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Abstract

The ovigerous female of Palaemon sewelli (Kemp, 1925) was collected from Korangi Creek (Karachi, Pakistan) and kept in the
laboratory. The larvae hatched after 7 days and survived until Zoea IV within 5 days at room temperature 29 °C-31 °C in filtered
seawater with a salinity of 35-37 parts per thousand and a pH of 7.5-7.9. In order to feed the larvae, Artemia nauplii was used. The
larval developmental stages are described, illustrated and compared with those of its congener’s larvae known previously.
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1. Introduction

As the second most species-rich group among the Decapoda,
the infraorder Caridea is the most specious shrimp group in the
world. Globally, approximately 3000 species of carideans have
been rescored (Grave and Fransen, 2011) [,

The family Palaemonidae species live in freshwater, estuarine
and marine environments in Pakistan. Most Palaemon species
are tolerant of low salinities, including brackish water estuaries
and bays as well as fresh water. Marine and estuarine species
have relatively small and numerous eggs, and their larvae
undergo a complex larval development including 13 stages
before becoming juveniles (Kazmi and Kazmi 2010) [,

Among some carideans, there may be two distinct
developmental modes that are not taxonomically related, one
abbreviated with the elimination of zoeal stages and the other
nearly direct development in postlarval stages, which are
eliminated or are morphologically advanced and more adult-like
as a result of metamorphosis from the larval stage (Rabalais and
Gore, 1985) B,

In the literature, few reports have been published on caridean
larvae in Pakistan (Tufail and Hashmi, 1965; Yaqoob, 1980,
1987; Barkati, 1980; Tirmizi and Kazmi, 1986; Ghory and
Siddiqui, 2001; Ghory et al., 2005, 2011, 2016, 2022; Ghazi et
al., 2006; Siddiqui and Ghory, 2006; Ghory and Kazmi, 2009,
2014, 2018, 2022; Kazmi et al., 2019) 21 This paper
describes and illustrates the morphology of Palaemon sewelli
from the first to the fourth zoeal stages.

1.1 Distribution: It is found in tropical and temperate climates.
1.2 Habit and Habitat: It occurs in brackish water.

Fig 1: Palaemon sewelli (Kemp, 1925), Ovigerous female

2. Materials and Methods

From Korangi Creek (Lat. 24° 48' 4.5216" N, Long. 67° 9'
15.7716" E), we obtained an ovigerous female of Palaemon
sewelli (Kemp, 1925). During the study, the ovigerous female
was kept in filtered seawater with a salinity of 35-37 and pH of
7.5-7.9 at room temperature (29 °C -30 °C). We separated
newly hatched larvae and placed five larvae per beaker (500ml)
of filtered seawater. The nauplii of Artemia were served as
food. We examined each beaker daily for dead larvae and
exuviae. Glycerin plus formalin (3:1) was used to prepare
temporary slides. Under a binocular microscope (Nikon) with
10x/21 magnifications, specimens were dissected with tungsten
needle. Olympus BX51 microscope (magnifications
WHN10X/22 x10, 20 and 40) with Nomarski interference
contrast and camera lucida attachment was used to make the
illustrations. We measured the illustrated specimens using a
stage micrometer (millimeter = mm). From the tip of the
rostrum to the mid posterior border of the telson, we measured
the total length (TL). The spent female and the remaining larvae
were preserved in formalin and stored at the Marine Reference
Collection and Resource Centre, University of Karachi.

Table 1: Observations on Palaemon sewelli (Kemp, 1925) larval
stages and the time of first appearance.

Stage | Days elapsed after hatching 'I:rlf) flsllse?rgtmh)
Zoea | 2 days 1.43 mm + 1.54 mm
Zoealll 1 day 01.93 mm + 02.00 mm
Zoea lll 1 day 2.03 mm £ 2.06 mm
Zoea IV 1 day 3.65 mm £ 3.80 mm
3. Results

3.1 Description of the larvae
3.1.1 Zoea I (Fig. 2A -1J)
Diagnostic Features.-
Carapace (Fig. 2A).- Smooth; rostrum long, reaching near 1st
antennular peduncle; eyes sessile.
Antennule (Fig. 2B).- Peduncle 2-segmented, distal segment
with a long plumose seta; outer ramus (exopod) with 3
aesthetascs and 1 seta.
Antenna (Fig. 2C).-Biramous, endopod with a long plumose
seta; exopod (scaphocerite) with 10 long plumose setae.
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Mandible (Fig.2D).- Well developed.

Maxillule (Fig.2E).-Coxal endite with 4 plumodenticulate setae;
basial endite with 2 cuspidate and 2 plumodenticulate setae;
endopod with a single plumodenticulate seta.

Maxilla (Fig.2F).- Coxal and basial endites bilobed with 1 + 2
and 3 + 4 plumodenticulate setae, respectively; endopod with 2
plumodenticulate setae; scaphognathite with 4 setae.

Maxilliped 1 (Fig.2G).-Coxopod naked; basipod with 7
plumodenticulate setae; endopod 3-segmented with 0,1 and 4
plumodenticulate  setae, respectively; exopod partially
segmented with 5 long plumose natatory setae.

Maxilliped Il (Fig.2H).-Coxopod broken; basipod with 1 seta;
endopod 3-segmented with 0,3 and 2 plumodenticulate setae,
respectively; exopod 3-segmented with 2,2 and 2 plumose
natatory setae

Maxilliped 11 (Fig. 2I).-Coxopod broken; basipod naked;
endopod 5-segmented with 1,0,0,2 and 2 plumodenticulate setae
; exopod 3-segmented with 2,2 and 2 plumose natatory setae.
Pereiopod I-V (Fig.2J).- Rudimentary.

Abdomen (Fig.2A).- 5 somites.

Telson (Fig.2A).- Triangular; posterior margin with 6 pairs of
plumose setae and 1 pair of spines.

L B.C.G-J
0.25mm A

Imm

4 D-F

0.25mm

Fig 2: Palaemon sewelli (Kemp, 1925) Zoea I: A, entire, dorsal view;
B, antennule; C, antenna; D, mandible; E, maxillule; F, maxilla, G - I,
maxillipeds I - I11; J, pereiopods I-V.

3.1.2 Zoea Il (Fig. 3A-L)

Diagnostic Features

Carapace (Fig. 3A).- with 1 epigastric spine.

Antennule (Fig. 3B).- Peduncle 2-segmented with 7 (5 simple
and 2 plumodenticulate setae) and 1 plumodenticulate setae;
outerramus (exopod) with 4 aesthetascs and 1 plumodenticulate
seta.

Antenna (Fig. 3C).-Biramous, endopod with 3 plumose setae;
exopod (scaphocerite) with 9 long plumose setae.

Mandible (Fig. 3D).- Well developed.

Maxillule (Fig. 3E).-Coxal endite with 5 plumodenticulate
setae; basial endite with 4 cuspidate and 1 seta; endopod with a
single plumodenticulate seta.

Maxilla (Fig. 3F).- Coxal and basial endites bilobed with 3 + 3
and 4 + 1 plumodenticulate setae, respectively; endopod with 1
plumodenticulate seta; scaphognathite with 6 setae.

Maxilliped | (Fig. 3G).- Coxopod naked; basipod with 6
plumodenticulate setae; endopod 3-segmented with 0,1 and 4
plumodenticulate setae, respectively; exopod 2-segmented,
terminal segment with 2 terminal and 4 subterminal plumose
natatory setae.

Maxilliped Il (Fig. 3H).-Coxopod and basipod broken; endopod
3-segmented with 1,0 and 7 plumodenticulate setae ; exopod 3-
segmented with 0,1 and 4 (2 terminal and 2 subterminal)
plumose natatory setae.

Maxilliped 111 (Fig. 31).-Coxopod and basipod naked; endopod
5-segmented with 0,2,0,2 and 5 plumodenticulate setae; exopod
3-segmented with 0,4 and 4 (2 terminal and 2 subterminal) long
plumose natatory setae respectively.

Pereiopods 1-V (Figs. 3 J-L).- Pereiopod | and Il (Figs. 3J and
K), biramous, pereiopod | (Fig. 3J) with 2-segmented endopod,
distal segment with 4 plumodenticulate setae; exopod 2-
segmented, distal segment with 2 terminal and 4 subterminal
plumose natatory setae; pereiopod Il (Fig. 3K), endopod 4-
segmented with 2,1,3;and 2 plumodenticulate setae,
respectively; exopod with 4 terminal and 4 subterminal setae;
pereiopods I11-V (Fig. 3L) rudimentary.

Abdomen (Fig.3A).- 5 somites.

Telson (Fig. 3A).- Triangular; posterior margin with 6 pairs of
plumose setae and 1 pair of spines.

Fig 3: Palaemon sewelli (Kemp, 1925) Zoea II: A, entire, dorsal
view; B, antennule; C, antenna; D, mandible; E, maxillule;F, maxilla,
G - I, maxillipeds I - 111; J, K, pereiopods I, II;L, pereiopods 11 - V.

3.1.3 Zoea Il (Figs. 4A - 5E)
Diagnostic Features
Carapace (Fig.4A).- with 2 epigastric spines.
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Antennule (Fig.4B).-Biramous; peduncle 3-segmented with 5
setae and 2 spines, 0 and 5 plumodenticulate setae, respectively;
inner ramus (endopod) with 2 setae; outer ramus (exopod) with
4 aesthetascs.

Antenna (Fig.4C).-Biramous; endopod 6-segmented, distal
segment with 2 plumose setae; scaphocerite with 1 distolateral
spine and 14 marginal plumose setae.

Mandible (Fig. 4D).- Incisor and molar processes well
developed.

Maxillule (Fig. 4E).-Coxal endite with 6 plumodenticulate
setae; basial endite with 4 cuspidate and 3 plumodenticulate
setae; endopod with a single plumodenticulate seta.

Maxilla (Fig. 4F).-Coxa and basis bilobed with 5 + 4 and 4 + 2
setae, respectively; endopod with 1 seta; scaphognathite with 9
setae.

Maxilliped | (Fig. 4G).- Coxopod naked; basipod with 6
plumodenticulate setae; endopod 3-segmented with 0,1 and 4
plumodenticulate setae, respectively ; exopod 3-segmented,
distal segment with 4 (2 terminal and 2 subterminal) long
plumose natatory setae.

Maxilliped 1l (Fig. 4H).-Coxopod broken; basipod naked;
endopod 3-segmented with 1,0 and 6 plumodenticulate setae ;
exopod 4-segmented with 0,2,2 and 4 setae.

Maxilliped 11 (Fig. 4l).-Coxopod broken; basipod naked;
endopod 5-segmented with 0,2,2, 3 and 3 plumodenticulate
setae; exopod with 8 (4 terminal and 4 subterminal) long
plumose natatory setae respectively.

Pereiopods I-V (Figs.5A- D).- Biramous, pereiopod | (Fig.5A),
endopod 4-segmented with 0,1,3 and 2 plumodenticulate setae;
exopod with 2 terminal and 4 subterminal long plumose
natatorysetae; pereiopod Il (Fig.5B), endopod 5-segmented with
0,1,1,5 and 3 plumodenticulate setae ;exopod with 4 terminal
and 4 subterminal plumose natatory setae; pereiopod Il
(Fig.5C), endopod 5-segmented with 0,2,1,3 and 2
plumodenticulate setae, respectively; exopod with 2 terminal
and 6 subterminal long plumose natatory setae; pereiopods IV
and V (Figs. 5D), rudimentary.

Telson (Fig. 5E).- Posterior margin with 4 pairs of plumose
setae; uropod well developed; endopod with 3 and exopod with
11-13 long plumose setae.

0.25mm

Fig 4: Palaemon sewelli (Kemp, 1925) Zoea Ill: A, lateral view of carapace; B, antennule; C, antenna; D, mandible; E, maxillule; F, maxilla, G - 1,
maxillipeds | — 111.
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Fig 5: Palaemon sewelli (Kemp, 1925) Zoea IlI: A - C, pereiopods I -
I11; D, pereiopods V- V; E, telson with uropods.

3.1.4 Zoea IV (Figs. 6A — 7F)

Diagnostic Features

Carapace (Fig.6A).- With 3 epigastric spines.

Antennule (Fig.6B).-Biramous; peduncle 2-segmented with 10
and 4 setae, respectively; inner ramus (endopod) with 2 setae;
outer ramus (exopod) with 4 aesthetascs and 1 plumodenticulate
setae.

Antenna (Fig. 6C).-Endopod 3-segmented, terminal segment
with 3 setae; scaphocerite with 1 distolateral spine and 14 setae.
Mandible (Fig. 6D).- Well developed.

Maxillule (Fig. 6E).-Coxal endite with 5 plumodentidulate
setae; basial endite with 4 cuspidate and 3 plumodenticulate
setae; endopod with a single plumodenticulate seta.

Maxilla (Fig.6F).-Coxopod and basipod bilobed with 5 + 3 and
4 + 2 plumodenticulate setae, respectively; endopod with 1
plumodenticulate seta; scaphognathite with 9 setae.

Maxilliped | (Fig.6G).- Coxopod naked; basipod with 7
plumodenticulate setae; endopod 3-segmented with O, 1 and 4
plumodenticulate setae ; exopod 2-segmented, distal segment
with 4 long plumose natatory setae.

Maxilliped Il (Fig. 6H).-Coxopod broken; basipod with 3 setae;
endopod 3-segmented with 0,2 and 4 plumodenticulate
setae;exopod 4-segmented with 0,2,2 and 4 plumose natatory
setae.

Maxilliped 111 (Fig. 61).-Coxopod broken; basipod with 2 setae;
endopod 4-segmented with 1,0,3 and 2 plumodenticulate setae;
exopod with 8 (4 terminal and 4 subterminal) long plumose
natatory setae respectively.

Pereiopods I-V (Figs.7A-E).- Pereiopod -1V biramous,
pereiopod I (Fig.7A) basipod with 1 seta; endopod 4-segmented
with 2,0,3 and 3 setae, respectively; exopod with 4 terminal and
4 subterminal plumose setae; pereiopod Il (Fig.7B) basipod
with 1 seta; endopod 5-segmented with 0,0,0,2 and 2
plumodenticulate setae, respectively; exopod 4 terminal and 2
subterminal plumose setae; pereiopd Il (Fig.7C) endopod 5-
segmented with 1,0,0,3 and 4 plumodenticulate setae,
respectively; exopod with 2 terminal and 6 subterminal long
plumose natatory setae; pereiopod IV (Fig.7D), basipod with 1
plumodenticulate seta; endopod 5-segmented with 1,0,0,3 and 2
plumodenticulate setae; exopod with 2 terminal and 4
subterminal plumose natatory setae; pereiopod V (Fig.7E)

endopod 5-segmented with 1,1,2,2 and 2 setae; terminal
segment ending in a strong spine.

Abdomen (Fig. 6A).- Fifth abdominal somite with a pair of
rather large posteriolateral spine.

Telson (Fig. 7F).- ).- Posterior margin with 4 pairs of plumose
setae; uropod well developed; endopod and exopod with several
long plumose setae.

me g AG
 D-F

Fig 6: Palaemon sewelli (Kemp, 1925). Zoea IV: A, entire, lateral
view; B, antennule; C, antenna; D, mandible; E, maxillule; F, maxilla,
G - I, maxillipeds | — 111.

Fig 7: Palaemon sewelli (Kemp, 1925). Zoea IV: A - E, pereiopods | —
V; F, telson with uropods.

4. Discussion

Understanding the adult life history of a species relies heavily

on the lifespan and morphology of the larval stages, which are

only obtained through studying reared specimens. A

phylogenetic relationship can be characterized by larval
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descriptors (Ng and Clark 2000; Felder and Martin 2003; Anger
2006) 21 -2 especially if the adults are difficult to distinguish
(Ng and Clark 2000; Cuesta and Anger 2001) 21 241 As well,
morphological descriptions of larval stages of decapods reared
in laboratory are important tools for identifying planktonic zoea

(Muzio et al., 2018) 3],

identification.

As the adults of Palaemon sewelli Kemp (1925) resemble
Palaemon eteshornelli (now Leandrites celebensis), whose
larvae have been described by Pillai (1974) 28 Palaemon
sewelli is often confused with P. serrifer. However, as shown
here (Table 2), larvae differ in several ways that enable their

Table 2: Comparative study of zoea | - IV of Palaemon sewelli (present study) raised in the laboratory and its congeners P. concinus, P.
semmelinkii, P. pacificus and P. serrifer.

Zoea |
P sewelli P. semr_nelinkii P. pacificus P. concinus P. serrifer P. pacificus _
Characters preéent study Jagadisha & Han & Hong Pilléi (1979) 29 Shy et al. (2005) | Ghory & Kazmi
Sankolli (1977) 27 (1978) 28 [30] (2014) 471
Total length 1.43mm - 1.54mm 2.35mm 2.10mm- 2.28mm [2.37mm-2.62mm| = --------- 2.08mm-2.59mm
Carapace: epigastric spines absent absent absent absent one spine present present

Antennule: aesthetascs

3 aesthetascs

4 aesthetascs

4 aesthetascs

3 aesthetascs

2 aesthetascs

3 aesthetascs

Antenna: endopod 1 seta 1 spine +1 seta 1 spine +1 seta | 1 spine +1 seta 2 setae 2 setae
scaphocerite 10 setae 10 setae 10 setae 12 setae 6 setae dlstolatesr;Iaseplne *8
Maxilliped I: exopod 5 setae 6 setae 4 setae + 2 spine 4 setae 4 setae 6 setae
Maxilliped I1: exopod 8 setae 7 setae 4 setae 4 setae 8 setae
6 setae
Maxilliped I11: exopod 6 setae 8 setae 8 setae 4 setae 8 setae 8 setae
Pereiopod I: rudimentary rudimentary rudimentary rudimentary developed rudimentary
Zoea ll
P sewelli P. semmelinkii P. pacificus P. concinus P. serrifer P. pacificus
Characters reéent stud Jagadisha & Han & Hong F’i||;’:1i (1979) 29 Shy et al. (2005)| Ghory&Kazmi
P Y| sankolli (1977) 271 | (1978) 28] [30] (2014) 7]
Carapace: . . . . .
epigastric spines 1 spine present 1 spine present 1 spine present absent 2 spines present | 1 spine present
Antennule:
4 aesthetascs 4 aesthetascs 4 aesthetascs 3 aesthetascs 4 aesthetascs 3 aesthetascs
aesthetascs
Antenna: 3 setae 1spine+ 1lseta | 1spine+ 3setae | 1spine + 3 setae 2 setae 2 setae
endopod
scaphocerite 9 setae 14 setae 13 setae 11 setae 13 setae 16 setae
Maxilliped I:
6 setae 6 setae 4 setae 6 setae 3 setae 6 setae
exopod
Maxilliped 11: 5 setae 8 setae 8 setae 5 setae 4 setae 8 setae
exopod
Maxilliped I11: 8 setae 10 setae 8 setae 5 setae 6 setae 8 setae
exopod
Pereiopod I: rudimentary developed developed developed developed developed
Zoea Il
. P. semmelinkii - . P. serrifer P. pacificus
P. sewelli . P. pacificus P. concinus .
Characters present study Sar\l]ligﬁ?ag%?(g)‘ @7 | Han & Hong (1978) ¢ | Pillai (1979) (2% Shy et [2(!]-(2005) Ghé%)/ﬁtﬁ%“
Carapags;neepslgastrlc 2 spines 2 spines 2 spines hump present 3 spines 2 spines present
Antenna: endopod 2 setae 4 setae 6 setae 4 setae 2 setae 4 setae
scaphocerite 14 setae 16 setae 16 setae 12 setae 19 setae 16 setae
Maxilliped I: exopod 4 setae 6 setae 6 setae 6 setae 3 setae 6 setae
Maxilliped I1: exopod 8 setae 8 setae 8 setae 5 setae 4 setae 8 setae
Maxilliped I11: exopod 8 setae 10 setae 8 setae 5 setae 6 setae 8 setae
Pereiopod I: exopod 8 setae 8 setae 4 setae 6 setae 8 setae
6 setae
Abdomer:(:j . absent absent absent absent present absent
dorsal spine of 3" somite
1 pair of spines
Telson: 4 pairs of setae 7 pairs of setae 7 pairs of setae 7 pairs of setae | and 6 pairs of | 7 pairs of setae
setae
Uropod: endopod 3 setae without setae without setae without setae 17 setae without setae
exopod 11-13 setae 10 setae 11 setae 11 setae 19 setae 10-11 setae

Zoea IV
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P sewelli P. :semmelinkii _ P. pacificus P. concinus P. serrifer P. pacificus _
Characters Preéent study Jagadisha & Sankolli | Han & Hong PiIIlai (1979) 291 Shy et al. Ghory & Kazmi
(1977) 7 (1978) 281 (2005) BA (2014) 1
Antenna: Endopod 2 setae 4 setae 6 setae 2 setae 3 setae 4 setae
scaphocerite 14 setae 13 setae 19 setae 14 setae 19 setae 16 setae
Maxilliped I: exopod 4 setae 6 setae 4 setae 6 setae 3 setae 4 setae
Maxilliped Il: exopod 8 setae 8 setae 8 setae 6 setae 8 setae
5 setae
Maxilliped I11: exopod 8 setae 8 setae 8 setae 5 setae 6 setae 8 setae
Pereiopod I: exopod 8 setae 8 setae 8 setae 5 setae 6 setae 8 setae
Pleopod: absent absent rudimentary absent rudimentary rudimentary
Telson: 4 pairs of setae 8 pairs of setae 5 pairs of setae |5 pairs of setae ! %a” 9f spines and 5 pairs of setae
pairs of setae

The zoeae of the present species differ from those of P.
semmelinkii, P. pacificus, P. concinus and P. serrifer in the
following regards: The antennal, endopod of P. sewelli has 1
seta, whereas P. pacificus and P. concinus have 1 spine plus 1
seta, and P. serrifer has 2 setae in zoea I. In zoea I, P. sewelli
has 3 antennal endopod setae and 9 setae of scaphocerite while
P. semmelinkii has 1 spine and 1 antennal endopod seta, P.
pacificus and P. concinus have 1 spine and 3 antennal endopod
setae, P. serrifer has 2 endopodal setae of antenna and 13
scaphocerite setae. In zoea Ill, P. sewelli has 14 scaphocerite
setae and 4 exopodal setae in maxilliped | whereas, P.
semmelinkii, P. pacificus, P. concinus and P. serrifer have 16,
12 and 19 scaphocerite, and 6 and 3 exopodal setae
respectively. In telson P. sewelli has 4 pairs of posterior
marginal setae while P. semmelinkii, P. pacificus, P. concinus
and P. serrifer have 7 pairs of setae. Uropod has 3 endopodal
setae in P. sewelli whereas P. serrifer has 17 endopodal setae
and P. semmelinkii, P. pacificus, P. concinus without endopodal
setae. In zoea IV, P. sewelli has 4 pairs of posterior marginal
setae of telson, while P. semmelinkii, P. pacificus, P. concinus
and P. serrifer have 8, 5, 5, and 7 pairs of posterior marginal
setae respectively.

The literature survey reveals that larvae of Palaeomon elegans
by Fincham (1977) B P. semmelinkii by Jagadisha and
Sankolli (1977) 21, P. pacificus by Han and Hong (1978) [l
and Shy and Yu (1988) 2, P. longirostris by Fincham (1979)
1331 P, concinus Pillai (1979) 2, P. serratus by Fincham (1983)
[341 P, adspersus by Fincham (1985) ¥, and P. serrifer by Shy
et al. (2005) % have been obtained but those of P. sewelli are
unknown and consequently this study will be the first on the
species. Further studies on larval development of the remaining
species of Paleomon are needed to better understand these
differnces.

5. References

1. Grave S De, Fransen CHJM. Carideorum Catalogus: the
recent species of the Dendrobranchiate,  Stenopodidean,
Procarididean and Caridean shrimps (Crustacea:
Decapoda). Zoologische Mededelingen. 2011;85:195-589,
figs. 1-59. ISBN 978-90-6519-200-4. Archived from the
original on 2012-12-20.

2. Kazmi QB, Kazmi MA. Biodiversity and biogeography of
Caridean shrimps of Pakistan. MRC and HEC Publication;
c2010. p. 516.

3. Rabalais NN, Gore RH. Abbreviated development in
Decapods. Crustacean Issue. 1985;2:67-126.

4. Tufail M, Hashmi SS. A contribution to the biology and
larval development of the pistol shrimp. Alpheus
crassimanus. Pakistan Jour. Sci. Ind. Res. 1965;7(4):278-
281.

10.

11.

12.

13.

14.

15.

16.

Yagoob M. Rearing of an economic fresh water prawn,
Macrobrachium lamarrei (H.M.Edwards) under laboratory
conditions. Pakistan Jour. Agri. Res. 1980;1(2):139-141.
Yaqoob M. Larval development of freshwater commercial
prawn under laboratory conditions. Pakistan Jour. Agri.
Res. 1987;8(1):90-101.

Barkati S. Observed the time spent by the larvae in
different stages of Alpheus inopinatus Holthuis and
Gottlieb, 1958 and reported that the first larval stage.
Proc.1st Pakistan Cong. Zool; ¢1980. p. 355-359.

Tirmizi NM, Kazmi QB. Larval development of some
crustaceans from the northern Arabian Sea In: Indian
Ocean, Biology of Benthic Marine Organisms.
Techniques and methods as applied to the Indian Ocean.
(Ed. M.F. Thompson, R. Sarojini, R. Nagabhushanam),
Oxford and IBH Publish. Co., New Delhi, Bombay,
Calcutta; ¢1986. p. 203-208.

Ghory FS, Siddiqui FA. Advance developmental stages of
Synalpheus tumidomanus (Paulson, 1875) (Crustacea:
Decapoda: Alpheidae) reared under laboratory conditions.
Pakistan Jour. Mar. Sci. 2001;10(2):113-127.

Ghory FS, Siddiqui FA, Kazmi QB. The complete larval
development including juvenile stage of Microprosthema
validum  Stimpson, 1860 (Crustacea: Decapoda:
Spongicolidae), reared under laboratory conditions.
Pakistan Jour. Mar. Sci. 2005;14(1):33-64.

Ghory FS, Kazmi QB, Siddiqui FA. An advance
developmental stages of Synalpheus neptunus (Crustacea:
Decapoda: Alpheidae) reared under laboratory conditions.
FUUAST Jour. Biol. 2011;1(2):33-39.

Ghory FS, Kazmi QB, Siddiqui FA. Complete larval
development of Saron marmoratus (Olivier, 1811) reared
under laboratory conditions (Crustacea: Decapoda:
Hippolytidae). International Journal of Research Studies in
Zoology. 2016;2(3):47-65.

Ghory FS, Kazmi QB. Taxonomical study of laboratory
reared first to eight zoeal stages of Lysmata vittata
(Stimpson, 1860) (Crustacea: Decapoda: Hippolytidae)
Arthropods. 2022;11(2):97-119.

Ghazi RH, Nagvi SMH, Watoo MJ. Polyculture of fresh
water prawn Macrobrachium malcomsoni with Indian
Major and Chinese carps at farmer’s pond in Pakistan.
Abstract of 26th Pakistan Cong. Zool. 2006; FEWFM 26.
Siddiqui FA, Ghory FS. Complete larval development of
Emerita holthuisi Sankolli, 1965. (Crustacea: Decapoda:
Hippidae) reared in the laboratory. Turkish Journal of
Zoology. 2006;30(2):121-135.

Ghory FS, Kazmi QB. Larval Developmental Stages of
Athanas dimorphus Ortmann, 1894 (Crustacea: Caridea:
Alpheidae) in laboratory from Pakistan. Pakistan Journal of
Marine Sciences. 2009;18(1&2):31-41.

43



International Journal of Biology Sciences

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ghory FS, Kazmi QB. Developmental stages of Palaemon
pacificus  (Stimpson, 1860) (Crustacea: Decapoda:
Palaemonidae) reared wunder laboratory conditions.
International journal of Biological Research. 2014;2(2):67-
78.

Ghory FS, Kazmi QB. Morphological study of first zoeal
stage of Anchistus custos (forsskal, 1775) (Crustacea:
Caridea: Palaemonidae: Pontoniinae) reared under
laboratory conditions and note on parental mother identity.
International Journal of Fauna and Biological Studies.
2018;5(6):23-26.

Ghory FS, Kazmi QB, Kazmi MA. Description of the first
to fourth zoeal stages of Macrobrachium equidens (Dana,
1852) (Crustacea: Decapoda: Palaemonidae). Pakistan
Journal of Marine Sciences. 2022;31(1):13-27.

Kazmi QB, Ghory FS, Kazmi MA. Rediscovery of adult
and zoeal stage of Procletes levicarina (Bate, 1888)
(Caridea: Pandalidae) and an account of other caridean
species from RRS charles discovery in cruise in gulf of
Oman. International Journal of Fauna and Biological
Studies. 2019;6(5):53-61.

DOI: 10.22271/23940522

Ng PK, Clark PF. The eumedonid file: A case study of
systematic compatibility using larval and adult characters
(Crustacea: Decapoda: Brachyura). Invertebrate
Reproduction and Development. 2000;38(3):225-252.
https://doi.org/10.1080/07924259.2000.9652457

Felder DL, Martin JW. Establishment of a new genus for
Panopeus bedensis Benedict and Rathbun, 1891 and
several other xanthoid crabs from the Atlantic and Pacific
Oceans (Crustacea: Decapoda: Xanthoidea). Proceedings of
the Biological Society of Washington. 2003;116(2):438-
452.

Anger K. Contributions of larval biology to crustacean
research: a review. Invertebrate Reproduction and
Development. 2006;49(3):175-205.
https://doi.org/10.1080/07924259.2006.9652207

Cuesta JA, Anger K. Larval morphology of the sesarmid
crab Armases angustipes Dana, 1852 (Decapoda:
Brachyura: Grapsoidea). Journal of Crustacean Biology.
2001;21(3):821-838. https://doi.org/10.1163/20021975-
99990175

Muzio GD, Basile R, Pessani, D. Description of the zoeal
stages of Periclimenes aegylios Grippa and d'Udekem
d'Acoz, 1996 (Crustacea: Decapoda: Palaemonidae) reared
in the laboratory. Zootaxa. 2018;4418(3):228 - 246.
http://www.mapress.com/j/zt/

Pillai NN. Larval development of Leandrites celebensis
(De Man) (Decapoda: Palaemonidae) reared in the
laboratory.Jour. Mar. Biol. Asso. India. 1974;16:708-820.
Jagadisha K, Sankolli KN. Laboratory culture of the prawn
Palaemon (Palaeander) semmelinkii (De Man) (Crustacea:
Decapoda: Palaemonidae). In.: Proc. Symp. Warm Water
Zoopl., NIO, Goa, 1977, 619-633.

Han CH, Hong SY. The larval development of Palaemon
pacificus Stimpson (Decapoda: Palaemonidae) under the
laboratory conditions. Publ. Institute of Marine Science
Natural Fisheries University, Busan. 1978;11:1-17.

Pillai NN. Early larval stages of Palaemon (Palaemon)
concinnus Dana (Decapoda: Palaemonidae). Contribution
to Marine Science Dedicated to Dr. C.V. Kurian, 1979,
243-255.

Shy JY, Changand JJ, Lai HT. Complete
development of Palaemon serrifer (Stimpson,

larval
1860)

31.

32.

33.

34.

35.

(Crustacea:  Decapoda:  Palaemonidae) reared in
Laboratory. Jour. Fish. Soc. Taiwan, 2005;32(1):79-86.
Fincham AA. Larval development of British prawns and
shrimps (Crustacea: Decapoda: Natantia). Laboratory
methods and a review of Palaemon (Paleander) elegans
Rathke, 1837. Bull. Brit. Muse. (Nat.Hist.) Zool.
1977,32:1-28.

Shy JY, Yu HP. Morphological observation on the
development of larval Palaemon pacificus (Crustacea:
Decapoda: Palaemonidae) reared in the laboratory. Jour.
Fish. Soc. Taiwan. 1988;15(2):55-68.

Fincham AA. Larval development of British prawns and
shrimps (Crustacea: Decapoda: Natantia).3. Palaemon
(Palaemon) longirostris H.Milne Edwards, 1837 and the
effect of antibiotic on morphogenesis. Bull. Brit. Mus. Nat.
Hist. (Zool.). 1979;37:17-46.

Fincham AA. Larval development of British prawns and
shrimps (Crustacea: Decapoda: Natantia).4.Palaemon
(Palaemon) serratus (Pennant, 1777) and functional
morphology of swimming. Bull. Brit. Mus. Nat. Hist.
(Zool.). 1983;44(2):125-161.

Fincham AA. Larval development of British prawns and
shrimps (Crustacea: Decapoda: Natantia).5. Palaemon
(Palaemon) adspersus Rathke, 1837. Bull. Brit. Mus. Nat.
Hist. (Zool.). 1985;48:215-231.

44



