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Abstract: The blue swimming crab, Portunus pelagicus (Linnaeus, 1758), is one of the most economically important crustaceans 
in Thailand. In order to gather more in-country data on its biological aspects, a comprehensive observation of the annual 
reproductive cycle of female P. pelagicus, which were gathered each month from Kung Krabaen Bay, Thailand, from October 
2017 to September 2018 was undertaken. The ovarian structure, gonadosomatic index (GSI) and histological description of P. 
pelagicus were observed during this time. It was revealed that six distinct stages—I (immature stage), II (early maturing stage), 
III (late maturing stage), IV (early matured stage), V (middle matured stage) and VI (late matured stage)—occur during the 
annual reproductive cycle of the females. Moreover, the percentage of the oogenic proportion of P. pelagicus appeared 
continuously throughout the year. The ovarian development was exclusively found in stage VI, during October 2017 to December 
2017, with the highest peak in November 2017 (39.96%) in relation to the high GSI. From October 2017 to February 2018, stage I 
was also observed, especially during October 2017 (49.5%), implying its important involvement in supporting oogenic production. 
It would be suggested that the successive spawning season of the P. pelagicus population clearly occurred during 
October-December each year. Therefore, this would be the best time to support hatchery seed production, during which P. 
pelagicus collection should be avoided.  
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1. Introduction 

Comprehensive information regarding the structural 

features of the reproductive systems and gonadal 

development of decapod crustaceans is proposed as 

both important and fundamental for ethological and 

reproductive cycle studies, which is in direct 

correlation with offspring survival for fisheries 

management, as well as sustainability for decapod 

populations [1-4]. The processes of oocyte growth and 

ovarian development in decapods during the 

reproductive cycle are complex mechanisms for 
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cellular, morphological and colour changes that 

determine reproductive status and performance. Many 

historical reports concerning the economic importance 

of ovarian development for decapods have described 

the reproductive patterns as having great variation, 

determined through several comprehensive methods 

using seasonal fluctuations of the gonadosomatic 

index (GSI) [5], fecundity and egg batches [6], and 

ovarian histological changes [3]. According to Stewart 

et al. [3], there are four stages relating to varian 

morphology and gamete proportion: spawn-spent 

(stage I), proliferative (stage II), pre-mature (stage III) 

and mature (stage IV). Furthermore, the classification 

of the ovarian cycle in Portunus pelagicus was based 
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on histological structure and different cellular 

compositions. In terms of ovarian development, four 

stages, which include stages I through IV, were seen 

[7]. 

P. pelagicus (Linnaeus, 1758), colloquially known 

as the “blue swimming crab”, is commonly used as a 

food resource of great commercial importance in 

Thailand, especially in Kung Krabaen Bay [8, 9]. 

With regards to Thai consumption, P. pelagicus has 

an average yield of 43,871 tons per year. However, 

the declining production of this crab is noted at about 

20,000 tons when compared to 2011 [10]. 

Unfortunately, these crabs are only collected in 

natural habitats, meaning that crab stocks can be 

easily overfished. Overcapacity and reducing the rate 

of loss of the crabs are considered to be a hot issue 

[8]. Due to declining production threatening the 

sustainability of blue swimming crab fisheries in 

natural habitats, as well as in Kung Krabaen Bay, the 

comprehensive information of P. pelagicus has been 

continuously observed throughout the feeding 

ecology [9] in order to determine the population 

structure and to make stock assessments [11, 12]. 

Regrettably, an accurate reproductive cycle 

assessment of this crab is limited to scientific 

knowledge primarily based on histological 

observation. In this research, the natural reproductive 

cycle of P. pelagicus females was investigated using 

a combination of existing comprehensive methods 

(GSI, external morphology and ovarian histological 

observation) in order to acquire data relating to their 

reproductive activities. These data would then 

subsequently aid the development of protection and 

conservation strategies for this crab within Kung 

Krabaen Bay, Thailand.  

2. Materials and Methods  

2.1 Crab Collections and Study Area 

A total of 136 female blue swimming crabs, P. 

pelagicus, were caught monthly from Kung Krabaen  

 

Bay, Thailand (12°34′-12°12′ N, 101°53′-101°55′ E), 

and analyzed throughout the study (October 2017 to 

September 2018). This area is a small, semi-enclosed 

estuarine system which is considered to be the largest 

zone for blue swimming crab fisheries in the country. 

The temperature of the area was also recorded during 

sample collections.  

2.2 Ovarian Morphology and Gravimetric Analyses  

In the laboratory, all P. pelagicus were euthanised 

using a rapid cooling method for 30 min [13]. The 

body weight (BW) and carapace width (CW) were 

measured with calipers to the nearest 0.01 cm. In 

accordance with proper crab dissection, the dorsal part 

of the carapace was opened to observe the localisation 

of the female reproductive system. They were 

submerged in Ringer’s solution and photographs were 

taken using a digital camera (Cannon 650D) to 

observe their reproductive morphology. Lastly, the 

ovarian tissue of the berried females was dissected out 

and removed to study the GSI. The GSI was 

calculated using the following formula: GSI = gonadal 

weight/total weight × 100. 

2.3 Histological Observations 

In accordance with histological observation, 

ovarian tissues of the berried females were 

immediately suspended in Davidson’s fixative (330 

mL 95% ethyl alcohol, 220 mL 100% formalin, 115 

mL glacial acetic acid and 335 mL distilled H2O [14] 

overnight at room temperature and subsequently 

processed using a standard histological technique [15, 

16]. The paraffin blocks were cut at 4 µm of 

thickness and stained with Harris’s hematoxylin and 

eosin (H&E) and periodic acid Schiff (PAS) [15, 16]. 

The ovarian structure and stage of ovarian 

development of P. pelagicus were determined by 

following criteria adopted from previous documents 

[8, 17] and taken with a Leica DM2000 light 

microscope (Boston Industries, Inc; USA). 
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3. Results and Discussion 

3.1 Environmental Parameters  

The mean value of the temperature was about 

30.87 °C with arrange of 29.3-37.5 °C. The 

temperature during November to December 2017 was 

more varied, averaging at 29.55 °C.  

3.2 CW and GSI 

A total of 136 P. pelagicus females were analyzed 

throughout the study, with an average CW of 10.22 ± 

1.48 cm. The monthly GSI is shown in Fig. 1, whose 

average GSI in P. pelagicus is 3.35 ± 2.44 (SD). The 

highest value of GSI was 8.89% in October 2017 and 

gradually decreased in November 2017 and December 

2017 by 6.08% and 5.32%, respectively. During 

oogenic production, the data showed that the     

high value of GSI was 5.53 again in February 2017 

(Fig. 1). 

3.3 External Morphology and Ovarian Development 

In this study, the results revealed that the ovarian 

structure of P. pelagicus was covered by a thin layer 

of connective tissue, referred to as an “ovarian 

capsule”. The ovarian parenchyma was found to be 

composed of several ovarian lobes (or ovarian 

follicles) (Fig. 2A). Each lobe was divided into two 

important compartments, including the germinal nest 

and germinal zone (Fig. 2B). The germinal nest was 

found closer tothecentral zone of the lobe (Fig. 2B). 

Two oocyte stages, the oogoniaand pre-vitellogenic 

stage (Oc1), were noted to be clearly visible inside the 

germinal nest (Figs. 2C and 2D). The oval shape of 

Oc1 contained a central nucleus, with one prominent 

nucleolus, surrounded by basophilic cytoplasm (Fig. 

2D). In addition, it was also covered by 

spindle-shaped follicular cells (Fig. 2D). At the end of 

this stage, the appearance of the lipid droplet occurred 

(Fig. 2E). The germinal zones holding different 

oocytes appeared and moved to the peripheral area of 

the ovarian lobe (Fig. 2B). The majority 

differentiation of the secondary-growth oocytes in this 

zone was classified based on the histological 

properties and uptake of yolk granules during the early 
 

 
Fig. 1  Annual variation in gonadosomatic index (GSI) of Portunus pelagicus during October 2016 (Oct-16)-September 2017 
(Sep-17). 
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vitellogenic stage (Oc2), late vitellogenic stage (Oc3) 

and mature oocyte stage (Oc4) (Figs. 2F-2I). The 

cytoplasm of the Oc2 was observed as a reddish stain 

due to it beginning to accumulate small yolk granules 

into the periphery of the oocyte (Fig. 2F). The Oc3 

showed that the cell was characterized by a remarkable 

prominent acidophilic stain containing large yolk 

granules in the cytoplasm (Fig. 2G). They positively 

reacted with PAS reaction, indicating the presence of 

glycoprotein (Fig. 2H). At the same time, some areas 

of the yolk granules were benignly filled. Finally, the 

yolk granule of the Oc4 was completely filled, whereas 

the nuclear feature was not apparent (Fig. 2I). As a 

result, the assessment of the oocyte of P. pelagicus 

agreed with previous observations [6, 7], for example, 

P. trituberculatus [18] and Scylla serrata [19]. 

Histologically, the ovarian development of P. 

pelagicus can be classified into six stages during the 

reproductive cycle (stages I, II, III, IV, V and VI), 

which are closely related to progressively increasing 

oocytes and cellular organization (Figs. 3 and 4). 

3.3.1 Stage I (Immature Stage) 

The morphology of the ovary, which is made up of 

thin tubular organs that appear as a creamy white 

colour to the naked eye (Fig. 3A), is sometimes 

difficult to separate from the digestive structure. The 

structural arrangement of the ovary has a conspicuous 

H shape. The oogeneic stages, including rounded 

oogonia and Oc1, had more advanced development in 

the central zone of the ovarian lobe (Fig. 4A). 

3.3.2 Stage II (Early Maturing Stage) 

The external morphology of the ovary was visually 

distinguishable due to it becoming a light yellow 

colour (Fig. 3B), which was easily differentiable and 

drastically larger in size when compared with the 

previous stage. A few oogonia and Oc1, especially in 

late Oc1 complete with large lipid droplets, were 

prominently seen (Fig. 4B).  

3.3.3 Stage III (Late Maturing Stage) 

The ovary became dark yellow in colouration (Fig. 

3C), which covered half of the dorsal hepatopancreas 

(Fig. 1). The ovaries contained very few oogonia, 

whereas Oc1 was still seen in the central zone of the 

ovarian lobe. The beginning of Oc2 was greatly 

developed and had increased in the germinal zone (Fig. 

4C). 

3.3.4 Stage IV (Early Matured Stage) 

The matured ovaries in the crabs were deep yellow 

to orange in color (Fig. 3D). The initiation of 

advanced Oc2 development, and especially Oc3, was 

prominently found (Fig. 4D). 

3.3.5 Stage V (Middle Matured Stage) 

The ovigerous female crabs were found to be 

bearing fully matured eggs that were orange in colour 

(Fig. 3E). Two prominent oogenic stages, Oc3 and 

Oc4, were observed (Fig. 4E). 

3.3.6 Stage VI (Late Matured Stage) 

The female crabs were found to be bearing fully 

matured eggs that were black in colour (Fig. 3F), 

whereas the histological observations showed that the 

ovaries were deposited during Oc4 (Fig. 4F).  

3.4 Changes in GSI and Ovarian Development during 

Reproductive Cycle 

Accurate measurements of the reproductive cycle 

allowed the validation of both GSI and ovarian 

development. By comparing the percentages, it was 

found that oogenic production in P. pelagicus 

continuously appeared throughout the year (Fig. 5). 

Ovarian development was regularly found in stage VI 

from October 2017 until December 2017, with the 

highest peak in November 2017 (39.96%) in relation 

to high GSI, while the lowest peak was in December 

2017 (10%). Stage V was only observed in November 

2017 (13.32%). During October 2017 to February 

2018, stage I was found to be present, with the highest 

peak of GSI recorded in October 2017 (49.5%) and 

the lowest in December 2017 (10%). Additionally, 

ovarian development, which includes stages II, III and 

IV, was found in most months (Fig. 5), implying that 

oogenic production, especially secondary growth 

oocytes, took place throughout the year.  
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Fig. 2  Light microscopic level showing the ovarian structure and oogenesis of P. pelagicus: ovarian lobe (Ol) in the ovary 
(A); the Ol was composed of the germinal nest (Gn) and germinal zone (Gz) (B); oogenesis was divided into oogonia (Og) (C), 
pre-vitellogenic (Pv) stage (D, E), early vitellogenic stage (Evs) (F, G, H), late vitellogenic stage (Lvs) and mature oocyte stage 
(Mos) (I). 
Av = atretic oocyte of vitellogenic stage; Fc = follicular cell; Ld = lipid droplet; N = nucleus; nu = nucleolus; Yg = yolk granules. 
A-G, I = Harris’s haematoxylin and eosin; H = Periodic’s Schiff reagent. 



The Reproductive Cycle of the Female Blue Swimming Crab Portunus pelagicus (Linnaeus, 1758) from 
Kung Krabaen Bay, the Eastern Gulf of Thailand: Implications to Support Fisheries Management 

 

277

 

 
Fig. 3  Different stages of ovarian development (blue arrow) of P. pelagicus including stage I (A), stage II (B), stage III (C), 
stage IV (D), stage V (E) and stage VI (F). 
 

Evidence from previous observations suggests that 

the criteria for evaluating oocyte development in P. 

pelagicus have already been widely identified in 

various publications [3, 5, 20], but the identifications 

of the different ovarian stages of P. pelagicus vary 

based on geography. For example, four stages of 

ovarian development (or the ovarian cycle) of P. 

pelagicus were divided based on histological studies 

and oogenesis [3, 5]. Consequently, the seasonal 

changes of the ovarian cycle of P. pelagicus were 

categorized into five stages according to varian colour 

and histological changes of the oocytes [21]. It is 

possible that the differential criteria and nomenclature 

for classifying the ovarian development of P. 

pelagicus were based on the developing understanding, 

experience and qualifications of past researchers 

studying oocyte feature. The documentation of the 

ovarian stages of P. pelagicus females from Kung 

Krabaen Bay, Kunsook et al. (2014a) [8] first 

divided the female reproductive cycle into four 

stages (stages I-IV) over the course of three 

spawning periods (November-December, 

February-March and June-August). In comparison, 

this observation clearly recorded, during October to 

December, only the peaks or a maximum from two 

integrated methods during the same period as 

previous observation [8]. The reasons are unclear as 

to why these changes only occur during the spawning 



The Reproductive Cycle of the Female Blue Swimming Crab Portunus pelagicus (Linnaeus, 1758) from 
Kung Krabaen Bay, the Eastern Gulf of Thailand: Implications to Support Fisheries Management 

 

278

period. It is possible that it might be related to the 

influence of water temperature, as this factor is 

considered a key role in controlling the ovarian 

development and spawning of P. pelagicus [6, 7, 22, 

23]. The high proportion of stage IV and GSI in P. 

pelagicus females during the November to December 

period might indicate a response to the decrease in  

temperature (about 29.55 °C), which was different 

when compared with other periods throughout the 

year. The hypothesis is that this temperature created a 

more favourable condition for ovulation and spawning 

activity. However, further studies should be 

undertaken to determine this hypothesis under 

laboratory observation.  
 

 
Fig. 4  Ovarian histology of P. pelagicus during the reproductive cycle: stage I or ovarian immature (A), stage II or early 
ovarian maturing (B), stage III or late ovarian maturing (C), stage IV or early ovarian matured (D), stage V or middle 
ovarian matured (E) and stage VI or late ovarian matured (F).  
A-F = Harris’s hematoxylin and eosin. 
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Fig. 5  Percentage distribution of ovarian stage in P. pelagicus during the reproductive cycle.  
Stage 1 or ovarian immature, stage 2 or early ovarian maturing, stage 3 or late ovarian maturing, stage 4 or ovarian matured, stage 5 
or middle mature stage and stage 6 or late mature stage. 
 

4. Conclusions 

These results provide a clearer picture of the annual 

oogenesis cycle of P. pelagicus inhabiting Kung 

Krabaen Bay, Thailand, where the cycles occurred 

throughout the year and accurately within the 

spawning season (October to December). These 

results are hence forth important for the hatchery seed 

production and conservation of P. pelagicus. 

Moreover these results have been used for fishery 

improvement project (FIP) in blue swimming crab P. 

pelagicus in Thailand particularly measurement in 

forbidden harvesting the ovigerous female in this 

period and also should be limit the minimum legal 

size for catching the female crab in this area. 

Acknowledgments 

This research was supported by Rambhai Barni 

Rajabhat University (grant number 1107/2561 and 

grant number 1107/2562). The author would like to 

thank Dr. Sinlapachai Senarat for his kind help in the 

histology laboratory and for his suggestions regarding 

the reproductive cycle and management of blue 

swimming crabs in this area. 

References 

[1] Komm, B. S., and Hinsch, G. W. 1987. “Oogenesis in the 
Terrestrial Hermit Crab, Coenobita clypeatus (Decapoda, 
Anomura): II. Vitellogenesis.” Journal of Morphology 

192: 269-77. 
[2] Balasubramanian, C. P., and Suseelan, C. 1998. 

“Reproductive Biology of Female Deep-Water Crab 
Charybdis smithii (Brachyura, Portunidae) from the India 
Seas.” Asian Fisheries Science Journal 10: 211-22. 

[3] Stewart, M. J., Soonklang, N., Stewart, P., Hanna, P. J., 
Wanichanon, C., Parratt, A., Duan, W., and Sobhon, P. 
2007. “Histological Studies of the Ovaries of Two 
Tropical Portunid Crabs, Portunus pelagicus (L.) and 
Scylla serrata (F.).” Invertebrate Reproduction and 
Development 50 (2): 85-97. 

[4] Castiglioni, D. D. S., Negreiros-Fransozo, M. L., Greco, 
L. S. L., Silveira, A. F., and Silveira, S. O. 2007. “Gonad 
Development in Females of Fiddler Crab Uca rapax 
(Crustacea, Brachyura, Ocypodidae) Using Macro and 
Microscopic Techniques.” Iheringia, Se´rie Zoologia 97 
(4): 505-10. (in Portuguese) 

[5] Sumpton, W. D., Potter, M. A., and Smith, G. S. 1994. 
“Reproduction and Growth of the Commercial Sand Crab, 
Portunus pelagicus (L.) in Moreton Bay, Queensland.” 
Asian Fisheries Science Journal 7: 103-13. 

[6] De Lestang, S., Hall, N., and Potter, I. 2003. 
“Reproductive Biology of the Blue Swimmer Crab 
(Portunus pelagicus, Decapoda: Portunidae) in Five 
Bodies of Water on the West Coast of Australia.” Fishery 
Bulletin 101 (4): 745-57. 

[7] Liu, Z., Wu, X., Wang, W., Yan, B., and Cheng, Y. 2014. 
“Size Distribution and Monthly Variation of Ovarian 
Development for the Female Blue Swimmer Crab, 
Portunus pelagicus in Beibu Gulf, off South China.” 
Seirntia Marina 78 (2): 257-68. 

[8] Kunsook, C., Gajaseni, N., and Paphavasit, N. 2014a. “A 
Stock Assessment of the Blue Swimming Crab Portunus 
pelagicus (Linnaeus, 1758) for Sustainable Management 
in Kung Krabaen Bay, Gulf of Thailand.” Tropical Life 



The Reproductive Cycle of the Female Blue Swimming Crab Portunus pelagicus (Linnaeus, 1758) from 
Kung Krabaen Bay, the Eastern Gulf of Thailand: Implications to Support Fisheries Management 

 

280

Sciences Research 25 (1): 41-59. 
[9] Kunsook, C., Gajaseni, N., and Paphavasit, N. 2014b. 

“The Feeding Ecology of the Blue Swimming Crab, 
Portunus pelagicus (Linnaeus, 1758), at Kung Krabaen 
Bay, Chanthaburi Province, Thailand.” Tropical Life 
Sciences Research 25 (1): 13-27.  

[10] Thai Frozen Food Association. 2012. Production of Crab 
during 2000-2011 by Thai Frozen Food Association. 
Bangkok: Thai Frozen Food Association. Accessed August 3, 
2018. http://www.thai-frozen.or.th/csr_tffa_04.php. 

[11] Kunsook, C. 2012. “Assessment of Stock and Movement 
Pattern of Blue Swimming Crab Portunus pelagicus 
(Linnaeus, 1758) for Sustainable Management: Case 
Study in Kung Krabaen Bay, Chanthaburi Province.” 
Ph.D. thesis, Chulalongkorn University. 

[12] Kunsook, C. 2006. “Population Dynamic of Blue 

Swimming Crab Portunus pelagicus (Linnaeus, 1758) at 

Kung Krabaen Bay, Chanthaburi Province.” Master of 

Science thesis, Chulalongkorn University. 

[13] Wilson, J. M., Bunte, R. M., and Carty, A. J. 2009. 

“Evaluation of Rapid Cooling and Tricaine Methane 

Sulfonate (MS222) as Methods of Euthanasia in Zebra 

Fish (Danio rerio).” Journal of the American Association 

for Laboratory Animal Science 48: 785-9. 

[14] Dietrich, D. R., and Krieger, H. O. 2009. Histological 
Analysis of Endocrine Disruptive Effects in Small 
Laboratory Fish. New Jersey: John Wiley & Sons. 

[15] Presnell, J. K., and Schreibman, M. P. 1997. Humason’s 
Animal Tissue Techniques, 5th ed. Baltimore: Johns 
Hopkins University Press. 

[16] Suvarna, K. S., Layton, C., and Bancroft, J. D. 2013. 

Bancroft’s Theory and Practice of Histological 

Techniques, 7th ed. Canada: Elsevier. 

[17] Svane, I., and Hooper, G. 2004. Blue Swimmer Crab 

(Portunus pelagicus) Fishery. Fishery Assessment Report 

to PIRSA for the Blue Crab Fishery Management 

Committee. SARDI Aquatic Science Publication No: 

RD03/0274-2. Australia: South Australian Research and 

Development Institute, Government of South Australia. 

[18] Wu, X. Z., Wang, W., Yan, B., and Cheng, Y. 2014. 

“Size Distribution and Monthly Variation of Ovarian 

Development for the Female Blue Swimmer Crab, 

Portunus pelagicus in Beibu Gulf, off South China.” 

Scientia Marina 78 (2): 257-68. 

[19] Quinitio, E., De Pedro, J., and Estepa, F. 2007. “Ovarian 
Maturation Stages of the Mud Crab Scylla serrata.” 
Aquaculture Research 38 (14): 1434-41. 

[20] Shields, J., and Wood, F. 1993. “Impact of Parasites on 
the Reproduction and Fecundity of the Blue Sand Crab 
Portunus pelagicus from Moreton Bay, Australia.” 
Marine Ecology Progress Series 92: 159-70. 

[21] Kumar, M. S., Xiao, Y., Venema, S., and Hooper, G. 
2003. “Reproductive Cycle of the Blue Swimmer Crab, 
Portunus pelagicus, in Southern Australia.” Journal of 
the Marine Biological Association of the United Kingdom 
83: 983-94. 

[22] Potter, I. C., Chrystal, P. J., and Loneragan, N. R. 1983. 
“The Biology of the Blue Manna Crab Portunus 
pelagicus in an Australian Estuary.” Marine Biology 78 
(1): 75-85. 

[23] Green, B. S., Gardner, C., Hochmuth, J. D., and Linnane, 
A. 2014. “Environmental Effects on Fished Lobsters and 
Crabs.” Reviews in Fish Biology and Fisheries 24 (2): 
1-26. 

 


