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Size selectivity of a trammel net for oval squid
Sepioteuthis lessoniana
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ABSTRACT: The size selectivity of a trammel net for herded oval squid Sepioteuthis lessoniana in
Tateyama Bay, Chiba Prefecture, was estimated by comparison between the mantle length frequency
distributions of oval squid caught by a trammel net and by a set net. The measured mesh sizes of the
inner net of the trammel net and of the final section of the set net were 85.3 and 11.3 mm, respectively.
In the trammel net fishery where oval squid are herded into the net, most of the oval squid are caught
in the bag-shaped inner net. Hence, the logistic function was employed for the size selectivity
curve of the trammel net. The ‘share each length’s catch total’ (SELECT) model was implemented
for the estimation of the selectivity curve. The size selectivity r(l) of the trammel net for the oval
squid was expressed as a logistic function of the mantle length I: r(I) = exp(-18.57 + 0.88 I)/[1 +
exp(-18.57 + 0.88 I)]. From these logistic parameter estimates, the 50% selection mantle length and
selection range (L;s—L,s) were calculated as 21.07 and 2.49 cm, respectively. The selection probability
of oval squid whose mantle girth was equivalent to the mesh perimeter of the inner net was 0.09.
Accordingly, oval squid of a girth smaller than the mesh perimeter were likely to pass through the

mesh to escape from the net.
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INTRODUCTION

In Tateyama Bay, Chiba Prefecture, trammel net
fishery, in which oval squid Sepioteuthis lessoniana
are herded into a net, is carried out from June to
July."* In this type of fishery, the fisherman on the
boat repeatedly throws a metallic bar tied with
rope into the sea to frighten the oval squid toward
the trammel net.” The oval squid are also caught by
set net fishery in Tateyama Bay. The set net has a
bag net mesh, which is small enough to retain
small squid, as non-selective fishing gear, and
hence its catch is considered to represent the size
frequency distribution of the oval squid population
in the fishing ground.** The size selectivity of fish-
ing gear can be estimated by comparison between
the size frequency distributions of catches by the
fishing gear (termed the test gear) and by non-
selective control gear on the same fishing ground.
For example, the size selectivity of a longline was
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oval squid, selectivity, ‘share each length’s catch total’ (SELECT) model, set

estimated by comparison of the size frequency dis-
tributions of catches by the test gear with those ofa
trawl on the assumption that the trawl is non-
selective for the size range in question because it
has a codend with a small enough mesh.>® Further-
more, Tokai and Ueta® and Ueta* estimated the size
selectivity of a squid jig for oval squid by compar-
ing the mantle length frequency distributions of
catches by the squid jig and a set net on the
assumption that the set net is a non-selective fish-
ing gear because its final trap has a small enough
mesh size. In contrast, the size selectivity of tram-
mel nets has been estimated in fishing experi-
ments using nets of different mesh sizes”'* and in
tank experiments containing fish of known body
size distributions.'*'* However, to date, there are
no examples in which the size selectivity of a tram-
mel net has been estimated by a comparison in size
frequency distribution of catches between test gear
and non-selective control gear. The trammel net is
a commonly used fishing method in the coastal
waters of Japan,"? and the oval squid is a major tar-
get species for Japanese coastal fishery®! The
present study presents the size selectivity of a
trammel net for herded oval squid estimated from
a comparison of the mantle length distributions in
catch by trammel net with those by set net.
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Fig.1 Trammel net and set net fishing grounds in
Tateyama Bay, Chiba Prefecture.

MATERIALS AND METHODS
Fishing methods and data collection

The oval squid were sampled in a trammel net and
in a set net, both of which were operated by the
same fisherman in the Koyatsu area, Tateyama Bay,
Chiba Prefecture. The fishing grounds of the tram-
mel net and the set net are shown in Figure 1. The
trammel net was operated in the sandy or eelgrass
bed area in 4- to 12-m-deep water in front of the
Koyatsu Fishing Port. The set net was located 1 km
north, off the trammel net fishing ground, and its
main net was set at a depth of 18 m.

The gear specifications of the trammel net* and
the set net are shown in Figure 2. The trammel net
consisted of a single-layered net on the upper side
and a triple-layered net on the lower side. The total
length was 390 m and the net height was 3.2-4.1 m.
The average measured mesh sizes and standard
deviation of 100 randomly sampled meshes were
85.3+ 0.5 mm and 360.7 £ 2.5 mm in the inner net
and outer net of the triple-layered net, respectively.
The haul number per day of the trammel net was,
on average, 4.5 hauls. The trammel net was usually
operated in the daytime and its operation process
could be divided into three stages. First, the tram-
mel net was set on the seabed. Second, the oval
squid were herded toward the trammel net using a
metallic bar thrown repeatedly into the sea. Finally,
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Single layered net
PA210d/24F 8x3, 85.0mm, HR=0.46

Triple layered net
Inner net: PA210d/24F 8x3, 85.3mm, HR=0.49
Outer net: PA210d/24F 8x3, 360.7mm, HR=0.39

(b) . 38m 33m  20m
r T T 1
/—/\ Bottom trap
< Pound Bag net
Final section:

PES210d/30F 10x3, 11.3mm, HR=0.50

Fig.2 (a) Trammel net gear specifications and (b) set
net gear specifications.

the trammel net was hauled up on the deck. One
operation (from setting the net to hauling it) took
approximately 50 min.

The set net consisted of a leader net and a main
net. The main net had a pound with two side
entrances and two bottom traps on both sides of
the pound. The length of the leader net and the
main net were 330 and 182 m, respectively. The
average measured mesh size and standard devia-
tion of 100 randomly sampled meshes was
11.3£0.3 mm in the final section of the bottom
traps. The bottom traps of the set net were hauled
once a day at approximately 04.00 hours.

The trammel net was operated from 1 June to 31
July 2002 and from 1 June to 31 July 2003, and the
mantle lengths of all of the oval squid caught by
trammel net and by set net were measured on the
fishing boats. The mantle girths of some of the oval
squid were also measured. Mantle length and girth
were measured to the nearest lowest centimeter
with a tape measure.

Estimation of size selectivity

Size selectivity of fishing gear can be estimated by
comparison of the size frequency distributions of
oval squid caught by test gear and by non-selective
control gear on the same fishing ground.*® As
mentioned above, the set net has a bottom trap
with a mesh size of 11.3 mm, which is small
enough to be considered non-selective fishing
gear, and its catch represents the size frequency
distribution of the oval squid population in the
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fishing ground.** Furthermore, according to the
results of tag-recapture experiments,’ migration
distance from the release to the recapture site of
oval squid ranged from 1.6 to 14.8 km 1 week after
release, and one squid was recaptured 1.6 km from
the release site just 1day after release. These
results imply that a distance of 1 km between the
trammel net fishing ground and the set is not far,
compared with the oval squid migration area, and
therefore it can be assumed that the two fishing
methods catch the same oval squid population.
Consequently, in the present study, the size
selectivity of the trammel net for oval squid was
estimated by comparison of the mantle length
frequency distributions in catch by the trammel
net as the test gear with those of the set net as the
control gear. The ‘share each length’s catch total’
(SELECT) model was implemented for estimation
of the selectivity curve.'>"

Here, it is necessary to examine the combination
of the mantle length data in 2002 and 2003. Uchida
et al. showed the conditions under which several
sets of data could be combined for the SELECT
model if the following conditions apply: (i) there is
no change in the size frequency distribution of the
target population during the experimental periods;
and (ii) the ratio of the fishing effort of the test gear
to that of the control gear is constant during the
experimental periods.?® Growth of the oval squid
depends on the accumulated water temperature,
and year—class abundance of oval squid has been
shown to fluctuate with the environmental factors
of the previous year." Accordingly, a difference in
the mantle length frequency distributions between
the two years is possible. In fact, there was a signif-
icant difference between 2002 and 2003 in the aver-
age mantle length of the oval squid caught by the
set net (#-test, P<0.05). Furthermore, the ratio of
the haul number of the trammel net to that of the
set net was also different between the two years. In
the present study, therefore, the 2002 and 2003 data
are not combined.

There is still a possibility that the curve param-
eters in the size selectivity of the trammel net
were constant in 2002 and 2003, because the gear
specifications were the same in the two years.
Therefore, in the present study, based on the
methods of Tokai and Ueta® and Uchida et al.,*®
the data were applied to the following two mod-
els: model A, a single curve can express size selec-
tivity in both of the two years; model B, two
different curves are required to express size selec-
tivity for each year.

In the SELECT model, the proportion ¢; of the
catch of size [ taken by the test gear to the total
catch in year i (i=1,2) is expressed by the following
equation:
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n;
N;y+ny

bi = (1)
where N; and n; denote the catch number of oval
squid of mantle length / caught in year i by set net
and by trammel net, respectively. Here, p; denotes
the proportion of [-length squid encountering the
trammel net in year i, and the proportion of [-
length squid entering and being retained in the set
net is given by 1 — p;. In model A and model B, the
proportion of the catch by trammel net to the total
catch in year i is described by parameter p; and a
function of [ for size selectivity as follows:

pi-r()

model A: ¢;(]) “1-pi+pir) (2)
P R
model B: ¢z(l)_ I—Pi"'pi'r(l) (3)

where r;(l) is the selectivity curve function of the
trammel net for oval squid of mantle length [/ in
year i.

In general, a bell-shaped curve is usually
employed for gill net and trammel net selectiv-
ity,”"* because selection probability declines for
larger fish. However, in trammel net fishery, where
oval squid are herded into the net as previously
reported,” most of the oval squid are caught in the
bag-shaped inner net and therefore larger squid
are retained. This means that selection probability
does not decline for larger squid. Hence, a logistic
function was employed for the size selectivity of
the trammel net similar to the trawl net. The selec-
tion curve for the trammel net for oval squid in year
i for model B can be used as follows:

exp(a; +b;l)
([) = —2L 4
fi (l) 1+ eXp(a,- + bll) ( )
and that in two years for model A:
exp(a+bl)
= 5
r@ 1+exp(a+bl) ©)

where a;, b;, a and b are the parameters of the logis-
tic function to be estimated. These parameters as
well as p;, and p, are determined using maximum
likelihood methods.?"** The log-likelihood to be
maximized is as follows:

InL= Zz{lnwﬂiﬂ 1n¢,~(l)+Ni,[1—q>i(l)]}
PR nil!Nﬂ!
)

Solver on MS-Excel was used for maximization of
the log-likelihood function.?

Akaike’s information criterion (AIC)*' was used
for selecting a better-fit model as follows:

AIC=-2MLL + 2k (7)

)21
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where MLL and k denote the maximum log-likeli-
hood and the number of parameters in each
model, respectively. The model with the smaller
AIC is the better-fit model.

RESULTS AND DISCUSSION

The catch number and mantle length of oval squid
caught by trammel net and the set net in 2002 and
2003 are shown in Table 1. The catch numbers of
oval squid over the haul number in trammel net
and set net were 846/190 and 255/48 in 2002, and
645/173 and 265/55 in 2003, respectively. The man-
tle length range of oval squid caught by set net was
wider than that of oval squid caught by trammel
net in both years. The average values of mantle
length of oval squid caught by trammel net were
significantly larger than those of oval squid caught
by set net in the two years (t-test, P < 0.05). In addi-
tion, although there was no significant difference
between 2002 and 2003 in the average mantle
length of oval squid caught by trammel net (z-test,
P>0.05), a significant difference was found in the
average mantle length of oval squid caught by set
net between 2002 and 2003 (#-test, P < 0.05).

The mantle length frequency distributions of
oval squid caught by trammel net and set net are
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shown in Figure 3. Although the mantle lengths of
oval squid caught by set net ranged from 12 to
51 cm in 2002 and from 13 to 48 cm in 2003, oval
squid smaller than 17 cm in 2002 and 19 cm in 2003
were not caught by the trammel net. This implies
that a trammel net with a larger mesh size has size
selectivity for oval squid.

The fits of the estimated curves using models A
and B for the observed proportions of the catch by
trammel net versus the total catch are shown in
Figure 4. The observed values had a large variation
in some length classes larger than 30 cm because of
the low sample number, and rose steeply with the
increase in mantle length from 15 to 23 cm as a sig-
moidal curve. The curves estimated by the models
fitted the observed values well. The result supports
the hypothesis that the size selectivity of the tram-
mel net is described by a logistic function.

Estimates of the logistic parameters obtained
from the SELECT model are shown in Table 2. In
model A, the selection curves in 2002 and 2003
were expressed with a single curve function. In
model B, different estimates of parameters a and b
were estimated for 2002 and 2003. Parameter p in
2002 was larger than in 2003 for both models. The
reason for this is because the ratio of the haul num-
ber of the trammel net to that of the set net in 2002
was higher than in 2003 (Table 1). Values of AIC

Table1 Catch number and mantle length of oval squid caught by trammel net and set net in 2002 and 2003

2002 2003
Trammel net Set net Trammel net Set net
Haul no. 190 48 173 55
Catch no. 846 255 645 265
Mantle length
Range (cm) 17-50 12-51 19-47 13-48
Average * standard deviation (cm) 28.0+5.8 243%56 28.0+5.8 26.0£6.5
21 2002 Trammel net 2T 2003 Trammel net
9+ n=846
o) o)
@ 5
=2 >
8 8
Lo Lo
9 Set net Fig.3 Mantle length frequency
ol n=255 distributions of oval squid caught

Mantle length (cm)

Mantle length (cm)

by trammel net and set net in
2002 and 2003.
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Table 2 Estimates of the logistic parameters a, b and p
obtained in the ‘share each length’s catch total’ (SELECT)
model for the trammel net

Model A Model B
2002 2003 2002 2003

a -18.57 -12.26 -26.98
b 0.88 0.55 1.32
p 0.82 0.76 0.84 0.75
MLL —66.18 -59.64 -65.05 -58.92
AIC 259.64 259.93
Lsy (cm) 21.07 22.42 20.46
SR (cm) 2.49 4.02 1.67

AIC, Akaike’s information criterion; L, 50% selection mantle
length (Lso =-a/b); MLL, maximum log-likelihood; SR, selection
range (SR=L;s— Lys = (21n 3)b).

were calculated to be 259.64 in model A and 259.93
in model B. Model A had a slightly smaller AIC
value than model B, and was therefore the better-
fit model. This result means that the selection
curves in 2002 and 2003 were expressed by a single
logistic function, whereas estimates of parameter p
were different in the two years because the ratios of
the fishing effort of the test gear to the control gear
were not the same.

The selection curve of the trammel net for oval
squid obtained with the estimates of the logistic
parameters a and b in model A is shown in Figure 5
and is expressed by the following equation:

exp(-18.57+0.88I)
r()=
1+exp(-18.57+0.881)

From these logistic parameter estimates, the 50%
selection mantle length and selection range (L;s—
L,;) were calculated to be 21.07 cm and 2.49 cm,
respectively (Table 2).

According to previous reports, the size selectivity
of a trammel net depends strongly on the relation-
ship between the mesh perimeter of the inner net

8)
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Fig.5 Logistic selection curve for trammel net for
herded oval squid.

and the body girth of the fish.*'>"* The relationship
between the mantle length L and the mantle girth
G of oval squid is expressed by the following linear
regression equation (Fig. 6; R*=0.85, P<0.05):

G=0.698L+4.12 9)

From this equation, the mantle girth of the 50%
selection mantle length, 21.07 cm, was calculated
to be 18.83 cm. The mesh perimeter of the inner
net of the trammel net was approximated to be
17.06 cm, twice the measured mesh size of
85.3 mm (Fig. 2). The mantle girth of the 50% selec-
tion probability was slightly larger than the mesh
perimeter. In contrast, the selection probability of
oval squid of 18.54 cm mantle length equivalent to
girth 17.06 cm was 0.09. The oval squid of mantle
girth smaller than the mesh perimeter of the inner
net passed through the mesh to escape from the
net. This strongly supports the findings that the
selectivity curve was appropriate.

Ueta reported that conservation of recruited
stock is effective for resource management of oval
squid.* Small-sized oval squid can be protected by
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Fig.6 Relationship between mantle length and mantle
girth of oval squid. There is a significant correlation
(R=0.92, P<0.05).

applying the appropriate mesh size in trammel net
fishery. To confirm the size selectivity of mesh size,
comparative fishing experiments using trammel
nets of various mesh sizes would be useful. It is also
necessary to examine the survival of oval squid
after escape from trammel nets.

Studies on the size selectivity of gill nets and
trammel nets have been carried out with compar-
ative fishing experiments using gear of different
mesh sizes.”'? However, Millar pointed out that in
fishing gear with a bell-shaped selectivity curve
(e.g. gill net and hook) it is impossible to determine
a selectivity curve from comparative catch data
only, and also that appropriate control fishing gear
is necessary for analysis.' In the present study, a
set net of small mesh size was used as control gear
for fishing gear selectivity analysis, and good
results for trammel net size selectivity were
obtained. Fortunately, a large number of set nets
are operated in the coastal area around Japan. Set
nets usually have final section of small enough
mesh size to retain young small animals, and
therefore can be good control gear not only for
selectivity analysis, but also for sampling and
monitoring gear.”®
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