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			Abstract

			Phylogeographic studies of Penaeid shrimps have revealed genetic divergence among populations between known biogeographic barriers in the western Indian Ocean, between the Bay of Bengal and the south-eastern Africa, and across the Sunda-Shelf and the Isthmus of Kra. The phylogeographic lineages identified should be considered as evolutionary significant units (ESUs) or conservation units and should be considered in the management of the Penaeids, both in aquaculture and fisheries in order to maintain the large diversity within the species in the Indo-Pacific region. 

		

		
			Introduction

			The penaeid shrimps represent about 30 species [1], including some of the most commercially important for both aquaculture and capture fisheries. They belong to the genus Penaeus sensu lato [2], which is a giant group of marine shrimps or prawns [3,4] with six subgenera [5-7]. Pérez Farfante and Kensley (1997) ranked the six subgenera as genuses (i.e. Fenneropenaeus, Penaeus, Farfantepenaeus, Litopenaeus, Melicertus, Marsupenaeus). However, several studies, based on variation in mitochondrial and nuclear genes, refuted the recent taxonomic revision of Penaeus s.l. proposed by Pérez Farfante and Kensley (1997) and even the formation of previous six subgenera [1,3,4]. The taxonomic revision of Penaeus s.l. was considered to be controversial as its monophyly was supported [1,4]. Thus, phylogenetics of penaeid shrimps has been a debated issue and several species are known for a large molecular variation. 

			Phylogeography is an important tool to study the historical processes associated with geographical distributions of individuals [8,9]. It can play an important role in defining evolutionary significant units (ESUs) or conservation units characterized by reciprocally monophyletic mitochondrial DNA lineages [10] and in understanding how the range of species changed due to historical biogeographical processes [9] e.g. after the last glacial period of Ice Age. It can provide a valuable platform for studying selection and adaptation of organisms which is enriched by an understanding of the biology and ecology of the studied organisms [11]. A number of studies have applied at different depth, using mitochondrial DNA and nuclear markers to 

infer genetic patterns in prawns and shrimps and have revealed distinct lineages associated with known biogeographic barriers i.e. the Sunda-Shelf [12-22] and the Isthmus of Kra [23,24,]. The phylogeographic patterns in the Indo-West Pacific region can be explained largely by historical sea-level fluctuations associated with the known biogeographic barriers: the Sunda-shelf and the Isthmus of Kra, which connected the Malay Peninsula, Sumatra, Java and Borneo with extensive land bridges at 50m depth contour below present level around 11kyrs ago [25]. The main aim of the review is to unveil the recent phylogeographic patterns of the major Penaeid prawn and shrimp species.

			Phylogeography of Penaeid Shrimps

			The genus Penaeus is considered to have originated in the center of the Indo-West Pacific region and dispersed eastward and westward forming two groups (i.e. western Pacific and Indian Oceans), which spread during the Tertiary and Pleistocene periods [12,18]. Such diversification has also been observed within Penaeus monodon [2] where populations east and west of the Sunda-Shelf are characterized by distinct mtDNA lineages [14]. Based on mtDNA, P. monodon populations in the Indo-Pacific region are broadly structured as three groups, i.e. in South-East Africa, South and South-East Asia and the Pacific [14,15,18]. The South and South-East Asia populations are further divided into two groups, west and east of the Sunda-shelf [2,14,15,26]. The populations in the South-East Africa group are unique and genetically differentiated from the other main groups, which are partially admixed [2,15,26]. Due to the large divergence between South-East Asia and South-East Africa haplotypes, the South-East Asia populations are considered to have migrated towards the Indo-West Pacific region [14]. Studies based on the mitochondrial control region (CR), group the haplotypes into three monophyletic lineages (A, B and C) [16,17]. The most recent common ancestor of the three monophyletic CR lineages (A, B and C) dated back to 13.2 (CI: 9.6 - 17.4) Mya, and 8.2 (CI: 5.6 - 10.8) Mya for lineages A and B [21]. Individuals in lineage C were found in all specimens in west of the Sunda-Shelf from Madagascar to Bangladesh, except for two specimens from Sri Lanka [21]. Lineages A and B were solely found in populations from the south-east Asia and the Pacific Ocean regions. The distances between populations based on the 16S rRNA gene provide further support for the split based on CR. The large divergence in the CR region between these three groups suggest they may even be different cryptic species [21]. 

			Analyses of phylogeographic patterns in Fenneropenaeus indicus (H. Milne-Edwards 1837) have similarly reavealed distinctive groups, confining two main phylogeo­graphic lineages or even cryptic species. One group is found in the eastern (includes Bangladesh, Sri Lanka, India and West Australia) and the second in the western Indian Ocean regions (includes South-Eastern Africa, Oman and Iran, and a single individual from Thailand), which diverged well before the onset of Ice age 5.4Myr ago [22]. A further split is observed within the eastern group which has occurred during the Ice Age [22]. 

			Phylogeographic analysis of Penaeus semisulcatus De Haan 1844 showed clear patterns in the Indo-West Pacific region with a split across the Sunda-Shelf. The Indian Ocean samples (Bangladesh, Sri Lanka, India, Malaysia and Iran) clustered together in a West Sunda-Shelf group but the samples from China and Philippines clustered in an East Sunda-Shelf group [20]. Individuals from Iran showed admixture of two lineages and high nucleotide diversity, one shared with Bay of Bengal and possibly western Indian Ocean populations and one distinct [20]. Two main lineages were observed in Metapenaeus monoceros (Fabricius 1798): one in the eastern Indian Ocean, including individuals from Bangladesh, and the second in the western Indian Ocean, including individuals from Kenya and Tanzania [19]. 

			Discussion

			The phylogeography and the diversity of the penaeid prawn and shrimps show different mtDNA lineages or evolutionary significant units (ESUs) in different regions of the Indo-Pacific Oceans which can be linked to the east and west biogeographic zones of the Sunda-Shelf and the western Indian Ocean Province [19-22]. The evidence for these phylogeographic splits varies somewhat among the species. The overall phylogeographic patterns in the studied prawn and shrimps, based on mitochondrial DNA markers, closely follows the geographic structure in the West Indo- Pacific region, where neighbouring populations are generally more similar to each other than those sampled from further away [19-22]. In general, two to four phygeo­graphic lineages or ESUs, associated with different known biogeographic barriers, were observed for the studied species: 

			
					The western Pacific Ocean, west of the Sunda-Shelf (includes P. monodon, P. semisulcatus, M. rosen­bergii), 

					The South-East Asia, aroud the Sunda-Shelf but south-east of the Isthmus of Kra (includes P. monodon, M. rosenbergii), 

					The Bay of Bengal region, west of the Sunda-Shelf and the Isthmus of Kra (includes F. indicus, P. monodon, P. semisulcatus, M. monoceros, M. rosenbergii) and 

					The south-eastern Africa (includes F. indicus, P. monodon, M. monoceros, possible P. semi­sulcatus), coming from a different biogeographical province, the Western Indian Province [11,19-22]. 

			

			An additional lineage of F. indicus was observed between the Bay of Bengal and the western Indian Ocean, in India and Sri Lanka [20]. 

			Biogeographic events related to the Sunda-Shelf are known to have affected diversification of marine organisms in the Indo-West Pacific region [27,28], and have been proposed to explain the splits (among South Pacific, eastern Australia and south-east Asia) and a split (between eastern Indian Ocean and western Pacific) within P. monodon as the two oceans were completely separated at certain times during the Tertiary and Pleistocene periods [18]. The oldest divergence within P. monodon (estimated as the most recent common ancestor for all lineages), based on the mutation rate for the CR, predates the main temperature fluctuations and sea level changes, which started around 5.6 Mya or at the onset of the Pleistocene, when the Indian and Pacific Oceans were completely separated with extensive land bridges [14,25]. An admixture of all lineages may have occurred around the Sunda-Shelf in Indonesia, Thailand, Vietnam and China, when the Indian and Pacific Oceans connected through the Sunda-Shelf or even after the last glacial period [29]. The admixture appears to have been directional, as lineage C of P. monodon from the Bay of Bengal area, rather than from the distinct African populations as proposed by Benzie et al. [14], may have migrated eastwards through the region, but only a small number of lineage A individuals have been found west of the region, in western Thailand and Sri Lanka. Baldwin et al. [12] concluded that the Penaeus genus originated in the center of the Indo-West Pacific region and migrated eastwards and westwards forming two groups, in the eastern Pacific and the Indian Ocean. Such divergence has been reported for other Indo-West Pacific species, e.g. in mud crab (Scylla serrata; Forskal 1775) [27], kuruma shrimp (Penaeus japonicus; Bates 1888) [28]. The Sunda-Shelf may not be the only geographic barrier in the Indian Ocean [22]. The large split between the African samples and the samples from India, Sri Lanka and Bangladesh might have occurred due to large geographical distances [22], and due to different surface and subsurface equatorial ocean currents in western Indian Ocean [30].  A strong concordance between intrspecific and biogeographic boundaries have also been reported for several other marine species [31-37].

			Conclusion

			To conclude, this review provides an increased knowledge on the phylogeography of penaeid shrimps where distinct lineages should be considered as evolutionary significant units (ESUs) or conservation units, which need regional cooperation for conservation and management. The large diversification observed in the mtDNA have revealed hidden diversity or even cryptic species which warrants further evaluation of the morphological and genomic divergence of these species.
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