Fishery Technology
2010, Vol. 47(2) pp: 111-120

Mesh Selectivity of Drift Gillnet for Caranx
sexfasciatus and Caranx tille
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The gear selectivity and fishing power of different mesh sizes (13.5, 14, 14.5 and 15
cm) were investigated using experimental catch data of carangids Caranx sexfasciatus and
Caranx tille. The selectivity and residual curves were generated using four different individual
uni-normal (normal scale, normal location, gamma and log-normal) and bi-normal functions
with four different mesh sizes. Selectivity parameters were estimated using the SELECT (Share
Each LEngth Class Total) model which has been implemented in the software called GILLNET
(Generalized Including Log-Linear N Estimation Technique). Model deviance, Dispersion
parameter and Residual plots were used to determine the best fit of the data. The results
demonstrated that bi-normal model and uni-normal log-normal yielded good fit for C.
Sexfasciatus and C. tille respectively. Mesh sizes 14 and 14.5 cm performed better than the
modeled in both the catch data. Modal length increased with mesh sizes. Bi-normal model
yielded narrow selection range while log-normal model was of wider range. Shape and size
of the selectivity curves were identical and uniform in size. Over dispersion was common

in all selectivity models which in turn showed lack of fit irrespective of the models.
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Gillnets with mesh size optimized for
target species are highly selective in nature.
Species specific and location specific optimi-
zation of mesh size is important to improve
the selectivity of gillnets. Information on
mesh selectivity is essential for responsible
harvesting and management of fisheries
resources. In India, several attempts were
made in optimizing the mesh sizes for
commercial exploitation of different marine
fishes (Joseph & Sebastian, 1964; Sreekrishna
et gl., 1972; Kartha & Rao, 1991; Kunjipalu
et al., 1994; Varghese et al., 1996; Kunjipalu
et al, 2001, Neethiselvan et al.,, 2001;
Boopendranath & Pravin 2005).

Species of the family Carangidae con-
stitute a significant quantum of catch in the
artisanal fishery of Kanyakumari coast of

south India. Caranx sexfasciatus and Caranx
tille are the most dominant species caught by
large mesh drift gillnets in the Kanyakumari
coast of Tamil Nadu. However, no mesh
selectivity study has been carried out for
optimizing the mesh size for this fishery.
The mesh size and shape of fish determine
the quantity of catch and its composition
(Sparre & Venema, 1992).

The relative efficiency of defined mesh
size is expressed by a selectivity curve
(Jensen, 1995). In this paper, SELECT model
(Millar, 1992) is used for estimating selectiv-
ity parameters for carangid species taken by
large mesh drift gillnets. This model esti-
mates the parameters under two assump-
tions of equal fishing power and fishing
power in relation to mesh size.
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Materials and Methods

The study was carried out in
Kanyakumari coast of Tamil Nadu, India
from September 2002 to April 2004. Out of
the four experimental gillnets, two were
made of polyamide multifilament twine
(R-tex 737) and mesh sizes 13.5 and 14.0 cm
(stretched). Another two nets were of R-tex
786 with 14.5 and 15.0 cm mesh sizes
(stretched). All were similar in construction
to those used by local fishermen. However,
fishermen used only 14.0 cm mesh size for
catching the large carangids. The experimen-
tal fleet which was 2,700 m long consisted of
randomly arranged gillnet units of selected
mesh sizes. A total of 36 gillnet units were
incorporated in one fleet and each unit was
1000 meshes in length and 80 meshes in
depth. Nets were operated by local fishermen
from FRP boats of 8.4 m L, in traditional
fishing grounds, located about 13 nautical
miles off Kanyakumari in the depth range of
30-60 m. The hanging ratio of the nets varied

from 0.50 to 0.56. A total of 288 PVC floats

of 100 mm dia and 20 mm thickness were

attached to the double lined head rope of 6 -
mm dia polpropylene. Thermocole floats of

size 280x280x190 mm (LxBxH) were attached

at both ends of each unit. After every.

operation, mesh panels were rearranged
randomly in order to minimize the bias and
sampling error. Nets were allowed to drift
along with the boat for 4-6 h during the night
and lifted before sunrise. After lifting the
nets, the catch were segregated species-wise
and mesh-wise. The targeted species Caranx
sexfasciatus and Caranx tille were stored
separately in a container. After bringing the
catch to the shore, morphometric measure-
ments like Total length (TL), Fork length (FL),
Gill girth (Gg), Gilled girth (Gr), Maximum
girth (Gmax), individual weight and total
weight of the catch were recorded. The
length and girth were measured to the
nearest cm and mm respectively and weight
to the nearest gram.

The selection parameters of Caranx
sexfasciatus and Caranx tille were estimated

applying the SELECT (Share Each LEngth
Class Total) model (Millar, 1992) using
GILLNET (Generalized Including Log-Linear
N Estimation Technique) software
(CONSTAT, 1998). This software contains five
different functions, wviz., Normal location
(where model length is proportional to mesh
size but with fixed spread of the curve),
Normal scale, Log-normal, Gamma and Bi-
normal (Table 1). All the models follow
Baranov’s principle of geometric similarity
(Baranov, 1948) except normal location curve.
The data were fitted twice to the above
functions based on the assumption of equal
fishing power and the fishing power propor-
tional to mesh size (Millar & Holst, 1997).
Apart from the selection curves, the residual
plots were also obtained by plotting mesh size
against length class. Model deviances (D) or
likelihood ratio for each fit were calculated for
corresponding degrees of freedom. Degrees
of freedom (DF) was calculated by number
of length class multiplied by number of mesh
sizes used minus number of length class and
number of parameters involved (Millar &
Fryer, 1999). The deviance statistics and
residual plots were used to assess fit of the
selectivity models.

- After fitting all the models, the good-
ness of fit was evaluated using model
deviarice. (D) (McCullagh & Nelder, 1989).
The model, which had less deviance value,
was considered as better fit. The Deviance
was also evaluated in relation to DF and
further it was referred to the chi-square
distribution D ~ ¢? (DF) to study the signifi-
cant differences between models (Wileman et
al., 1996). Dispersion parameter was calcu-
lated for all the models fitted to catch data
of both the species to study the kind of
dispersion or spread or variance of the
selectivity curve.  After assessing the fits
with above-mentioned statistical tools, the
better-fit model for both the species, were
further inspected from residual plots. A
good fit of plot was regarded based on
appearance of residuals in the plots. The
better-fit model, which showed lack of fit,
was further extended to bi-normal model to
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Table 1. Uni-modal and Bi-modal selectivity models used in the selectivity studies

Model Selection curve
Normat location constant spread (k, s): C 2
: exp M(!-—k.mj)
252

Normal scale (ky_ kp):

Lognormat (m,s):

Gamma (o, f):

Bimodal or Binormat {ay, by,az, by, a):

7/

where k = Location of the mode of the selection
curve; s = Spread of the selaction curve; my=
mesh size of " gear, /= length of the fish.

(1=kym, )
2w

where k1 = Location of the mode of the
selection curve; k, = Spread of the selection curve;

my = mesh size of " gear; /= length of the fish.

exp

where m = Location of the mode of the selection
curve; s = Spread of the selection curve; / =length
of the fish.

G

where « = Location of the mode of the selection
curve; /= Spread of the selection curve; /=
length of the fish. )

cxp(~(1‘a;m§)2 14 _(1“101'2”;)2
25 m; 2b;

where ai = Location of the first mode of the
selection curve, a; = Location of the second
mode of the selection curve; by = Spread of the
first mode of the selection curve, bz = Spread of the
second mode of the selection curve; » = Scaling
constant relation o the height of the first and
second modal length of the fish; my= mesh size of
i® gear: { =length of the fish.

s

get an improved fit. The better fit model
obtained for the catch data of Caranx
sexfasciatus and Caranx tille was subjected to
approximation of bi-normal or bi-modal
model to find out the best fit of the data as
suggested by Holst et al. (1994). Deviance,
degrees of freedom, dispersion parameter
and residual plots were also estimated and
validated as done in the case of uni-normal

113

models in order to find out the best fit of
the selectivity data for both the species

studied.

Results and Discussion

The total catch of Caranx sexfasciatus
obtained from four mesh sizes was 1205
numbers. Of the total number, 410 specimens
were caught in mesh size 13.5 cm, 301 in 14
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cm, 324 in 14.5 cm and 170 in 15 cm. The
total catch of Caranx tille obtained in four
mesh sizes was 1571 numbers. Of them, 375
specimens were caught in mesh size 13.5 cm,
425 in 14 cm, 419 in 14.5 cm and 352 in 15
cm. Length frequency distributions of the
species studied are given in Fig. 1. Length
frequency distribution of both the species
caught from gillnets were uni-modal in

shape.

The range of fork length of Caranx
sexfasciatus and Caranx tille caught was 29.4
- 69.6 cm and 36.5 - 97.4 cm, respectively.
The estimated selectivity parameters for all
uni-normal models including deviance sta-
tistics and the corresponding degrees of
freedom for every model under the assump-
tion of equal fishing power and fishing
power proportional to mesh size are given
in Table 2.

While evaluating the model deviances
obtained from different uni-normal models,
log-normal model yielded smaller deviance
compared to other models in both the
species. The models which had high devi-,

ance value were rejected since it expressed.

poor fit of data. Further, a small difference

was observed between model deviances -

obtained from both the assumptions in
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normal scale and normal location function
except with log-normal and Gamma func-
tion. It showed that fishing power did not
influence the deviance value in latter models.
There was no significant difference between
models except with normal scale (p < 0.005)
in both species. Other better fits followed
by log-normal model based on deviance
value were normal location under the
assumption of fishing power proportional to
mesh size, gamma and normal scale under

the assumption of equal fishing power.

The Dispersion parameter (DP) was
worked out to evaluate the degree of
variance of the selectivity curve. The DP
varied greatly among the uni-normal
models. The better-fit log-normal model
yielded the lowest DP among the other uni-
normal models fitted for both the species
catch data. However, the estimated DP was
greater than one in the better fit models of
both the species C. sexfasciatus (5.65) and
C. tille (5.04) since the deviance was higher
than the degrees of freedom. The.selection

curves are given in Fig. 2.

Residual plots of all the models for the
species C. sexfasciatus (Fig. 3) under both the

-assumptions of equal fishing power and

tishing power proportional to mesh size

Table 2. SELECT model parameter estimates for gillnet selectivity in respect of Caranx sexfasciatus and Caranx tille

Equal fishing power ’ Fishing power « mesh size
Lo Specias Model of , wodet - odet
Fraedom Pasarmetevs S0 n P ap Devi
Normal Fhoad 81 (5)=(34695,3680) 0019600914 3455  (ke)= (34880,37034) 0019700918 3448
tocation spread 4695, 3. 10196, 0. y &) = (24889, 3.7034) .0197. 0. ;
Mormelscale  spasdam 61 (K1K2)=(3.5071.0.2656) 0019400080 38051  (kik2) = (35250 026dg) 0019400060 .0,
Caranx
1 ) i 1 ad 8t 9) = (38429, 0.0763)  0.0050,0.0018 34473 )= (3488, 0.0763) 0005900018  344.73
sexfasciatus OGROra spread o m| ms)=3 /] {msg)=(3. )
Gamma spreadam Bt (ka)= (00196 177.4954) 0.0009, 81807 35088 (k@)= (0.0196 178.4654) 0.0009. 82139 35066
Bimodal spresdam| 58 (albi)=(3.4333,02220) 00168,00074 33502  (aibl)- (36479 02224) GO201.00074 33508
@262y = (3753 0.3206) 00881 00232 33502  (a2b2)= (37832 0.281) 0.0882 00228  RI5.08
w = 0.0468 0.0276, 502 w = 00511 0.028898 335.08
Norenal Fixed - _
Norenal o gt (ke)= (47205, 42640)  OD168,00862 48775  (ke)= (4.7304, 42716) QD163 00866 48686
Normalscale  sprasdam 8t (KIK2)=(4.7485.0.2086)  0.0167.0006 51058  (K1k2) < (476740208  0.0166.00060 5108
2 Caranx Lognommat spread o m) o1 (msg)=(4.1518, 0.0642) 00037, 00013 45856 (m,5) = (4.156.0.0842) 0.0036,0.0013 45858
tlle
Gamma spreadam 91 (ka)=(DO162, 2462453) (00008, 99543  489.95  (kaj=(0.0192 247.245%) 00008, 100108 46996
Bimodal spesdam 88 (albi)=(A7485 0.2906) OOIE7.0008 51058  (albf) = (47674, 0.2680) ) 5108

(a2.62) = (232, 1.28)
w =0111¢

O
o

51058
510.58

(82,62) = (23,814, 0.3858)
w=01174

0
]

5108
510.8
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Fig. 1. Length frequency of carangid fishes caught by gillnets with mesh sizes of 13.5, 14.0, 14.5 and 15.0 em

revealed that the mesh size of 14.5 cm
performed better followed by 14 cm and 13.5
an. It was inferred by the presence of a large
number of positive residuals.  Fishing
powers were almost equal in both normal
scale and gamma model by the presence of
equal number of positive residuals in
respective mesh sizes. Similarly fishing
power of normal location was same with
normal scale and gamma except in the mesh
size 13.5 cm. Residual plots showed that
smaller length group of fish were caught
from mesh size of 14 cm (32.5 to 46.5 cm).
However, the mesh size 14.5 cm captured
wider range of smaller and larger fishes (42.5
to 70.5 cm) and overlapping of catch were
also observed in these mesh sizes. Mesh size
of 13.5 cm captured all size groups of fish.

In the case of C. tille, residual plots (Fig.
3) of all models tested revealed that the
fishing powers of 14 cm and 14.5 cm were
greater than modeled with the occurrence of
predominance of positive residuals. How-
ever, in log-normal model, fishing power
was equal in both 13.5 and 15 cm. Fishing
powers were almost equal in both the

normal location and gamma model by the
presence of equal number of positive
residuals in respective mesh sizes except in
the mesh size 13.5 cm. Residual plots were
almost similar in all the models. Plots
showed capture of middle-sized length
group (54.5 - 80.5 cm) from the mesh size
of 14 cm and this mesh size overlapped with
the mesh of 14.5 cm by capturing the same
size group of fish (60.5 - 80.5 cm). However,
15 cm mesh captured larger fishes (82.5 - 98.5
cm). Deviance residuals were equal for both
the equal fishing intensity and fishing power
proportional to mesh size in all the uni-
models. As the model deviance, DP and
Residual Plot of the better fit model showed
poor fit in both the species catch data, the
better fit model was extended to bi-normal
model to get best fit of the data.

Model deviance of the bi-normal model
was slightly reduced to 335.02 from the
better fit log-normal model (344.73) in C.
sexfasciatus catch data under equal fishing
power (Table 2). The DP obtained from the
extended bi-normal model for the catch data
of C. sexfasciatus was 5.78 while it was 5.65
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in better fit log-normal model. In the case
of C. tille, it was 5.8 and 5.04 in bi-normal
and log-normal model, respectively. How-
ever, the estimated DP for both the catch
data were higher in bi-normal model than
better fit log-normal model and indicated the
over dispersion of the data. Significant
difference (p < 0.05) was observed between
the model deviance of bi-normal and log-
normal model in the catch data of
C. sexfasciatus. As deviance value obtained
from bi-normal model was greater than
better fit log-normal model in the case of
C. tille, further analysis was not carried out
and better fit log-normal was considered as
the best fit for the catch data. In all uni-
normal and bi-normal models, the deviance
value was smaller in constant fishing power
than when fishing power is assumed to be
proportional to mesh size.

Among the uni-normal models tested,
log-normal model provided better fit for the
selectivity data of both the species. However,
extended bi-normal model under equal
fishing power was found as best fit for the
catch data of C. sexfasciatus since the
estimation yielded the model deviance,
dispersion parameter and good residuals
arrangement. The bi-normal model selection
curve was proved as ideal curve for gillnet
selectivity (Hovgard, 1996a; Fujimori &

the catch data of C. sexfasciatus.
length for C. tille obtained from best fit log-

Tokai, 2001; Park et al., 2004) as the fishes
may be caught by several capture mecha-
nisms including gilling, wedging and tan-
gling. In the case of C. tille, uni-normal log
normal model was found as best fit. It might
be due to predominance of gilling in the
capture process which accounted for 75.9 %
and remaining by wedging. Huse et al.
(1999) suggested that log-normal selection
curve was the appropriate one for the gillnet
selectivity. ~ Yokota et al. (2001) and Holst
et al. (2002) opined that twine thickness has
no significant effect on catching efficiency of
gillnets. However, tangling might be
facilitated depending on the mesh size, when
hanging coefficient (Riedel, 1963; Hamley &
Regier, 1973) or twine thickness and material
(Pycha, 1962) are favourable. In this study,
less than 1% tangling was observed and
hence the selection curve appeared with a
single mode.

Modal length and spread of the bi-
normal model increased with mesh size.

However, the spread was lesser than better
fit log-normal model in both the catch data.
. Modal length (46.4 to 51.5 cm) appeared
- similar for ‘each mesh size in both better fit

uni normal and best fit bi-normal models in
Modal

normal model ranged from 63.3 to 70.3 cm
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Fig. 2. Selectivity curves of better and best fit models for different mesh sizes for Caranx sexfasciatus and

Caranx tille
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model

through the mesh size from 13.5 to 15 ¢m
(Table 3). Residual plots of extended model
for the catch data of C. sexfasciatus showed
more number of positive residuals in the
mesh sizes of 14.5 and 14 cm which indicated
that these meshes performed better than
modeled as found in uni-normal better fit
log-normal model.

Sclection curve of C. sexfasciatus was
also with single mode inspite of capture by

though multiple capture process
existed (Fryer, 1991). In recent years, many
studies revealed that gillnet selectivity curve
was asymmetrical in nature (Hamley &
Regier, 1973; Wulff 1986). However, in the
present study, log-normal and bi-normal
model did not match with the catch data due
to skewness of the data (Fujimori & Tokai,
2001). Both the best fit curves still do not
show good fit. It might be due to over
dispersion of the data (McCullagh & Nelder,

1989) vhich is indicated by greater deviance

gilling, vs2<ging and tangling. This indicates ’
value than DF, greater DP and systematic

that the data fit appropriately with the

Table 3. Modal length and spread of gillnet selectivity curve

Mesh size (cm)
138 14 ' 1“8 15
SNo. Specias Model Modal length Modal length Modal fangth Modal length
d read read
{cm) Spraa (cm) Spread {em) . (cm) b
[ b 2 b a b F] b a b Y b a b & b
1 Caranx Normallocation 468 471 369 37 486 488 369 37 503 506 388 37 52 523 383 370

Sexfasciatus o scole 473 476 345 344 48 494 358 357 509 S11 371 37 528 520 383 3&

Lognormal 464 487 358 36 481 484 371 373 498 601 384 386 515 S8 397 400

Gamma 467 470 352 353 484 487 365 366 502 505 378 379 519 S22 3m 392

Simodal 484 485 301 3 481 483 312 311 488 50 323 322 515 517 334 334

2 Caranx Normalkcaton 637 640 428 427 661 664 426 427 €84 687 426 427 708 711 426 427
tille Normal scate 641 644 403 402 665 667 418 417 8BS 691 433 432 712 720 448 447
Lognormal 633 638 400 411 656 86 424 426 68 683 435 441 703 706 455 458

Gamma 836 638 408 407 68 852 421 422 683 688 436 437 708 710 451 452

Bimodal 641 644 403 402 €65 667 418 417 689 691 433 432 712 715 448 447

a : Equal fishing power b : Fishing power a Mesh size
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arrangement of residuals in all uni- and bi-
normal models.

The spread of the best fit bi-normal
selection curve of C. sexfasciatus was
narrower than the better fit log-normal
model around the modal length. However,
in the case of C. tille the spread was wider
since the best fit belongs to uni-normal log
normal model as reported by Hovgard et al.
(1999). Spread variation among the selectiv-
ity curves of best fit models could be due
to dissimilarity of gear characteristics caused
by different operational and capture process
as reported by Park et al. (2004). Method of
capture might have influenced the spread of
the curve, as reported by Hovgard et al.
(1999). The shape of the selectivity curves
among uni- and bi-normal curves of the
present study was uniform though variations
appeared in the amplitude of the curve.
However, selection curves.for all meshes
may have same shape and amplitude as per
Baranov’s assumption that selectivity would
be same for all combination of fish and mesh
size for which girth-perimeter ratio is the
same (Baranov, 1914).

The fishing process of gillnets is related
to the mesh size and twine size (Hamley,
1975; Millar, 1995). Hovgard (1996b)
reported that the fishing power would
influence the catch rate and sizes, while
estimating the selectivity for multi-meshed
gillnet. However, in this study, both the
better-fit and best-fit models were observed
under the assumption of equal fishing
power. It indicates that different mesh sizes
used in this study had equal catching
efficiency for both carangid species of
respective selection length as reported by
Karunasinghe & Wijeyaratne (1991) and
Regier & Robson (1966) for other fishes.

The present study indicates that both
uni-normal and bi-normal models fit
appropriately for the drift gillnets which are
conventionally used by most of the local
fishermen in inshore waters of the study area
for harvesting large carangids. Modal length

increased with mesh size. Uni-normal model
yielded wider selection range while the
bi-normal model had narrower selection
range. Over dispersion was common in all
selectivity models which in turn showed lack
of fit irrespective of the models.
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