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Novelty statement


Identification of sex in crab seeds has not been widely done even though this is important for cultivating crabs with single sex. The results of this study show that seed color (dark and light) can be used to determine the sex of crab seeds before the secondary genitalia can be observed visually.  


Abstract


This research aims to reveal whether differences in seed color can be used as a benchmark in determining the sex of blue swimmer crab (BSC) seeds. To reveal the morphological differences between the seed color and gender, firstly the crab seeds were grouped based on color, namely dark, dark-spotted, and light. The morphological characteristics were measured at the age of 10 days (C10) and sexual confirmation at 31 days (C31) of crabs. Measurements were carried out using a surgical microscope.  Based on Fisher's F asymptotic approximation shows that seed color has different morphometric characters (P<0.05). The results of the Fisher distance test explained that there was no significant difference between dark spotted and light (P>0.05), but both were different from dark (P<0.05).  Based on the canonical discriminant function, six discriminator characters are obtained, namely the CL/CW, MEL/CW, MAL/CW, MEW/CW, PL/CW, and TW/CW ratios.  The classification of dark members can be seen with a percentage of accuracy (% correct) of 76.67%, dark-spotted (70.00% accuracy), and light pattern of 60.00%. After cross-validation, it can be seen that the percentage of classification accuracy is 62.22%.  Observations for secondary sexual traits (pleopods and gonophores) showed that the dark spotted and light crab seeds were predominantly female (60% - 63% each) while the dark crab seeds were dominantly male (63%).  The findings contribute greatly to the accuracy of gender identification of BSC during the early stages and provide an understanding of selecting crabs of a certain gender for cultivation.
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Introduction
Blue Swimming Crab (Portunus pelagicus) is one of the important fisheries commodities in the world. These crabs are traded whole with hard shells, or as soft shell crabs, and also in the form of canned meat and exported overseas. Apart from being produced by catching crabs at sea, these crabs can be cultivated in earthen ponds (Fujaya et al. 2016).
Crab cultivation can be a solution for the sustainable supply of crab products. However, with various specific characteristics of crabs, cultivation techniques also require specific strategies. Several reports state that mono-sex culture in crustaceans is better than mixed culture because males and females in decapod species generally have different growth patterns which cause variations in harvest size (Oniam et al. 2017). Differences in growth are characterized by variations in behavior, and specific growth rates followed by gonad maturity and food conversion ratio. Some control over these parameters can be done by carrying out mono-sex cultures so that the energy is not directed toward reproduction but toward somatic growth. This is part of commercial considerations such as increasing cultivation production.  Li (2022) said that knowledge of sex determination and sex differentiation in crustaceans not only contributes to technical innovation in monosexual cultivation but also to improving overall economic efficiency.  
Determining gender is easy when the crab is an adult. Gender can be determined based on body color and the shape of the abdominal covering. The body color of the male blue swimmer crab is bluish, especially on the walking legs. The carapace, claws, and base of the swimming legs are covered in white dots. Female crabs have different colors from males. Female crabs have a greenish to brownish or dirty green body color. Some females have olive-colored spots and some are plainer (Lai et al. 2010). In addition, gender is easy to identify based on the shape of the abdominal covering (Waiho et al. 2021; Fazhan et al. 2021; Hidayani et al. 2015). In males, the abdominal cover is more tapered in a triangular shape, while in females it is wider. Under the female's abdominal covering, there are four pairs of pleopods, and on the coxae of the third pair of walking legs, there is a pair of gonophores. Males have only two pairs of pleopods and are located anteriorly on the abdomen, on segments 1 and 2 Both function in the transfer of sperm to the female during copulation. The long, curved, tubular first pleopod is the gonopod. It is not the penis, instead an intermittent organ used to deliver spermatophores to the female gonopore. The second pleopod is much shorter and functions as a piston to push spermatophores through the hollow core of the gonopod (Efrizal et al. 2015).
The sex of crablets of mud crabs (Scylla paramamosain) could be distinguished based on the shape of the abdomen and the presence of gonophores or not using a dissecting microscope or scanning electron microscope (Cui et al. 2021).  However, recognizing the gender in the crablet phase is difficult because the shape of the abdomen is still difficult to distinguish without using a microscope. The visible difference is that the color of the seeds is plain dark, plain light, and light with dark spots. Can the difference in color of blue swimmer crab seeds be used as a marker of gender? The answer will be discussed in this paper.

Materials and Methods

Blue Swimmer Crab Seed
10-day blue swimmer crab seeds (C10) were obtained from the hatchery production of the Takalar Brackish Water Cultivation Research Institute.  Crab seeds are grouped based on three color groups, namely dark-spotted, dark, and light (Fig. 1). There were 390 crab seeds used in this research. Ninety seeds with three color groups were observed for their morphometric characteristics in the fish hatchery laboratory at Hasanuddin University and 300 crab seeds were reared for 21 days in fixed cages in earthen ponds. 

Morphological Traits and Sex Determination
Morphological traits measured include Carapace width (CW), Carapace length (CL), Major cheliped means length (MEL), Major cheliped merus Width (MEW), Major cheliped manus length (MAL), Major cheliped dactylus length (DAL), Penultimate segment length (PL), Penultimate segment width (PW), Telson width (TW), Abdomen width (AB) (Fig. 2) and sex determination is carried out based on the presence of gonopods and gonophores located under the abdominal cover (Fig. 3) after crab one-month-old. Observations of morphometric characters and the presence of gonopods-gonophores were carried out under an SZ61 stereo microscope (Olympus) connected to a computer.

Statistic analysis
All data were analyzed with Microsoft Excel 2019. Results are expressed as mean values with standard error of the mean (StDev). Analisis korelasi antara ciri-ciri morfologi dengan jenis kelamin dilakukan dengan menggunakan koefisien Pearson (two-tailed, p-value). For the construction of discriminant function equations, the values of ten traits (except CW) were standardized by CW. Discriminant analysis was carried out on the ratio values of the three color groups of crab seeds using the Stepwise (Backward) method with the help of XLSTAT software version 2019.2.2.59614.

Results
The results of measuring ten morphological characters on 10-day-old crabs showed that there were variations in each group of seed color (Table 1). Based on Fisher's F asymptotic approximation box test, it was found that the covariance matrix for the three colors was significantly different (p<0.05) and Fisher's distance test explained that the dark color group was different from dark spotted and light, but dark spotted and light were not significantly different (Table 2 ).
The results of the canonical discriminant function analysis obtained six discriminator characters that discriminate (characterize) the three color groups of blue swimmer crab seeds, namely the CL/CW, MEL/CW, MAL/CW, MEW/CW, PL/CW, and TW/CW ratios with coefficients good canonical discriminant function F1 = -3.458 + 13.032*CL/CW – 16.420*MEL/CW + 13.907*MAL/CW + 22.479*MEW/CW 90.121*PL/CW + 77.752*TW/CW and F2 = -4.376 + 36.941 *CL/CW – 13,352*MEL/CW – 27,286*MAL/CW + 5,054*MEW/CW + 16,406*PL/CW – 26,866*TW/CW. The discriminant function shows that the distribution of each member (individual) of the three crab seed colors in the F1 plot has a variance contribution of 83.45% and F2 (16.55%). In Figure 4, it can be seen that there is a tendency for members to group together at each seed color centroid, although there is also an overlap of several members that are scattered at other color centroids.
Based on the Classification of Member Matrix and after Cross-Validation, it can be seen that the dark group has an accuracy (% correct) of 76.67%, dark-spotted (70.00% accuracy), and light % correct is 60.00%. After cross-validation, it can be seen that the percentage of classification accuracy is 62.22% (Table 3).
Gender confirmation is carried out after the crab is one month old when the gonopods and gonophores can be observed under a microscope. The results of observing the presence or absence of gonopods but rather gonophores under the abdominal cover showed that the discriminant analysis carried out correctly identified gender (Figure 5). The dark-spotted and light-colored groups are predominantly female (60-63%), while the dark group is predominantly male (63%).

Discussion
The color of crab seeds tends to be a marker of gender. Although the level of accuracy does not reach 100%, dark-colored seeds are dominantly male while light-colored seeds and spotted dark-colored seeds are dominantly female (Figure 5). These results strengthen the results of the morphometric analysis (Table 3) which explains that the size and shape of the carapace, claws, and abdominal covering can be used as markers of sex. This is similar to sexual dimorphism in mud crabs (Cui et al. 2021) and Xenograpsus testudinatus (Tseng et al. 2020). The chelipeds are used for fighting making male chelipeds tend to be larger than females. Female chelipeds are generally only used for finding food. Besides that, the abdominal cover is the part that protects the reproductive organs. The abdominal cover in males is smaller because it only functions to protect the genitals such as the penis and gonopods, whereas in females, the abdominal cover is also used to incubate eggs (Alencar et al. 2014).
The presence of gonopods and gonophores in blue swimmer crab seeds is an important marker in identifying gender. In this study, 1-month-old juvenile crabs with an average carapace width of 3.8 cm could have their sex identified based on the presence of gonopods or gonophores observed under a stereo microscope. In fact (Cui et al. 2021) reported that the secondary sexual traits and abdominal morphology (shape and pleopods) of the seed of the mud crab Scylla paramamosain can be easily observed under a dissecting microscope and scanning electron microscope starting at stage C VIII at a carapace width above 2 cm with 90.48% accuracy.
The sex ratio in each color group (Figure 5) provides interesting information that the color of the crab seeds can be used as a marker of sex. The sex ratio in each color group shows 2:1 (F:M) in the light color group and black, conversely 1:2 in the dark color group. This is different from reports by several researchers that in nature, the sex ratio of crabs is 1:1 (Shabrina et al. 2020; Rohmayani et al. 2020; Hosseini et al. 2014). Cui et al. (2021) also reported that the female:male sex ratio of all crablets S.paramamosain was 1:1. from stage C V to stage C VIII.
According to Arnheiter (2010), sexual color dimorphism is also called sexual dichromatism and is widespread among animals. One sex (usually the male) has a striking color, while the other sex, the female, is inconspicuous. This is closely related to natural selection, on the contrary, it will act antagonistically and select genes that allow carriers of their color genes to blend in with the environment. thereby protecting them from predation, or, when they become predators, reducing detection by their prey. Obviously, there is an inherent conflict in the selection of traits that are beneficial and detrimental and are otherwise more beneficial to one sex than to the other. Mutations and evolution occur in a species that cause a change in color from dull to striking making carriers of that species more attractive to potential mates and helping ward off competitors.  Dunn et al. (2020) said that apart from genetic factors, environmental factors such as the abiotic and biotic environment, including temperature, length of day, pollutants, and parasites influence sex determination, sex ratio, and reproductive behavior of crustaceans.
The color of crab seeds changes as they develop. After being reared in embedded cages and provided with shelter in the form of seaweed, these crabs have a dark green base color in both males and females. No more bright colors. However, dirty white spots appeared on both of them. It can be assumed that apart from genetic influences, the color of sex markers is also influenced by the environment. Color changes in animals can be triggered by various social and environmental factors and can occur within seconds or months. The most dramatic changes in color patterns are often associated with molting and its use in visually mediated mate recognition. (Detto et al. 2008). Color is influenced by chromatophore pigments found in almost all crustaceans. Chromosomes, chromatophores, and their pigments are the primary means by which crustaceans adapt chromatically to their environment. This pigmentation system is used in a variety of ways, including species-specific signals, aposematic signals, mate attraction, reproductive strategies, protection against ultraviolet (UV) radiation, and thermal regulation (Mc Namara & Milograna 2015).
However, Sex determination involves mechanisms that determine whether an individual will develop into a male, female, or in rare cases, a hermaphrodite. In crustaceans, sex determination is very diverse, including hermaphroditism, environmental sex determination (ESD), genetic sex determination (GSD), and cytoplasmic sex determination (Ye et al. 2023). Toyota et al. (2021) said that Sexual differences arise during embryogenesis.  In Malacostracans, sex is generally determined by genetic factors such as sex chromosomes. Crustacean Female Sex Hormone (CFSH) is also known as a peptide hormone involved in sexual development.  Color genes are thought to be under indirect sexual control, for example through the action of sex hormones that enable seasonal and sex-specific color management. The sexual system is thought to play a role in linking genes that determine sex color.
Such sex chromosome systems can be grouped into two major forms: male heterogamety (called XX/XY system), and female heterogamety (called ZW/ZZ system). In Malacostraca, the majority of shrimps, crayfishes, and terrestrial isopods employ a ZZ/ZW sex determination system while some species of crabs and lobsters employ XX/XY determination (Toyota et al. 2021).  The power of genes in influencing color depends on the sexual system which is also called sex-linked genes (Arnheiter 2010).  Animal color is influenced by gene expression.   If individuals with sex determination XX or ZW have IAG (insulin-like androgenic gland hormone) in the off position and CFSH on during sex differentiation then they will have a female phenotype, whereas sex determination XY or ZZ which have IAG will have a male phenotype (Toyota et al. 2021). 

Conclusion
The color of crab seeds tends to be a marker of gender. Although the level of accuracy does not reach 100%, dark-colored seeds are dominantly male (1:2; F:M) while light-colored seeds and spotted dark-colored seeds are dominantly female (2:1; F:M).  Apart from being influenced by genetics, color sexual dimorphism may also be influenced by environmental factors.
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Lai JCY, PKL Ng, PJF Davie (2010).  A Revision Of The Portunus pelagicus (Linnaeus, 1758) Species Complex (Crustacea: Brachyura: Portunidae), With The Recognition Of Four Species.  The Raffles Bulletin of Zoology 58(2): 199–237.
Li J (2022).  A Review of Sexual Determination and Differentiation in Crustacean. Journal of Biosciences and Medicines 10: 19-37.
Mcnamara JC, SR Milograna (2015).  Adaptive Color Change and The Molecular Endocrinology Of Pigment Translocation In Crustacean Chromatophores.  In Ernest S. Chang, Martin Thiel (eds).  The Natural History of The Crustacea, Volume 4, Physiological Regulation (Pp.68-102). Oxford University Press.
Oniam V, W Taparhudee, R Yoonpundh (2017).  Comparative performance of monosex and mixed-sex blue swimming crab (Portunus pelagicus Linnaeus, 1758) culture. In: The Burapha University International Conference 2017, Bangsaen, Chonburi, Thailand. 2017. p. 308–15.
Rohmayani V, ET Sari, N Romadhon (2020).  Sex Ratio and Spawning Season of Blue Swimming Crab (Portunus pelagicus, Linnaeus, 1758) in North Java Sea, Indonesia. Indian Journal of Ecology 47(4): 1185-1188.
Shabrina N, AMA Khan, I Gumilar, D Supriadi (2020).  Size Distribution and Sex Ratio of the Blue Swimming Crab (Portunus (Portunus) pelagicus Linnaeus, 1758) Commodities in Gebang Mekar Village, Cirebon Regency, West Java, Indonesia. World News of Natural Sciences 30(2): 232-242.
Toyota K, H Miyakawa, C Hiruta, T Sato, H Katayama, T Ohira, T Iguchi (2021).  Sex Determination and Differentiation in Decapod and Cladoceran Crustaceans: An Overview of Endocrine Regulation. Genes, 12: 305.
Tseng LC, PY Yu, JS Hwang (2020). Distribution and sexual dimorphism of the crab Xenograpsus testudinatus from the hydrothermal vent field of Kueishan Island, northeastern Taiwan. PLoS ONE 15(3): e0230742.
Waiho K, M Ikhwanuddin, MH Abualreesh, AC Shu-Chien, SD Ishak, M Jalilah, G Azmie and H Fazhan (2021). Intra- and Interspecific Variation in Sexual Dimorphism Patterns of Mud Crab Genus Scylla Along the Equatorial Region. Front. Mar. Sci. 8:690836.
Ye Z, T Bishop, Y Wang, R Shahriari, M Lynch (2023).  Evolution of sex determination in crustaceans.  Marine Life Science & Technology, 5:1–11.


[image: ]
Fig. 1: Blue swimming crab seeds (C10) with various colors (A); Dark Spotted (B); Dark (C); Light (D).
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Fig. 2: Measurement index of blue swimmer crab seeds. Carapace width (CW), Carapace length (CL), Major cheliped means length (MEL), Major cheliped merus Width (MEW), Major cheliped manus length (MAL), Major cheliped dactylus length (DAL), Penultimate segment length (PL), Penultimate segment width (PW), Telson width (TW), Abdomen width (AB).
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Fig. 3: Sexual characteristics of blue swimmer crabs. The solid arrow indicates the gonopod and the dashed arrow indicates the gonopore




Fig. 4: The discriminant function of the three color groups of blue swimmer crab seeds based on their morphometric characters








Fig. 5:  Composition of males and females in the three color groups of blue swimmer crab seeds at one-month-old.
Table 1: Morphometric data from the three color groups of blue swimmer crab seed

	Color variation
	Units (mm)
	CW
	CL
	MEL
	MAL
	MEW
	PL
	PW
	TW
	AB
	DAL

	dark spotted
	average 
	9,275
	5,075
	2,959
	4,162
	1,196
	0,793
	0,955
	0,638
	2,806
	2,009

	
	stdev
	1,458
	0,776
	0,523
	0,704
	0,200
	0,146
	0,183
	0,124
	0,725
	0,340

	dark
	average 
	8,690
	4,891
	2,713
	3,928
	1,113
	0,620
	0,833
	0,600
	2,541
	1,873

	
	stdev
	1,726
	0,816
	0,519
	0,819
	0,232
	0,189
	0,203
	0,132
	0,588
	0,393

	light
	average 
	9,180
	5,114
	2,787
	4,036
	1,292
	0,791
	0,958
	0,639
	2,818
	1,910

	 
	stdev
	1,309
	0,619
	0,614
	0,609
	0,495
	0,146
	0,182
	0,124
	0,719
	0,349


Note: Carapace width (CW), Carapace length (CL), Major cheliped means length (MEL), Major cheliped merus Width (MEW), Major cheliped manus length (MAL), Major cheliped dactylus length (DAL), Penultimate segment length (PL), Penultimate segment width (PW), Telson width (TW), Abdomen width (AB)


Table 2: Fisher distances analysis for the three color groups of blue swimmer crab seed

	Fisher distances:
	
	

	 
	dark  
	dark spotted
	light

	dark  
	0
	8.293
	8.024

	dark spotted
	8.293
	0
	2.026

	light
	8.024
	2.026
	0

	
	
	
	

	p-values for Fisher distances:
	

	 
	dark  
	dark spotted
	light

	dark  
	1
	< 0.0001
	< 0.0001

	dark spotted
	< 0.0001
	1
	0.071

	light
	< 0.0001
	0.071
	1





Table 3:  Classification and Cross-Validation of Member Matrix of the three color groups of blue swimmer crab seeds

Classification of Member Matrix
	from \ to
	dark  
	dark spotted
	light
	Total
	% correct

	dark  
	23
	4
	3
	30
	76.67%

	dark spotted
	4
	21
	5
	30
	70.00%

	light
	2
	10
	18
	30
	60.00%

	Total
	29
	35
	26
	90
	68.89%



Cross-Validation of Classification Matrix
	from \ to
	dark  
	dark spotted
	light
	Total
	% correct

	dark  
	22
	5
	3
	30
	73.33%

	dark spotted
	4
	18
	8
	30
	60.00%

	light
	3
	11
	16
	30
	53.33%

	Total
	29
	34
	27
	90
	62.22%






Observations (axes F1 and F2: 100.00 %)
dark  	0.7279392530916351	-0.3683333004918341	0.43205880021202531	1.1065184956899272	2.7687559625736022	2.7687559625736022	0.61927603563487854	-0.37614017899486507	-0.99465840382055537	1.2813400312178493	1.3053880301156808	-0.45778540353757918	2.5082765530831224	1.439009541074233	1.1990159765273223	-0.88632476196798071	2.029135168792537	2.3988816533226567	4.185334998058531	1.5839799030432298	-9.5754998928518464E-2	0.86017004104750727	2.3084806622024003	0.63785868246493349	1.9241928003198774	1.8036097158853774	-0.97598282718286988	1.3913749408291398	2.4303031374109896	2.4853194705121369	-0.1640752901754384	-0.11701571457767393	-0.43798242715430408	1.9717844505496032	0.12912222224797779	0.12912222224797779	1.0005839534316066	-1.0145241755634842	-0.20724302510991696	-2.5685638373874937	-0.96836949220446278	-0.69710276064136312	-0.59797669513774254	0.62396531166136326	-1.0420905722772953	0.68930498966443787	0.2520084354461275	0.88289185471264198	0.4163693210789387	0.20778924050922026	1.0603346165411327	0.37973404154133816	1.0249253124258475	-1.34342941230322	-0.86117340592907243	-0.45148843092051311	0.17725589921600637	0.89937865445241316	0.65517291699352875	-0.33308742355080667	dark spotted	0.58743556784344286	8.4962125307572745E-2	-1.5362652962227727	-1.8391237331145618	-0.24051751091966334	-1.3849489907244339	-0.2293916555430846	-1.7470918600398371	1.133023647497349	-0.68147860608831956	-0.37614017899486507	-0.2358339998077168	-1.1145185884285209	0.21015296528956773	-0.70914758649691145	-0.36995711577955204	-1.643650464255519	-1.6047923869578629	-1.1657166948770432	0.59496403677882359	0.59652569185242288	-4.7185170361091933E-2	-1.1324041183304243	-0.82344687459214372	-0.62209383214700908	-0.81377126942178801	-0.18732625260123426	-4.2931962001669932E-2	-0.92603661072978571	-2.3452906987438826	-0.5613052799342737	-4.1168912444265571E-2	1.5431349452426426	-0.67626743247266152	-1.9923340892397312	-6.492725225028384E-2	1.5427420196961938	0.18381346285967004	-4.8210162091466113E-2	-0.95329581218409443	-1.0145241755634842	0.72096656033123063	-0.12215733265424567	-0.82987674196251049	-0.79091021816170659	-0.34132994276239237	-1.3581760930694384	-1.234710914895272	-2.3483469097107523E-3	-1.4523571897614092	-1.0363895926906188	0.56405362378988622	-0.91635267062785353	-0.62434018178211348	-0.9188126612755918	-0.20647817085601616	-1.121058165155933	-1.061772177693264	-0.86930670838473123	-6.1707074893036118E-2	light	-9.5444773214527073E-2	-0.73942021397395519	-0.69432217295756027	-2.8005660679079583	-0.62058714600280329	-1.1042679435118186	-1.8252545677587102	-1.3927053177551598	-0.5896812156898924	2.015107699196439E-2	1.1343369295927885E-2	0.73490925742493429	-0.19602288857587599	0.23083632976643731	-0.89322294617661657	1.6703877699236813E-2	-0.40270208210842939	-0.28623153388202022	-1.1310426397432263	0.42167784403013608	-0.17779674267964174	-0.57285963426107467	-1.1659487134132853	-0.45380640870849392	0.86501617884226623	-0.11761333344532698	-0.26489935313639751	-0.96407508023296185	-1.0625780619670717	-2.177587615096507	-0.16095551984286691	0.16244333617773629	0.84748300047617708	-0.43271927082039291	-1.2653224745622416	0.13580839984632129	0.42013191234572755	-0.49421632894706885	1.3054636605659962	0.37583139039850888	0.83365085910276515	1.1528615631188579	1.575706178536264	0.2660973452651646	0.47441051006477808	-0.49493769199382798	-0.65644206844355435	-0.28736032567509978	-1.1796031929345849	3.2560014758395983	0.32984910310420512	-0.42514196750296651	4.1041162158545603	0.41162597137248019	-0.25360521175217088	8.1849672648819469E-2	4.7311111127490285E-3	0.94071913336940471	-7.2889689665128571E-2	3.0941988109489476	Centroids	dark  
dark spotted
light
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F2 (16.55 %)


Male	dark spotted	dark 	light	36.666666666666664	63.333333333333329	40	Female	dark spotted	dark 	light	63.333333333333329	36.666666666666664	60	
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