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has been listed as one of the major fish species with depleted stock status (FAO, 2009). A
decade passed, the situation is still serious. One indicator is that the annual landing of this
species was far higher than its maximum sustainable yield (MSY). According to Zhang et al.,
2017), the MYS of conger pike should be 11.8x10* t in the SCS, however the actual landing
in 2018 was 16.41x10* t (MARA, 2019) in the specific area, demonstrating that the fishery

resource of this species has still being overexploited.

Like most of other traditionally important demersal fish species, the depletion of stock
status for conger pike in the SCS can be contributed to a number of factors. Among them,
indiscriminate and intense fishing of juvenile fish is the largest challenge (FAO, 2009;
Szuwalsk et al., 2017; Zhang et al., 2020). Several studies have demonstrated that capturing
of undersized conger pike is a serious problem. For instance, catch composition survey of
shrimp trawl fishery had been conducted in 2006 and 2012 in the SCS, respectively; the
results were the identical, showing that 100% of the conger pike captured by demersal trawl
were juvenile (Yang et al., 2008; Yang et al., 2014). Recently, Zhang et al. (2020) conducted
a nationwide field survey of fishing gears targeting fish species in China. Their results
showed that in total 68.75% of landed conger pike were undersized, regardless fishing gears,

from most fishing grounds of China.

Issues of catching juvenile fish can be related to the exploitation pattern of the fishery,
which is mainly depended on the size selectivity of the fishing gears used and on the extent to
which particular size classes are targeted (Wileman et al., 1996; Vasilakopoulos et al., 2011).
In the SCS, the captured of juvenile conger pike is believed to associate with poor size
selectivity of the trawl net used, especially in the codend. Due to small mesh size used in the
codend (often 25 mm or even less), and most codends are diamond-mesh, substantial number
of juvenile fish species, including conger pike, would be retained when they are abundant in

the fishing grounds. The minimum mesh size (MMS) regulation, in which all trawl fishing in
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the SCS should have a MMS of 39 mm in the codend, was firstly implemented in 2004. Later
in 2013, this regulation was updated to two sizes (25 and 40 mm): trawl targeting shrimp
subjected to a MMS of 25 mm, and fish-directed trawl required a MMS of 40 mm in the
codend (Shen and Heino, 2014). These regulations were promulgated and implemented by
China’s central government (the Ministry of Agriculture and Rural Affairs), aimed to protect
fishery resources, especially to prevent juvenile fish from overfishing. Their enforcement and
effectiveness, however, are widely doubted and criticized (Shen and Heino, 2014; Cao et al.,
2017; Zhang et al., 2020). Despite the existence of the MMS regulations, some fishermen still
tend to use small mesh size to maintain their catches as most traditional fisheries resources
have been depleted (Liang and Pauly, 2017; Zhang et al., 2020). Low compliance of the MMS
regulations can be due to lack of knowledge about the selective properties of trawl, especially
in the codend where most size selection takes place (Glass, 2000). For one thing, these
regulations were based on studied finished in the 1980s (Shen and Heino, 2014); for the other,
they are not fully tested and evaluated after implementation. From the perspective of
fishermen, they worry that the catch losses would be great when using the codends with legal
mesh sizes. Specifically, there is no study or literature addresses size selection of diamond-

mesh codend for conger pike in the SCS.

At present, there is no minimum landing size (MLS) of conger pike officially legislated
to supplement the MMS regulations in the SCS. The fishing fleets can land any size of conger
pike, and that is why most vessels tend to use small mesh sizes in the codend. However,
substantial differences in market prices among different sizes of conger pike, in terms of
weight, have driven fishermen prefer to capture larger ones. For instance, an individual of
conger pike, whose weight is larger than 250 g, can be sold at a price of 18 yuan/kg, while the
bigger ones, which weigh more than 1000 g, will have a price of 42 yuan/kg. By comparison,

smaller conger pike, with a weight less than 250 g, will be categorized as feed-grad fish which



93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

have a price of only 2 yuan/kg. As a result, catching conger pike with weight less than 250 g
would provide little economic income for the fishermen. Moreover, handling these juvenile
conger pike is still time-consuming and manpower demanded onboard the fishing fleets. For
this consideration, fishermen have desire to improve the size selectivity of their fishing gears.
Additionally, catching juvenile fish can have negative impacts on fishery recruitment and
biodiversity of the marine ecosystems (Szuwalski et al., 2017). Thus, improving size selection
of trawl codend for conger pike is highly relevant in both the protection of fishery resource

and convenience of fishermen.

In order to improve size selection of trawl codend, there are a lot of gear modification
can be made (Kennelly and Broadhurst, 2021). Past experiences and accomplishments of
selectivity studies for some well-known fish species have demonstrated that the size selection
of diamond-mesh codend can be improved by simply increasing its mesh size (Fryer et al.,
2016; O'Neill et al., 2020). These positive outcomes raise concern about how the size
selection of diamond-mesh codends for conger pike will be affected be mesh sizes and if the
exploitation pattern of towed gears for this specific fish can be improved by increasing mesh

sizes in the codends.

To address the issues mention above, the main objective of this study was to investigate
the size selectivity and catch efficiency of diamond-mesh codends for conger pike in demersal
trawl fishery of the SCS. We tested six diamond-mesh codends with different mesh sizes,
from 25 to 54 mm, and paid special attention to two legal codends, with 25 and 40 mm mesh

size, respectively. We intended to address the following research questions:

1) To what extent is the size selectivity of the legal diamond-mesh codends satisfactory

for conger pike?
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2) Can the size selectivity and exploitation pattern of diamond-mesh codends for conger

pike be improved by increasing the mesh sizes?

2. Materials and Methods
2.1. Sea trials

Sea trials were carried out onboard a commercial trawler, named “Guibeiyu 96899”
(length: 38 m, engine power: 280 kW), in October 2019. The fishing ground located in the
Beibu Gulf of the northern South China Sea (Fig. 1), which is a traditional fishing ground for
demersal trawl fishery. Towed duration and speed were kept mainly at 2 h and 3.5 knots,
which is the level for commercial demersal trawl fisheries. During the sea trials, the
experimental fishing was conducted day and night continually, which was the same as the

commercial fishing.

2.2. Fishing gear and experimental set-up

The fishing vessel equipped with a double-rigged trawl system, in which two identical
trawls could be hauled and retrieved by the same vessel simultaneously and separately (Fig.
2). We used the trawl components of the vessel except for the codends. The trawls all had a
fishing circumference of 860 meshes, with a mesh size of 45 mm, and a total stretched length
of ~33 m. The mesh size was 45 mm in the wings and 30 mm in the extension. Two identical
sets of trawl doors, made of wood and steel with a dimension of 1.90x0.83 m (length x
width), were used to spread the gears. During commercial fishing, these double-rigged trawls

would have a vertical net opening of ~1.5 m, and a wingspread of about 15 m.

Six diamond-mesh codends with different mesh sizes, 25 to 54 mm (termed as D25-D54;
Fig. 2 and Table 1), were designed and tested. All the tested codends were designed based on
the dimension of the commercial codend, which had circumference of 220 meshes with 25

mm size and a total stretched length of 4.8 m. Measurements of mesh sizes (mesh openings)
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were conducted according to the protocol described in Wileman et al. (1996). Except for the
mesh sizes, the tested codends were identical to the commercial one in twine material,
diameter, and stretched dimension (both in circumference and length). However, to neutralize
the potential bias of the circumference to the experiment, the mesh number reduced as the
mesh sizes increased for the tested codends. The covered codend method was applied in our
experiments. The dimension of the cover was 1.5 times of the tested codend, following the
recommendation of Wileman et al. (1996). Detailed information about the tested codends and
the covers was listed in Table 1 and Fig. 2. In order to avoid the masking effect, flexible kites
made of waterproof canvas (He, 2007; Grimaldo et al., 2009) were equipped in the front,
middle and back part (potential catch accumulation zone of codend) of the cover, 12 kites in
total. Before the formal experiments, two underwater video recording systems (GoPro
HERO4 BLACK Edition) were used to check whether the cover would mask the tested

codend.

As the fishing vessel was able to haul two trawls simultaneously, we arranged three
pairwised tests: D25 vs. D30, D35 vs. D40 and D45 vs.D54, to explore how the mesh size
would impact the size selection of the codends. The codends used were the only change, two
at a time attached to the same trawls. To remove the potential bias, we made sure that fishing

procedure of the two trawls was conducted simultaneously.

After the haul-back process, catches from each compartment, codend and cover, were
processed separately for each tested codend. All catch of conger pike were sorted, subsampled

(if needed), and frozen for length and weight measurement in the laboratory.

2.3. Estimation of size selectivity
Estimation of size selectivity of each codend for conger pike was conducted separately

using the software SELNET (Herrmann et al., 2012). For each tested codend, the
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experimental design enabled to analyze catch data as binominal data, whereby conger pike
was either retained by the codend or cover. The catch proportion (probability), of a given fish
with length | by a specific codend in haul j was expressed as rj(l). The value of rj(l) can be
calculated by the catch number of the codend and the total number. For the same codend,
however, the value of rj(l) would be expected to vary between hauls (Fryer, 1991). In the
present study, our main interest was the length-dependent values of r (I) averaged over hauls,
because this would provide information about outcomes for size selection process of using a
specific codend in the fishery. Thus, it was assumed that size selective performance of the
tested codend in the experiment was representative of how the codend would perform in a

commercial fishery (Millar, 1993; Sistiaga et al., 2010; Herrmann et al., 2016).

We used ra(l) to represent the estimation of the average size selection by pooling data
from all hauls (Herrmann et al., 2012). Different parametric models were tested and compared
for rav(l), where v is a vector consisting of the parameters of the model. The purpose of this
analysis is to estimate the values of parameter v that make experimental data (averaged over
hauls) most likely to be observed, by assuming that the model is able to describe the data
sufficiently well. Thus, expression (1) was minimized the respect to parameter v, which was
equivalent to maximizing the likelihood for the observed data in form of the length-dependent

number of fish caught by the codend (nR;i) versus those escaping to the cover (nEj):

TlRJ TlEj

—ym, 21{—7 x In(ry (1)) + 22 % 1n(1.0 — 7 (1, v))} )

qar qEj

Where the outer summation is over the m hauls conducted, while the inner summation is over
length class |; gR;j and gE; are the sub-sampling factors for the fraction of the fish length

measured in the codend and cover, respectively.
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Four commonly used models, Logit, Probit, Gompertz and Richards, were chosen as
candidates to describe ray(l) (Wileman et al., 1996). The first three models can be fully
presented by two selective parameters L50 (50% retention length) and SR =L75-L25. For the
Richards model, an additional parameter,1/9, is required to describe the asymmetry of the

curve. Detailed information about these models can be found in Wileman et al. (1996).

Each of the candidate models was fitted in (1), and then selection of the best model was
conducted by comparing their AIC values. The model with the lowest AIC values is regarded
as the best one (Akaike, 1974). The ability of a model to describe the data sufficiently well
can be evaluated by inspecting the corresponding p-value, which expresses the likelihood of
obtaining at least as big a discrepancy between the fitted model and the observed
experimental data as would be expected by coincidence. For the fitted model to be a candidate
to model the size selection data, the p-value should not be less than 0.05 (Wileman et al.,
1996). In case of a poor statistical fit (p-value < 0.05), the residuals would be inspected to
determine whether the result was due to structural problems when modelling the experimental
data using the different models or if it was due to overdispersion in the data (Wileman et al.,

1996).

After the specific size selection model was identified for a given codend, a double
bootstrapping technique was applied to estimate the confidence intervals (Cls) for the size
selection curves and parameters, by taking both within- and between-haul variation into
account (Millar, 1993; Herrmann et al., 2012). A “pooled” set of data was analyzed using the
identified selection model, then 1000 bootstrap repetitions was conducted to estimate the

Efron percentile 95% Cls for the selection curve and its parameters (Herrmann et al., 2012).
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2.4. Estimation of exploitation pattern indicators

In order to test and compare how these codends with different mesh sizes perform under
the same fishery population of conger pike, a specific scenario of population, nPop), was
generated by pooling data over all hauls (Melli et al., 2019; Einarsson et al., 2021). Applying
the size selection curves predicted in section 2.3, four exploitation pattern indicators, nP-,
nP+, nRatio, and dnRatio (Eg. 2), were calculated for each codend with a minimum
conservation reference size (MCRS). Additionally, as it is mentioned in the introduction
section that the market-price for conger pike is often expressed as weight, and the fishermen’s
main concern is how the proportion of weight retained will be impacted by applying the
selective codends, we calculated two additional ratios, wP- and wP+ (Eg. 2), by converting
the number of conger pike per length class into weights, using a length-weight relationship,
w(l)=axI® (Melli et al., 2019).These indicators directly depend on the size structure on the fish
population encountered during the experimental fishing, and can provide additional
information for the evaluation of the exploitation patter for the tested codends. Specifically, as
there is no official MLS and MCRS regulation for the studied species, we estimated a Market
Reference Size (MRS) based on the length-weight relationship from our data, using the
minimum market-demand weight, 250 g, as a starting point. Meanwhile, the coefficients of

length-weight relationship, a and b, were obtained at that process.

nP—= 100 X Y 1<MRS{T codena DXnPop}
Si<mcrs{nPop}

nP+= 100 X Zi2Mrs{TcodenaDXnPop }
Yi=mrs{nPop}

Yi<mrsiTcodena(DXnPop,}

z:leRS{Tcodend(l)anopl}

anatiO — 100 X Zl<MRS{Tcodend(l)><nP0pl} (2)
Zl{rcodend(l)xnpop[}

Z:l<MRS{a><lbchodend(l)><npopl}

b
21<MR5{a><l xnPop,}

nRatio =

wP—= 100 X

b
leMRS{aXl XTcodend(DXnPop;}

b
ZZEMRS{aXl xnPop,}

wP+= 100 X
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where reogend(l) is the size selection curve obtained for the specific codend, while nPop
represents the size structure of conger pike entering the codends in terms of individuals with
length class I, a and b are coefficients of length-weight relationship for conger pike. nP- and
nP+ are the percentage of retained fish below and above the MRS (in number), respectively,
taking the size structure of the population encountered into account. It would be preferable to
have an nP- value close to 0 and an nP+ value close to 100. nRatio is the landing ratio
between captured fish below and above the MRS. The dnRatio is the percentage of fish
individuals below the MRS retained by the codend. Both nRatio and dnRatio should be as low
as possible. wP- and wP+ are ratios similar to nP- and nP+, but in weight proportion. The
double bootstrapping approach was applied to estimate the Efron percentile 95% Cls for the
indicator values, taking both within- and between-haul variation into consideration (Herrmann

et al., 2012; Herrmann et al., 2018; Melli et al., 2019; Einarsson., 2021).

2.5 Delta selectivity
Length-dependent size selection between codends with different mesh sizes was

compared with delta curves, Ar(l) in the values was estimated by:

Ar(h=rs () —ra (1) (3)

Where ra (1) is the size selection for codend A with a small mesh size, and rg (l) represents the
size selection curve for codend B with a relatively larger mesh size. Efron 95% percentile Cls
for Ar(l) could be obtained based on two bootstrap populations of results for both ra (1) and rs
(). As they were obtained independently, a new bootstrap population of results was created

for Ar(l) by:

Ar (I)i = s (I)i — ra (I)i i € [1...1000] (4)

where i is the bootstrap repetition index. As the bootstrap re-sampling was random and

independent for the two groups of results, it is valid to generate the bootstrap population of
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results for the difference based on (4), by using the two independently generated bootstrap

files (Herrmann et al., 2018; Herrmann et al., 2019).

3. Results
3.1. Experimental data

We conducted 46 valid hauls for the six different codends during the sea trials, in which
towing duration was mainly 2 h, with a range of 118 to 156 min, and subsampling ratios
varied from 0.25 to 1.0 (Table 2). Conger pike was present in all hauls, and in total 593
individuals were length measured and weighted. The length of the studied fish ranged from
5.0 to 26.6 cm, with an average of 14.2 cm; while the weight was in the range of 3.7 to 344.9
g, averaged at 74.9 g. Based on the 593 pairwised data of length (L) and weight (W), we
estimated the length-weight relationship, the equation: W =0.0129xL 31"3(R?=0.956), for the
specific species (Fig. 3). According to this equation, we approximately calculated that the
length of a conger pike weighted 250 g was 22.4 cm. This value was used as the MRS to
estimate the exploitation pattern indicators in our study. The estimated population structure
showed that most conger pike had a length below the estimated MRS (Fig. 4).
3.2. Size selectivity of conger pike

Based on the lowest AIC value (Table 3), the Logit model was selected as the best one
for the tested codends except the D30 codend, whose best model was the Probit. Specifically,
both the Logit and Probit model resulted lowest and equal AIC value, for the D54 codend, we
chose the former one. All selected models fitted well with the experimental data, as their p-
values were larger than 0.05 except the D45 codend (Table 4). As the model used reflected
the main trend in the experimental data well (Fig. 5(e)), we considered the low p-value of the
D45 codend to be a consequence of over-dispersion in the experimental data.

The number of conger pike caught by the tested codends decreased as the mesh sizes

increased (Fig. 5). For instance, the D25 codend caught relatively more fish comparing with
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the D54 codend. The retention curves also reflected a similar fishing pattern. In general, the
retention probability curves showed a tendency of becoming more flat as the mesh sizes
increased. As the mesh sizes of codends enlarged, the retention rate of conger pike individuals
above MRS decreased, while Cls for the retention curves increased (Fig. 5). For the three
codends with smaller mesh sizes, D25, D30 and D35, the estimated retention rate for conger
pike's at MRS would be above 50% while it for the three other codends D40, D45 and D54
would be lower than 50% and decreasing with mesh size. The retention probability of fish at
the MRS length was relatively high for the D25, D30 and D35 codend, all above 88%,
indicating high fishing risk for undersized fish; while the retention probability dropped to
42.94% for the D40 codend, and smaller values for the D45 and D54 codend (Fig. 5).

In general, the exploitation pattern indicators showed that applying codends with larger
mesh sizes would reduce the catch efficiency for both commercial-sized and undersized fish.
For instance, the D25 codend retained 54.31% (Cl: 41.52-66.45%) of individuals under the
MRS (nP-); by comparison nP- ratio would drop to 9.61% (CI. 3.45-16.40%) for the D40
codend, and less than 6% for the D45 and D54 codend, respectively (Table 4). Using codends
with large mesh sizes, however, might compromise decreasing catch efficiency for fish above
the MRS. As three codends with smaller mesh sizes, the D25, D30 and D35 codend, retained
most fish above the MRS (nP+ > 92%), while the D40 codend retained 50.93% of fish above
the target size, and the relative value for the D54 codend was 6.15%, indicating a low fishing
efficiency for commercial-sized fish. The additional indicators when lengths were converted
into weights, wP- and wP+, reflected a similar trend to nP- and nP+, respectively. Very high
discarded ratios (dnRatio) were obtained, all larger than 83%, for the tested codends.

3.3. Delta selectivity
Results of delta selectivity curves showed that applying codends with larger mesh sizes

would reduce retention probability for the studied species, the bigger difference between the
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mesh sizes the lower delta probability could be obtained, and most of these differences were
statistically significant for fish at some specific length range (Fig. 6 and Fig. 7). For instance,
compared with the D25 codend, the D30 and D35 codend would have significant lower
retention probability for fish with length ranged from 12.6 to 20.1 cm (Fig. 6a), and 11.6 to
26.8 cm (Fig. 6b), respectively. There was no significant difference of selectivity between the
D30 and D35 codend. For fish with length above 12 cm, the D40 codend would have
significant lower retention probability than the D25 codend (Fig. 6d); while a significant
effect was obtained for fish with length range of 14.9 to 21.2 cm in the D40 vs. D30
comparison (Fig. 6e). The selectivity of the D40 codend did not significantly differ from that
of the D35 codend. Compared with the D25, D30 and D35 codend, the D45 codend
significantly had lower retention probability for fish larger the following length: 11.9 cm (Fig.
7a), 14.5 cm (Fig. 7b) and 18.2 cm (Fig. 7c), respectively. No significant difference was
obtained between the D40 and D45 codend. In the three pairwised comparisons D54 vs. D25,
D54 vs. D30 and D54 vs. D35, significant differences were obtained for fish with length
above the following value: 12.2 cm (Fig. 7e), 15 cm (Fig. 7f), and 18.7 cm (Fig. 79),
respectively. There was no significant difference of selectivity for the two pairwised

comparisons, D54 vs. D40 and D54 vs. D45.

4. Discussion

Among several technical controls, the MMS regulation is the most important one used by
fisheries management in China. To the best of our knowledge, this was the first time two
diamond mesh codends with legal mesh sizes, 25 and 40 mm, were tested in respect of size
selectivity for conger pike in the SCS. In addition, we tested four alternative diamond mesh
codends with different mesh sizes, from 30 to 54 mm. In general, our results demonstrate that
the retention rate of conger pike's would decrease while the catch efficiency decrease with the

increment of mesh sizes in codends.
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Firstly, our results showed that selective properties of the D25 codend were insufficient
to protect juvenile fish for the studied species. Retention risks were high for conger pike well
below the MRS value and the retention probability for fish with a length of MRS was 100%.
Further, the exploitation pattern indicators showed that the D25 codend would retain a large
proportion of conger pike below the MRS, more than 54% of conger pike below the MRS was
retained, and 93.88% (ClI: 89.25-96.97%) of conger pike retained by the codend would have
to be discarded.

Second, our results demonstrated that a simple and effective modification to release
undersized conger pike would be just increasing the mesh sizes in the codend. For instance,
when the mesh sizes of codends enlarged from 25 to 35 mm, and the retention probability at
the MRS length was dropped from 100% to 88.58%, meaning that juvenile conger pike had
larger chance to escape from the codends when mesh sizes increased. When it came to the
other legal codend, D40, the problem of capturing juvenile fish was significantly mitigated.
The retention probability at the MRS length was < 43%; while less than 10% of the conger
pike sized below MRS was retained. However, the loss of commercial-sized fish for the D40
codend was considerable, as about 50% fish above the MRS would escape from it.
Additionally, Cls in both selective parameters and exploitation pattern indicators of the D40
codend were wider compared to codends with smaller mesh sizes, indicating that there might
be some uncertainty in the selective properties for this legal codend. When the mesh sizes
further increased to 45 and 54 mm, the retention probability of conger pike became relatively
low, especially for the D54 codend very few fish was retained. Similarly, Cls of estimated
parameters were still wide. These results demonstrate that increasing mesh sizes is a simple
way to improve codend selectivity for conger pike. This approach, however, is not a panacea.
When the mesh size increase to 40 mm, uncertainty might be given rise to selective properties

of the diamond-mesh codends.
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Previous studies have demonstrated that fish behaviour and fish shape are important
factors affecting size selectivity (Wileman et al., 1996; Harada et al., 2007; Herrmann et al.,
2009; He, 2010; Tokai et al., 2019). In our study, conger pike has a snake-like body, and its
cylindrical body shape may facilitate escaped activity from the codend meshes. Liang et al.
(1999) reported that conger pike was capable to pass through a codend mesh which was
smaller than its body girth of (body-girth/mesh-perimeter was 1.056). Jiang and Hu (1992)
also reported that conger pike had a special ability to escape from the codend mesh, not only
by using its head but also with tail to escape firstly from the mesh, sometime even tried to bite
the mesh to escape. We did not measure data of body girth for conger pike retained in the
experiment. By comparison selectivity of codends with different mesh sizes, however, the
retention probability generally decreased as the mesh sizes increased. This result might be
related to the special behaviour and body shape of this specific species.

It is widely aware that only implementing MMS regulations is not enough to protect
juvenile fish. Other supplemented regulations, such as minimum landing size (MLS), should
be formulated and enforced to match with the MMS regulations (Suuronen et al., 2007). At
present, there is no official MLS regulation for conger pike in the SCS. Under that
circumstance, some literature used length at first maturity of conger pike as a MRS, the value
was 340 mm, to estimate fishing rate of undersized fish (YYang et al., 2008; Yang et al., 2014).
However, considering that this previously used the MRS was based on survey data in the
1990s, we estimated a new MRS based on the length and weight relationship by taking the
market-demanded value into account. As the length-weight curve showed a very clear
tendency, we believed that our method would be a better choice to estimate the exploitation
pattern indicators. Additionally, it is highly relevant that a formal MLS regulation should be

formulated for conger pike in the SCS as soon as possible.
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To improve selective properties of a given diamond mesh codend, mesh size is one of the
most important design features (Wileman et al., 1996). Our study solely investigated the
effect of mesh sizes on size selection of diamond mesh codend for conger pike. Other factors,
such as the number of open meshes around the codend circumference, twine diameter, mesh
shape and extension length, had been previously reported to have impact on size selectivity of
trawl codends (Reeves et al., 1992; Fryer et al., 2016; O’Neill et al., 2020; Robert et al., 2020).
Future research work should take the influence of the design features mentioned above into
account.

Based on the results, we recommend some implications and suggestions for management
and governance issues to obtain a sustainable development of demersal trawl fishery for
conger pike in the SCS. First of all, the 25-mm MMS regulation in shrimp trawl fishery of
SCS is insufficient to protect juvenile conger pike. Second, the 40-mm MMS regulation for
fish targeted trawl fishery should be maintained for a period until a better modification is
made to have good compromise in releasing undersized conger pike and retaining a
commercial-sized one. Third, an official MLS or MCRS regulation should be formulated for

conger pike to supplement the MMS regulations in the SCS.

5. Conclusions
By testing, comparing and evaluating size selective properties of six diamond-mesh
codends with different mesh sizes, main conclusions can be drawn as below:
1) Size selectivity and exploitation pattern of diamond-mesh codends targeting conger pike
could be improved by applying larger mesh sizes.
2) The D25 codend performed poorly at releasing undersized conger pike. The implication
for fishery management is that the trawl fleets targeting shrimp species, which follow the

MMS regulation of 25-mm mesh size in codends, should change fishing dynamics (e.g.
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fishing period and grounds) or modifying the gear configuration, using other selective
devices (e.g. sorting grid), when juvenile conger pike is abundant in the fishing grounds.
3) Using the D40 codend would significantly reduce the retention probability of juvenile

conger pike, however, at the cost of losing some commercial-sized one.
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Table 1. Overview of specification of the tested codends. SD represents standard errors.

mesh twine mesh number mesh number
codend
opening+SD  diameter+SD in length in circumference

D25 25.91+1.05 1.40+0.36 220 192
D30 29.74+0.70 1.24+0.11 183 160
D35 35.70+£1.14 1.31+0.10 157 137
D40 40.40+0.85 1.36+0.17 138 120
D45 44.28+0.66 1.24+0.09 122 107
D54 54.54+0.86 1.26+0.09 102 89
cover 12.51+0.78 1.18+0.10 550 480




Table 2. Catch data overview from the sea trials.

Codend
data specification D25 D30 D35 D40 D45 D54
No. of hauls 8 8 8 8 7 7
Duration range (min) 118-156 118-156 128-153 128-153 120-128 120-128
No. in codend 39 22 20 10 5 8
No. in cover 96 119 98 76 51 49
Sub-sampling factor in codend 0.33-0.50 0.33-0.50 0.33-0.50 0.50-0.50 0.50-1.00 0.50-1.00
Sub-sampling factor in cover 1.00-1.00 0.50-1.00 0.33-1.00 0.25-1.00 0.25-0.33 0.20-0.33
Length range (cm) 5.0-235  5.8-26.6 9.2-23.5 9.8-24.2 8.4-23.6 6.7-23.9
Weight range () 3.7-334.2  3.8-344.9  14.9-309.3 22.1-315.8 11.2-340.2  6.7-344.0




Table 3. Akaike’s information criterion (AIC) of each model for the tested codends. Selected model in bold.

Models
codend Logit Probit Gompertz Richards
D25 98.65 99.10 100.74 100.60
D30 122.83 122.25 123.86 124.64
D35 119.30 119.78 122.93 120.22
D40 107.53 108.29 109.28 109.34
D45 68.63 68.84 68.98 70.38
D54 90.57 90.57 90.66 92.56




Table 4. Selective parameters, fit statistics and exploitation pattern indicators obtained for the tested codends.

Parameters
model
L50
SR
nP.
nP-
nRatio
dnRatio
wP.
WP+
p-value
deviance

DOF

Codends

D25
Logit
13.63 (12.56-14.90)
2.51 (0.86-3.74)
54.31 (41.52-66.45)
99.98 (99.45-100.00)
15.34 (8.31-32.02)
93.88 (89.25-96.97)
79.63 (67.81-88.17)
99.98 (99.47-100.00)
0.9644
7.41

16

D30
Probit
16.66 (15.57-21.32)
4.12 (2.06-9.69)
32.21 (17.34-41.11)
98.41 (63.56-100.00)
9.24 (4.67-19.61)
90.24 (82.35-95.15)
55.29 (28.35-66.96)
98.52 (64.49-100.00)
0.8438
9.61

15

D35
Logit
19.11 (17.40-21.28)
3.52 (1.83-5.73)
16.78 (6.71-28.81)
92.98 (73.48-99.35)
5.10 (1.87-11.01)
83.60 (65.15-91.67)
33.65 (15.70-50.60)
93.37 (74.56-99.41)
0.0831
19.23

12

D40
Logit
23.34 (19.56-53.10)
7.24 (2.57-35.24)
9.61 (3.45-16.40)
50.93 (15.19-93.30)
5.32 (1.50-20.75)
84.20 (60.05-95.40)
16.46 (6.99-30.23)
52.00 (15.20-93.64)
0.0558
21.97

13

D45 D54
Logit Logit

29.59 (22.82-191.48) 147.48 (21.39-195.29)
10.26 (2.48-100.00)  100.00 (4.86-100.00)
4.83 (0.00-11.23) 5.11 (1.29-12.49)
21.47 (1.39-60.53) 6.15 (1.77-67.61)
6.36 (0.00-33.59) 23.46 (3.79-44.39)
86.41 (0.00-97.11)  95.91 (79.13-97.80)
7.54 (0.00-15.44) 5.40 (1.43-20.72)

22.06 (1.39-62.20) 6.17 (1.78-68.48)

0.0320 0.177
2391 17.51
13 13
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