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Fig. 1 The sampling stations of field survey
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Fig. 2 Zoeas of swimming crab, Portunus trituberculatus
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Fig. 3 Zoeas of swimming crab, Charybdis japonica
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Fig. 4 Zoeas of swimming crab, Charybdis bimaculata
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Tab.1 Morphological characteristics of zoeas of four Portunidae crabs and two Grapsidae crabs
Paviny g ol P g iy .
551 SURSMNBCR I £ 2 UL SR s PR ) )
. ; " - AP R BTIFI RIBOH 2
Fik 7301 SPRAR I B I 4 FERIRIE X : Hoda
7~ 7 . . periopods pleopods Sl
species stage terminal plumose setae terminal plumose setae  setae of development  development W
of exopod of the first of exopod of the second telson forks stage stage reference
maxilliped maxilliped
| 4 4 6
=T Il 6 6 6+2* 1 I 23]
Portunus
trituberculatus I 10 10-11 6+2
v 13-14 14-16 6+3
I 4 6
VM T | 8 8 6+2
Portunus I 10 10 6+2 I I [25]
pelagicus I\ 12 13-14 6+3
\ 12 14 6+3
| 4 4 6
2 . I 6 6 6+2
TR
Portunidae H A<#3 m 8 8 6+3
Charybdis v 9-10 10-11 6+3 v \4 [28]
japonica 11-12 13-14 6+3
\Y 13-14 15-16 6+4
Vi
1 4 4 6
| 6 6 6+2
S 1) I 8 8 6+2
Charybdis v 10 10 6+2 \Y Vi [33]
bimaculata v 12-13 12-13 6+2
Vi 14-15 14-15 6+2
Wil 16-18 16-18 6+3
I 4 4 6
wewmsrce 1 6 6 6
Eriocheir m 8 8 8 Il i [22]
leptognathus v 10 10 8
7R \4 12 12 8
Grapsidae 1 4 4 6
R VL . 6 6
Helice I 8 8 8 v v [21]
tientsinensis I\ 10 10 8
\Y 12 12 10

TE: 6+2* KM B XAGNIBECH 6, RN ENIEECH 2.

Note: 6+2* means that 6 setae on the inner edge of the tail fork, and 2 setae in the middle of the caudal concave.
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Abstract: Swimming marine crabs are an important fishing resource worldwide. Early life history is a key process
for crab stock biomass variation and has great research necessity and importance for scientific management and
protection of fisheries resources. Standards for zoea morphological identification are an important key base for
studying crab early life history, and some studies have described the zoeal stages of swimming crabs from the
Yellow Sea in recent decades. However, no studies have been conducted on key forms of identification of crab
larvae in this area. Based on the ichthyoplankton field survey conducted along the Haizhou Bay and adjacent
waters in the Yellow Sea from May to August in 2018, we explored the larvae identification method of three
species of marine swimming crabs (Crustacea: Portunidae) through morphological and mitochondrial CO I gene
analyses. More than 150 crab larvae were randomly selected, observed for morphological characteristics, and
identified by mitochondrial CO I gene analysis. Altogether, three Portunidae species, Portunus trituberculatus,
Charybdis japonica, and Charybdis bimaculate, were found among them, and the results indicated that dorsal
spine morphology and the number of armatures of lateral telson forks could be used for key classification
characteristics for these three crab zoeae. As a result, a key for the identification of zoeal stages of three
Portunidae crabs was provided. Additionally, 80 individuals of Portunus trituberculatus zoeae (20 ind. for each
stage), 24 individuals of Portunus trituberculatus zoeae (four ind. for each stage), and 70 individuals of Portunus
trituberculatus zoeae (10 ind. for each stage) from the August cruise were morphologically identified and
examined using the mitochondrial CO I gene analysis; the morphological identification accuracies were 93.75%,
100%, and 97.14% for these three species, respectively.

The study established a morphological identification standard for zoeae of the three Portunidae crabs and
provided a base for their early life history research. The biodiversity samples for molecular sequencing analysis
were collected from May to August, and no other Portunidae larvae species were found. Therefore, the
morphological identification standard of Portunidae larvae could be employed in research of crab early life history
in spring and summer in the coastal Yellow Sea. However, different Portunidae crabs may exist in other marine
waters or seasons, and further crab larval morphological research should be done in the future. Meanwhile, 14
Portunidae megalops were identified based on mitochondrial CO I gene analysis in this study, but no systemic
morphology study was conducted for them because of the lack of samples, which may be related to their nocturnal
diel vertical migration behavior and the surface tows sampling method in day time.

The results help to promote the research of crab stock variation and the sustainable utilization of fisheries
resources, and has important implications for exploring the early life history of crabs in this region.
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