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ABSTRACT 

The timing of ovulation in the American white shrimp, Penaeus setiferus (Linnaeus, 1767) was 

studied by sacrificing mated females and females whose spawning was interrupted for histological 
observation of ovarian tissue. The ovaries of the three mated females were in the cortical body 

stage, either pre- or post-germinal vesicle breakdown. The oocytes in all of the mated females were 

entirely enveloped by the follicular epithelium. Observations on the ovaries of females which 

stopped spawning indicated that ovulation may occur within a very short time before spawning or 

parallel with spawning. 

R?SUM? 

Le d?roulement de l'ovulation dans le temps a ?t? ?tudi?e chez la crevette am?ricaine Penaeus 

setiferus (Linn?, 1767) en sacrifiant des femelles apr?s accouplement et des femelles dont le 

processus de ponte a ?t? interrompu pour l'observation histologique des tissus ovariens. Les 

ovaires des femelles apr?s accouplement ?taient au stade du corps pr?cortical, soit de la rupture de 

la v?sicule pr?- ou postgerminale. Les oocytes de toutes ces femelles ?taient compl?tement 

envelopp?es de l'?pith?lium folliculaire. Les observations sur les femelles dont le processus de 

ponte vait ?t? interrompu ont montr? que l'ovulation peut survenir tr?s peu de temps avant la 

ponte ou parall?lement ? celle-ci. 

INTRODUCTION 

Spawning or oviposition follow ovulation which is defined as the detachment 

of the oocytes from the follicular cells. Although oog?nesis in penaeid shrimp 
has been studied and the ovarian maturation stages have been classified in 

several species (Anderson et al., 1984; Tan-Fermin & Pudadera, 1989), infor 

mation on the events between cortical body formation and spawning is scarce. 

Only two reports (Anderson et al., 1984; Browdy, 1989) dealt with ovulation in 

Sicyonia ingentis (Burkenroad, 1938) and Penaeus semisulcatus de Haan, 1844, in 

which they conclude that ovulation requires less than few hours. 

In this study, we report our observations on the histological events occurring 
in the ovary during spawning of the white shrimp Penaeus setiferus (Linnaeus, 

1767). 
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MATERIALS AND METHODS 

Mature, ready to spawn females o? Penaeus setiferus were collected by trawl in 

the coastal area of Charleston, South Carolina, U.S.A., from May to August, 
1989. Some ovarian lobes of three mated females (A, B and C) captured in the 

night trawl were dissected on the boat or after transfer to the laboratory and 

fixed in 5% glutaradehyde 
- 0.07 M sodium cacodylate in artificial sea water 

(pH 7.4) for 4 hours. Non-mated females were transferred alive to the labora 

tory, artificially inseminated and kept in glass aquaria (70 liter) at 28?C and 

34%o salinity. Out of sixty three females used, thirty two spawned in captivity. 

Spawning of twelve females was interrupted by catching them in a dip-net, and 

three of them, designated D, E and F, stopped spawning. Another nine females 

with interruption and twenty without interruption were observed to empty 
their ovaries. Three ovarian lobes of the cephalothoracic region and anterior 

and posterior abdominal regions of the ovary were dissected from the three 

females (D, E and F) and fixed as described above. These fixed tissues were 

rinsed in 0.1 M sodium cacodylate buffer (pH 7.4) containing 7% sucrose for a 

minimum of one day. For light microscopic study, the tissue was dehydrated by 
alcohol and embedded in glycol methacrylate (Dupont, Wilmington, DE), and 

thick methacrylate sections (0.5 
- 1 |Im) were stained with chromotrope 2R/ 

m?thyl?ne blue (CR2/MB) (Dougherty & King, 1986). For electron micro 

scropic study, the tissue was post-fixed in 1% 0s04 for 1 to 2 hours, dehydrated 
in acetone and embedded in low viscosity epoxy resin. Ultrathin sections were 

stained with uranyl acetate and lead citrate. 

RESULTS 

Figs. 1 and 2 show the cross sections of the ovaries of mated females. There 

were no apparent histological differences between the ovarian lobes within a 

female. In two mated females (A and B) the oocytes were in the cortical body 

phase and the germinal vesicle (GV) was still intact (fig. 1), while in the other 

mated female (C) the germinal vesicle was already broken down (fig. 2). It 

appears that mating 
can occur between a mature male and a female whose 

ovary is still in the cortical body phase before germinal vesicle break down 

(GVBD). The oocytes in all of the mated females were found to be entirely 

enveloped by the follicular epithelia (FE). The electron micrograph (fig. 3) 
shows that the follicular epithelial cells contain round or oval shaped nuclei (5 

- 

8 (Im in diameter), abundant mitochondria (M) and rough endoplasmic reti 

culum (RER). 

Many females in captivity spawned after midnight. Female D spawned only a 

few eggs and stopped thereafter. The light micrograph of the cephalothoracic 

region of this female's ovary indicated that many oocytes were incompletely 
ovulated by follicular epithelia (fig. 4). The electron micrograph showed that 

some of the follicular epithelia (FE) became thin and the nuclei (N) were spindle 
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Figs. 1-3. Penaeus setiferus (L.). 1, light micrograph of the cephalothoracic region of the ovary of a 

mated female A; the oocytes which have the fully developed cortical rods (CR) and intact vesicle (GV) 
are entirely enveloped by the follicular epithelia (FE); bar = 30 Jim. 

? 
2, light micrograph of the 

cephalothoracic region of the ovary of a mated female C; germinal vesicles have broken down 

(GVBD); the follicular epithelia (FE) are intact; bar = 30 |i.m. 
? 

3, electron micrograph of follicular 

epithelia in GVBD ovary of the mated female C; the cells contain oval or round nuclei (N), numerous 

mitochondria (M) and rough endoplasmic reticulum (RER); X 5,200. 
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shaped (ca. 2x9 Jim) (fig. 5). However, in the anterior and posterior abdominal 

regions of the ovary of this individual, the follicular epithelia were observed 

intact. Female E spawned about half of the ovary in the cephalothoracic region 
when her spawning was interrupted. The abdominal region of the ovary looked 

Figs. 4, 5. Penaeus setiferus (L.). 4, light micrograph of the cephalothoracic region of the ovary of female 

D which spawned only a few eggs and stopped thereafter; note that the envelopment by the follicular 

epithelia (FE) is incomplete for many oocytes indicating retreat of the follicular epithelia from the 

oocytes' surface; bar = 30 |Xm. 
? 

5, electron micrograph of the cephalothoracic region of the ovary 
of female D; some of the follicular epithelia become thin and the nuclei (N) are spindle shaped; 

X 2,800. 
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Figs. 6-9. Penaeus setiferus (L.). 6, light micrograph of the cephalothoracic region of the ovary of female 

E which had evacuated about half of eggs in this region of the ovary when she stopped spawning; 
almost all of the oocytes in this region were found to be ovulated; bar = 30 p.m. 

? 
7, electron 

micrograph of the cephalothoracic region of the ovary of female E; very thin follicular epithelia are 

observed on a few oocytes; the follicular cells are abundant in mitochondria (M) and rough 

endoplasmic reticulum (RER); X 14,000. 
? 

8, light micrograph of the completely evacuated 

cephalothoracic region of the ovary of female F; only a few matured oocytes (MO) were observed 

with many immature oocytes (IO); bar = 30 p.m. 
? 

9, light micrograph of the abdominal region of 

the ovary of female F; note that the follicular epithelia (FE) are retracting from the surface of the 

oocytes indicating that this region of the ovary was in the course of ovulation when this female 

stopped spawning and was sacrificed; bar = 30 |lm. 
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intact. Almost all of the oocytes in the cephalothoracic region of the ovary were 

found to be ovulated, as little follicular epithelium was observed between the 

oocytes (fig. 6). Very thin follicular epithelium could be found on a few oocytes 

(fig. 7). The cell linings on the thin follicular epithelia seemed to be stretched, 
but contained many mitochondria (M) and rough endoplasmic reticulum 

(RER). Female F spawned almost all mature oocytes in the cephalothoracic 

region of the ovary, while the abdominal region looked intact. Many immature 

oocytes and only a few matured oocytes were observed in the cephalothoracic 

region of the ovary (fig. 8), which is representative of the spent stage as 

observed in the other penaeid shrimp species. Cross section of the abdominal 

region of the ovary indicate that this region was undergoing ovulation, as 

ovulated, incompletely ovulated and unovulated oocytes were observed in the 

same region (fig. 9). 

DISCUSSION 

The timing of germinal vesicle breakdown (GVBD) to ovulation and spawn 

ing may vary between penaeid species. Anderson et al. (1984) using an ovarian 

biopsy, reported that the oocytes of Sicyonia ingentis (Burkenroad) may remain 

surrounded by follicle cells for more than 24 hours after GVBD. Bray & 

Lawrence (1984) and our field survey have indicated that only a few mated 

females of P. setiferus could be caught during day time, suggesting that most of 

the mated females spawn in the same night, probably within 12 hours after 

mating. The present study provided mated females whose ovaries were still 

before GVBD. Therefore, oocytes o? P. setiferus were in GVBD phase for less 

than 12 hours. This coincided with Browdy's (1989) observations that GVBD 
was more commonly observed for females of P. semisulcatus de Haan, 1844 

sacrificed late at night, indicating a short time lag between GVBD and spawn 

ing in penaeid shrimp. Anderson et al. (1984) reported that females of S. ingentis 

having undergone GVBD but not ovulation, spawned 1, 2 and 4 hours after the 

biopsy examination, and conclude that ovulation required less than a few 

hours. Browdy (1989) reported that ovulated ovaries were only observed late at 

night in females of P. semisulcatus showing increased swimming activity, charac 

teristic of females immediately before spawning. These studies coincide well 

with the present study which indicates that ovulation may be quite brief, 

probably requiring less than a few minutes before spawning or may occur 

parallel with spawning in P. setiferus. Furthermore, ovulation appears to pro 
ceed from the cephalothoracic region to the abdominal region of the ovary. 

As observed in the present study, retracting follicular epithelia have been 

observed in the ovaries undergoing ovulation in another penaeid shrimp P. 

semisulcatus (see Browdy, 1989) and a freshwater palaemonid shrimp Macro 

brachium rosenbergii (De Man, 1879) (Fauvel, 1983). Concentrations of follicular 

epithelia are found in the spent stage ovary of several shrimp species (King, 
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1948; Fauvel, 1983; Tan-Fermin & Pudadera, 1989; Browdy, 1989). Therefore, 
it is likely that follicular epithelia detach from the oocytes' surface and retract 

or migrate to certain regions of the ovary. Fauvel (1983) concluded that the 

retracted follicular ephithelia would be active again during the next fol 

liculogenesis, although physiological factors and mechanisms involved in the 

ovulation process are not known in decapod Crustacea. 

ACKNOWLEDGEMENTS 

We would like to thank Mrs. M. M. Dougherty, Medical University of South 

Carolina, for technical support in electron microscopic observation. This 

research was supported by U. S. Department of Agriculture via a subcontract 

from the Oceanic Institute (Hawaii). This paper is contribution No. 316 from 

the South Carolina Marine Resources Center. 

REFERENCES 

Anderson, S. L., E. S. Chang & W. H. Clark Jr., 1984. Timing of postvitellogenic ovarian 

changes in the ridgeback prawn Sicyonia ingentis (Penaeidae) determined by ovarian biopsy. 

Aquaculture, 42: 257-271. 

Bray, W. A. & A. L. Lawrence, 1984. Sourcing Penaeus setiferus: A summary of larval production, 
incidence of capture of mated females, and mating incidence by time of day on research 

cruises 1981-1983. Journ. World Maricult. Soc, 15: 11-28. 

Browdy, C. L., 1989. Aspects of the reproductive biology of Penaeus semisulcatus de Haan (Crusta 
cea; Decapoda; Penaeidae). Doctoral thesis, Tel Aviv University, Tel Aviv, Israel, 138 pp. 

Dougherty, M. M. & J. S. King, 1986. A simple rapid staining procedure for methacrylate 
embedded tissue sections using chromotrope 2R and m?thyl?ne blue. Stain Technol., 18: 

709-724. 

Fauvel, C, 1983. Study of the ovary of Macrobrachium rosenbergii (De Man) (Crustacea Decapoda) 

during spawning. Description of ovulation. C. R. Acad. Sei. Paris, 296 (3): 1053-1058. 

King, J. E., 1948. A study of the reproductive organs of the common marine shrimp, Penaeus 

setiferus (Linnaeus). Biol. Bull. Woods Hole, 94: 244-262. 

Tan-Fermin, J. D. & R. A. Pudadera, 1989. Ovarian maturation stages of the wild giant tiger 

prawn, Penaeus monodon Fabricius. Aquaculture, 77: 229-242. 

Received for publication 30 June 1992. 


	Article Contents
	p. [242]
	p. 243
	p. 244
	p. 245
	p. 246
	p. 247
	p. 248

	Issue Table of Contents
	Crustaceana, Vol. 64, No. 2 (Mar., 1993), pp. 129-256
	Front Matter
	A Copepod of the Genus rhodinicola Levinsen, 1878 (Poecilostomatoida, Clausiidae) Parasitic on Clymenura clypeata (Saint-Joseph, 1894) (Polychaeta, Maldanidae) from the Alfaques Inlet (Ebro River Delta, Spain, Western Mediterranean) [pp. 129-136]
	Effects of Starvation upon Survival, Growth and Molting Interval of the Larvae of the Spiny Lobster Panulirus japonicus (Decapoda, Palinuridea) [pp. 137-142]
	Beitrag zur Kenntnis von zwei Psammopsyllus-Arten (Copepoda, Harpacticoida, Cylindropsyllidae) [pp. 143-154]
	Les communautés suprabenthiques bathyales de la Mer Catalane (Méditerranée occidentale): Données préliminaires sur la répartition bathymétrique et l'abondance des Crustacés Péracarides [pp. 155-171]
	Seasonal Distribution of Artemia salina and Branchinella spinosa in a Saline Astatic Pond in South West Sardinia, Italy (Anostraca) [pp. 172-191]
	Moina gouldeni n. sp. (Cladocera, Moinidae) from Central Asia [pp. 192-196]
	Cirolanidae (Isopoda) from French Polynesian Coral Reefs: Description of Three New Species [pp. 197-220]
	New Records of the Deep Sea Crab Chaceon mediterraneus Manning & Holthuis, 1989, in the Western Mediterranean (Decapoda, Brachyura, Geryonidae) [pp. 221-225]
	The Larval Development of a Fresh-Water Prawn, Palaemonetes zariquieyi Sollaud, 1939 (Decapoda, Palaemonidae), Reared in the Laboratory [pp. 226-241]
	Timing of Ovulation in the Atlantic White Shrimp Penaeus setiferus (Linnaeus, 1767) (Decapoda, Penaeidea) [pp. 242-248]
	The Morphology of the First Zoea Stage of Lomis hirta (Lamarck, 1818) (Decapoda, Lomisidae) [pp. 249-255]
	Review
	Review: untitled [p. 256-256]

	Back Matter





