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ABSTRACT
In this study, size selectivity and exploitation pattern of six diamond-mesh codends
with different mesh sizes, ranging from 25 to 54 mm, for Southern velvet shrimp
(Metapenaeopsis palmensis) were tested and compared in a shrimp trawl �shery of
the South China Sea (SCS). We used a codend with a mesh size of 25 mm (D25) as a
starting point, which is the minimum mesh size (MMS) currently regulated in the
studied area. Four different �shing population scenarios were applied to quantify and
compare how mesh sizes of codends used would impact the size selectivity and
exploitation pattern for the target shrimp species. The results demonstrated that the
D25 codend was not proper for protecting juvenile shrimp at the studied area.
By applying this legal codend, L50 (50% retention length) of the target shrimp species
was below its minimum conservation reference size (MCRS, 7.0 cm total length), the
retention probability of shrimp with a length of MCRS was above 95% CI [91–99]
and more than 43% of undersized shrimp was retained. To mitigate the bycatch issue
of undersized shrimp, increasing the mesh size in the diamond mesh codend is a
simple and effective option. However, the loss of catch ef�ciency for marketable
shrimp is a major concern while increasing the mesh size. A good compromise
between releasing undersized shrimp and maintaining the legal individuals is
manifested by using the codend with 35 mm mesh size (D35). Our study will be
bene�cial for the management of shrimp trawl �sheries in the SCS.
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INTRODUCTION
Shrimp trawling is one of the most socio-economically important �sheries, and the
annual landing of shrimp was 248,002 t in 2019 from the South China Sea (SCS) (MARA,
2020). The number of commercial vessels associated with shrimp trawling was once
reported as 8,500 in this area (Yang, 1992). At present, there is no actual number of shrimp
trawlers reported. With the implementation of a vessel buyback program (Cao et al.,
2017), it is believed that the number of shrimp trawlers has drastically decreased.
To support such a catch volume, however, it has been estimated that the number is still
more than 3,000 in the SCS.

The varieties of shrimp species were reported to be more than 350 (Liu & Zhong, 1988),
of which about 35 species were economically important in the SCS (Qiu et al., 2008).
Among these species, the Southern velvet shrimp (Metapenaeopsis palmensis) is one of
the most dominant species found in some crustacean resources surveys (Huang et al.,
2009a; Huang et al., 2009b). Regardless of species, there are two kinds of �shing gears to
target shrimp in commercial �sheries of the SCS. One is the shrimp beam trawl; the other
is the double-rigged trawl (Liu & Zhong, 1988). The mouth of the shrimp beam trawl is
spread by two beams and a vessel can tow several trawls, often 10 and more,
simultaneously (Yang et al., 2018). By comparison, the dimension of the double-rigged
trawl is larger both in the �shing circumference and total stretched length. The vertical
headline height of a double-rigged trawl is often 1.5 m, and the spread of wing-end is
about 15 m during normal �shing. Each vessel can haul two trawls simultaneously using
two sets of otterboards. Though differences of gear con�guration exist between these
two types of shrimp trawls, there are two common points: �rst, all trawls are made of
diamond mesh netting and second, small mesh sizes (often 20 mm or less) used in the
codends (Yang, 1992).

Due to small mesh sizes used, a serious bycatch problem was induced in shrimp trawl
�sheries of the SCS (Yang et al., 2015; Yang et al., 2017). It was reported that undersized
�sh and juvenile shrimp constituted the majority of the bycatch species. For instance,
Yang et al. (2017) conducted a survey onboard a shrimp beam trawler and reported that
more than 90% (in number) of target shrimp were undersized. The bycatch situation did
not ameliorate since the implementation of minimum mesh size (MMS) regulation, in
which all shrimp trawlers should be required to implement a minimum mesh opening of
25-mm in the codends, in 2014. Recently, some literatures started to question the
effectiveness and compliance of this MMS regulation from �sheries management and
resource conservation perspectives (Cao et al., 2017; Liang & Pauly, 2017; Zhang et al.,
2020). However, very few works have been done to address the bycatch issue from
technical consideration, especially from selectivity study. Only two selective experiments
have been reported to address the size selectivity of shrimp trawl codends for shrimp
species. Zhang, Sun & Luo (2007) estimated the size selectivity of three diamond-mesh
codends with mesh sizes of 35, 40 and 45 mm for four penaeid shrimp species
(Metapenaeus ensis, M. barbata, M. joyneri and M. japonicus). They concluded that the
codend with 35 mm mesh size was the best choice to conserve shrimp stock. Later, Yang
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et al. (2019) conducted a selectivity experiment of beam trawl with two diamond mesh
codends, with 25 and 30 mm mesh sizes for greasy-back shrimp (M. ensis) and found that
selective properties were very poor for these two codends. The conclusions of these two
mentioned studies seem to support that the effect of current MMS regulation for shrimp
trawl �sheries should be further questioned. Additionally, there is no landing obligation
and/or minimum conservation reference size (MCRS) for bycatch and shrimp species
implemented in shrimp trawl �sheries to supplement the MMS regulation in the SCS.

It is believed that for a towed �shing gear most of the size selectivity takes place in the
codend (Glass, 2000). To improve the size selectivity of a given diamond-mesh codend, the
most simple and effective way is to increase the mesh size (Wileman et al., 1996;
Fryer, O’Neill & Edridge, 2016; O’Neill et al., 2020). Selectivity of different codends can be
quanti�ed by two parameters: L50 (50% retention length) and SR (selection range).
Often, modi�cation to gear con�gurations is aimed to increase the L50 value while
decrease the SR or have a constant SR (Kennelly & Broadhurst, 2021). However, previous
studies have demonstrated that both L50 and SR would increase with the mesh sizes of
codends enlarged (Fryer, O’Neill & Edridge, 2016; O’Neill et al., 2020). Moreover, the
exploitation pattern of �shing gears will also be affected by the alteration of mesh size in
the codends (Wienbeck et al., 2014). Thus, selective experiments should be conducted
to determine which size is optimal to obtain the best size selectivity and exploitation
pattern. As mentioned above, few works have been done to address size selectivity in
shrimp trawl �shery of the SCS. In particular, no selectivity study associated with the
diamond-mesh codends has been reported for the Southern velvet shrimp.

The objective of this study is to address the issues mentioned above. We tested and
quanti�ed the size selectivity and exploitation pattern of six diamond mesh codends with
different sizes, ranging from 25 to 54 mm, for the Southern velvet shrimp in the
commercial �shery, and focused on the following research questions:

1. How did the legal codend with 25-mm mesh size perform for the speci�c shrimp
species?

2. How did the size selectivity and exploitation pattern of codends change with increasing
the mesh sizes?

3. If these potential changes were length-dependent?

MATERIALS & METHODS
Sea trials for experimental fishing and population surveys
Sea trials were carried out onboard a commercial double-rigged shrimp trawler (name
‘Guibeiyu 96899’, engine power of 280 kW and total length of 38 m) in October 2019.
Experimental �shing was conducted in the Beibu Gulf of the Northern SCS (Fig. 1),
where is a traditional area for shrimp trawling and about 37 km from the coastline.
To make sure a commercial �shing condition, towing duration and speed were kept mainly
at 2 h and 3.5 knot. All experiments have been done during day and night continually,
which is typical for the commercial �shery. In addition to the experimental �shing, three

Yang et al. (2021), PeerJ, DOI 10.7717/peerj.12436 3/19

http://dx.doi.org/10.7717/peerj.12436
https://peerj.com/


population surveys of the target shrimp were conducted onboard the same and similar
trawler using the same trawl but with unselective codends in April 2017, November 2018,
and March 2019, respectively.

Fishing gear and experimental set-up
The double-rigged trawls had a 38.7 m �shing circle (860 meshes in circumference with a
mesh size of 45 mm) and total stretched length of 32.9 m. These trawls were equipped
with a 28 m headline and a 36 m �shing line, to which an 80 m long chain (weighed 210 kg)
was attached and acted as a ground-gear. Two sets of rectangle trawl doors (1.6 m2 area
and 250 kg weight) made of steel and wood were used to spread the trawls.

Figure 1 Location of experimental �shing: the colorful lines represent hauling lines. Red lines
represent the D25 vs. D30 test, purple lines represent the D35 vs. D40 test, and green lines represent the
D45 vs. D54 test, respectively. Full-size �DOI: 10.7717/peerj.12436/�g-1
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