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Mesh Selectivity of the Cod-end of a Small Trawl Net
for Two Peruvian Drums
(Paralonchurus peruanus and Sciaena deliciosa)

from the Callao Sea Zone, Peru

Henry Orrego A.*!, Luis Garayar M.*!, Yusuke Suda*?
and Tadanobu Machii*?

Mesh selectivity experiments of the cod-end of a small trawl net were carried out in the coastal
fishing zone off Callao, Peru. The studies were conducted using two different mesh sizes, 2" and 3",
at the cod-end. The cod-end was entirely coverd with a 1 1/4” mesh net. Target fishes for the
present study were two Peruvian drums (Paralonchurus peruanus and Sciaena deliciosa), representing
78% of the total weight caught. The body shape of these species is slightly different.

Nonsymmetrical and symmetrical curves were applied for mesh selectivity of the cod-end. Three
selectivity factors were used: 1) mean selection length (L, cm), 2) selection range (S.R, e¢m), and 3)
selection factor (S.F, nondimensional).

The S.F values were obtained as: 1) nonsymmetrical curve: for Coco; 3.21 in 3" mesh and 3.53 in
2" mesh; and for Lorna 3.30 in 3” mesh and 3.51 in 2" mesh. 2) symmetrical curve: for Coco;
3.21 in 3" mesh and 3.50 in 2" mesh, and for Lorna; 3.33 in 3” mesh and 3.53 in 2" mesh.

The selectivity factors were compared between the nonsymmetrical and symmetrical curves. The
results obtained were: 1) meam selection lengths (L. =Lgsp) showed approximately the same values
for both the nonsymmetrical and symmetrical curves, 2) the differences in the S.R value between the
3" and 2" meshes for the nonsymmetrical curve were shorter than those for the symmetrical curve,
and 3) the S.F values between the 3" and 2” meshes in both the nonsymmetrical and symmetrical
curves showed approximately the same pair values.
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1 Introduction

One of the international interests in fishing
gear is to develop selective gear for a specific
fish size and species. Though these interests
are stimulated by an adequate management of
fishery resources, the traditional small trawl
gear in Peru can not be modified at this
moment to a selective gear due to limited
knowledge of the gear and existing
ichthyofauna.

Many mesh selectivity studies can be noted
around the world, but in relation with the
trawl selection and selection curves fitted to
the data from each haul we can be cited the
mathematical models presented by Ricker, W.
(1979) and Sparre ef al. (1989) who
developed sigmoid curves to describe the
selection ogive.

Using a small trawl net, an experiments of
cod-end mesh selectivity were conducted in the
coastal fishing zone off Callao, Peru. Mesh
selectivity studies of the cod-end will contribute

(a) Peruvian drum
Paralonchurus peruanus, Coco

(b) Peruvian drum
Sciaena deliciosa, Lorna

Fig. 1. Body shape of Peruvian drums(by N.Chirichigno,
1974).
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not only to gear improvement but also to
resource evaluation. For example, the selection
mean length is related to the exploited mean
size at the first capture which is important for
the management of many f{isheries.

Two Peruvian drums in Fig. 1 {(Paralonchurus
peruanus, Coco in Spanish and Sciaena deliciosa,
Lorna in Spanish; hereafter the Spanish names
are used in text), which were the main species
caught, were objective fishes for mesh
selectivity, Normally these species are caught
by artisanal fishermen along the Peruvian coast
in the central and northern zones throughout
the year.

The objective of this paper is to determine
the mesh selectivity of the cod-end of a small
trawl net for these species. The results will
help to design appropriate mesh size of a
cod-end based on the different mesh selectivity
curves assumed by the symmetric and nonsym-
metric curves.

2 Materials and Methods

2.1 Sea zones, fishing boat and trawl net

The experiments were conducted between
July, 1989 and June, 1990 in the Callao sea
zone off the central coast of Peru. Four study
zones of experiments were selected that
depended on the sea bottom conditions for
trawling (Fig. 2).

The dimensional data of a wooden coastal
fishing boat used for the experiment are as
follows: overall length, 10.97 m; breadth, 3.96
m; depth, 1.52 m; fish holding capacity, 6
tons; and main engine horse power, 56 ps.
The small bottom trawl net used was
constructed of four panels of nylon twine and
English knot netting (Fig. 3). The trawl doors
were rectangular (0.9 m x 0.5 m) and made
of wood plank and iron shoes. The trawl net
was designed by applying the recommendations
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given by Koyama (1974) and Nomura (1975).
The mesh size of the wings, bating and a part
of the entrance of the cod-end used a 1 1/2"
(=3.8 ¢m) mesh net and that of the belly
used 7/8"(=2.2 cm) mesh.

The covered net method (Pope et al, 1983
and Tokal et al, 1989) was applied to examine,
the mesh selectivity of the cod-end. The
experiments were carried out using a cod-end
with two different mesh sizes, 2" (=5.1 cm)
and 3” (=7.6 cm), and the outside of the
cod-end was totally covered with a small mesh
net of 11/4” (=3.2 c¢m) size. Figure 4
shows the detailed cod-end supported with the
metallic hoops. The trawling duration and
speed were about 60 minutes and 1.5 knots,
respectively, for each haul.
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Fig. 3. Drawing of small trawl net.
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2.2 Mesh selectivity of cod-end

2.2.1 Product of calculation data and mean
total length

Classifying by the species, number of fish
retained; 3N; for 3" mesh, 2N; for 2" mesh, and
1 1aNp for 1 1/4” mesh. The fraction retained
for the 1 th length of fish, 31 for 3" mesh, and
that for the ¢ th and j th length of fish, 2y;;
for 2” mesh, were calculated:

3vi= 3N/ Nijr 0=m=1) (1)

21,7 2Ny i/ 1INy i (0=g,=1) (2)

(1=0,1,2, L7=0,1,2,,m k=0,1,2,--, )
(j=i+p, k=j+gq and p and ¢g=constants)

where N ;= aNj+oN; for 2" mesh (3” mesh-+
2" mesh) and Njj;p= 3N;F2Nj+, Ny for total
(3" mesh+2” mesh+1 1/4" cover net). When
i=0, z9%0=0, and if i=/, %=1 in Eq.(1), also,
when j=0, 29-,0=0, and if j7=m, sym-eun=1
in Eq.(2) were obtained respectively. The
values obtained from Eqgs.(1) and (2) were
used as the data for mesh selectivity.

Total length (L in Fig. 5) in each specimen
was measured. From the distribution of the
total length, the mean total lengths, L(3), L(2)
and L(1 1/4) corresponding to the 3", 2" and

1 1/4” mesh, respectively, were calculated
from:

L(3)=3(sL;+ 3N;) /3 3sN; (3)
L(2)=2% (gL]' . 21\[{']) /521\7{,]' (4)

L 1/4)= 3 ( Ly Nije) /S Nije (5)

2.2.2 Mesh selectivity factors

2.2.2.1 Nonsymmetrical curve

By applying the Trapezoidal rule, the mean
selection length L. (in cm) is determined from
the Lpsp, "the length at the mid-point of the
area of 50% fraction retained of fish”, to define
the selection factor (S.F). Also, the selection
lengths Lg.25 and Ly 75, the lengths at the
mid-point of the area of 25% and 75% fraction
retained of fish, respectively, were calculated to
determine the selection range (S.R). In
Appendix Fig. 1, the L.(=Lps0), Lo2s and
Lg.75 corresponding to Appendix Egs.(A-1),
(A-3) and (A-4) are rewritten, respectively,
as;

Le=Lyso=L,— [!y()ai (6-1)
Lozs=Lc— (1/%.) [Sy(al (6-2)

Lo.757 Ly— f,'fy(l)dl (6-3)
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where y(1) is the fraction retained with a
function of the total length of fish, fy(l)dl is
the arca of a mesh selectivity curve, and Ly
(in em) is the selection length of the 100%
fraction retained of fish.

The Trapezoidal rule is applied for determin-
ing the areas fy(l)dl in Eqs.(6-1), (6-2) and
(6-3).

Since the total length of fish was classified
every 1 em in this study, h=1 in the
Appendix Eqgs. and Appendix Fig. 2. Then in
Appendix Fig. 1-(a) [y()dl in Eq.(6-1) is
represented by

[ry@ai= (1/2)ygt g+ yort-ooe
T 17t (1/2)3’11 (7‘1)

Egs.(6-2) and (6-3) (Appendix Figs. 1-(b)
and 2) are presented, respectively, as

Yy )ai= (1/2)yo+ y1+yet -

+ v 27t (j/z)ym-l (Z -+ h ') + (1/2).%]1'
(7-2)

[ry@ar= (1/2)y. (1= )+ (1/2)yn (2= 1)

+J’m+l+3’m—l~2 """ +}’nml+ (1/2)_)’11
(7-3)

where h'=L,— Il ; (Appendix Fig. 2), and
Vi -, Yer---, Yy are the fraction retained
corresponding to Iy, Iz, -~ Le -, ly, rvespectively.

In Eqgs.(6-2), (6-3), (7-2) and (7-3) the
mean fraction retained of fish y. should be
calculated qutting h=1 in Appendix Eq.
(A-8)

Y= hlyy— (h— ])ym*l (8)

The selection range (S.R, in cm) is calcu-
tated from the Lpps and Lg7s obtained in Eqs.

(6-2) and (6-3).
S.R=Lg75 Lo.2s ©)

The selection factor (S.F, nondimensional) is
defined using L. obtained {rom Eq. (6-1):

S =L,/ (ms or my) (10)

where mz and mg are the mesh sizes in
centimeters corresponding to the 2" and 3”7
mesh sizes, respectively.

2.2.2.2 Symmetrical curve:

The simplest method is to use the symmetri-
cal models using the Lopsp Lpgs and Lpzs.

The fraction retained y(1) is determined by
applying the Logistic curve in this study:

y()=1/]14Ca*V| (11)

where a and b are constants. These constants
are mathematically defined by each species and
mesh size.

L=b/a (12)

The S.R is determined by substituting the
values Lgos and Lgzs into Eq.(9)

Lozs= (b—in 3)/a (13)

Lozs= (b+in 3)/a (14)
Therefore

SR=(2In 3)/a (15)

The S.F is calculated by substituting the L.
obtained from Eq.(12) into Eq.(10).
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op XP

(b) Peruvian drum, Sciaena deliciosa, Lorna

Fig. 5. Measurement positions for Peruvian drums.
L: Total length (cm), OP: Operculum perimeter
(em), XP. Maximum perimeter (cm).

2.3 Body measurement of species

The total weight (W, g), the opercular
perimeter (OP, cm) and the maximum perimeter
(XP, cm), the total length (L, cm) were

measured to be characterised the body shape of
species for mesh size (MS, ¢cm) of cod-end.
Figure 5 shows the measurement positions of
OP. XP and L.

3 Results and Discussion

3.1 Fish and catch in the studied area

Table 1 shows the valid hauls, total catch,
fishing depth and main species caught. From
the 108 hauls carried out, 74 hauls were valid
crresponding to a 68.5% of total haul and a
940 kg of total catch. The main species
caught were Coco (1575 specimens) and Lorna
(945 specimens). Species percentages for the
total catch weight are the 66% (618 kg) of
Coco and the 12% (115 kg) of Lorna.

The total catch and catch per valid haul
vary with the sea zones studied (Fig. 2,
Table 1 and Fig. 2-(b)); zone 4 showed the
highest catch with 22.9 kg/haul while 4.6
kg/haul for zone 1 with the lowest catch. The
fishing depth for all zone ranged between 5
and 15 m. Coco was mainly caught in zones 3
and 4 and Lorna in zones 1 and 2.

Table 1. Results obtained adout experiments and species caught in the sea zones studied

Zone 1 2 3 4
Total hauls 16 7 64 21
Valid hauls (v. L. haul) 10 3 45 16
Valid rate of haul (%) 62.5 42.9 70. 3 76. 2
Total cateh (kg) 46,0 26.9 278.3 366.0
Catch/v. 1. haul (kg) 4.6 9.0 6.2 22.9
Fishing depth {m) 5-15 10-15 5-15 10-15
Proportion of the weight (%)

Drums (Paralonchurus peruanus, Coco) 45 62
Drums (Scigena deliciosa, Lorna) 85 92 8 8
Ratfish (Callorhinchus callorynchus, Pejegallo) 20 3
Sea-catfishes (Galeichthys peruvianus, Bagre) 9 13
Kingfish (Menticirrhus ophicephalus, Mismis) 14 3
Grunt (Isacia conceptionis, Cabinza) 7 6

Rays (Rajidae, Rayas) 8
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3.2 Mesh selectivity of cod-end

The selection factors, L, S.R and S.F, indi-
cate the mesh selective properties of the
cod-end.

Figure 6-(a) and (b) show the frequency of
the length composition for each species and
mesh size. From the distributions of the total
length of fish retained, the mean total length
for each species was calculated using the
weighted mean (Eqs.(3), (4), and (5)). An
unimodal distribution was observed and Coco
had a wide distribution range between 10 and
41 cm with a maximum frequency at 18 cm.
Compared with Coco, Lorna had a narrower
distribution range between 13 and 30 cm with
a maximum frequency at 17 c¢m. The mean
length for each species and mesh size of the
cod-ends and cover net were as follows; for
Coco: 27.0 cm in 3" mesh, 21.6 c¢m in 27
mesh, 20.6 cm in 1 1/4”" cover net, and for
Lorna: 24.2 cm in 3” mesh, 20.5 cm in 27
mesh, 18.7 em in 1 1/4” cover net.

Sigmoid curves can be divided into two
types: 1) a nonsymmetrical curve, and 2) a
symmetrical curve. In general a selectivity
curve of the cod-end is presented by a nonsym-
metrical curve, because the curve does not
show the normal distribution as is found in
Figs. 6-(a) and (b).

For determining the nonsymmetrical curve,
the Trapezoidal rule (Appendix) was
introduced to calculate the areas. Using this
rule, the Lo2s Loso and Ly s were calculated.

The nonsymmetrical mesh selectivity curves
are shown in the upper part of Figs. 7-(a)
and 7-(b) drawn a line passing through the
calculated data for each species and mesh size.
A visual comparison of these curves shows
quasi-symmetrical shape suggesting a significant
coincidence in the symmetrical curves (lower
part of Figs. 7-(a) and 7-(b)), except for the
case of Lorna for the 3" mesh. This exception

may be due to few number of fish retained in
the cod-end (upper part of Fig. 6-(b)).

On the other hand, approximating the
symmetrical curve, a Logistic model was
adopted to calculate the lengths. Table 2
shows the coefficients of the Logistic curve
(Eq.(11)) for each species and mesh size.

The determined coefficients for all mesh sizes
based on the Logistic model fit well on the
observed data and showed a good precision
(R*=0.929 to 0.996 in Table 2) for the
fraction retained as a function of fish length.
Consequently, their coefficients can be used for
estimating the selection lengths for Lpzs Lo.so
and Lpgs. Using the model, the Lp2s Lpsp and
Lo 75 were calculated. From these data, the
selectivity curves for the 2" and 3” mesh were
obtained for each species.

Table 3 shows the mesh selectivity factors
obtained using the nonsymmetrical and symmet-
rical curves for both species and mesh size.
The selectivity factors were as follows:

1) The mean selection lengths (L. showed
approximately the same values both in the
nonsymmetrical and symmetrical curves for
each species and mesh size.

2) The selection range (S.R) indicates a
sharpness of selection which denotes a sharp-
ness of the curve slopes. The S.R values for
the nonsymmetrical curve were much shorter
than those for the symmetrical curve except for
the case of the 2" mesh for Lorna. The
differences in the S.R values between the 37
and 2" meshes for the nonsymmetrical curve
were shorter than those for the symmetrical
curve, The difference in S.R naturally
occurred, because the definition of the selection
length for nonsymmetrical curve is different
from that for the symmetrical one.

3) The selection factors (S.F) were obtained
for two different curves:(l) the nonsymmetrical
curve: for Coco; 3.21 in 3" mesh and 3.53 in
2" mesh: and for Lorna; 3.30 in 3" mesh and
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These curves are separated by the methods used: nonsymmetrical curve and symmetrical curve.
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Table 2. Coefficients of Logistic curve: y(l)=1/4 1+ ¢ )}

Species Mesh size Coefficients Coef. of
determination
Peruvian drums inch cm a : b R?
Coco 3 7.62 0.718 17.57 0.996
2 5.08 0.914 16.25 0.994
Lorna 3 7.62 0.610 15.48 0.929
2 5.08 1.339 24.03 0.992

Table 3. Comparisons of mesh selectivity factors of cod-end between the nonsymmetrical and symmetrical curves for

Peruvian drums

Species: Peruvian drums Coco Lorna
Mesh size (inch) 3 2 3 2
{em) 7.62 5.08 7.62 5.08

Nonsymmetrical curve defined by area (applied Trapezoidal rule)

Mean selection length at mid-point of 50% area (Losg cm)
Selection length at mid-point of 75% area {(Lg7s cm)
Selection length at mid-point of 25% area {(Lgazs cm)
Selection range (S.R, cm)

Selection factor (S.F)

24.48 17.91 25.14 17.81
25.43 18.69 26.12 18.38
22.70 16.40 23.24 16.43
2.73 2.29 2.88 1.95
3.21 3.53 3.30 3.51

Symmetrical curve defined by length (applied Logistic curve)

Mean selection length at mid-point of 50% length (Lgsp cm)
Selection length at mid-point of 75% length (Lp7s cm)
Selection length at mid-point of 25% length (Lgzs cm)
Selection range (S.R, em)

Selection factor (S.F)

24.47 17.78 25.38 17.94
26.00 18.98 27.18 18.74
22.94 16.58 23.58 17.12
3.06 2.40 3.60 1.62
3.21 3.50 3.33 3.53

Paralonchurus persanus, Coco and Sciaena deliciosa, Lorna

3.51 in 2" mesh.(2) the symmetrical curve:
for Coco; 3.21 in 3” mesh and 3.50 in 27
mesh, and for Lorna; 3.33 in 3" mesh and
3.53 in 2” mesh. In case of the same curve
and mesh size, the results indicate that the S.F°
were similar for Coco and Lorma. In the
nonsymmetrical and ‘symmetrical curves, the S.F°
values for each species and mesh size coincided
and the S.F values were low (3.21 to 3.33)
for the 3" mesh compared with that for the 2”
mesh (3.50 to 3.53). This may be due to
the use of thick twine for the 3” mesh {210
d/72 (210 d corresponding to 23 tex) in Fig.
31, which causes rigidity and impedes a good
selection or escape of fishes. According to

Pope et al. (1983), the seclection factor varied
between 2.0 and 5.0 in the case of North
Atlantic trawl catch. Variation of Coco and
Lorna lie in a similar range.

3.3 Body characteristics of Coco and Lorna

Figure 8 shows the body characteristics of
Coco and Lorna; the operculum perimeter (OP),
the maximum perimeter (XP) and the weight
(W) are plotted against the total length (L),
From Table 3 and Fig. 7, both species
presented a clear difference in the shape of the
mesh selectivity curve between the 3” mesh
and the 2” one, not only for the symmetrical
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Fig. 8. Body characteristics of Peruvian drums.

Table 4. Body characteristics of main species caught

Coco Lorna
No. of specimens 56 340
Mean operculum perimeter (OP, cm) 16.1 14.8
Mean maximum perimeter (XP, cm) 17.7 16.0
Condition factor {(a) 0.013 0.064
Exponent (1) in relation of total length (L) - weight (W) 2.968 2.515

W=gq L"
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curve but also for the nonsymmetrical one,
The difference could be explained by the large
S.R. for the 3" mesh, which consequently
resulted in an easy escape of fish as compared
with 2" mesh.

Since the efficiency of the fish retention
depends on the fish body shape, the difference
in the efficiency for the 3" mesh between Coco
and Lorna were compared. The body charac-
teristics of Coco and Lorna in the case of 3"
mesh size are given in Table 4. Coco showed
a large transversal area due to the exponent
parameter in the relation of length-weight,
n=2.968, which is almost cubic (n=3).
Lorna's body is a flatter (or slender) shape as
the transversal area is small (n=2.515).

On the other hand, a cod-end’s mesh opening
can never keep a square shape, therefore, Coco
can be retained more easily as compared with
Lorna. These facts could be theoretically
verified using the operculum, maximum, and
mesh perimeters. The relationships between
the mesh perimeter (2% MS)and the OP and XP
were obtained in the case of the 3" mesh: for
Coco, showing lower values than the unit value
(=1) with(2xMS) /OP=0.95 and (2xMS) /XP
=(.,86, and for Lorna, showing almost the
same unit value with (2xMS)/0P=1.03 and
(2x MS) /XP=0.95. Conseguently, the efficiency
of the fish retention of a mesh for Coco is
higher than that of Lorna. In the same way,
this fact could be explained using the number
of retained fish as presented in Fig. 6.
Signifying the number of fish retained for the
3" mesh as 3N; and that for the total as tNijk:
for Coco, the 3N;=257 and (N;;,=1575, and
for Lorna, 3N;=45 and ,N;;,=945 (Fig. 6).
The proportion of the fraction retained of fish
for the 3" mesh (3y; x100) for Coco repre-
sented 16.3%, and that for Lorna showed only
4.8%. Therefore, Coco is more difficult to
escape from the 3" mesh than Lorna, because
the fraction for Coco is about a three times

bigger (16.3/4.8=3.4) than that for Lorna.

For Lorna and the 2" mesh, the mesh
selection length L,=17.81 cm for the nonsym-
metrical curve and L,=17.94 c¢m for the
symmetrical curve have almost the same value
with 17.5 em. This value was the first sexual
mature length (or biological minimum size)
presented by Chirichigno and Sandoval in 1962
(internal information, not published). On the
other hand, the 3” mesh for Lorna was given
with the Peruvian legal minimum mesh size of
the 3.1” mesh restricted by Fishery Ministry
in 1973 for drift nets of Lorna along the
Peruvian coast.

Some problems have been presented as a
result of this research:

1) The slope of a selectivity curve, in
principle, has to be the same between the 3"
and 2” mesh. When the number of samples is
small as shown in the 3” mesh of Lorna, the
slope is different for the two mesh sizes (Fig.
7-(b)). One is due to a difference in data
accuracy. Therefore, the sample number has to
be sufficiently collected for analysis.

2) The twine used for the 3" mesh (210
d/72) is much larger than that for the 2"
mesh (210 d/24). If the same twine (210
d/24) had been used for both meshes, the
number of fish retained in the 3” mesh would
be increased.

3) A defect in the covered net method is the
blocking of escaping flish from the opening
meshes when the meshes of the cod-end were
closed due to a large number of fish or
seaweeds.

4) Fish retaining depends on the body shape
of the fish. Therefore, mesh selectivity of the
cod-end has to be studied and compared in fish
with a similar body shape such as Coco and
Lorna, respectively.

5) Biological studies of Coco and Lorna have
to be conducted, which are related to reproduc-
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tion such as sexual maturity and the first
spawning, ete., because the selectivity of the
cod-end depends on these.
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Appendix

Trapezoidal rule used for calculating the area
in the nonsymmetrical curve The following
relationship can be established

from Appendix Fig. 1-(a)
(A-1)

(Ln_Lc) - 1.0= 2 ¥ (1)l

Applying the Trapezoidal rule to Eq.(A-1)

¢, Suda, and Machil

[ryar=1(1/2)yp+yi+ys+ -

oyt (1/72)9d b (A-2)

In Appendix Fig. 1-(b),
(Le=Lozs) * ye= [Ly()al (A-3)
(Ly—Lg.zs) » 1.0= ['y@)dl (A-4)

Above fy(l)dl can be calculated applying the

v

Trapezoidal method (Appendix Fig. 2-(a)) for
Eq.(A-3),

Vyo+yi)/2v h, {(yi+y2)/2th, - :
{6’1)2'2”1_371”*1)/2% h, {(3)11r1+y1)/2E W
for Eq.(A-4),
3(%"1“3’»1)/2} (h"‘h’)l i(ym"f“ym-% [)/2} by ----- s
{ (yn—~2+_}’n~ I)/2l h, % (3’1:-1"‘3’:1)/2} h
where h=l1—lp=---=lp— lp- 1=~ 1y~ 1,
h=Le=ly-; (O<W<h).
Therefore, [y(1)dl for Eq.(A-3) is

expressed by

[y @di={(1/2)y0+ 31+ y2+ -+ 32l b
+ (1/2)yp-1 (b 1)+ (1/2)y, b (A-5)

fy (1)d!l in Eq.(A-4) can be represented,

[ty@di= (1/2)y. (h—h)+ (1/2) 3 (2h—1’)

+ {ym‘i*1+'“wi_yn‘]+ (I/Z)yng h (A"b)

In Egs.(A-3), (A-4) and (A-5), v, (Appen-
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dix Figs. 1 and 2) is from the relation Rewriting Eq.(A-7), the y, is presented as
{ (J’c-ym' l)/h',f = g (ymmym* 1)/l” <A-7) . '-yc= (h,/hf)ymm { (h’/h')““ ! } Im-1 (A"8)
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Appendix Fig. 1. Nonsymmetrical selection curves. (a) Determination of mean selection
length (L,=Lgsp) for selection factor (S.F), (b) Determination of selection length at
Lpzs and Lgys for selection range (S.R).
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Appendix Fig. 2. Trapezoidal method used for calculating areas on selection curve.
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NN ==X} 2 Rl (Paralonchurus peruanusis &0 Sciaena deliciosa)
WX AN g — iy Ny FOfE OBERY:

A= F LT AR HTYN AR - WHRZ

A= b - Ty N2 FOREB OBIRME 2 A, RIS, 2y Fny R34 9 (7.6em) 24
F (5.lem) O 2HWHOMEZ M, T2 Fr FOWERIEEEEL 144 > F (3.2em) OYTH = L1z, WHMAE,
A — HERHEI O Callao MG = ~F o> 2 FdH (Paralonchurus peruanus © THEE% TCocoy 35 & UF Sciuena deliciosa © ViEh%

CLornay) CTdhb, #IRMEE, BIRMMRE LT, IENEREAHo 280 2 @A LT, 1) S0%®IREE (Lpse, em), 2)
BRI (SR, em), 3) IR (5P o 3BEEP RO, PIAE Coco XD, 1) Fadfriiifid il +aL, 34
UFBHE T Lysp=24.5cm, SR=2.7cm, S.F=3.21, 24 VFC Lypse=17.9cm, S.R=2.3ecm, S.F=3.53, 2) xHillifio
WA, 34 Y FHET Lpsp=24.5cm, S.R=3.lem, S.F=3.21, 24 5T Lysp=17.8cm, SR=2.4cm, S.F=3.50k\9
FRES, —F, IR ESERO 2 MBI oW CRIRE IR L 728 25, 1) Losp i3 IERRIR & Bl ¢ia iz
U, 2) dEdFRiliiio 3 4 5L 2 4 VFEO SROMOENE, AHMROZREcdd 2oMv &/l 3w,
3) BRI & IR A 3 A v L 2 A Y FOWHO SFOME, FREFRBERICE o/, KO FELS
WA CH D Coco & Lorna 22V, hu—doay Foy FOEE OBIREISSENHE L 2o¢, HHEHHERNO
HrEoniIizns,






