 53

A’MM A N MMA Mﬂv\h i
n_obs:12190 n_obs:11484 n_obs: 7526 n_obs: 4267
n_est: 39602 n_est: 98654 n_est: 38604 n_est: 13384
n_bio: 112 n_bio: 148 n_bio: 105 n_bio: 105
A M
n_obs:10155 n_obs:13660 n_obs: 5181 n_obs: 6013
n_est: 33565 n_est: 55685 n_est: 30307 n_est: 19463
n_bio: 115 n_bio: 172 n_bio: 112 n_bio: 113
A MM M M
n_obs:18544 n_obs:12880 n_obs: 8192 n_obs: 5456
n_est: 90732 n_est: 112792 n_est: 40997 n_est: 17696
n_bio: 80 n_bio: 100 n_bio: 90 n_bio: 135 M
\ ) -
n_obs:14676 n_obs:15344 n_obs: 5825 n_obs: 5828
n_est: 26668 n_est: 64718 n_est: 37504 n_est: 25899
n_bio: 160 n_bio: 120 n_bio: 80 n_bio: 120
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Comparison of M. paradozus survey probability distributions for length without density weighting for X = 100 (grey shaded area) with the
length-distribution of the sub-sample of the survey catch for which biologicals were measured (solid black lines). The distributions indicated by
the grey shaded area are the same as those for X = 100 in Figure 1(a). Distributions are given by depth stratum for all cruises in Figures 6a

and 6b. The vertical axes here are to the same scale. Note that the stratum-aggregated proportions were calculated using the methodology of

Sen 1.

n_obs = observed number which were measured
n_est = total number estimated to have been caught
n bio = size of sample for which biolaicals were recorded
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M. paradoxus (continued)

101-200m 201-300m 301-400m 401-500m Stratum-aggregated
n_obs: 7973 n_obs:11424 n_obs: 8303 n_obs: 7326
n_est: 24015 n_est: 90408 n_est: 65136 n_est: 18059
n_bio: 180 n_bio: 142 n_bio: 100 n_bio: 130
. At
n_obs: 7919 n_obs: 9630 n_obs: 7282 n_obs: 4626
n_est: 16032 n_est: 42021 n_est: 36869 n_est: 25449
n_bio: 75 n_bio: 106 n_bio: 125 n_bio: 109
N_A A
n_obs:13222 n_obs:16297 n_obs: 9077 n_obs: 6657
n_est: 81191 n_est: 131615 n_est: 20216 n_est: 13859
n_bio: 105 M n_bio: 140 n_bio: 120 n_bio: 115
AA
n_obs:10782 n_obs: 8635 n_obs: 5861 n_obs: 4744
n_est: 66819 n_est: 137773 n_est: 64502 n_est: 19174
n_bio: 185 n_bio: 280 n_bio: 200 n_bio: 173
A\ DA M
n_obs: 8900 n_obs: 9870 n_obs: 6120 n_obs: 4376
n_est: 50728 n_est: 76318 n_est: 24927 n_est: 23312
n_bio: 163 n_bio: 305 n_bio: 213 n_bio: 224
n_obs: 9295 n_obs:13098 n_obs: 5916 n_obs: 4399
n_est: 47446 n_est: 84669 n_est: 57265 n_est: 13806
n_bio: 117 n_bio: 128 n_bio: 113 n_bio: 110
A AA A
n_obs: 5091 n_obs: 7679 n_obs: 3524 n_obs: 3690
n_est: 10578 n_est: 33063 n_est: 22162 n_est: 30491
n_bio: 126 n_bio: 184 n_bio: 110 n_bio: 130
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Figure 6b: Continuation of Figure 6a.

n_obs = observed number which were measured
n_est = total number estimated to have been caught

n_bio = size of sample for which biolgicals were recorded
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Figure 7a:

M. capensis
0-100m 101-200m 201-300m 301-400m Stratum-aggregated
n_obs: 2325 n_obs: 8215 n_obs: 2469 n_obs: 592
n_est: 75486 n_est: 32975 n_est: 2726 n_est: 635
n_bio: 40 n_bio: 165 n_bio: 165 n_bio: 15
n_obs: 3796 n_obs:12067 n_obs: 3169 n_obs: 246
n_est: 90798 n_est: 49057 n_est: 7994 n_est: 246
n_bio: 60 n_bio: 153 n_bio: 135 n_bio: 30
mla a AMM A _MM_.
n_obs: 3133 n_obs: 8379 n_obs: 2263 n_obs: 397
n_est: 15132 n_est: 18925 n_est: 2853 n_est: 397
n_bio: 30 n_bio: 115 n_bio: 55 n_bio: 27 R! M 1
n_obs: 2118 n_obs: 6356 n_obs: 2027 n_obs: 186
n_est: 4443 n_est: 9818 n_est: 2029 n_est: 219
n_bio: 30 n_bio: 165 n_bio: 148 n_bio: 25
M&A m M
n_obs: 3369 n_obs:18968 n_obs: 1943 n_obs: 187
n_est: 24767 n_est: 131378 n_est: 1943 n_est: 187
n_bio: 29 n_bio: 330 n_bio: 155 n_bio: 45
I — P VY VR
n_obs: 4056 n_obs: 4994 n_obs: 1122 n_obs: 363
n_est: 29342 n_est: 11566 n_est: 1122 n_est: 363
n_bio: 75 n_bio: 180 n_bio: 110 n_bio: 66
A A_AA A
n_obs: 5386 n_obs: 6653 n_obs: 967 n_obs: 75
n_est: 45194 n_est: 12265 n_est: 967 n_est: 75
n_bio: 75 n_bio: 256 n_bio: 102 n_bio: 31
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Comparison of M. capensis survey probability distributions for length without density weighting for X = 100 (grey shaded area) with the
length-distribution of the sub-sample of the survey catch for which biologicals were measured (solid black lines). The distributions indicated by
the grey shaded area are the same as those for X = 100 in Figure 1(b). Distributions are given by depth stratum for all cruises in Figures 7a

and 7b. The vertical axes here are to the same scale. Note that the stratum-aggregated proportions were calculated using the methodology of

Sen 1.

n_obs = observed number which were measured
n_est = total number estimated to have been caught

n_bio = size of sample for which biolgicals were recorded
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M. capensis (continued)
0-100m 101-200m 201-300m 301-400m Stratum-aggregated

n_obs: 4757 n_obs:14261 n_obs: 3516 n_obs: 57
n_est: 11363 n_est: 17304 n_est: 5034 n_est: 57
n_bio: 70 n_bio: 195 n_bio: 104 n_bio: 18
" Am

AFR00228
(Sum 2007)

AFR00238
(Sum 2008)

Al
n_obs: 3047 n_obs: 8289 n_obs: 2069 n_obs: 259
n_est: 9726 n_est: 9574 n_est: 2069 n_est: 259
n_bio: 60 n_bio: 240 n_bio: 155 n_bio: 30 M

n_obs: 4220 n_obs:12644 n_obs: 961 n_obs: 127
n_est: 43338 n_est: 39240 n_est: 971 n_est: 127
AFR00249 n_bio: 45 n_bio: 295 n_bio: 150 n_bio: 50

(Sum 2009)

n_obs: 2300 n_obs:12730 n_obs: 1571 n_obs: 172
n_est: 6498 n_est: 91828 n_est: 1769 n_est: 172
AFR00259 n_bio: 60 n_bio: 506 n_bio: 292 n_bio: 83 W
o M M
n_obs: 2847 n_obs: 7189 n_obs: 1626 n_obs: 111
n_est: 50025 n_est: 20484 n_est: 1626 n_est: 111
AFR00270 n_bio: 117 n_bio: 507 n_bio: 251 n_bio: 72
(Sum 2011)

/\MA_AM_ MM«AUMA

n_obs: 2686 n_obs: 9980 n_obs: 1248 n_obs: 231
n_est: 9301 n_est: 20143 n_est: 1280 n_est: 231
AFR00279 n_bio: 51 n_bio: 336 n_bio: 197 n_bio: 75
(Sum 2012)
n_obs: 936 n_obs: 2918 n_obs: 652 n_obs: 87
n_est: 2215 n_est: 25174 n_est: 652 n_est: 87
ANDO00001 n_bio: 71 n_bio: 291 n_bio: 195 n_bio: 26
(Sum 2013) M
N DA, M.
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n_obs = observed number which were measured
n_est = total number estimated to have been caught
n_bio = size of sample for which biolgicals were recorded

Figure 7b: Continuation of Figure 7a.
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Proportion per depth stratum by cruise
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(a) M. paradoxus
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8a: M. paradoxus proportion of the total biolgical sample size per depth stratum (light grey bars) plotted

in contrast to the proportion of the

survey estimate of population size attributed to each stratum (dark grey bars). The population estimate here is the product of the estimated

density and the area of each stratum. Results are shown for all cruises for which biological data have been provided. Population estimates are

not available for the 501-1000m depth stratum as this stratum was not sampled every year within the sampling period.
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(b) M. capensis
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8b: M. capensis proportion of total biolgical sample size per depth stratum (light grey bars) plotted in contrast to the proportion of the survey

estimate of population size attributed to each stratum (dark grey bars). The population estimate here is the product of the estimated density

and the area of each stratum. Results are shown for all cruises for which biological data have been provided.
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Figure 9: M. paradozus and M. capensis spawning biomass shown in terms of absolute value and relative to pris-
tine spawning biomass. Results are given for the three cases described in Equation 4.8 and immediately

thereafter.

RC: No density-weighting; survey estimated population size (XV, ;f’d from equation 4.8) is calculated from the survey

estimate of spawning biomass. This is the methodology currently in use.
Senl: No density-weighting; survey estimated population size IV, ;f’d is calculated directly from the survey samples.

Sen2: Density-weighting; survey estimated population size N;fd is calculated directly from the survey samples.
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Figure 10: Proportion of hake in diet, given by > TLZPZP />, ﬁ;”lp for three cases: When stratum weighting is

not taken into account (open circles), when samples from each stratum are weighted by the population

size in terms of numbers (filled cirlces, Case A) and when the samples from each stratum are weighted

by the populations size in terms of numbers-at-length (crosses, Case B).
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