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a b s t r a c t

Size selectivity of the deep water longline used in the black spot seabream (Pagellus bogaraveo) fishery in
the Strait of Gibraltar was studied with data of four sizes of hooks. Logistic (classic) and Artificial Neural
Networks (heuristic) selectivity models were fitted for two experimental fishing trials. Logistic selectivity
model was adequate for only one of the two periods analysed and the inferior results obtained with the
eywords:
ook
ongline
electivity

classical approach were significantly improved by ANNs. These results indicate that in the event that the
classic models do not fit well, perhaps due to poor quality of the data (such as a smaller sample size or
highly overlapped distributions), the simpler ANNs models, with capacity to combine linear relationships
and highly non-linear, are most appropriate to establish the functional relation between variables.
agellus bogaraveo
rtificial Neural Networks
trait of Gibraltar

. Introduction

Estimates of size selectivity of fishing gear give important infor-
ation for conservation and optimum exploitation of fisheries

esources (Hilborn and Walters, 1992; Beverton and Holt, 1993;
uinn and Deriso, 1999). The relations between the physical prop-
rties of fishing gear and the species and size composition of catches
ave been studied for many years (Clark, 1960). While the size
elective nature of gears such as trawls and gill nets is well known,
here is still no clear consensus on the form of the size selection
urve for hooks on longlines. Both logistic type models, typically
sed to describe the selectivity of trawls, and the unimodal models
sed in gillnet selectivity studies have been used in hook selectivity
tudies (Clark, 1960; Ralston, 1982, 1990; Erzini et al., 1996, 1998,
006; Millar and Holst, 1997; Sousa et al., 1999).

The origin of the absence of consensus on the hooks selectiv-
ty curve can be found in assuming a specific functional relation
etween hook and fish size derived from experiments carried out
ith trawls and gillnets. Thus, it is possible that in the case of hooks

t is necessary to use non-traditional modelling techniques to anal-
se data showing considerable uncertainty and that are possibly

ot highly linear correlated.

In this regard, heuristics modelling techniques such as Artifi-
ial Neural Networks (ANNs) are being widely used in the fitting of
unctions and modelling of highly non-linear systems, performing

∗ Corresponding author. Tel.: +34 956016017; fax: +34 956016019.
E-mail address: ivone.czerwinski@uca.es (I.A. Czerwinski).

165-7836/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
oi:10.1016/j.fishres.2009.10.005
© 2009 Elsevier B.V. All rights reserved.

a non-linear transformation between the input and output data,
with significant advantages over conventional statistical method-
ologies in which the relation between the data has to be linear.
Also, the ANNs do not require an equation for the empirical relation
between the variables, as is the case in other parametric statistical
techniques.

The ANNs characteristics have favoured the use of such method-
ologies for the development of applications related to fishery
resources planning and management (Freón et al., 2003; Hardman-
Mountford et al., 2003; Huse and Ottersen, 2003; Maravelias et al.,
2003; Hyun et al., 2005; Chen and Hare, 2006; Czerwinski et al.,
2007; Gutiérrez-Estrada et al., 2007; Velo-Suárez and Gutiérrez-
Estrada, 2007).

The black spot seabream (Pagellus bogaraveo) fishery in the Strait
of Gibraltar is an economically important fishery, carried out exclu-
sively by a vertical deep water longline called “voracera”. Hook legal
dimensions are 3.95 ± 0.39 cm minimum length and 1.4 ± 0.14 cm
minimum width. The black spot seabream legal size is currently
fixed in 33 cm of total length. Hook size selectivity for the black
spot seabream has been already studied in the Azores (Sousa et al.,
1999), the Strait of Gibraltar (Czerwinski et al., 2009), as well as for
other Pagellus species of the south of Portugal (Erzini et al., 1996).
In all cases, the logistic type model fitted by maximum likelihood
methods (Wulff, 1986) seems to be most adequate for describing

longline size selectivity for P. bogaraveo and Pagellus and other small
Sparidae species in general.

In this paper heuristic size selectivity models are fitted to catch
size frequency distributions for the different sizes of hooks. The fits
of ANN selectivity models are compared with the results obtained

http://www.sciencedirect.com/science/journal/01657836
http://www.elsevier.com/locate/fishres
mailto:ivone.czerwinski@uca.es
dx.doi.org/10.1016/j.fishres.2009.10.005
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ith maximum likelihood fits of the logistic model (Czerwinski et
l., 2009), allowing us to evaluate the relative ability of these tech-
iques to model the selectivity of different hooks. Our approach
eveals the highly non-linear nature of the relationship between
electivity and hook size, and demonstrates that in some cases
ogistic selectivity models are not most adequate to explain the
electivity of hook longline fisheries.

. Materials and methods

.1. Data collection and exploration

Fishing was carried out from a commercial fishing boat in the
trait of Gibraltar from November 2000 to July 2005. The “voracera”
ain line was 80 m long, with 1.0 m long gangions spaced 1.10 m

part. Each main line consists of 70 gangions. Fishing was carried
ut on rocky bottoms at depths of up to 850 m. Commercial fleet
shing practices concerning setting, setting time and duration of
et, were observed. Hooks were baited with regular sized pieces of
ardine (Sardina pilchardus) in all longline sets.

Two experimental fishing trials were carried out. In the first
xperiment (Ex 1), 50 longline sets were carried out with three
izes of round bend, eyed “Siapal” brand hooks: numbers 9, 10 and
1, and 3500 hooks of each size. In the second experiment (Ex 2),
06 sets were made, with 7420 hooks each of hook sizes 9, 9.5
nd 10. The different sized hooks were randomly distributed along
he mainline, allowing us to consider the number of contact fish
f each size class equal for all hook sizes. Hook dimensions, length
HL), width (HW) and depth (HD) are given in Fig. 1. Using the prod-
ct of width and length to represent overall hook size (HO) (Otway
nd Craig, 1993), hooks number 10, 9.5 and 9 are 1.12, 1.26 and 1.40
imes the size of hook number 11.

Average fish size for each hook and experimental trial was com-
ared using ANOVA test (p < 0.05) and Fisher’s least significant
ifference (LSD) post hoc analysis (p < 0.05). To compare fish size
requency distribution of each hook, a Kolmogorov–Smirnov test
p < 0.05) was performed.

.2. Logistic selectivity model

The logistic selectivity model is found to be most appropriate
or a variety of Sparidae, including Pagellus acarne and Pagellus ery-
hrinus, and a logistic type selection curve was also obtained for
. bogaraveo in the Azores (Erzini et al., 1998; Sousa et al., 1999).

herefore, it was decided to fit logistic selection curves to the exper-
mental catch data:

i,j = 1
1 + e−bi(lj−L50i)

(1)

ig. 1. Shape and dimensions of each type of hook (numbers 9, 9.5, 10 and 11) used in the
00 hooks for each type.
esearch 102 (2010) 41–49

where Si,j is the size selectivity for hook size i and size class j, bi is
a parameter determining the slope of the selection curve for hook
size i, lj is the midpoint of the size class j and L50i is the length at
50% selection.

To estimate the parameters of selection curves, it is assumed
that the parameters of the selection curve are a function of hook
size (Kirkwood and Walker, 1986; Wulff, 1986). In our case mean
length, depth, width and overall hook size (Otway and Craig, 1993)
were used to estimate the parameters of the logistic curves as linear
functions of hook size:

bi = AHi + B, L50i = CHi + D (2)

where A, B, C and D are parameters of the linear functions and Hi is
the mean of each dimension such as width, length and overall hook
size for hook size i. This model was fitted following the method-
ology proposed by Wulff (1986) and Kirkwood and Walker (1986)
which is described in Czerwinski et al. (2009).

A total of 72 models (36 for each experiment) were fitted for
each hook dimension (HL, HW, HD and HO) and for total length
(TL), fork length (FL) and standard length (SL). Expected catches
are calculated from the following relationship:

Ĉi,j = Si,jN̂j, where N̂j =
∑

iCi,j∑
iSi,j

(3)

where Ci,j is the observed catches for hook size i and size classes
j, Ĉi,j is the expected catch and N̂j the expected number of contact
fish.

2.3. Artificial Neural Network models

Artificial Neural Networks (ANNs) are mathematical models
inspired by the neural architecture of the human brain. The model
neuron or node is a simple non-linear unit. The neurons collect
inputs from single or multiple sources and produce an output. Inter-
connecting many of these single neurons or nodes in a known layer
configuration creates a model neural network.

Each node j receives incoming signals from every node i in the
previous layer. Associated with each incoming signal (xi) is a weight
(Wj,i). The effective incoming signal (Ij) to node j is the weighted
sum of all the incoming signals:

Ij =
∑

i

xi Wj,i (4)
The effective incoming signal Ij, is passed through an activa-
tion function (sometimes called a transfer function) to produce the
outgoing signal (yj) of the node j. In this study, the linear function
(yj = Ij) will be used in the output layer and the sigmoid non-linear

selectivity study. Means and standard errors (in cm) are based on a sample size of
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unction will be used in the hidden layers:

j = f (Ij) = 1
1 + e(−Ij)

(5)

o determine the set of weights a corrective–repetitive process
alled learning or training is performed. This training forms the
nterconnections between neurons, and is accomplished using
nown inputs and outputs (training sets or patterns), and pre-
enting them to the ANN in an ordered manner, adjusting the
nterconnection weights until the desired outputs are reached. The
trength of these interconnections is adjusted using an error con-
ergence technique so that a desired output will be produced for
given input. The training method used is the back propagation

lgorithm (Rumelhart et al., 1986).
The term epoch denotes the time period that encompasses all

he iterations performed after all the patterns are displayed. In the
tudy presented in this paper, the learning process was controlled
y the method of internal validation (about 25% of calibration data
o test the error at the end of each epoch). The weights are updated
t the end of each epoch. The number of epochs with the small-
st error of the internal validation indicates the weights to select
Tsoukalas and Uhrig, 1997).

Selectivity for each hook and fish size class was approximated
rom the relative retention frequency (RF) estimated for each indi-
idual. RF was calculated as:

F = [(F1 − l1) × m] + (m × L) (6)

= F2 − F1

l2 − l1
(7)

1 ≤ L < l2 (8)

here F1 and F2 are the observed frequency for the size intervals I1
nd I2 respectively and L is the considered fish length (TL, FL or SL)
Czerwinski et al., 2008).

A total of 36 ANN models were trained and validated for each
xperiment, varying the inputs and the number of neurons in the
idden layer. The input layer was formed by 2 neurons, one for fish

ength (TL, FL or SL) and the other one for hook size (HL, HD, HW
nd HO). Output layer was formed by one neuron, with the relative
etention frequency (RF) estimated for each individual.

ANNs with 1 hidden layer with 3, 6 or 9 hidden nodes were suc-
essively trained, with a validation set of 190 data in Ex 1 and 298
n Ex 2. Since in a ANN the initial weights configuration is randomly
xed, a pool of 10 repetitions was carried out for each neural archi-
ecture with 10 000 epochs each time. This procedure allows the
election of the ANN with the best performance (Anctil and Rat,
005).

.4. Error measures

There are many measures of fit that can be used to com-
are different models (Abrahart and See, 2000). The correlation
etween observed and estimated catches was expressed by means
f the correlation coefficient R. The coefficient of determination
R2) describes the proportion of the total variance in the observed
ata that can be explained by the model. Other measures of vari-
nces applied were the percent standard error of prediction (%SEP)
Ventura et al., 1995) and the coefficient of efficiency (E2) (Kitanidis
nd Bras, 1980). These four estimators are unbiased estimators that
re employed to see how far the model is able to explain the total

ariance of the data.

The percent standard error of prediction, %SEP, is defined by:

SEP = 100

C̄
RMSE (9)
search 102 (2010) 41–49 43

RMSE =

√∑
i

∑
j(Ci,j − Ĉi,j)

2

N
(10)

where C̄ is the average of the observed catches, Ĉij is the estimated
catch of the same size class j and hook i and N is the total number of
observations. RMSE is the square root of the mean square error. The
coefficient of efficiency E2 is used to see how the model explains
the total variance of the data and represents the proportion of the
variation of the observed data considered by the model. E2 is given
by:

E2 = 1.0 −
∑

i

∑
j|Ci,j − Ĉi,j|

2

∑
i

∑
j|Ci,j − C̄|2

(11)

A value of zero for E2 indicates that the observed average C̄ is as
good a predictor as the model, while negative values indicate that
the observed average is a better predictor than the model (Legates
and McCabe, 1999).

In addition, it is advisable to quantify the error in the same
units of the variables. These measures, or absolute error measures,
included the square root of the mean square error (RMSE) and the
mean absolute error (MAE), given by:

MAE =
∑

i

∑
j|Ci,j − Ĉi,j|

N
(12)

Error estimates for each of the 10 repetitions of each model were
calculated and compared with a multifactor analysis of variance
MANOVA (p < 0.05). In the case of significant differences, a Fisher’s
least significant difference test (LSD) was used to establish the dif-
ferences between the groups.

3. Results

3.1. Data exploration

There was a strong overlapping of the catch size frequency dis-
tributions in both experiments. However, significant differences in
average fish length between all hooks were found except in Ex 2
where there was no significant difference between average fish
size for hooks 9.5 and 10 (least significant differences (LSD) post
hoc analysis). On the other hand, only depth dimension of hooks
(HD) 9.5 and 10 were not significantly different (t = 2.359, d.f. = 198,
p < 0.05).

In Ex 1, there were significant differences between all hooks
but in Ex 2, the catch size frequency distribution of hook num-
ber 10 was not significantly different from that of hook number
9.5 (K–S = 0.749, p > 0.05). The catch size frequency distributions
by hook size are given in Fig. 2. In both fishing trials, black spot
seabream of a wide size range were caught. While Ex 1 catch size
distributions were essentially unimodal but skewed to the right,
those of Ex 2 are clearly multi-modal, with several smaller modes
to the right of the main mode corresponding to catches of larger
black spot seabream. Comparisons between the distributions of
the two experiments showed significant differences (K–S = 8.497,
p < 0.05).

3.2. Logistic models

The estimated parameters and error measures for a selection
of selectivity models for each experiment are given in Table 1.

For Ex 1 simple proportional functions were in all cases adequate
for describing the relation between L50 and hook size (Hi). For
Ex 2 proportional functions described the relation between L50
and hook size in most cases. The slope of the selection curves (bi)
was described as a constant or proportional function of hook size



44 I.A. Czerwinski et al. / Fisheries Research 102 (2010) 41–49

s for

i
q
o
a
h
fi

L
s
h
a
l
e
o

T
m
w
1
w

T
E
d

H

Fig. 2. P. bogaraveo catch size frequency distribution

n both experiments. While total length (TL) was the most ade-
uate fish dimension for describing selection curves as a function
f hook dimension in Ex 1, that in most cases was the over-
ll hook size (HO), in Ex 2 standard length and in most cases
ook depth (HD) were the measurements that resulted in the best
ts.

Comparing the fitting accuracy measures of Ex 1 models, model
1.10 with constant slope (bi) and L50i proportional to overall hook
ize (HO), based on fork length (FL) measurements showed the
ighest values of E2, and R2. In Ex 2, model L2.2 with slope (bi)
nd L50i proportional to hook depth dimension (HD), based on fork
ength (FL) measurements had the best values for E2, and R2. Mod-
ls L1.10 of Ex 1 and L2.2 of Ex 2, were selected as the best based
n their error measures.

The selection curves for both experiments are shown in Fig. 3.
he observed catches and the expected catches based on these

odels are given in Fig. 5. In Ex 1, observed frequencies for hook 11
ere lower than the expected, while observed frequencies for hook

0 were rather higher than the expected. However, such differences
ere not observed in Ex 2.

able 1
stimated parameters and error measures for logistic selectivity curve fitted by maximum
imension of the hook i (i = 9, 9.5, 10 and 11).

Model number Fish length Dimension of Hi A B C

L1.1 TL HO 0.356
L1.2 TL HO 0.053
L1.3 TL HW 0.413 2
L1.4 TL HW 0.247 2
L1.5 TL HD 0.284 2
L1.6 TL HL 0.568
L1.7 TL HL 0.135
L1.8 TL HD 1.900 1
L1.9 SL HO 0.606
L1.10 FL HO 0.410
L1.11 FL HO 0.062

L2.1 TL HD 0.242 2
L2.2 FL HD 0.120 2
L2.3 FL HD 0.268 2
L2.4 SL HD 0.130 2
L2.5 SL HD 0.153 1
L2.6 SL HD 0.301 2

ook dimensions: length (HL), width (HW) and depth (HD) and overall hook size (HO). Fi
different hook sizes in two experimental trials (Ex).

3.3. Artificial Neural Network (ANNs) models

A multifactor analysis of the variance (MANOVA) of the error
measures calculated for each ANN structure showed that, in
Ex 1 the dimension used for describing the hook size was
not a significant factor, but there was a clear influence of fish
length measurement. In all cases, better values of all accuracy
measures were obtained using the fork length (FL). Number
of neurons in the hidden layer was a significant factor for
RMSE and %SEP, obtaining better values with 6 or 9 neurons
(Table 2).

In Ex 2, the results of the MANOVA showed that the measure
used for the size of the hook was an influential factor (p < 0.05) in
the values of RMSE, MAE and %SEP, obtaining better results in using
the HD as an input variable in all three cases. The length of the fish
used (TL, FL, SL) was a significantly influential factor (p = 0.0) in all

adjustment estimators. The LSD Fisher’s test revealed that the best
results were obtained, as in Ex 1, using the FL of fish as an input
variable to the ANN. Likewise, the number of neurons that make up
the hidden layer of the network, was revealed as a decisive factor

likelihood, for each experiment using different fish and hook size dimensions. Hi ,

D RMSE MAE %SEP E2 R2

6.131 6.975 4.662 83.274 0.573 0.574
6.309 7.473 5.181 89.219 0.510 0.510
3.325 7.142 4.808 85.267 0.553 0.553
3.914 7.224 4.882 86.246 0.542 0.542
0.308 7.337 4.984 87.595 0.528 0.528
8.369 7.382 5.049 88.133 0.522 0.522
8.496 7.560 5.226 90.258 0.499 0.499
7.745 7.582 5.089 90.520 0.496 0.496
4.901 8.070 4.921 96.347 0.603 0.602
5.483 7.303 4.842 87.189 0.615 0.608
5.632 7.372 4.833 88.013 0.608 0.601

9.506 2.211 1.587 16.137 0.976 0.975
8.709 2.339 1.759 17.072 0.978 0.979
6.736 2.361 1.759 17.232 0.978 0.978
5.477 2.990 1.984 21.823 0.974 0.974
9.100 10.767 2.992 1.983 21.838 0.974 0.974
3.374 3.002 2.010 21.911 0.974 0.974

sh length: total (TL), fork (FL) and standard (SL).
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ig. 3. Logistic selection curves of the longline, obtained from the selectivity model
umber 10 of Ex 1 and number 2 of Ex 2. Ex: experimental trial.

n all cases (p = 0.0), the networks with more than 3 neurons in the
idden layer get the best settings.

In Table 3 calculated estimators averages of 10 repetitions of
ach network for Ex 1 are observed. The proportion of explained
ariance was higher than 94% (R2 = 0.94, ANN1.6) with the excep-
ion of model ANN1.27 that does not reach 36% (R2 = 0.36). This

odel shows outliers of all estimators, so it was not taken into
ccount in the subsequent analysis. The highest explained variance
as 98.1% in the models ANN1.30 and ANN1.33, like the low-

st RMSE and MAE (MAE = 1.64 and RMSE = 1.19), both calculated
ccording to the FL of fish and with 9 neurons hidden in the archi-
ecture of the ANN. Lower %SEP was 18.79% in the model ANN1.55,
lso depending on the FL of fish and the largest was 36.25%

ANN1.23).

The explained variance by the ANNs in Ex 2 exceeded the 76%
inimum value obtained in the model ANN2.4 (R2 = 0.77). The high-

st values of R2 (0.97) and E2 (0.96) were obtained in the model

able 2
ANOVA results for models error measures between hook dimension, fish length and num

: significance level, d.f.: degrees of freedom, LSD: results of post hoc analysis of Fisher’s le

Hook dimension (d.f. = 3) Fish lengt

F p LSD F

Ex 1
RMSE 0.38 0.764 2122.04
MAE 0.32 0.812 1238.69
%SEP 0.37 0.775 2412.35
E2 0.23 0.877 1433.36
R2 0.36 0.783 1421.02

Ex 2
RMSE 3.2 0.023 HD < HO = HL = HW 133.67
MAE 3.52 0.015 HD < HO = HL = HW 135.57
%SEP 2.95 0.033 HD < HO = HL = HW 203.36
E2 1.5 0.215 107.77
R2 2.47 0.061 180.24

ook dimensions: length (HL), width (HW) and depth (HD) and overall hook size (HO). Fi
search 102 (2010) 41–49 45

ANN2.27 and the lowest RMSE (2.96), MAE (2.13) and %SEP (23.83).
It is a model with 9 neurons in the hidden layer, depending on the
FL of fish and the hook overall size (HO) (Table 4).

The model ANN1.33 for Ex 1 and ANN2.27 for Ex 2, were selected
to explain the selectivity of the hooks used in the two experiments,
for its values of SEP%, E2 and R2. In Ex 1, the model that best explains
the selectivity of the hooks is a model with 9 neurons in the hidden
layer, in which the input variables are the FL of fish and the HD of
hooks. In EX 2, the model chosen is also a model with 9 neurons
in the hidden layer and on the basis of the FL, however, the size
of the hook that best explains the selectivity is HO. Because of the
repetitions in each model, represented selectivity curves show the
mean values obtained as well as the standard deviation for each
class of size (Fig. 4).

3.4. Models comparison

The first attribute that differences the ANNs and the logistic
obtained models, is that ANNs curves show the hook fishing power
as different curve maximums, proportional to catch rate of each
hook. It is noteworthy that the values of standard deviation of the
selectivity averages for each hook, were higher for FL values in
which the number of fish in the sample was smaller, indicating
a better fit in the range of sizes in which more observations were
obtained. Also, there are differences in the chosen models for the
two experiments.

In Ex 1, three bell-shaped curves were obtained. The maximum
selectivity of the hook 11, which captured the smallest amount of
fish, is 0.26 for 23 cm of FL, followed by the maximum selectivity of
the hook 9, of 0.29 for 26 cm of FL. The hook that caught more fish
(fish hook 10) also was the hook with higher values of selectivity,
with a maximum of 0.69 in fish of 38 and 39 cm of FL.

In Ex 2, almost logistic curves were obtained in all three cases
(Fig. 5). While the three curves show a descent in values below
20 cm of FL, the standard deviation in this range of lengths is very
high for the three hooks. Given that the values of the data used in
the training of the networks covered the range from 21 to 52 cm of
FL, the values of selectivity obtained under or above these lengths,
showed very high deviations. Hook 10, reaches its maximum selec-
tivity in 48 cm of FL with a value of 0.49, slightly falling for higher
lengths. Hook 9.5, with a rising curve from 20 to 59 cm of FL, reaches
its maximum value at 0.49. However, within the range of sizes
FL. Finally, for hook 9, the obtained selectivity curve showed lower
values than the other two curves in the entire range of sizes sam-
pled. The maximum value was, within the range of sizes obtained
in the experiment, 0.37 for 52 cm of FL.

ber of neurons in the hidden layer of the ANN. F: the coefficient of variance analysis,
ast significant difference test, <: significant difference, =: no significant difference.

h (d.f. = 2) Neurons in hidden layer (d.f. = 2)

p LSD F p LSD

0 FL < TL < SL 3.53 0.030 6 = 9 < 3
0 FL < SL < TL 2.66 0.071
0 FL < TL < SL 3.41 0.034 6 = 9 < 3
0 TL < SL < FL 2.27 0.105
0 TL < SL < FL 2.69 0.070

0 FL < SL < TL 22.48 0 9 = 6 < 3
0 FL < SL < TL 22.95 0 9 = 6 < 3
0 FL = SL < TL 21.82 0 9 = 6 < 3
0 TL < SL = FL 17.93 0 3 < 9 = 6
0 TL < SL = FL 10.47 0 3 < 6 = 9

sh length: total (TL), fork (FL) and standard (SL).
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Table 3
Average measures of accuracy for ANN models in Experiment 1, calculated in a pool of 10 repetitions. Hi , dimension of the hook i (i = 9, 9.5, 10 and 11).

Model Hi Fish length Neurons in hidden layer RMSE MAE %SEP E2 R2

ANN1.1 HO TL 3 2.615 1.896 32.000 0.940 0.943
ANN1.2 HO TL 6 2.591 1.854 31.705 0.941 0.944
ANN1.3 HO TL 9 2.636 1.904 32.258 0.939 0.943
ANN1.4 HL TL 3 2.621 1.904 32.071 0.940 0.942
ANN1.5 HL TL 6 2.558 1.864 31.297 0.943 0.945
ANN1.6 HL TL 9 2.695 1.971 32.983 0.936 0.940
ANN1.7 HD TL 3 2.633 1.904 32.224 0.939 0.942
ANN1.8 HD TL 6 2.587 1.881 31.654 0.941 0.944
ANN1.9 HD TL 9 2.637 1.914 32.272 0.939 0.941
ANN1.10 HW TL 3 2.622 1.894 32.081 0.940 0.943
ANN1.11 HW TL 6 2.582 1.879 31.593 0.942 0.945
ANN1.12 HW TL 9 2.596 1.883 31.764 0.941 0.944
ANN1.13 HO SL 3 2.964 1.784 35.104 0.946 0.946
ANN1.14 HO SL 6 3.011 1.821 35.654 0.944 0.945
ANN1.15 HO SL 9 2.932 1.783 34.716 0.947 0.948
ANN1.16 HL SL 3 3.057 1.853 36.203 0.942 0.943
ANN1.17 HL SL 6 2.907 1.749 34.420 0.948 0.948
ANN1.18 HL SL 9 2.903 1.762 34.375 0.948 0.949
ANN1.19 HD SL 3 2.950 1.796 34.940 0.946 0.947
ANN1.20 HD SL 6 2.986 1.805 35.364 0.945 0.946
ANN1.21 HD SL 9 3.013 1.830 35.682 0.943 0.945
ANN1.22 HW SL 3 3.030 1.847 35.879 0.943 0.944
ANN1.23 HW SL 6 3.061 1.865 36.247 0.942 0.943
ANN1.24 HW SL 9 2.960 1.779 35.056 0.946 0.946
ANN1.25 HO FL 3 1.743 1.273 19.955 0.977 0.978
ANN1.26 HO FL 6 1.688 1.254 19.324 0.979 0.980
ANN1.27 HO FL 9 11.619 6.955 133.00 -0.012 0.357
ANN1.28 HL FL 3 1.741 1.260 19.928 0.978 0.978
ANN1.29 HL FL 6 1.688 1.245 19.328 0.979 0.979
ANN1.30 HL FL 9 1.643 1.193 18.809 0.980 0.981
ANN1.31 HD FL 3 1.803 1.291 20.642 0.976 0.977
ANN1.32 HD FL 6 1.657 1.224 18.963 0.980 0.980
ANN1.33 HD FL 9 1.642 1.194 18.791 0.980 0.981
ANN1.34 HW FL 3 1.787 1.303 20.462 0.976 0.977
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ook dimensions: length (HL), width (HW) and depth (HD) and overall hook size (H

Observed and expected catches for both experiments and mod-
ls are shown in Fig. 5. It can be seen how expected catches are very
imilar to the observed ones, even in Ex 1 for hooks 10 and 11 that
howed differences with logistic model.

. Discussion

In this paper, the selectivity models for black spot sea bream
n the Gibraltar strait were fitted using multilayer perceptron neu-
al networks and compared with classic logistic approaches. This
s the first time ANN approaches have been applied to explore
electivity patterns and is the first study to compare the perfor-
ance of logistic models and heuristic modelling techniques in a

ook longline fishery. Results indicate that in some cases logistics
electivity models are not the most adequate to explain the selec-
ivity of this type of fishery. The ANN models obtained here clearly
ndicate that a high proportion of the variation in selectivity can
e explained by models containing relatively few hook parame-
ers. The ANN approach applied in this study resulted in models
xplaining >97.4% of the mean variance in frequency observed,
ersus 79.3% of mean variance reached with classic logistic mod-
ls.

The efficiency and the size selectivity of hook gears are influ-
nced by numerous factors. These include the distribution of the
sh, competition between fish, size and design of hook, size and
orms of bait, combination of baits, duration of sets and the time
f the day of fishing (Arimoto et al., 1982; Skeide et al., 1986;
økkeborg and Bjordal, 1992; Bjordal and Løkkeborg, 1996). Pre-
ious hooks selectivity studies have used a wide range of sizes and
ypes of hooks and have reached different conclusions.
1.685 1.228 19.293 0.979 0.979
1.688 1.234 19.328 0.979 0.979

sh length: total (TL), fork (FL) and standard (SL).

Although there is no clear consensus on the form of the hook
selection curve, the logistic selectivity model has been reported
as the most adequate for the black spot seabream longline fishery
and for other seabream species longline fisheries (Erzini et al., 1998,
2006; Sousa et al., 1999). However, in the case of the seabream long-
line fishery of Strait of Gibraltar the logistic selectivity model was
adequate for only one of the two periods analysed (Ex 2). Although
according to Ralston (1990) a decrease in the selectivity for larger
sizes may be expected, Erzini et al. (1996, 2006) found that the pop-
ulation size structure can limit the possibilities of a total recognition
of selectivity effects which could indicate that fish catch size fre-
quency distributions may not be sufficiently informative to allow a
meticulous evaluation of the real shape of the hook selection curve
(Millar and Holst, 1997). Although the black spot seabream caught
in this study had a wide size range in both periods, total catches
of the two experimental trials showed differences in the size fre-
quency distributions. Therefore, it is probable that the differences
in the selectivity curves for the Ex 1 and Ex 2 are a consequence of
the different population size structures.

The obtained accuracy measures for Ex 1 were very different
in function of type of model used. In this experiment, estimated
catches were very different from the observed ones when the clas-
sical approach was used (model L1.10: RMSE = 7.303, MAE = 4.842,
%SEP = 87.189, E2 = 0.615, R2 = 0.608). A reason for this lack of accu-
racy is that, contrary to what would be expected, in Ex 1 the

intermediate sized hook (hook number 10) showed the highest
observed catch rate and this may be affecting the fishing power
of different hook sizes that was assumed as equivalent (Bjodal and
Løkkeborg, 1996). Sousa et al. (1999) reported a similar behaviour
in longline fishery of Helicolenus dactylopterus of Azores popuation.
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Table 4
Average measures of accuracy for ANN models in Experiment 2, calculated in a pool of 10 repetitions. Hi: dimension of the hook i (i = 9, 9.5, 10 and 11).

Model Hi Fish length Neurons in hidden layer RMSE MAE %SEP E2 R2

ANN2.1 HO TL 3 7.361 4.233 66.751 0.709 0.828
ANN2.2 HO TL 6 4.937 3.120 44.768 0.874 0.882
ANN2.3 HO TL 9 6.579 3.635 59.659 0.757 0.799
ANN2.4 HL TL 3 8.976 4.979 81.393 0.594 0.767
ANN2.5 HL TL 6 5.193 3.275 47.091 0.867 0.876
ANN2.6 HL TL 9 5.039 3.173 45.691 0.873 0.885
ANN2.7 HD TL 3 7.022 4.066 63.677 0.729 0.825
ANN2.8 HD TL 6 4.598 2.862 41.699 0.887 0.898
ANN2.9 HD TL 9 3.939 2.587 35.719 0.925 0.932
ANN2.10 HW TL 3 8.020 4.309 72.728 0.670 0.783
ANN2.11 HW TL 6 5.703 3.532 51.715 0.829 0.856
ANN2.12 HW TL 9 5.535 3.419 50.187 0.849 0.869
ANN2.13 HO SL 3 4.082 2.654 28.768 0.952 0.958
ANN2.14 HO SL 6 3.887 2.599 27.395 0.956 0.960
ANN2.15 HO SL 9 3.710 2.464 26.143 0.960 0.963
ANN2.16 HL SL 3 4.661 3.055 32.849 0.935 0.951
ANN2.17 HL SL 6 4.117 2.681 29.010 0.951 0.958
ANN2.18 HL SL 9 3.693 2.442 26.021 0.961 0.963
ANN2.19 HD SL 3 3.711 2.530 26.149 0.960 0.963
ANN2.20 HD SL 6 3.927 2.604 27.671 0.955 0.957
ANN2.21 HD SL 9 3.562 2.427 25.099 0.963 0.965
ANN2.22 HW SL 3 4.170 2.765 29.385 0.949 0.954
ANN2.23 HW SL 6 3.814 2.472 26.879 0.958 0.961
ANN2.24 HW SL 9 4.220 2.750 29.741 0.949 0.952
ANN2.25 HO FL 3 3.555 2.437 28.632 0.949 0.957
ANN2.26 HO FL 6 3.222 2.255 25.952 0.958 0.960
ANN2.27 HO FL 9 2.958 2.129 23.826 0.964 0.967
ANN2.28 HL FL 3 3.353 2.272 27.005 0.955 0.959
ANN2.29 HL FL 6 3.091 2.214 24.897 0.962 0.964
ANN2.30 HL FL 9 3.109 2.168 25.042 0.960 0.964
ANN2.31 HD FL 3 3.124 2.202 25.162 0.961 0.964
ANN2.32 HD FL 6 3.442 2.332 27.720 0.951 0.954
ANN2.33 HD FL 9 3.114 2.171 25.077 0.960 0.963
ANN2.34 HW FL 3 3.473 2.348 27.972 0.951 0.956
ANN2.35 HW FL 6 3.519 2.399 28.341 0.949 0.956
ANN2.36 HW FL 9 3.164 2.247 25.486 0.959 0.961

Hook dimensions: length (HL), width (HW) and depth (HD) and overall hook size (HO). Fish length: total (TL), fork (FL) and standard (SL).

Fig. 4. Average selection curves and standard deviation obtained with ANNs for each hook and experiment. Dashed lines indicate range limits for fork length (FL) observed
values. Ex: experimental trail.
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ig. 5. Comparison of the observed and predicted catch size frequency distributio
xperimental trail (Ex).

n this study, significantly lower catch rates were obtained by the
mallest hook used and therefore, for this hook best fits were
btained with skew-normal type selectivity curve rather than sig-
oid type. Bjordal and Løkkeborg, 1996 suggested that main reason

hat affects to the loss of efficiency of the smallest hooks may be
ue to bait loss.

The inferior results obtained in Ex 1 with the classical
pproach were significantly improved by ANNs (model ANN1.33:
MSE = 1.642, MAE = 1.194, %SEP = 18.791, E2 = 0.980, R2 = 0.981).
everal reasons could explain the best behaviour of ANN models
n the case of Ex 1. Firstly, the ANNs are not sensitive to fishing
ower because these types of models do not assume any empir-

cal relation between inputs and output variables. On the other
and, if the loss of efficiency of hook number 11 (the smallest

n this study) was a consequence of a greater bait loss rate of
his hook, then the Artificial Neural Network models could have
etected this hook characteristic implicit in the inputs variables.
he ANN capacity to identify the relevant information implicit
n input variables from massive amounts of data, discriminat-
ng which is inconsistent, ambiguous or incomplete has been
eported in other studies (Govindajaru, 2000; Gutiérrez-Estrada et
l., 2008).

On the other hand, obtained accuracy measures for Ex 2 were
ery similar with both types of models. Estimated catches were
ery similar to the observed ones using the classical approach

model L2.2: RMSE = 2.339, MAE = 1.759, %SEP = 17.072, E2 = 0.978,
2 = 0.979). In this case, as would be expected, observed catch
ates were lower when hook size increased. There were no sig-
ificant differences between size frequency distributions of hooks
.5 and 10 catches, which did not differ significantly in terms
r the three hook sizes according to the logistic and ANNs selected model of each

of average hook depth dimension, and in all fitted models, size
selectivity was a function of hook depth dimension. ANN model
selected for EX 2, coincides with logistic model, where the hook
dimension used is the depth and the fitting results are also very
similar (model ANN2.27: RMSE = 2.958, MAE = 2.129, %SEP = 23.826,
E2 = 0.964, R2 = 0.967). These results suggest that the depth size of
the hook used may be an important key when size of hook is used
for fisheries resources management proposes.

The choice of type of models that forecast with greater accuracy
catches from the size of hooks, should be different in each case.
In Ex 1, there is a clear difference between the predictive power
of the ANNs and the logistic models, with the former prevailing.
However, in Ex 2, the difference in accuracy is low, but better in
the logistic models. These results indicate that in the event that
the classic models do not fit well, perhaps due to poor quality of
the data (such as a smaller sample size or highly overlapped dis-
tributions), the simpler ANNs models, with capacity for combine
linear relationships and highly non-linear, are most appropriate to
establish the functional relation between variables.

The total catch of the two experiments showed differences in
size frequencies distribution. Similarly, the fitted selectivity mod-
els for each experimental trial were very different despite having
two hooks in common. These results suggest that the selectivity
estimation of this gear is not independent of the structure of the
exploited population. On the other hand, Erzini et al. (2006), found

that size selectivity and fishing mortality rate strongly influenced
the dynamics of the average size in P. bogaraveo populations. They
also noted that logistic size selectivity had more effect on the aver-
age size than bell-shaped selectivity models. This would indicate
a relation between the population structure and the fishing gear
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electivity estimation, at least in case of hook selectivity. So it can
e seen that in the Ex 1, ANNs model, which best explains the hooks
electivity to the existing population, adopts bell-shaped forms,
hile in Ex 2, both models are explained by logistical or similar

urves.
In light of the results, it can be said that the selectivity of the

ooks follows a dynamic relation with the population size struc-
ure. So the odds of getting a certain fish size with a hook are
ffected by the probability that the fish of that size come into con-
act with fishing gear, which is closely related with the proportion
f fish of that size in the population.
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