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Abstract: Shrimp aquaculture plays a significant role in the world economy. According to the information of
the Food and Agriculture Organization (FAO) of the United Nations, marine and brackish water shrimp culture
productions have expanded from less than 10, 000 metric tonnes in 1970 more than 4, 000, 000 metric tonnes in
2014. The most of the aquaculture shrimp contribution has come from Penaeus vannamei which accounts 80%
of the whole shrimp production. Although the cultivated shrimp production has rapidly increased during these
years, the annual economic losses due to disease were estimated to be approximately 1 billion US dollar per year
since the early 1990s. Viruses and bacteria mainly cause the diseases of the shrimp. Hence, most of the
published reviews focused on the diseases and production aspects of P. vannamei. However, the biology of
this species is neglected during the last two decades. For better production and health management systems
of this species, it is paramount to have basic and solid knowledge of the biology of P. vannamei. However,
there are limited reviews available on the biology of P. vannamei. This is, thus, we are very motivated to review
of the biology of the shrimp for efficient health management and production of the shrimp. The life cycle of this
species is very complex and it usually takes around 1.5 years to complete the whole life cycle of P.vannamei.
The external morphology of P.vannamei is well described and understood. We also highlighted the basic
internal morphology and physiology of this species. There is limited information on the understanding of
natural behaviour and feeding habits of this animal. Therefore, further studies are needed in future to have solid
knowledge of internal morphology and physiology, natural behaviour and feeding habits of P. vannamei in
order to improve the production and health management systems. 
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INTRODUCTION production is from inland aquacultures [2]. The

Aquatic food production has transformed from which has reached 3.18 million of tonnes with an
primarily based on fisheries to the culture of increasing estimated first sale value of 12.15 billion Euros. The other
numbers of farmed species. According to the statistics of most important species are the black tiger shrimp
FAO [1], the total world aquaculture production was (Penaeus monodon). The production of this species
found around 73.8 million tonnes in 2014. This figure has reached 0.86 million tonnes with a value of 3.22 billion
almost increased by 11% compared to the production of Euros [2].
2012 which was around 66.5 million tonnes[1]. The total Shrimp aquaculture plays a significant role in the
world aquaculture production of crustacean was 6.9 world economy. According to the information of the Food
million tonnes in 2014 with an estimated total value of and Agriculture Organization (FAO) of the United
32.33 billion Euros. This figure of crustacean production Nations, marine and brackish water shrimp culture
is almost increased by 7% compared to the production productions have expanded from less than 10, 000 metric
figures of 2012 (6.4 million tonnes) with a value of 27.60 tonnes in 1970 more than 4, 000, 000 metric tonnes in 2014
billion Euros FAO [1]. Till now, more than 62 crustacean [1]. The most of the aquaculture shrimp contribution has
species have been cultured in aquaculture farms around come from Penaeus vannamei (P. vannamei) which
the world. The mariculture contributes to 60.8% of the accounts 80% of the whole shrimp production. Although
crustacean production. The remaining 39.2% of the the cultivated shrimp production has rapidly increased

production from mariculture is dominated by P. vannamei



World J. Fish & Marine Sci., 10 (2): 05-17, 2018

6

during these years, the annual economic losses due to
disease were estimated to be approximately 1 billion US
dollar per year since the early 1990s [3]. Viruses and
bacteria mainly cause the diseases of the shrimp. The
application of antibiotics in shrimp culture can solve the
problem related to the bacterial diseases. However,
frequent and non-selective use of antibiotics can lead to
the development of bacterial resistance and new disease
development [4]. From the previous reviews and studies, Fig. 1: Schematic drawing of P. vannamei [7]
we understand that most of the published reviews
focused on the diseases and production aspects of P. Penaeus vannamei lives in tropical marine habitats.
vannamei [3 - 6] .However, the biology of this species is The adults of this species live and spawn in the Ocean.
neglected. For better health management and production However, the larvae and juveniles are usually found in
systems of this shrimp species, it is paramount to have inshore water areas such as coastal estuaries, lagoons or
basic and solid knowledge of the biology of P. vannamei. mangrove areas. The females of P. vannamei grow faster
However, there are limited reviews available on the compared to the male of this species. The matured female
biology of the shrimp. This is, thus, we are very motivated of P. vannamei weighing 30-45 g can spawn 100, 000-250,
to review of the biology of shrimp for efficient health 000 eggs. The life cycle of the white leg shrimp is very
management and production of the shrimp. Therefore, the complex (Figure 2). The matured females of P. vannamei
objective of this paper is to review of the biology of white spawn their eggs in the offshore waters [8]. The
leg shrimp, P. vannamei. fertilization occurs in the external environment. The

Biology of Penaeus vannamei: fertilization. After hatching process, the first larval stage,
Taxonomy: The white leg shrimp, Penaeus vannamei [7]
belongs to the phylum Arthropoda, which is defined by
having joined appendages and an exoskeleton or cuticle
which is periodically shed [8]. The taxonomic
classification of P. vannamei as described by several
authors [9 - 11] is as follows:

Domain: Eukarya
Kingdom: Animalia
Phylum: Arthropoda
Subphylum: Crustacea
Class: Malacostraca
Subclass: Eumalacostraca
Superorder: Eucarida contains 19 pairs of body segments (Figure 3). The first
Order: Decapoda five  pairs  of  the segments make up the cephalon part.
Suborder: Dendrobranchiata The next eight pairs of the segments are located in the
Super family: Penaeoidea thorax part. The last six pairs of the segments are found in
Family: Penaeidae the abdomen. The head and thorax are fused together to
Genus: Penaeus form cephalothorax (pereon). The exoskeleton of the
Species: Penaeus vannamei cephalothorax covers the gills and it also protects the gill

Life  Cycle   of  P.   vannamei:   The   white   leg  shrimp, penaeid shrimp has six pairs segments. The swimming
P. vannamei (Figure 1) is native to the Eastern Pacific
coast of Mexico and Northern Peru. This species likes
areas where water temperatures are usually over 25°C the
whole year. The female shrimp grow faster than males.
They shrimp like muddy bottom areas [1].

hatching process of the egg occurs after spawning and

nauplii are released from hatching eggs. Nauplii feed on
the internal reserves of egg yolk sack. The nauplii are
developed in different larval stages by the help of
metamorphosis. The next stages of larvae include
Protozoea, mysis and early stage of post larvae,
respectively. The Protozoea feed on phytoplankton
(unicellular algae), while mysis and early stage of post
larvae feed mainly on zooplankton (rotifer, Artemia and
copepods). The early post larvae develop into a late post
larvae stage, which is very similar in morphology to the
juvenile and adult stages [12, 13].

External Morphology of P. vannamei: The penaeid shrimp

chamber (branchiostegite). The abdomen (pleon) of the

legs (pleopods) are located on the first five pairs of the
segments of the abdomen. The last pair of the segment is
the tail fan. This segment comprises of 2 pairs of uropods
and the telsons which can help a shrimp to jump quickly
backwards in the case of hazardous [14].
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Fig. 2: The production life cycle of P. vannamei [1]

Fig. 3: External morphology of P. vannamei [2]
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Fig. 4: The digestive tract of P. vannamei [2]
Key: E= Esophagus, GM=gastric mill, HP= hepatopancreas, MG=mid gut, HG=hind gut and A= anus

Internal Morphology of P. vannamei
Digestive System: The digestive tract of the penaeidae the gut from mechanical damage, pathogens, toxins and
shrimp is divided into three regions (Figure 4): namely, other harmful chemicals [20]. The hepatopancreas covers
foregut, midgut and hind gut. The embryological origin of a large part of the cephalothorax and it is the master
the epithelial cells in the foregut and hindgut are derived digestive gland. The main functions of this gland are the
from the ectodermal and covered with a cuticle. However, synthesis and secretion of digestive enzymes, absorption
the epithelial cells of the midgut are derived from of nutrients, metabolism of lipid and carbohydrate and
endodermal origin. This region of the gut shows a lack of calcium absorption [17, 18].
cuticle; however, it is lined by a protective peritrophic The hindgut is the terminal part of the digestive tract
membrane [15]. of the  shrimp. The epithelium of this gut is lined with

The foregut starts at the mouth which is located non-calcified cuticle which links the midgut with the anus.
rostroventrally in the cephalothorax region. The rostral The hindgut starts behind the posterior midgut cecum and
part of the foregut is covered by the labrum and mouth bacterial growth has been reported in the hindgut [21].
parts. The appendages around the mouth are packed with Furthermore,  several  authors  have  demonstrated that
mucus secreting glands [16, 17]. The oesophagus is the anus is lined with a thick and calcified cuticle and it
located dorsally to the stomach and it divides the stomach opens onto the surface of the exoskeleton below the
into  two  parts:  the  anterior  and   posterior  chamber. telson [22, 23].
The anterior chamber serves as a gastric mill and muscles
in this chamberhelp the wall of the stomach to move Respiratory System: Gills are the respiratory organs in
easily. The presence of cuticular tooth-like structures in shrimp and other crustaceans. They are attached to the
the anterior chamber functions for the grinding of the pereon by a tubular structure. The genus Penaeus has
food. The posterior chamber serves as a ballow with a pairs of gills, which are enclosed in a branchial chamber
sieve in it. Normally, food passes dorsally over the sieve [9, 24]. The gill structure is classified as dendrobranchiate
which is composed of uniformly spaced cuticular hairs. gills in the shrimp, while it is trichobranchiategills in other
Both liquid and solid particles less than 1 µm can pass via decapods [25]. The dendrobranchiate gill (Figure 5A, B)
the sieve (in the ventral direction) to the hepatopancreas. has paired lateral branches arising from the central
Larger particles pass to the midgut [17, 18]. branchial axis, with a series of subdivided secondary rami

The mid gut extends from the stomach in the coming off each lateral branch (Figure 5B). The
cephalothorax to the hind in the 6  segment of the trichobranchiate gill (Figure 5C, D) is characterized byth

abdomen (pleon). This gut is composed of the anterior serial tubular rami from the central brachial axis. No
midgut ceca, posterior midgut, hepatopancreas (digestive secondary rami are ever present as in dendrobranchiate
gland) and intestine (midgut trunk) [18, 19]. The gills [26]. Gills of the shrimp have a tree like shape which
peritrophic membrane, epithelium, basal lamina, consists of an axis with a series paired branches along its
haemocyte layer (granulocytes) and a connective layer of length. Each branch of the gills gives rise to vertical
the circular and longitudinal muscles and the outer intima filaments. The longitudinal septum separates the primary
are composedof the wall of the midgut [19]. The afferent vessel from the primary efferent vessel. The
peritrophic membrane is produced by the epithelial cells primary afferent vessel supplies blood to the axis of the
in the midgut. The function of the membrane is to protect gills.  The secondary afferent vessels direct the blood into
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Fig. 5A: Dendrobranchiate gills of the genus Penaeus, B: close up of Dendrobranchiate of gill lamellae of the genus
Penaeus, C: Trichobrachiate gills of the genus Stenopus, D: close up of Trichobrachiate of gill lamellae of the
genus Stenopus [26]

the paired branched and they also supply blood to the clotting  mechanism  is  regulated  by clotting proteins.
individual filaments. The gas exchange takes place in the The haemocytes are comparable to white blood cells of
gill lamella. The water blood barrier is found in each the vertebrate. The haemolymph is responsible for
filament and it consists of cuticle, epithelium and basal transport of different nutrients, salt, water and oxygen to
lamina. The barrier involves in allowing rapid diffusion of all tissues. It also plays a major role in the excretion of
gases. The efferent vessel carries oxygenated blood from metabolic waste, excess salts and water [26, 32]. The
the round tip of the filaments to the heart [27]. In addition compositions of haemolymph of shrimp are proteins,
to the respiratory functions, the gillsalso havethe other lipoproteins, glycoprotein, free amino acids, electrolytes
main roles such as salt and water balance, ammonia and metals [33]. Several authors have reported that the
excretion and calcium uptake [24, 28, 29]. The gills are also haemocyanin accounts for 87% of the total haemolymph
involved in the capturing and the elimination of foreign proteins in P. vannamei [34, 35]. In addition to oxygen
particles in the haemolymph particularly bacteria [30]. transport, haemocyanin proteins also have other

Circulatory System: The circulatory system of shrimp defense [38].
consists of a heart, associated conduits and haemal Haematopoietic tissues are located dorsal from of the
sinuses, haematopoetic tissues and lymphoid organs stomach and the tissues often continue towards the
(Figure 6).  Penaeids  and  other   arthropods   have a antennal gland [22, 39]. The Haematopoietic tissues are
semi-open circulatory system. The heart is located made up of lobules of tissue, which produce the
dorsally in the cephalothorax. The haemolymph vessels haemocytes [40]. Therefore, haemocytes are thought to be
leave the heart. Then, the vessels branch into several derivedfrom two main cell lines where one non-granular
times before they end in the sinuses, which are present cell and other cell line produces a granular cell. Four main
throughout the body. The haemolymph passes first cellular types were described in the haematopoietic
through the gills and then after, it returns to the heart by tissues of P. monodon [41]. These cells are type I cells
means of efferent vessels [23, 31]. The haemolymph of (other haemocyte cells), type II cells (non-granular
shrimp and other Crustacean lack the red blood cells or haemocyte cells), type III cells (granular haemocyte) [32]
platelets as seen in vertebrate blood. Oxygen is and type IV cell (interstitial cell) [41]. The other studies by
transported by free flowing hemocyanin proteins and the Dantas Lima  et al.  [42]  have  also   separated   five  main

functions such as energy storage [36, 37] and immune
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Fig 6. Schematic drawing of the circulatory system and associated organs in P. vannamei [46]

Fig. 7: Schematic drawing of the regions of the brain [26]

subpopulations of haemocytes from P. vannamei by These glands include (1) neuroendocrine glands such as
iodixanol  density  gradient centrifugation. These X-organ/sinus gland complex, postcommisural and
subpopulations are (i) subpopulation 1, (ii) subpopulation pericardial organs and (2) the epithelial endocrine glands,
2, (iii) subpopulation 3, (iv) subpopulation 4 and (v) which include the Y-organ, mandibular organ and
subpopulation 5 [42]. The lymphoid organs are a pair of androgenic glands [16, 47].
nodular structures which are located on a major artery at
the craniodorsal surface of the hepatopancreas [22, 40]. Reproductive System: In penaeids shrimp, the
The primary functions of these organs are the elimination reproductive tract of males includes paired testes, a vas
of bacteria and infected virus-infected cells [41, 43, 44]. deferens  and  ejaculatory  ducts  or  terminal ampoules

Nervous System: The nervous system of shrimp and up of convoluted seminiferous tubule which surrounded
other crustacean is composed of the brain which is by haemal sinuses. The spermatids are produced in the
located dorsally in the cephalothorax and it is connected spermatogonia which are differentiated from germinal cells
to the ventral cord by two connectives which pass around in the testes [48]. The spermatozoa (spermatids) of
the esophagus [26]. The brain is composed of three decapods are non-motile and non-flagellate compared to
regions (Figure 7), namely: protocerebrum, the other invertebrates [26]. The maturation of the
deuterocerebrum and tritocerebrum [26]. In shrimp, the spermatids takes place in the different regions of the
paired thoracic and abdominal ganglia are medially fused, seminiferous tubule. The petasma and appendix masculine
but the paired connectives separate the ganglia of of  the  male  abdominal appendages are used for
adjacent segments from the thoracic and abdominal delivering sperm cells to the external thelycum of the
ganglia [26, 46]. The central nerve is regulated via female which is located between the bases of the fifth
neurohormones secreted by two main divisions of glands. walking legs [8].

[26, 48]. The testes are multi-lobed and each lobe is made
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The reproductive tract of the female is composed of labyrinth, proximal and distal tubules and bladder [16, 22,
paired ovaries which extend from the mid thorax to the 26]. Embryologically, the end sac is derived from the
posterior end of the pleon and oviducts which terminate mesoderm. The wall of coelomosac is composed of a
adjacent to a single thelycum. The oviducts play a role in single layer of podocytes which is lined by a basal lamina.
leading the eggs to the gonophores. The eggs exit to the The function of podocytes is ultra filtration, which has a
external environment via the gonophore which is located similar role with that of the vertebrate glomerular nephron
on the 3  walking legs (pereiopods) [26]. In shrimp, the [16].rd

thelycumis used for receiving the spermatophores and it The labyrinth (Figure 9B-G) is made up of a network
is located between the bases of the 4  and 5 walking legs of coiled simple columnar epithelial cells. It has two cellth th

of the female shrimp. The white leg shrimp has an open types:  namely,  (i)  labyrinth I cells characterized by
thelycum system. Thus, the spermatophore should be having tall columnar cells with basal nuclei and apical
placed on the thelycum by the male within hours of membrane and (ii) labyrinth II which has cells with shorter,
spawning. The presence of spermatophore on a female is with  central  nuclei,  brush  border  and larger vacuoles.
the sign of mating [8]. In shrimp, the labyrinth is located and scattered

Integument System: Integument of the penaeid shrimp is involved in the movement of ions and reabsorption of
forms an exoskeleton (cuticle) which covers all the proteins. The proximal and distal tubules serve as the
external surfaces and some of the insides as well. It conduit between the labyrinth and the bladder [16].
protects the body of the shrimp; the integument is a The bladder is a large multi-lobed structure which can
physical barrier which prevents the entrance of pathogens be used as a reservoir for urine storage. It may also have
into the body [49, 50]. The histological structure of the a role in the final urine modification [26]. The bladder has
cuticle consists of outer epicuticle, exocuticle, endocuticle epithelial cells similar to the labyrinth [16]. The urinary
and  the  inner membranous layer [51]. The cuticle is a bladder is connected to the nephropore (Figure 9A) via a
mineralized tissue which is composed of different ureter [22, 56]. The nephropore is a cuticular wave like
histological structures such as connective tissues, split  protruding  at the base of the second antennae,
proteins, carbohydrate, lipid and calcium salt [52, 53]. which is controlled by a sphincter muscle system [57].
However, the compositions of the cuticle are affected by The haemolymph can supply oxygen and nutrients to the
the different moulting cycles [51]. Moulting is a complex base of the epithelial cells of the labyrinth with the help of
process for the growth by which a shrimp sheds the old capillaries. Haemolymph bathes the antennal glands and
cuticle and produces a new one. Several authors have it flows to the hemocoel through a series of channels in
also demonstrated that the moulting cycle can influence the glands. Different authors have reported that the urine
other functions such as development, growth, of P. vannamei remains isosmotic with that of
regeneration, hematopoietic and defenseresponse [35]. haemolymph [35, 58]. The known main functions of the
Several authors have reported that there are five major antennal glands are osmotic and ionic regulations,
moulting stages. These are namely: earlypost-moult and maintenance of haemolymph volume, gastric acidification
late post-molt stages (A and B), inter-moult stage (C), and heavy metal detoxification, excretion of nitrogenous
early pre-moult and late pre-moult stages (D1 and D2) and waste (ammonia and urea) and storage of urine [21, 35, 58].
moulting stage (E) [35, 54]. Moulting is controlled by
neurohormones. However, it is also affected by Immune System of P. vannamei: The innate immune
environmental factors like temperature, light and salinity.
These factors can also influence metabolism and
neurohormones production [55].

Excretory System: The antennal glands are the main
excretory organs of shrimp and other crustaceans and
these glands are located at the base of secondary
antennae. The excretory (nephropore) exists on the coxa
of the antenna. These glands are composed of four
regions (Figure 8): namely, end sac (coelomosac),

throughout the anterior part of the pereon. The labyrinth

system of the crustacean mainly reacts against
pathogenic microorganisms. However, some authors
hypothesize that crustaceans are also capable of
exhibiting a specific immune response via antibody
independent mechanisms [59]. For example, when shrimp
are injected with antigens, these vaccines like treatments
somewhat temporarily increased resistance or tolerance
the pathogen from which the antigen was originally
derived  [60].  The shrimp’s innate immune system has
both  cellular  and  humoral  immunity components to fight
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Fig. 8: Schematic drawing of the antennal gland of the shrimp [26]

Fig. 9: Ultrastructural features of the antennal gland: A: nephropore (arrow) at base of the antennal pendicle, B:
Labyrinth region of the antennal gland; arrow indicates region that exists to the proximal tubule, C: close up of
the convoluted cell layers of the labyrinth, D: region of labyrinth that leads to the proximal tubule, E:
ultrastructure of the labyrinth cells; note centrally located nucleus (n), F: close up of brush border labyrinth cells;
note mitochondria (m) and long microvilli, G: close up of mitochondria packed within the basal lamina indicated
in arrow E [26]

invading microbes [61]. The cellular immunity involves Of all the cellular components of the crustacean
nodulation, melanization, encapsulation and innate immune system, the cellular melanotic
phagocytosis, while the humoral immune component encapsulation is the most efficient mechanism against
includes antimicrobial peptides, anti-oxidant defense foreign antigens. The complex melanization cascade
enzymes, proteinase inhibitors, prophenoloxidase- requires the circulating haemocytes and several
activating system (proPO system), antimicrobial peptides, associated proteins of the prophenoloxidase (proPO)
lectins, reactive oxygen species (ROS), lysosomal activating system [64]. This system is one of the more
enzymes, blood clotting cascade and agglutinins and potent humoral components of many crustaceans. The
cytokine like factors [61, 62]. The immune system of proPO activating system plays a major role in non-self
shrimp can involve in different functions such as recognition that occurs in the innate immune response
recognizing foreign antigens, killing different types of through  accompanying  with the cellular responses.
pathogens and limiting the host’s tissue damage [63]. These responses  include  the  attraction   of  haemocytes
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which leads to initiation of phagocytosis, melanization, CONCLUSION
cytotoxic reactant production, encapsulation, the
formation of nodules and capsules [64]. The proPO
activating system also has different roles in other humoral
responses such as reactive oxygen species (ROS),
antimicrobial peptides and lysozymes [65, 66].

Based on the type and size of cytoplasmic granules
present in the haemolymph cell, the crustaceans have
three different types of haemocytes subpopulations,
namely: hyaline cells, semi-granular and granular
haemocytes [31, 67]. However, the recent studies
conducted by [42] have categorized the subpopulations
of haemocytes from the P. vannamei into five groups of
cells.  According  to this classification, the cell types are
(i) subpopulation 1, (ii) subpopulation 2, (iii)
subpopulation 3, (iv) subpopulation 4 and (v)
subpopulation 5 [42]. The hyaline cells account for 5-20%
of the haemocyte population. These cells are ovoid to
spindle shaped and they are smaller than the other three
types. The semi-granular cells represent (60-75%) of
haemocyte subpopulations. The remaining granulocytes
cells represent around 10-25% of the haemocyte
population [68].

The detailed functions of the different
subpopulations of shrimp haemocyte have not yet been
well described. However, some studies indicated that the
hyalinocytes perform the phagocytosis role by releasing
anti-microbial  and  pro-inflammatory  compounds [42].
The semi-granular cells perform different functions such
as encapsulation [69], phagocytosis [70], storage and
release of the proPO system [71] and cytotoxicity role [72].
These cells take up and digest the foreign particles inside
the phagolysosomes by using respiratory burst
mechanisms which produce lysozymes and reactive
oxygen species. The granulocytes are the main source of
the proPO system which plays an important role for
encapsulation and nodulation during combat of fungi and
bacteria, respectively [73]. Several studies are mainly
focused on antifungal, anti-parasites and anti-bacterial
responses rather than anti-viruses responses [65, 66].
However, the RNA interference (RNAi) is one of the few
well-described pathways which play a major role in the
crustacean antiviral immune response [74]. The other
studies by [75] reported the discovery of an antiviral
gene, PmAV from P. monodon shrimp. This gene may
provide a clue to explain the innate antiviral immunity of
shrimp and it may be helpful to control shrimp viral
disease [75, 76].

Shrimp aquaculture plays a significant role in the
world economy. The most of the aquaculture shrimp
contribution has come from P. vannamei which accounts
80% of the whole shrimp production. The life cycle of this
species is very complex and it usually takes around 1.5
years to complete the whole life cycle of P.vannamei.
However, the life cycle of this shrimp takes around 6
months to reach a market size for human consumption.
The external morphology of P.vannamei is well described
and understood. However, there is no solid knowledge of
the internal morphology and physiology of this species
particular in areas of nervous system development and
structure. Further, there is limited information on the
understanding of behavior and feeding habits of this
animal. Therefore, further studies are needed in future to
have solid knowledge of internal morphology and
physiology, natural behaviour and feeding habits of P.
vannamei in order to improve the production and health
management systems. 
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