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Abstract

Plankton samples were taken at fortnightly intervals from

January 1986 to June 1987 at six stations 20-50 km north of Jeddah,

Saudia Arabia: three in a mangrove area ( Zahban village) , two

outside the mangrove area ( Thuwal village) and one off Obhor Creek.

Larvae of decapod Crustacea ( excluding the Brachyura ) were

identified as far as possible and descriptions are given of the

anomuran larvae encountered . Studies were made on seasonal

variations in the numbers of larvae and on differences in occurrence

and abundance between the stations.

Eighty nine species of A/pileus larvae were distinguished ,

largely using differences in chromatophore pattern. Only two species

of adult A/pfJeus are recorded from the central RedSea. Thirty seven

unnamed species of Anomura were distinguished on morphological

characters and these are described and figured. The anomuran larvae

belong to the fo1lowing families : Upogebi1dae ( 4 species ) ,

Callianassidae ( 7 species) , Laomedi1dae ( 2 species) , Galatheidae

(7 species) , Porcellanidae ( 6 species) , Paguridae ( 4 species) ,

Diogenidae ( 7 species ) , and the Dlogenidae are made up of the

fo1lowing genera: Oiogenes ( 2 species), Ca/cinus ( 2 species) ,

Dardanus ( 2 species ) , Clioanari(Js ( 1 species ) . Ten genera of

Macrura, belonging to seven families, are also listed.



Descriptions are g1ven of the complete larval development of

Coenobita sceevole ( Forskal ) ( Coenob1tidae ) and Dardanus ttoctor

( Forskal ) ( Diogenidae ) I based on laboratory rearing. Comparisons

are made with the larvae of related species . The presence of a

central telson sptne in zoea III and all subsequent zoeal stages 1s a

feature of all known coenootttd larvae, although 1t does not occur

1nother larvae of the Anomura ( sensu stricto) ( i. e. excluding the

tnatasstntoae ) .

The concentration of decapod larvae over the 18 months at the

d1fferent stations was fairly strnttar I averaging about 1190/1000

m3 . The most common anomuran larvae were those of the Dtoqentdae ,

w1th Diogenes avarus Heller the most common 1n the mangrove area

and the unnamed spec1es Ca/ein(Js A the most common off Obhor

Creek. Larvae of A/pneus spp. and Harpil/us spp. made up a large

percentage of the decapod larvae I especially at the stations outside

the mangrove area and off Obhor Creek . Larvae of Galatheldae I

Paguridae and Callianassidae were conspicuously more abundant 1n

the night samples than 1n the day samples.

During the e1ghteen months of sampling at the six stations I

decapod larvae tended to be more common 1nsummer, particularly in

June. More sampl1ng would be reoutrec to establ1sh whether th1s 1s a

regular annual feature.
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The Red Sea is a long narrow basin, dividing Asia and Africa,

extending north-west to south-east between 30· and 12· north, 34·

and 43· east ( Fig. 1 ). The name of the RedSea is usually attributed

to the existence of a planktonic uniceuar flagellate called

TricIJodesmium erytIJraeum Ehrenb. , which has a red pigment, and 1n

some seasons, in some regions, can became sufficiently dense to

colour the water red. There are, however, other possible reasons for

the name. One is the existence of coral reefs of red colour; another

claims that at one time the RedSeawas a lake bordering Eritrea, and

Eritrea means red land ( Behairy n..aL., 1982 ) .

The total length of the Red Sea is 1932 km. The average width

is 280 km , greatest towards the south, between Mousoa and Jizan ,

at 340 km and least in the southern entrance to the Bab-Al-Mandab ,

at 27 km . In the north of the Red Sea there are two branches, the

Gulf of Suez and the Gulf of AI-Aqaba. The total length of the Gulf of

Suez is 250 km I the average width 32 km I and the depth 55 - 80 m .

The Gulf of Al-Aqeba is 150 km in length, and the average width is

16 km . It is a deep basin I up to 1300 m in the north I separated from

the Red Sea by a barrier of 250 - 300 m ( Behairy n..aL. 1982 ) .

In the period from May to Septemper , the prevailing wind is from

the north-north-west along the entire basin. From October to April

the north-north-west wind stops in the region 20 - 22· N and to the

south of latitude 20· N the prevaling wind is south-south-east . The

surface currents follow the direction of the prevailing winds (Morcos,

1970).
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The surface temperature of the water ranges from 25 - 32· C in

the south, and 21.3 - 27.9· C in the north ( Halim , 1969 ) . The

intermediate layers , down to 300 m , are homothermal , with a

temperature of about 21.7· C . The deep water of the Red Sea is at

about 21.5· C, which 1s warmer than in any other marine

bas1n( Morcos , 1970).

The RedSea is one of the most saline mar1neenvironments in the

world. The salinity ranges from 39.2 - 41 ppt. , decreasing gradually

from north to south . A layer of m1nimum oxygen ts present

at 300 - 600 m , with very low values of 0.4 - 0.6 ml 0/L-1

(Morcos , 1970 ) .

The RedSea has an uneven bottom, with many sea mounts, some

rising to near surface, and many islands. Corals grow well in the Red

Sea and reefs are scattered along the coastal zone. Th1s is attributed

largely to the high and fairly even temperature ( Beha1ry

.tlat, 1982 ) .

Decapod larvae are one of the most important groups in the

zooplankton community , because they are usually sufficiently

numerous to form an important I ink in the food chain and many are the

larvae of commercial species . Identification of this group is

necessary to give a complete understanding of the area investigated.

For this reason any addition to our knowledge of the decapod larvae is

very important, whether it concerns identification of the species or

temporal and spatial variations in density.
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The first aim of the present work was to provide a record of the

larvae of Decapodapresent in the central RedSea I identifying them

as far as possible. Somespecimens from the plankton samples canbe

identified directly to species and others to genera, but many can be

identified only to families or larger groups. During the work I some

species were hatched or reared in captivity to describe the larvae and

to follow the life history of the species I including the number and

duration of stages. In a few selected genera I including some very

rich in species , the number of species was determined from the

larvae for cornpartston with records of adults from the same area.

The secondaim of this study was to investigate seasonal differences

In the occurrence and density of decapod larvae and to compare

records from different ecological areas.

Regular samples were therefore taken at several stations along

the open coast I mostly over corals I and also from a shallow

mangrove area I partly cut off from the open sea and with a muddy

bottom.

The importance of this study lies in the fact that no detailed

work on the identification of the decapodlarvae from this area has

been done before . The identifications and records provided by the

present study will form a gOOdbasis for monitoring possible future

changesin the fauna of the mangrovearea andwill provide a basis for

cornpertston with other areas of the RedSea.
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Historical Review

The Red Sea has attracted the attention of scientists since the

early 18 th century, and expedtttons have been devoted to the study

of this area. The Danish ExpedItIon under the leadershtp of P. Forskal

( 1775 ) was the first to collect specimens from thIs area. It was

followed by other expectttons , such as the' Pola . ( 1895 - 96 ; 1897-

98 ) J • valactvta . ( 1898 - 99 ) J • Ammlragll0 Magnaghi . ( 1923 - 24»)

the' Cambridge Expedit10n . ( 1933 - 34 ) ) but in all these works the

plankton rece1ved little attention.

The main contrtbutton to the study of the decapod larvae of the

Red Sea Is due to Individual SCientists . Santucci ( 1927 , 1929)

worked chiefly on material collected from the' Ammiragllo Magnagni .

in various parts of the RedSea .Gumey(1927,1936, 1937a,b, 1938a,b,c)

studied material from the Gulf of Suez and from AI-GhardaQa , Egypt.

Gohar& Al-Kholy ( 1957), Al-kholy (1959,1961,1963), Al-kholy s
Fikry Mahmoud ( 1967 a,b ) and Al-kholy & El-Hawary (1970 ) also

worked from At-enarcaqa . Williamson ( 1970 ) and Serldj 1 ( 1986 )

reported on collections from the Gulf of AI-Aqaba , although

descriptions of larvae listed in sencjrs paper have not yet been

publ1shed . A few other publIcatIons, primarily concerned with larvae

from other areas, include some species from the Red Sea. All these

publications Include accounts of larvae from plankton collections,

and in some cases the identifications are uncertain. References to

descnpttons of tcenttrieo larvae ( other than Brachyura) covered by

these reports are Ii sted In TableI .
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Tar) le 1 . Ident ified decaood larvae ( other than Brachyura ) from HIe

RedSea described m previous ououcanons .

Penaeidea

rtetsaenseos so. , LUCifer !Jal7sel7/ Gurney, 1927

Neta/Jf?l7aeU5stebbll7_qI Gurney, 1927; Al-Kholy &

El-Hawary, 1970

sercestes so Al-Kholy & Fikry Mahmoud, 1967b

PeI78f?UStrtsotcstos . P jsoomcas
P semtso/cetos, Neta/Jel7aeus/J!JII;;o/J// Al-kholy ex

El-Hawary, 1970

Caridea

Palaemol7 elegans Gurney, 1927

C!Jlorotocella sp. , Processa seoutmeas ,
Processa so. , NI/(oldes dana Gurney, 1937a

AIJ)!Jeus soacam! Gurney, 1927, 1938c

AI/J!Jeus psc/r/cos Gohor & Al-Kholy ,

1957

ssron msrmorstos Al-Kho ly , 1961

A/IJ/7eus raoa.v Al-Kholy , 1961

.Alo/leu::'":ventrosos Al-Kholy , 1961; Gurney, 1938c

..-4i/JtJeusmtcrostvtos Al-Kholy, 1963

Pt3n~-limenf?5 (Har/JII/us) soc Al-Kholy ,1963 ;

Williamson,1970

H/oooivte so Al-Kholy & Fikry Mahmoud, 1967a
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S)malplJe{Jsoi{Jng{Jlc{Jlat{Js Al-Kholy & Fikry

Mahmoud , 1967b

RlJynclJoclnetes spp, , Eretmocaris sp. ,

Hippolyte so. , Processa sp. , Palaemon so. ,
seron sp. , A/plJe(Js spp Williamson, 1970

TlJalassocarls crmtte, T oosare Wi11i amson , 1970 ;

Menon & Williamson,

1971

Anomura

Oiogenes p{Jg/lator Gurney I 1927

Upogeo/a sav/gnyi Gurney, 1937a

Callianassa spp Gurney, 1937b; Al- kholy & Fikry Mahmoud

1967a; Williamson, 1970

6alatIJea long/mana. Gurney, 1938a

Porcel/ana lnaeq{Jalis, Petro/lstlJes sp. Gurney, 1938a

PetrollstlJes rurescens Gohor & Al-Kholy , 1957

6alatIJea sp Al-kholy , 1959

H/ppa easctyt«, Oromia sp Al-Kholy ,1959

?PaclJyclJele~ sp Williamson, 1970

Stenopodidea

steacoos lJispid{Js, Stenopod1dae Gurney, 1936;

Wi \ \iamson ,1970,1976

-7-



Palmura ....

Palinuridae ( Pl ) ,Palinuridae ( P2 ),

Sci uanoae ( 51 ), roenos orienta/is Santucci, 1927

5L:-y//ar/oes latus Sa.ntucci , 1929

Panul/nls oemcr/tstos,

5c:vllarus ttJ/or/ouxi....................................... Al-Kholy, 1961

* Wi11iamson ( 1988 ) has recent ly suggested that the Pal inura should

be removed from the Decapooa .
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Figure 1 . Map of the Red Sea J show1ng the location of Jeddah J Saudi a

Arabia.
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CHAPTER2

LARVAL DEVELOPl1ENT OF THELAND HERfflT CRAB

COENOBITA SCAEVOLA (FORSKAL, 1775) (CRUSTACEA:

ANOffURA : COENOBITIDAE ) , REARED IN THELABORATORY.

( This chapter in press in Journal or Natural History, 1988;
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INTRODUCTION

Trle hermit crabs of family Coenobitidae are among the most

conspicuous and characteristic elements of the terrestrial fauna of

trooicai marine beaches and atolls. The members of this family have

become adapted for I ife on land, but the larvae are I iberated into the

sea ( Provenzano, 1962 ) . Many species live in burrows or rest in

shaded areas among coastal veqetatton during the daytime and then

scatter along the coast at night.

There are few previous descriptions of coenobitid larvae. There

is only a brief account of the stage 1 zoea of coeaootts oertetos H.

Milne Edwards from the Maldive and Laccadives ( Borradaile , 1903 ) ,

and Yamaguchi ( 1938 ) described the first stage and megalopa of C

r(J._q("')s(Js H. r1ilne Edwards from Kikai Island . southern Japan .

Provenzano ( 1962 ) followed all the larval development of the

Caribbean species C c.1.vpeatlJs (Herbst) in the laboratory. and Reese

& Kinzie ( 1968 ) described all the larval development of the

Indo-Pacific species Bir__qlJS /etro ( L. ) . Shokita and Yamashiro

(1986) described all the larval stages of C rlJ/10SlJS and C cevtoes
Stimpson from Ryukyu Island. southern Japan.

C scsevate ( Forsld,1 • 1775 ) is the only species represented in

the Red Sea) and is abundant in the Jeddah region ( Lewinsohn, 1969) .

The purpose of the present study is to provide a description of the

complete larval development of C scsevo!e based on laboratory

rearing.
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I1ATERIAlS AND I1ETHODS

An ovigerous female was collected at n1ght on 17 Apr11 1987

from the shore in Jeddah , Saudi Arabia. It was kept 1nan aquarium 1n

the laboratory, provided w1th sand at one endand water at the other

to allow the female to shed her larvae in the water. The f1rst zoeas

were obta1nedon 21 April 1987 and reared at a temperature of 25- C I

sanntty 38-39 ppt . Ind1vidual larvae were placed in 70 glass beakers

of about 100 ml capacity conta1ning fl1tered sea water ( Mill1pore

0.45 urn ) . A further 200 larvae were reared in mass culture in a

glass beaker of about 2 L capacity.

Newly hatched Artemia nauplii were addedas food. Larvae were

examined daily for exuviae and deadspecimens I and 11vingspecimens

were transferred to freshly fl1tered sea water to which were added

newly hatched Artemia naupll1 . Larvae and exuv1aewere preserved in

5% sea water formalin. Appendageswere d1ssected and drawn from

temporary mounts tn this medium.

Drawings were made w1th the a1d of a camera luc1da , and

measurements by us1ng an ocular micrometer . Total length was

measured from the t1p of the rostrum to the posterior border of the

telson exclusive of the telson processes. Length of carapace was

measured from rostral t1p to the poster1o-lateral marg1n of the

carapace. Lengths are g1venas average values for each larval stage,

based on at least 10 specimens when sufficient material was

available. The range is usually ± 10-15% of the meanvalue.
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RESlILTS

Development and duratlon of the larvae.

coenoaas sceevote passed through seven zoeal stages and one

megalopa before reach1ng the first crab stage (Table 2 ). The number

of days recurred to complete the larval development 1n the laboratory

at 2S· C ts approx1mately 47 days.

( Table 2 ) : Duration of each stage and surv1val of larvae.

Stages Durat10n (mean and ranges) ( days) No. at beg1nn1ng

Zoea I 11.S ( 9 - 14 ) 70

Zoea II 9.0 ( 7 - 11 ) S7

Zoea III 8.5 ( 7 - 10) 39

Zoea IV 9.S ( 7 - 12 ) 38

Zoea V 9.5 ( 7 - 12 ) 30

Zoea VI 9.S ( 8 - 11 ) 18

Zoea VII 9.S ( 9 - 10) 3

Megalopa 2
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oescnot lOr1S .

First Zoea

( Figs.2A. 3A,4 )

Size- CL: 1.12 mm ( average)

TL: 2.40 mm ( average)

Colour - Orange-red under both eyes and on posterior margin of

carapace, ye llow on posterior margin of te lson .

Carapace ( Figs.2A. 3A ) - Rostrum broad at base, curved slightly

downward dista 1ly . Posterio-lateral margins of carapace smooth and

devoid of spines.

Eyes ( Fig. 2A, 3A ) - rrnmootle .

Antennule ( Fig. 4A ) - Uniramous , with 3 terminal aesthetascs

of varying size and 3 plumose setae of varying size ; 1 long

subterminal plumose seta.

Antenna ( Fig. 4B ) - Endopod with 2 terminal and 1 subterminal

plumose setae , the subterminal about 1/3 lenntf of other two ;

excooc with 10 olumose setae on inner and distal margin and strong

outer distal spine; a strong serrated ventral spine on protopod at

base of exopod .
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Mandible ( Fig. 4C ) - A simple process with irregular teeth, not

differentiated into incisor and molar regions.

Maxi1lule ( Fig. 4D ) - Coxal endite with 6 setae; basial endite

with 2 strong spines, each with several denticles , and 2 setae;

endopod 3-segmented , 3rd segment with 3 setae and 2nd with 1 seta.

Maxilla ( Fig. 4E ) - Proximal lobe of coxal endite with 7 setae,

distal lobe with 4 setae; proximal lobe of oastal enctte with 5 setae,

distal lobe with 4 setae; outer lobe of endopod with 3 setae

(innermost very snort ) , inner lobe with 2 setae; scaphognathite

with 5 plumose setae.

First Maxi11tped ( Fig. 4F) - Basis with hooked process at

proximal end of inner face and 2, 3, 2 setae more distally on this

face; encococ 5-segmented with 2/0, 2/0, 1/0, 2/0, 4/1 inner/outer

plumose setae, also fine hairs on segments 2, 3, 4; exopod with 4

natatory plumose setae.

Second Maxl111ped( Fig. 4G ) - Basis with 1,2 distal setae on

inner face; endopod 4-segmented with 2/0, 2/0, 2/0, 4/1 inner/outer

plumose setae, also fine outer hairs on segment 3 ; exopoc with 4

natatory plumose setae.

Third naxnuoec ( Fig. 4H ) - Endopoda small lobe; exopoo a long

lobe.
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Abdomen ( Fig. 2A, 3A ) - 6 somites ; 2nd somite with prominent

curved medio-dorsal spine, 3rd and 4th somites with much smaller

med1o-dorsal spines, 5th somite with large medio-dorsal spine and

large lateral spines each of similar length to dorsal spine on second

som1te ,6th som1te fused with telson .

Telson ( Fig. 41 ) - Triangular in form w1th concave median notch;

7 pairs of marginal processes: outermost a stout spine, 2nd a fine

hair and 3rd to 7th plumose setae.

Second Zoea

( Figs. 26, 38,5 )

Size- CL: 1.53 mm ( average)

TL: 2.73 mm ( average )

Carapace ( Fig. 26, 38 ) - Almost unchanged.

Antennule ( F1g.SA ) - Peduncle w1th 3 terminal aestnetascs and

3 plumose setae of variable size , 1 long subterminal seta and 3 small

outer plumose setae.

Antenna ( Fig.58 ) - S1milar in form to first stage.

Mandib le ( F1g.SC) - Corneous teeth present.
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Maxillule ( Fig.SD ) - Coxal endite unchanged in form and

setation; basta: endite with 4 strong spines , each with several

centtctes , and 2 setae; endopod unchanged in form and setation .

Maxi lla ( Fig. SE ) - Coxal endite , basial end1te and encopoc

unchanged in form and setation ; scaphognathite with 7 plumose

setae.

First Maxilliped ( Fig.5F) - Basis with 1 small seta near hook and

2, 3,2 larger inner setae; enooooc 5 segmented with 2/ I, 2/ I, 1/1,

2/0, 4/1 inner/outer plumose setae; exopod with 6 natatory plumose

setae.

Second Maxllliped ( Fig.5G ) - Basis unchanged in setation ;

endopod 4 segmented with 2/0, 2/ I, 2/1, 4/1 inner/outer plumose

setae exopod with 6 natatory plumose setae

Thi re Maxill i ped ( Fig.5H ) - Endopod unchanged ; exopoc with 5

natatory plumose setae.

Abdomen ( Flg.2B, 3B ) - Dorsal spine on second abdominal

somite somewhat more prominent , that on fifth somite rather

shorter.

Telson (Fig.51) - An inner pair of smaller plumose setae added,

to give 8 pairs of posterior marginal processes.
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Third zoea

( Fig. 2C, 3C,6 )

Size - CL: 1.53 mm ( average)

TL: 3.13 mm ( average)

Carapace ( Fig.2C,3C ) - Unchanged.

Antennule ( Fig.6A ) - Now consisting of peduncle and 2

unsegmented rami, 3 short outer distal plumose setae on peduncle; 3

plumose setae on short inner ramus; 3 aesthetascs all of about same

length, 1 long and 2 short plumose setae on large ( outer) ramus.

Antenna ( Fig.6B ) - Endopod with 1 terminal aesthetasc ; exopoc

with 11 plumose setae.

Mandible ( Fig.6C ) - With additional small teeth.

naxnlute ( Fig.6D ) - Coxal endite with 7 setae; basta: endtte and

endopod unchanged in setation .

Maxilla ( Fig.6E ) - Coxal endlte and basta: endlte unchanged in

setatton ; endopod with 3 terminal setae and 2 subterminal ;

scaphognathite with 8 plumose setae.

First Maxilliped ( Fig.6F ) - Unchanged in form and setatton .
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Second Maxi1liped ( Fig.6G ) - Unchanged in form and setation.

Third Maxilliped ( Fig.6H ) - Endopod unchanged in form; exoocc

with 6 natatory plumose setae.

Abdomen ( Fig.2C, 3C ) - Dorsal abdominal spines more distinct;

6th abdominal somite now with medio-dorsal spine.

Uropod ( Fig.61 ) - Unsegmented I encopod unarmed I about half

length of exopod ; exopod with 8 natatory plumose setae.

Telson ( Fig.61 ) - Now with short median plumose seta I to give

8+ 1+8 processes; processes 1 to 3 and 5 to 8 unchanged ,4th process

a large fused spine.

Fourth Zoea

( Fig.2DI3D,7 )

Size- CL: 1.53 mm ( average)

TL: 3.80 mm (average)

Carapace (Fig.2D,3D) - Unchanged.

Antennule ( Fig.7A ) - 4 short outer distal plumose setae on

peduncle; 4 plumose setae on short ramus; 3 aesthetascs all of about

same length J 1 long and 2 short plumose setae on long ramus.
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Antenna ( Fig.7B ) - Encopco unchanged; exopod with 13 plumose

setae.

Mandible ( Fig.7C ) - With additional small teeth.

Maxi llule ( Flg.7D ) - Coxal endite with 8 setae; basial endlte

with 6 strong spines, each with several denticles , and 2 setae;

encoooc unchanged.

Maxilla ( Fig.7E ) - Proximal lobe of coxal endite with 8 plumose

setae and distal lobe unchanged ; proximal lobe of basiat endite

unchanged and distal lobe with 5 setae ; endopod unchanged ;

scaphognathite with 12 plumose setae.

First Maxi1liped ( Fig.7F ) - Basis unchanged; endopod unchanged

except for additional inner seta on 1st segment, to give formula 3/1;

exopoo unchanged.

Second Maxl1liped ( Fig.7G ) - Unchanged in setation .

Third Maxilliped ( Fig.7H ) - Endopod with small seta, exopod

with 7 natatory plumose setae.

Abdomen ( Fig.2D, 3D ) - Unchanged in form.

- 19 -



Uropod ( Fig.71 ) - Endopod and exopod articulated with protopod ;

endopod longer with 4 or 5 plumose setae; exopod with 10 plumose

setae and strong outer distal spine.

Telson ( Fig.71 ) - Unchanged in form.

Fifth Zoea

( Figs.2E,3E,8 )

Size - CL: 1.98 mm ( average)

TL: 4. 16 mm ( average )

Carapace (Fig.2E,3E) - Unchanged.

Antennule ( Fig.8A ) - Unchanged except one additional plumose

seta on large ( outer) ramus.

Antenna ( Fig.8B ) - Endopod with 1 long and 2 short aesthetascs ;

exopod w1th 15 plumose setae.

Mandible ( Fig.8C ) - Unchanged in form.

Maxl11ule ( Fig.8D ) - Unchanged in setation .

Maxilla ( Fig.8E ) - Unchanged in setation .

First Maxilliped ( Fig.8F ) - Unchanged in setation .
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Second Maxilliped ( Fig.8G ) - Basis and endopod unchanged;

exopod now with 7 natatory plumose setae.

Third Maxi lliped ( Fig.8H ) - Endopod unchanged; exopod now with

8 natatory plumose setae.

Abdomen ( Flg.2E, 3E ) - unchanged in form.

Uropod ( Flg.81 ) - Endopod with 6 or 7 plumose setae; exopod

with 1 1 plumose setae.

Telson ( Fig.SI ) - Unchanged in form except central process now

of similar length to processes 5 to S .

Sixth Zoea

( Figs.2F,3F,9 )

Size - CL: 2.30 mm ( average)

TL: 4.64 mm ( average )

Carapace ( Fig.2F,3F ) - Unchanged.

Antennule ( Fig.9A ) - Unchanged in setatlon .

Antenna ( Fig.9B ) - Unchanged in setation .

Mandible ( Fig.9C ) - Unchanged in form.
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Maxillu1e ( Fig.90 ) - Unchanged in setation.

Maxi lla ( Fig.9E ) - Unchanged in setatton except scaphognathite

with 13 plumose setae and now w1th unarmed posterior projection.

First Maxi 11iped ( Fig.9F ) - Unchanged In setatlon .

"

Second Maxilliped ( Fig.9G ) - Basis and endopod unchanged;

exopoc now with 8 natatory plumose setae.

Third Maxi11iped ( Fig.9H ) - Unchanged in setatton .

Abdomen ( Fig.2F, 3F ) - Unchanged in form.

Uropod ( Fig.91 ) - Endopod with 7 plumose setae; exopod with 13

plumose setae.

Telson ( Fig.91 ) - Unchanged.
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Seventh Zoea

( Figs.2G,3G, 10 )

Size - CL: 2.34 mm ( average)

TL: 5. 19 mm ( average )

Carapace ( Fig.2G,3G ) - Unchanged. .

Antennule ( Fig.l0A ) - Unchanged except additional plumose

seta on the large ( outer) ramus.

Antenna ( Fig.10B ) - Endopod unchanged; exopod now with 16

plumose setae.

Mandible ( Fig.l OC) - Unchanged in form.

Maxi llule ( Fig.1OD ) - Coxal enctte unchanged in setation ; basta:

endite now with 7 strong spines each with several denticles , and 2

setae ; encoooc unchanged.

Maxi lla ( Fig. 10E ) - Unchanged in setation except distal lobe of

bastal enctte now with 6 setae.

First Maxi11iped ( Fig. 10F ) - Unchanged in setation .

Second Maxllliped (Fig. lOG) - Unchanged in setation.
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Third Maxilliped ( Fig.l OH ) - Unchanged in setation ,

Legs ( Fig,2G ) - Bud-l ike; unsegmented,

Abdomen ( Fig,2G,3G ) - Medio-dorsal spine on znc abdominal

somite larger.

Pleopods ( Fig,2G ) - Small biramous buds on somites 2 to 5 ,

Uropod ( Fig, 101 ) - Encopoc with 8 plumose setae; exopoc with

14 plumose setae,

Telson ( Fig, 101 ) - Unchanged in form.

Megalopa

( Fig. 11 )

Size - CL: 1.44 mm ( average)

TL: 3.95 mm ( average)

Carapace ( Fig.11 A ) - Shorter than abdomen, with prominent

blunt rostrum.

Eyes ( Fig.ll A ) - Length of eyestalks less than twice width I eye

reaches to base of ultimate segment of antennular peduncle.
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Antennule ( Fig.11B ) - Peduncle 3-segmented with short setae;

rami still unsegmented: inner with 5 short setae, outer with 7

aesthetascs .

Antenna ( Fig.11C) - Flagellum with 7 segments each with a few

setae, distal segment with long terminal seta.

Mandible - Damagedduring the dissection

Maxi llule ( Fig. 11D ) - Coxal endite with 9 setae; oasial endite

with many spines and 5 setae; 3 plumose setae on outer side of basis;

encopoc terminating in long plumose seta.

Maxilla ( Fig.11E ) - Proximal lobe of coxal endite with about 18

marginal setae and about 5 submarginal, distal lobe with 7 setae;

proximal lobe of basial endite with 7 setae , distal lobe with 12

setae; encopoc unsegmented without setae; scaphognathite with 49

plumose setae.

First Maxilliped ( Fig.11 F ) - Basis with 2 large setose inner

lobes; encoooo unsegmented; exopod with about 11 lateral plumose

setae.

Second Maxill tpec (Fig.11 G ) - Basis with 3,2 setae; endopod

3-segmented I distal segment with 7 setae I many inner and outer

setae on segments; exopod long I with 7 plumose setae and 3 distal

setae.
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Thtrd f1axilllPed ( Fig.llH ) - Basis with 2 setae; enoopoo

5-segmented with numerous setae; exoooo with 2 small terminal

setae.

First leg ( Fig. 111 ) - Right and left equal; orooocus twice as

long as broad, with scattered setae.

Second and Third legs ( Fig. 11 J, 11 K) - Simi lar , carpus about

equal in length to propoous .

Fourth leg ( Fig.l 1 L ) - Carpus and merus with few setae ,

oropocus with 4 corneous spines and few setae J dactylus short with

long seta and a few short setae.

Fifth leg ( Fig.llM ) - Propodus with a few corneous spines and

long curved setae.

Abdomen ( Fig.ll A ) - Somites with 1,2, 2, 2, 2, 1median dorsal

spines, also pair of dorso-lateral spines on somite 1 .

Pleopods ( Fig.llN ) - On somites 2 to 5 similar: encoooc a

simple lobe with 2 curved spines, exoooc with 9 natatory plumose

setae.

uropoo (Flg.IIO) - Endopod with 13 plumose setae and 5 blunt

corneous seines ; exopod with 25 plumose setae, 2 small setae and 4

b 1unt corneous SP ines .
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Te1son ( Fig. 110 ) - Subquadrangu1ar , somewhat broader than

long, with 9 plumose setae on posterior margin, 3 small setae on one

side and 2 setae on other in specimen examined, 4, 2, 2, 2, spines on

dorsal surface.

DISCUSSION

There has been some argument about the name of the species of

coeacotte which occur in the RedSea. The debate was summarised by

t.ewtnsorn ( 1969 ) , who gave a full bibliography and demonstrated

that adult specimens from the Red Sea show a number of relatively

small but consistent differences from C rugosus H. Mllne Edwards

from the Indian ocean and west Pacific. The present work follows

Lewinsohn in the use of the name Coenobita scaevola ( Forsk~l ,

1775 ) for the Red Sea species, which was originally described under

the name Cancer sceevote .

Zoeas of C sceevot» differ In minor characters from described

larvae of other species of this genus . Those of four species of

Coenoblta have been described , C perlatus, C rugosus, C cavlpes

and C clypeatus. The description of the newly hatched larva of C

perlatus by Borradaile (1903 ) is too brief to permit detailed

cornpartston . The first stage of C sceerot» Is very similar in general

appearance to the first stage of C rugosus as illustrated by

Yamaguchi ( 1938 ) , but there are some differences.
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InC ruaosos, the antennul e bears a di ff erent number of setae ,

the antenna] scale has an additional seta at the proximal end of the

inner margin and the endopod is shown as segmented, although this

may be erroneously represented by Yamaguchi. The maxilla and second

maxilliped have minor differences in setation from C sceevote. In the

megalopa stage the long ramus of the antennule is segmented in C

r(Jgos(Js but unsegmented in C sceevote ; the antenna I flagellum of C

ruoosos has 7 segments, compared with 5 in C sceevote. Most of the

megalopal appendages of C r(Jgos(Js are not illustrated by Yamaguchi

and therefore no detailed comparision between the two larvae can be

made.

Recently Shokita fial ( 1986 ) have published full descriptions

of the larval development of C r(Jgos(Js and C cevtoes Stimpson. The

larvae of these two species are very similar and differences are

confined to the appendages , which show minor differences in

setation . These authors compared their larvae of C roaosus with

those described by Yamaguchi ( 1938 ) and pomtec out a number of

differences. They suggested that the larvae described by Yamaguchi

might have belonged to C p(Jrp(Jre(Js, the adults of which have

frequently been confused with C r(Jgos(Js . Confirmation is, however,

required of several potnts in the description of larvae of C roposu:
by Shoki ta .et al. In zoea I , the numbers of setae stated to occur on

the encopod of the antenna and on the endopoos of the first and second

maxillipeds differ not only from those given here for C sceevote but

also from those of other known coenobitid larvae, and the 3 setae

shown on the scaphognathite of the maxi lla would be unique among
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anomuran larvae. In the megalopa ) C rvgosvs has 6 segments in the

antennal flagellum ) compared with 5 C sceevots , and the two

species differ in the number of plumose setae on the exopods of the

pleopods . Whichever description is correct I the larvae of C ruaoso:
appear to show minor differences from those of C scsevote.

C sceevote and C clypeatvs( described by Provenzano) '962 )

are east ly distinguished in the zoeal stages by the medio-dorsal spine

on the 5th abdominal somite, which is shorter than the lateral spines

in C sceevote but longer in C c/ypeat(Js. In all other zoeal stages C

clypeat(Js is distinguished by the presence of a dorsal rostral carina.

C clypeat(Js is longer than C sceevote in all stages , and the

appendages show some differences in setation . Provenzano obtained

the megalopa of C clypeatvs after 5 or 6 stages, but in the present

study the megalopa of C sceevote was obtained after 7 stages. It is

possible that the different laboratory conditions of temperature and

salinity are the reason for the difference in the numbers of stages.

Temperature and salinity were 25" C I 38- 39 ppt. in the present

study while they were 29" C , 33-36 ppt. for C clypeat(Js .

The only other genus of the Coenobitidae is Birg(Js . Larvae of B

letro , the only species of this genus) have been described by Reese

and Kinzie ( '968 ) . This spctes has two submedian spines on the

posterior dorsal margin of the fifth abdominal somite and the other

somites are without spines. This is the main character which

distinguishes B tetro from the species of coeaootte ,
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MacDonald, Pike & Williamson (1957 ) and Pike s Williamson

(1960 ) grouped the Coenobitidae with the Diogenidae in the

superfamily Coenobttctdea, while other hermit-crabs were grouped in

the superfamily Paguroidea. The early zoeal stages of the known

larvae of Coeno/)ita resemble those of the Dlogenidae rather than the

Paguroldea in having three setae on the antennal endopod . The

occurrence of median dorsal abdominal spines in the zoeal stages of

coeooott» is a character shared with many Diogenidae but no known

Paguroldea (Paguroidea usually have a small pair of median dorsal

spines but not a single median spine ) . There are, however, two

submedian dorsal spines on the fifth abdominal somites in the zoea

larvae of B tetro, the only other genus of the Coenobitidae (Reese and

Kinzie,1968 ). The presence of a median telson spine in the later

zoeal stages of the Coenobitidae seems to distinguish this family

from all other known larvae of the Anomura ( sensustricto), although

it Is a common feature of larvae of the Thalasslnoldea .
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Flgure 2 . coeoootte scsevots ( Forskal ) I lateral view of zoeal

stages.

A, first stage; B , second stage; C , third stage; D I fourth

stage; E I fifth stage; F I sixth stage; G I seventh stage.

Scale bar" 0.5 mm .





Figure 3 . coeoootts scsevote ( Forskal ), dorsal view of zoeal stages.

A , first stage; B , second stage; C , third stage; 0 , fourth

stage; E , fifth stage; F , sixth stage; G , seventh stage.

Scale bar = 0.5 mm .





Figure 4. coenootte sceevote ( Forsk~l ) , first zoea .

A, antennule ; B, antenna; ( , mandible; D , rnaxtuute ; e •

maxilla; F • first rnaxtlltped ; G • second maxilliped ; H • third

maxill1ped; I , telson . Scale bars ( from top) : ( 1 ) I • 0.5

mm ; ( 2 ) A,B, F,G = 0.2 mm ; ( 3 ) (-E , H • 0.2 mm.
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Figure 5. coeoootte sceevote ( Forskal ), second zoea .

A , antennule ; B , antenna; ( , mandib le ; D I maxi llule ; E ,

maxilla; F I first rnaxuuoec ; G , second rnaxiutoec ; H ,

third maxilliped; I , telson . Scale bars ( from top) : ( 1 ) A,

B I F-H= 0.2 mm, I = 0.5 mm ; (2 ) (-E = 0.2 mm.
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Figure 6 . c...oenoaus sceevots ( Forskal ) , third zoea .

A , antennule ; B , antenna; C , mandible, E , maxilla; F ,

first maxilliped ; G , second maxilliped , H, third maxil1iped;

I , uropod and te lson . Scale bars ( from top ) : ( 1 ) A, B ,

F-H= 0.2 mm , I = 0.5 mm ; ( 2 ) C-E = 0.2 mm .
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Figure 7 . coenootts scsevots ( Forskal ) , fourth zoea .

A , antennule ; B , antenna; C , mandible; D ) maxillule ; E )

maxi lla ; F , first maxi 11iped ; G ) second maxi 11iped ; H , third

maxilliped ; I , uropod and telson . Scale bars ( from top) :

( 1 ) A,B,F-H = 0.2 mm , I = 0.5 mm ; ( 2 ) C-E = 0.2 mm .
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Figure 8, coeaootts sceevote ( Forskal ) I fifth zoea ,

A I antennule ; B , anttena ; C , mandible; 0 , maxillule ; E ,

maxilla; F , first maxilliped ; G , second maxilliped ; H I third

maxilliped; I , uropod and telson . Scale bars ( from top) : (1)

A,B,F-H = 0.2 mm ; ( 2 ) C-E = 0.2 mm I I = 0.5 mm .





Figure 9, coencotts scsevote ( Forskal ) , sixth zoea ,

A , antennule ; B , antenna; C , mandible; 0 , maxillule ; E ,

maxilla; F, first maxilliped ; G , second maxilliped ; H , third

maxi1l iped ; I , uropod and te 1son , Sca1e bars (from top ) :

(1) A,B,F-H =0,2 mm ; ( 2 ) C-E = 0.2 mm , I = 0.5 mm .
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Figure 10. caenoatts sceevote ( Forskal ) , seventh zoea .

A, antennule ; B , antenna; C , mandible; 0 , maxillule ; E ,

maxilla; F , first maxilliped ; G I second maxilliped ; H ,

third maxi1liped ; I , uropod and telson . Scale bars ( from

top) : ( 1 ) A,B,F-H = 0.2 mm ; (2) C-E = 0.2 mm, I = 0.5 mm.
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Figure 11 . coenomte sceevote ( Forskal ), megalopa .

A , dorsal view; B , antennule ; C , antenna; D , maxillule ;

E, maxilla; F , first maxilliped ; G, second maxilliped ; H ,

third maxuupeo ; I , first leg; J , second leg; K, third leg;

L , fourth leg; M , fifth leg; N , second pleopod ; 0 , uropod

and tel son . Scale bars ( from top) : ( 1 ) B,C,G-N = 0.2 mm ;

(2) 0 = 0.5 mm ; ( 3 ) A = 1 mm , F = 0.2 mm ; ( 4 ) E = 0.2 ;

(5) 0 = 0.2 mm .
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CHAPTER:!

LARVAL OEVELOPtfENT OF THEHERlfIT CRAB

OAROANUS TINCTOR ( FORSKAL, 1775)

(CRUSTACEA: ANOI1URA : DI06ENIOAE)

REARED IN THE LABORATORY.
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INTRODUCTION

The hermit crab genus Oardanus is represented by 3 species in

the Jeddah region according to Lewinsohn (1969 ) . From my collection

of adults, 0 tmctor ( Forskal , 1775 ) appears to be more common

than the others in this region. It is found among corals and has the

habit of encouraging Ca/liaetis anemones to settle on its gastropod

shell ( Vine, 1986 ) .

Although over 40 species of Oardanus have been described

(Provenzano,1963 ) with distributions extending throughout all the

warmer seas of the world, there are few previous descriptions of

Oardanus larvae. Pike and Williamson ( 1960 ) described the first

zoea1 stage of 0. errosor ( Herbst ) , and Kurata ( 1968 ) reared the

same species to the megalopa , but none of these authors described

the mouth parts of the larvae . Decnance ( 1962 ) distinguished

between different unnamed species of Oardan(Js larvae from the

Indo-Pacific, but gave very brief descriptions. Provenzano ( 1963 )

described the megalopa stage of 0 venosus ( H.Ml1ne-Edwards ) , and

Nayak and Kakati ( 1978 ) described the first zoea stage of 0. settre:
( H. Milne-Edwards) .

The purpose of this study is to describe the complete larval

stages of 0.tinetor reared in the laboratory and to compare these

with other known Oardan(Js larvae.
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I1ATERIALS AND I1ETHODS

An ovigerous female was collected on 5th Apri I 1987 from a

depth of about 5 m by traps. On 13 April larvae hatched , an~ rearing

methods were the same as for coeoootts sceevote ,

RESULTS

Development and duration of the larvae.

Oardan(Js tmctor passed through seven stages and one megaIcpa

before reaching the first crab ( Table 3 ) . The number of days

required to complete the larval development in the laboratory at 25-

C is approximately 41 days,

Table 3 : Duration of each stage and survival of larvae.

Stages Durat ion ( mean and range ) ( days) No. at beg1nni ng

Zoea I 8.5 ( 8 - 9 ) 70

Zoea II 4.5(4-5) 68

Zoea III 5.0 ( 4 - 6 ) 62

Zoea IV 5.0 ( 4 - 6 ) 53

Zoea V 5.5 ( 4 - 7 ) 44

Zoea VI 6.0 ( 5 - 7 ) 37

Zoea VII 8.5 ( 8 - 9 ) 18

Megalopa 6
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Descriptions,

First Zoea

( Fig. 12A,B, 13 )

5 ize - CL : 1.24 mm ( average )

TL : 2.33 mm ( average)

Colour - Orange-red along middle of carapace, all abdomen and

part of telson on ventral side.

Carapace ( Fig.12A,B ) - Rostrum broad at base, narrow at end;

with cuticle scaly.

Eyes ( Fig.12A,B ) - Immobi le .

Antennule ( Fig.13A ) - Uniramous , with 3 terminal aesthetascs

of varying size , 2 short and one long plumose setae ; 1 long

subterminal plumose seta.

Antenna ( Fig.13B ) - Endopodwith 2 terminal and 1 subterminal

plumose setae, the subterminal seta about 1/3 length of other two;

exopod with 10 plumose setae on inner and distal margin; a strong,

serrated ventral spine on protopod at base of exopod ; fine hairs along

the outer margin.
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Mandible ( Fig.13C ) - A simple process with irregular teeth,

without differentiation into incisor and molar regions.

Maxillule ( Fig.130 ) - Coxal endite with 6 setae; basial endite

with 2 strong spines, each with several denticles and 2 setae ;

endopodwith 2 setae.

Maxilla ( Fig.13E ) - Proximal lobe of coxal endite with 6 setae,

distal lobe with 3 setae; proximal lobe of basial endite with 5 setae,

distal lobe with 4 setae; Outer lobe of encoooc with 2 setae, inner

lobe with 2 setae; scaphognathite with 5 plumose setae.

First Maxilliped ( Fig.13F ) - Basis with hooked process at

proximal end of inner face, 1 small seta near hook and 2 , 3 , 2 setae

more distally on this face; endopod 5-segmented with 3/0 , 2/0 ,

1/0, 210, 411 inner I outer plumose setae, also fine outer hairs on

segments 1 ,2, 3 and 4; exopod with 4 natatory plumose setae.

SecondMaxi IIiped ( Fig.13G ) - Basis with 1 , 2 inner setae more

distally on this face; endopod4-segmented with 2/0 , 210 , 2/0 , 4/1

inner I outer setae, also fine outer hairs on segments 2 , 3 ; exopod

with 4 natatory plumose setae.

Third Maxilliped ( Fig.13H ) - A small lobe.

Abdomen ( Fig.12A.B ) - Surface of cuticle scaly, 5th abdominal

somite with short lateral spines.
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Telson ( Fig.131 ) - Triangular in form with concave median

notch; 7 pairs of marginal processes: outermost a stout spine, 2nd a

fine hair and 3rd to 7th plumose setae; longitudinal ridges on dorsal

surface.

Second Zoea

( Fig. 12C, 14 )

Si-ze - CL: 1.47 mm ( average)

TL : 2.72 mm ( average )

Carapace ( Fig.12C ) - Almost unchanged.

Antennule ( Fig.14A ) - Peduncle with 3 terminal aesthetascs and

2 plumose setae, 2 long subterminal plumose setae and 4 small outer

plumose setae.

Antenna ( Fig.14B ) - Endopod unchanged exopod with 12

plumose setae.

Mandible ( Fig.l4C ) - A few more minute corneous teeth.

Maxi llule ( Fig. 14D ) - Coxal endite unchanged in setatton : basial
endite with 4 strong spines, each with several dentlcles and 2 setae;

endopod unchanged in setation .
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Maxill a ( Fig. 14E ) - Proximal lobe of coxa I endi te unchanged ,

distal lobe with 4 setae ; bastal endite and endopod unchanged

schaphognathite with 7 plumose setae.

First maxlll ipeo ( Fig.14F ) - Basis with 1 small seta near hook

and 2,3 and 3 setae; endopod with 3/0,2/1,1/1,2/1,4/1

inner/outer plumose setae; exopod with 6 natatory plumose setae.

Second Maxill iped ( Fig. 146 ) - Basis unchanged ; encopoc with

2/0 s 2/ 1 , 2/1 , 4/1 inner / outer plumose setae; exopod with 6

plumose natatory setae.

Third Maxilliped ( Fig.l4H ) - Endopodabsent; exopod a lobe with

5 natatory plumose setae.

Abdomen ( Fig.12C ) - Unchanged in form.

Telson ( Fig.141 ) - An inner pair of smaller plumose setae

adoec.to give 8 pairs of posterior marginal processes.

- 37-



Third Zoea

( Fig.12D, 15 )

Size - CL : 1.47 mm ( average)

TL : 3.40 mm ( average)

Carapace ( Fig.12D ) - Unchanged.

Antennule ( Fig.1SA ) - Now consisting of peduncle and 2

unsegmented rami, 4 short outer distal plumose setae on peduncle; 4

plumose setae on short inner ramus; 3 aesthetascs all about same

length, 2 long and 2 short plumose setae on large outer ramus.

Antenna ( Fig.1SB ) - Endopod with 1 terminal aesthetasc

exopod with 14 plumose setae and hairs along outer margin.

Mandible ( Fig.1SC ) - With additional small teeth.

Maxtl1ule ( Fig.1SD ) - Unchanged in setation .

Maxilla ( Fig.1SE ) - Proximal lobe of coxal endite with 7 setae,

distal endite unchanged ; basial endtte and endopod unchanged ;

scaphognathite with 11 plumose setae.

First Maxilliped ( Fig.1SF ) - Unchanged in setation .

SecondMaxilliped ( Fig.1SG ) - Unchanged in setation .
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Third Maxilliped ( Fig.1SH ) - Endopod a lobe on inner side of

basis with short plumose setae ; exopod with 6 natatory plumose

setae.

Abdomen ( Fig.12D ) - Unchanged in form.

Uropod ( Fig.1SI ) - Unsegmented; endopod unarmed; exopod with

10 natatory plumose setae.

Telson ( Fig.lSI ) - Slightly wider posterioly than anteriorly;

outer process of stage I and II now completely absent; original 4th

process now a fused spine.

Fourth Zoea

( Fig. 12E,16 )

Size - CL : 2.04 mm ( average)

TL : 4.03 mm ( average)

Carapace ( Fig.12E ) - Unchanged.

Antennule ( Fig.16A ) - Unchanged in setation with additional

short plumose seta on the middle region of the peduncle.

Antenna ( Fig.16B ) - Endopod unchanged exopod with 16

plumose setae
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Mandible ( Fig.16C ) - With additional small teeth.

Maxi1lule ( Fig.16D ) - Coxal endite unchanged; basta: endtte with

5 strong spines, each with several denticles ; endopod unchanged.

Maxilla ( Fig.16E ) - Unchanged in setatton .

First Maxi11iped (Fig.16F ) - Unchanged in setation .

Second Maxill i ped ( Fig. 16G ) - Endopodunchanged ; exopod w1th 6

long and 2 short natatory plumose setae.

Third maxilliped (F1g.16H) - Unchanged in setatlon.

Abdomen ( Fig.12E ) - Unchanged in form.

Uropod ( Fig.161 ) - Endopod and exopod articulated w1th

protopod: endopod with 6 plumose setae; exopod with 12 plumose
'\

setae and strong outer distal spine.

Telson ( Fig.161 ) - Unchanged in form.
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Fifth Zoea

( Fig.12F, 17 )

Size - CL : 2.24 mm ( average)

TL : 4.22 mm ( average)

Carapace ( Fig. 12F ) - Unchanged .

Antennule ( Fig.17 A ) - Unchanged in setation except one

additional plumose seta on large ( outer) ramus and one additional

short plumose seta on the middle region of the peduncle.

Antenna ( Fig.17B ) - Endopod with 2 terminal aesthetases ;

exopod with 17 plumose setae.

Mandible ( Fig.17C ) - Unchanged in form .

naxtnule ( Fig.17D ) - Coxal endite with 7 setae I basial endite

and endopod unchanged in setation .

Maxilla ( Fig.17E ) - Unchanged in setation .

First Maxll Iiped ( Fig.17F ) - Unchanged in setation .

Second Maxilliped ( Fig.17G ) - Endopod unchanged; exopod now

with 8 equal natatory plumose setae.
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Third Maxilliped ( Fig.17H ) - Endopod unchanged; exopod with 6

long and 1 short natatory plumose setae.

Abdomen ( Fig.12F ) - Unchanged in form.

Uropod ( Fig.171 ) - Endopod with 7 - 8 plumose setae; exopod

with 14 plumose setae.

Telson ( Fig.171 ) - Unchanged in form.

Sixth Zoea

( Fig.12G, 18 )

Size - CL : 2.52 mm ( average)

TL : 4.76 mm ( average )

Carapace ( Fig. 12G ) - Unchanged .

Antennule ( Fig.18A ) - Unchanged In setatton except long ( outer)

ramus now with 4 aesthetases , 3 long and 2 short plumose setae.

Antenna ( Fig. 18B ) - Unchanged In setation .

Mandible ( Fig.18C ) - With additional small teeth.

Maxillule ( Fig.18D ) - Unchanged in setation .
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Maxi Ila ( Fig.IBE ) - Proximal lobe of coxal endlte with 11 setae,

distal lobe unchanged; proximal lobe of oasial endite with 6 setae,

distal lobe with 5 setae; encoooc unchanged; scaphognathite with 12

plumose setae and now with unarmed posterior projection, 4 plumose

setae at base of proximal projection.

First Maxi 11Iped ( Fig.1SF ) - Endopod unchanged In setation ;

exopod with 7 natatory plumose setae.

SecondMaxililped ( Flg.IBG ) - Unchanged in setation.

Third Maxilliped ( Fig.ISH ) - Endopod unchanged; exopod now

with 7 equal natatory plumose setae.

Abdomen ( Fig.12G ) - Unchanged In form.

Uropod ( Fig.ISI ) - Endopod with 9 plumose setae; exopoo with

16 plumose setae.

Telson ( Fig.tBI ) - With additional pair of Inner plumose setae,

to give 9 + 9 processes.

- 43-



Seventh Zoea

(Fig. 12H,19)

Size - CL : 3.52 mm ( average)

TL : 5.85 mm ( average)

Carapace ( Flg.12H ) - Unchanged.

Antennule ( Flg.19A ) - Small ( inner) ramus with 6 plumose

setae; long ( outer) ramus with 3 long and 2 short plumose setae and

g - 10 aesthetascs ; proximal part of peduncle with 2 plumose setae,

middle part with 2 plumose setae and basal part with 4 plumose

setae.

Antenna ( Fig.19B ) - Endopod unchanged exopod w1th 18

plumose setae.

Mandible ( Fig.18C ) - Unchanged in form .

Max111ule( F1g.19D ) - Coxal endtte with 9 setae; basial endtte

and endopodunchanged .

Maxilla ( F1g.19E) - Prox1mallobe of coxal end1te w1th 13 setae,

d1stal lobe unchanged; prox1mal lobe of basta: end1te with 7 setae

and d1stal lobe with 5 setae; endopod unchanged; scaphognathite

with 13 plumose setae and 4 plumose setae at base of proximal

projection.
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First Maxill j ped ( Fig. 19F ) - Endopod unchanged ; exopod with 9

natatory plumose setae.

Second Maxi II iped ( Fig. 19G ) - Endopod unchanged; exopoc with 9

natatory plumose setae.

Third Maxi II tpeo ( Fig. 19H ) - Endopod with 2 short setae, exopod

with 8 natatory plumose setae.

Pleopods ( Fig.12H ) - Small biramous buds on somltes 2 - 5 .

Uropod ( Fig.191 ) - Endopod with II plumose setae; exopoc with

16 plumose setae.

Telson ( Fig.191 ) - Unchanged In form.

Megalopa

( Fig. 20 )

Size - CL: 1.76 mm ( average)

TL : 4.96 mm ( average )

Carapace ( Fig. 20A ) - Shorter than abdomen, with prominent

blunt rostrum.

Eyes ( Fig. 20A ) - Length of eyestalks less than twice width.
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Antennule ( Fig. 20B ) - Peduncle3-segmented with short setae;

rami segmented, inner ( shorter) ramus of 4 segments with short

setae, outer ( longer) ramus of 7 segments with numerous long setae.

Antenna ( Fig. 20C ) - Flagellum with 14 segments , distal

segment with seta; small vestigial exopoowith 2 short setae.

Mandible palo ( Fig. 200 ) - paddle-like with 12 terminal setae

and2 setae at proximal end.

Maxillule ( Fig. 20E ) - Coxal endite with 8 spines and 12 setae;

basral endlte with 13 spines and 10 setae; endopodwith I seta.

Maxilla ( Fig. 20F ) - Proximal lobe of coxal endlte with about 34

setae and distal lobe with 9 setae; proximal lobe of bastal endite

with 12 setae and distal lobe with 12 setae; endopodunsegmented

without setae; scaphognathlte with about 49 plumose setae.

First Maxilllped ( Fig. 20G ) - Endopodunsegmented, with short

terminal seta ; exopod with 6 natatory plumose setae ; epipoc

blade-like with 10 plumose setae.

SecondMaxilliped ( Fig. 20H ) - Endopodof 4 segments with short

setae; exceed with 8 natatory plumose setae.

Third Maxilliped ( Fig. 201 ) - Endopodof 5 segments with

numerousshort setae ; exopodwith 8 natatory plumose setae.
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First Leg ( Fig, 20J ) - Right and left cbeltoecs equal; dactyl

about 1/3 length of merus .

Second and third Legs ( Fig. 20K,L ) - Simi lar , dactylus shorter

than propodus , with some sp ines ,

Fourth and fift!"t Legs ( Fig, 20M,N ) - Chelate, with numbers of

setae,

Pleopods ( Fig, 200 ) - On somites 2 - 5 J similar: encococ a

strnple lobe with 2 curved spines; exopoo with 9 natatory plumose

setae,

urocoo ( Fig, 20P ) - Endopodwith 16 long J 1 short plumose setae

and 4 blunt corneous spines; exopod with 21 long J 3 short plumose

setae and 9 blunt corneous spines,

Telson ( Fig, 20P ) - Ovoid, about twice as long as broad J with

12 plumose setae on posterior margin.
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DISCUSSION

This is the first description of the larvae of 0. ttncto:
(Forskzl1,1775 ) and, as noted in the Introduction, it is the first

complete account of the larval development of any species of the

genus Dardanus. Kurata ( 1968 ) , however, established the number of

zoeal stages in aerrosor and gave figures of the antennule, antenna

and telson in each stage. Unpublished figures by Dr . D. I . Williamson

of all the appendages of zoeal stages I - V and the megalopa of this

species have also been made available to the author , and it is

therefore possible to compare the larvae of urmao: and 0. srrosa/
in some detail. Similarities between the larvae of the two species

include the number of zoeal stages ( aerrosor can pass through

either 7 or 8 ) , the lack of distinct chromatoohores and the general

shape of the rostrum, carapace and telson .

The larvae of 0. tmctor are, however, only about 3/4 the length

of those of 0. errosor in each stage ; in the zoeal stages , the

rostrum is shorter, extending beyond the antenna I scale by only about

half the length of the scale as opposed to the full length; and there

was no dorsal carina at the base of the rostrum. The lateral spines on

the 5th abdominal somite are smaller in 0. tmctor , and the

outermost tel son process, which becomes reduced to a small spine in

0. errasor , disappears entirely in 0. tmct«: The antennal exopod

bears the same number of setae in both species in zoeal stages I and

II , but 0. errosor bears one more in zoea III ,increasing to 5 more

in zoea VII.
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In those stages which can be compared, 0. srrosor has one more

seta than 0. tmctor on the coxal endite of the maxillule and also on

the distal lobe of the coxal endite of the maxilla; It also has one

more seta on the exopod of maxi 11iped 3 in stages IV and V . The inner

setae on the endopods of maxil1lpeds 1 and 2 also show specific

differences: on maxilliped 1 there are 2 , 2 , 1 ,2 In 0. srrasor 13,2,

1, 2 in 0. tmctor ; on maxill tpec 2 there are 2, 1 ,lin o.arrosor ,2,

2 , 2 in 0. tinctor .

Nayak and Kakati ( 1978 ) described the first zoea of 0. setlfel

and noted that the surface of the cuticle was without scales In the

larvae they examined. Seridji ( 1987 ) ( unpublished data) described

0. callie/(Js ( staqe III ) , which has a very long rostrum and long

lateral spines on the 5th abdominal somite. It also shows d1fferences

from 0. tmctor In the setation of most of the appendages. The

megalopa of 0.venosus was described by Provenzano ( 1963 ) I and the

features of the three known species In this stage are compared in

Table 4.
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Table 4 .Comparision of megalopas of 0. tinctor, 0. srrosor, and 0.

venosus.
0. tlnctor 0. errosor 0. venosus

Mandible: setae on palo 14 19 18
Maxlllule: coxal endite:

spines + setae 8+12 14+? 15+23
basta: endite :

spines + setae 13+10 26+? 35+8
Maxilla: setae on endites 34,9,12,12 19,4,15,21 19,4,15,21
setae on scaphognathite about 49 about 115 about 100
First maxilliped:

setae on exopod 6 19 17
Second maxi 11iped :

setae on exopoc 8 12 14
Third maxilliped:

setae on exopod 8 15 IS

Pleopods

hooks on endopod 2 5 3-5
setae on endopod 0 3 3-5
setae on exopod 9 14 12

Telson: terminal setae 12 15 17

Appendage setation is mostly similar in 0. venosus and 0. srrosor,
but both show great differences from 0. tmctor .
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Figure 12 . Oardan(Jstmctor ( Forskal ) , lateral view of zoeal stages.

A, first stage; B , dorsal view of first stage; C I second

stage; D I third stage; E , fourth stage; F I fifth stage; G I

sixth stage; H , seventh stage. Scale bar = 0.5 mm .





Figure 13 . Oardan(Jstmctor ( Forskal ) , first zoea .

A, antennule ; B , antenna; C , mandible; D , rnaxtllule ; e ,

maxilla; F , first maxilliped; G, second maxnttoec : H , third

maxi1liped; I , telson . Scale bars ( from top) : ( 1 ) A, B , F,

G= 0.2 mm ,1= 0.5 mm ; ( 2 ) C - E , H = 0.2 mm .
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Figure 14. Oardan(Jstmctor ( Forskal ) , second zoea .

A , antennule ; B , antenna; C , mandible; 0 I max1llule ; E ,

maxilla; F I first maxilliped ; G, second maxi1l1ped; H, third

maxilliped; I , telson . Scale bars ( from top) : ( t ) A , B IF,

G = 0.2 mm I I = 0.5 mm ; (2 ) C - E , H = 0.2 mm .
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Figure 15 . Dardanus tinetor ( Forskal ) , third zoea .

A , antennule ; B, antenna; C , mand1ble ; D , maxillule ; E ,

maxi lla ; F , first max111iped ; G , second maxi lltpeo ; H ,

third rnaxtlupeo ; I , uropod and telson . Scale bars ( from

top) : ( 1 ) I = 0.5 mm;(2) A , B , F- H = 0.5 mm ; ( 3 ) C - E =
0.2mm.
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Figure 16 . Oardanus tinctor ( Forskal ) , fourth zoea .

A , antennule ; B , antenna; C , mandible; D , maxillule ; E ,

maxilla; F , first maxilliped ; G, second maxilliped ; H , third

maxi1l1ped; I , uropod and telson . Scale bars ( from top) : (1)

I = 0.5 mm ; ( 2 ) A I B I F- H = 0.5 mm ; ( 3 ) C - E = 0.2 mm .
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Figure 17 , Oardam,/stmctor ( Forska) ), fifth zoea ,

A , antennule ; B , antenna; C , mandible; D , maxillule ; E ,

maxilla; F , first maxilliped ; 6, second maxilliped ; H , third

maxilliped; I , uropod and telson , Scale bars ( from top) :

( 1) I = 0.5 mm ; ( 2 ) A , B , F- H = 0,5 mm ; (3 ) C - E = 0,2 mm ,



i

(,
I

LA,B,F-H
C-E



Figure 18 . Oardan()s tinetor ( Forskal ) , sixth zoea .

A , antennule ; B, antenna; C mandible; D , maxtuute ; E ,

maxilla; F , first maxl11iped ; G , second maxilliped ; H, third

maxilliped; I , uropod and telson . Scale bars (from top) : (1)

A , B , F - H = 0.5 mm , C - E = 0.2 mm ; (2 ) I = 0.5 mm .
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Figure 19 . OardanIJstinctor ( Forskal ), seventh zoea .

A, antennule ; B, antenna; C , mandible; 0 , maxl11ule ; E ,

maxilla; F , rtrst maxnupeo ; G, second maxilllped ; H , third

rnaxtllt ped ; I , uropod and tel son. Scale bars ( from top ) :

( 1) A , B , F - H = 0.5 mm , C - E = 0.2 mm ; ( 2 ) I = 0.5 mm .
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Figure 20. Dardan(Js tmcto: ( Forskal ) I megalopa .

A I dorsal view; B I antennule ; C I antenna; D I Mandible

palp ; E I rnaxtllule ; F I maxilla; G I first maxilliped ; H,

second maxilliped ; I I third maxilliped ; J I first leg; K ,

second leg; L , third leg; M , fourth leg; N , fifth leg; 0 ,

second pleopod ; P , uropod and telson . Scale bars ( from

top) : ( 1 ) A = 1 mm ; ( 2 ) P = 0.5 mm ; ( 3 ) J - L = 1 mm ;

(4 ) B le, G - I , M - 0 = 0.5 mm ; (5) E , F = 0.5 mm ; ( 6 ) D=

0.2mm.
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CHAPTER4

A DESCRIPTION AND DISCUSSION OF ALPHEID AND ANOI1URAN

LARVAE FROI1 PLANKTON SAlfPLES IN THE CENTRAL REO SEA.
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INTRODUCTION

Comparatively few decapod larvae in collections from the Red

Sea can be assigned to named species, but many can be assigned to

faml1ies or genera, and specific differences between larvae of the

same genus are often apparent. The larvae of a number of fam11ies

and genera in the present collections were sorted to species and

specific numbers allocated. In several groups the numbers of species

determined from the larvae were very much greater than the numbers

previously recorded from the area as adults, but in others the larval

records indicate smaller numbers of species than those which have

previously beenrecorded. Examplesof both these situations are given

in the present chapter , which concerns investigations into the

number of species in the genus A/pneus ( Caridea ) and in several
fam11iesof the Anomura .

Lengths are g1venas average values for each larvae, based on at

least 10 spec1mens when sufficient material was ava11able. The

range is usually ± 10-15% of the mean value . The locations of

stations, rreooenctes of sampl1ng and distribution of the commoner

species are given 1nchapter 5 .
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Alpheldae ( Carldea)

A /pIJe(Js spp.

Introduction

Alpheid shrimps have attracted the attention of many scientists

from several ootnts of view, including their habit of burrowing in the

sea bed, the sound production of males and the fact that some live

commensally with different species of gobiid fish ( Vine, 1986 ) .

The Red Sea is known to be extremely rich in alpheid species

(Gurney, 1938c ) . Banner& Banner ( 1981 , 1983 ) listed records of

95 species and subspecies of adult Alpheidae , including 49 species of

A/pIJe(Js, from the Red Sea and Gulf of Aden , and 143 species of

Alphetcae from the western Indian Oceanincluding the RedSea.

Knowlton ( 1973 ) summarised avauaote information on modes

of development in the Alpheidae . It appears that extended larval

development, with about 9 zoeal stages, occurs in most species of

A/PIJe(Js, although two species are known in which larval development

is abbreviated to three or less zoeal stages . Extended larval

devlopment also occurs in those species of AtIJanas which have been

investigated and the small egg size of known species of A/plleopsis

and Lepta/plle(Js is characteristic of extended development . In

S,vnal{Jlle(Js, however, nearly half the known species haveabbreviated
or direct devlopment .
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Lebour ( 1932 ) found that J in the laboratory J larvae of A. glabe!

( Olivi ) ( = A. ruber H. Mllne-Edwards ) hatched with stalked eyes J

usually characteristic of stage II and later stages J but with 7+7

telson setae J as in a normal stage I larva. Such larvae moulted to

produce forms with the usual characters of stage III larvae. The

youngest specimens of this species obtained from the plankton hadall

the characters of typical stage II caridean larvae. Knowlton ( 1973 )

found that J in the laboratory J A. lJeteroclJaelis Say could hatch

either as a typical stage I or stage II larva and that stage I J when it

occurred J was of much shorter duration than the subsequentstages.

Larvae of five named species of AlplJeus have been previously

described from the RedSea. A. audouini couttere was described from

the Suez Canal ( Gurney J 1927 ) and from Al-GhardaQa ( Gurney J

1938c ) . The other species J all from Al-GhardaQa J are A. veatrasu:
Herbst (described by Gurney J 1938c and Al-Kholy J 1961 ) J A.

pacificus Dana( by Gurney J 1938c andby Gohar& Al-Kholy J 1957 ) J

A. rapax Forsk ( by Al-Kholy J 1961 ) and A. mtcrostytos Bate ( by

Al-Kholy J 1963 ) . In addition J Will tamson ( 1970 ) described late

larvae of 37 unnamedspecies from plankton samples from the Gulf of

Al-Aqaba J distinguishing them only on external morphological

characters as the cnromatopnores were no longer distinguishable.
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Hethods

Larvae of A/plleus were sorted from plankton samples and

preserved in approximately 2% formaldehyde in sea water . In

distinguishing species I much use was made of the distribution of

chromatophores . As the chromatophores fade in preserved material I

larvae had to be examined within 7-10 days of capture .

Chromatophore patterns are shown in the results on standardised

dorsal views of typical A/plleus larvae ( Fig. 21-28 ) . Thesediagrams

do not show other specific morphological characters. The total length

of each larva, the ratio of rostral length to eye length and the shape

of the eyes was also recorded. Drawings of rostra andeyes are given

for only a minority of species . The larvae were given specific

numbers I eachwith the prefix CRS( for Central RedSea) .

Attempts were made to rear larvae captured by pipette from

plankton samples . Some were isolated in small bowls and fed on

eitner Rotifers or Artemt» nauplii . In addition I about 100 larvae

were placed in a 2 l1tre beaker and fed on Artemia nauplii . All

rearing experiments were at a controlled temperature of 25· C.

Results

No A/pileus larvae were seenwith typical characters of a stage I

cartdean larva ( sessile eyes and 7+7 telson setae ) . The great

majority of the larvae were in stage II and the drawings and

measurementsall relate to this stage.
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The most common chromatophores were red spots , but some

larvae ( e. g. CRS52 ) had diffuse pigment anda number had elongated

cnrornatophores , often on the posterior part of the carapace. A few

had very big red .chromatophores ( e.g. CRS 13 ) . Yellow

chromatophores scattered along the body occurred in CRS60 and a

few other species. All species hada single red spot chromatophore on

the distal antennular peduncle andanother on the inner side of the eye

stalk . Most had a red chromatophore on the anterior part of the

telson, but some had none ( e.g. CRS5 ) and some had two ( e.g. CRS

55) . In many species the posterior telson was unpigmented ( e.g.CRS

1 ), but some had two chromatophores in this region ( e.g.CRS7 ) ,

others four ( e.g.CRS2 ) . A very large chromatophore occurred in the

middle of the telson in CRS21 .

Each larva was assigned to one of four categories depending on

the length of the rostrum in relation to that of the eyes ( Fig. 29 ) :

(A) rostrum at least 1/2 length of eye ( e.g.CRS20 ) , (B) about 1/3

length of eye ( e.g.CRS31 ), (C) about 1/4 length of eye ( e.g.CRS34)

and (D) less than 1/4 length of eye ( e.g.CRS61 ). Category 'B' was

the most common( Table 5) .

It was found possible to distinguish 10 groups depending on eye

shape, assigned to categories E-N ( Fig. 30 ) . For example, the

anterodorsal region of the eye was pointed in CRS 12 (E) , produced

Into a rounded prominence in CRS20 (H) and into a larger rounded
prominence In CRS 13 (N) , whlle the eye of CRS41 (K) was almost

round. Themost commontype of larval eye resembled that of CRS16
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(F) and CRS82 (I) J both of which should a small rounded prominence

but the cornea is wider in F (Table 5 ) .

The total length of AlplJe(Js larvae in stage II ranged from 1.76

mm ( CRS78 ) to 3.36 mm ( CRS50 ) , with an average of 2.44 mm

(Table 5 ).

Of the 89 species distinguished J CRS20 was the most common

in the mangrove area. It occurred in about 21~ of the total samples J

was restricted to February and March J when It occurred in all

samples J often in very large numbers. CRS46 was the most common

In the Obhorcreek. Many species occurred as only a single specimen.

CRS20 Is probably the same species as that from the Gulf of Aqaba

numberedNRS28 by Willlamson ( 1970) J although the chromatophore

pattern of NRS28 Is not known. Noneof the larvae can be assigned to

a namedspecies with any certainty.

In the rearing experiments all the Isolated larvae died within a

few days. Of the 100 larvae reared In mass culture J 10 survived for

six months J seven died during the seventh month J and the remaining

three were killed at the end of the seventh month J having reached a

length of approximately 10mm .
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Discussion

The relatively small range of morpnloqtca: characters is

consistent with assigning all the 89 species to the same genus ,

although the possibl1ity that some belong to other alpheid genera

cannot be entirely eliminated. Larvae of Atllanas were encountered

andwere fairly easlly dist1ngu1shedfrom those assigned to A/pileus.

It has been assumed in th1s work that the larval chromatophore

pattern is consistent for each soectes . Th1sassumption ts supported

by the cons1stent and d1st1nct chromatophore patterns found by

Lebour ( 1932 ) in the larvae of A. g/aber and A. mecrocnetes In

British waters and by the fact that chromatophores have provided

reliable specif1c characters in the larvae of all decapodgroups that

have been 1nvest1gated, including the Brachyura ( Lebour , 1928 ) ,

Diogenidaeand Pagurldae ( Pike s Williamson, 1960 ) and Penaeidae

(Mair, 1979). As 89 species havebeendistingu1shedas larvae in the

present work and only 49 have been recorded from the Red Sea as

adults, 1t must be 1nferred that there are nearly as manyundescr1bed

adults in the area as have been described . This reflects the

considerable difficulties encountered in trying to sample small

benthic shrimps in a community dominated by corals and the relat1ve

ease and efficiency of taking plankton samples in the overlying
waters.
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Figure 21 . Chromatophores patterns on standardised views of typical

A/plJe(js larvae ( stage II ) CRS 1 - CRS 12 .

Key to shape and colour of chromatophores in AlplJe(js larvae

CRS 1 - CRS89 .

( • ) Red chromatophores .

(-) Elongate Red chromatophores .

(*) Diffuse Red chromatophores .

«") Yellow chromatophores .
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Figure 22. Chromatophores patterns on standardised views of typical

A/p/Jeus larvae ( stage II ) CRS 13 - CRS24.

CRS 18 and CRS24 have the same chromatophore pattern

but differ in length of rostrum ( see Table 5 ) .
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Figure 23. Chromatophores patterns on standardised views of typical

Alpflf.(Js larvae ( stage II ) CRS25 - CRS36 .
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Figure 24. Chromatophores patterns on standardised views of typical

Alpt}(~us larvae ( stage II ) CRS37 - CRS48 .
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Figure 25 . Chromatophores patterns on standardised views of typical

A/ptJeus larvae ( stage II ) CRS49 - CRS60 .
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Figure 26 . Chromatophores patterns on standardised views of typical

A/pIJe.(Js larvae ( stage II ) CRS61 - CRS72 .
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Figure 27 . Chromatophores patterns on standardised views of typical

AlplJeus larvae ( stage II ) CRS73 - CRS84.
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F1gure 28 . Chromatophores patterns on standard1sed v1ews of typ1cal

A/plJe(/s larvae ( stage II ) CRS85 - CRS89 .
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Figure 29 . Length of rostrum in relation to eyes of AlptJeus larvae.

A , rostrum at least 112 length of eye; B , rostrum about

1/3 length of eye; C , rostrum about 1/4 length of eye; D ,

rostrum less than 1/4 length of eye. Scale bar = 0.5 mm .
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Figure 30 .Dtrrerent eye shapes ( E - N ) encountered in A/pne(Js

larvae. Scale bar = 0.5 mm
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Table 5 . AlptJeus species, CRS1 - CRS89 .

Total length, length of rostrum compared with eye length

( categories A - D ) and eye shape ( categories E - N ) .



AlDheus T.l. Rost.lEye Eye shape AlgD§Yli I TL Rosl.lEye Eye shape
eRS 01 2.79 A I eRS 46 1.88 e F
eRS 02 3.07 B F eRS 47 2.57 B I
eRS 03 2.56 I B F eRS46 2.16 A F
eRS 04 2.21 I A G eRS 49 2.34 0 F
eRS 05 2.51 I A F eRS 50 , 3.36 I B I
eRS06 2.44 B H eRS 51 2.4 B M
eRS 07 2.82 I A F eRS 52 2.36 0 I
eRS 08 2.46 A I eRS 53 2.32 B K
eRS09 2.08 A I eRS54 2.27 0 I
eRS 10 2.02 B F eRS 55 3.12 A I
eRS 11 2.03 B I eRS 56 2 B I
CRS 12 2.02 B E eRS 57 2.2 B I
CRS 13 2.32 B N CRS58 2.13 B I
eRS 14 2.07 e F eRS 59 2.19 B F
eRS 15 2.45 A G CRS60 3.18 B I F
eRS 16 2.25 B F eRS61 2.48 0 l
CRS 17 I 2.18 B F eRS 62 2.28 A K
eRS 18 2.32 0 I eRS 63 I 2.24 B F
eRS 19 2.14 , A M CRS64 2.56 B J
eRS 20 2.65 A H CRS65 2.49 B J
eRS 21 2.32 A I CRS66 3.2 A N
eRS 22 2.45 B I eRS 67 3.04 A F
eRS 23 1.94 A F eRS66 2.16 8 I
eRS 24 2.4 8 I eRS 69 I 2.72 B N
CRS25 2.81 I 8 F eRS 70 2.72 A J
eRS26 2.45 A E eRS 71 2.86 A I
eRS 27 2.31 B F eRS 72 2.4 B F
CRS28 2.43 B F eRS 73 3.04 8 L
CRS29 2.48 B F eRS74 2.4 B I
eRS 30 2.86 ! A I eRS75 2.8 B I
eRS 31 2.27 B I eRS 76 2.4 B I
eRS 32 2.28 6 F eRS 77 2.4 B I
eRS33 2.18 C G eRS78 1.76 B F
eRS 34 2.25 C ! F I eRS 79 2.92 B F
eRS 35 I 1.96 e F eRS 80 2.88 A I
eRS36 2.88 A F 1 eRS 81 2.4 0 I
eRS 37 2.36 8 I l CRS82 2.36 C I
eRS 38 3 e l eRS 83 2.5 6 I
eRS39 2.31 e F I eRS 84 2.28 0 I I
eRS 40 2.73 e L eRS85 2.53 \ 6 I
eRS 41 2.58 8 K I eRS 86 I 2.3 0 F
CRS 42 2.8 ! A I eRS 87 I 2.17 6 J
eRS 43 2.51 ! 6 I L I eRS 88 i 2.21 I C L
eRS 44 2 6 1 G I eRS 89 I 2.1 6 F
eRS 45 2.13 i C I F i I I ,i I ,



ANOtfURA ( INClUOIN6 THAlASSINIOEA)
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Thalasslnldea

Upogeblldae

Introduction

Thts fami Iy is usually regarded as consisting of the single genus

Upopebia Leach .1 although some authors have recognised 6ebicu/~

Alcock and Calliadne Strahl as subgenera of Upogebia or as separate

genera. Most species of Upo_qebialive in burrows in the substratum)

but Usavigni Strahl lives inside a sponge In a smooth-walled canal

which does not open to the surface. Development of this Red Sea

species was described by Gurney ( 1937a) 1 but it hatches as a juveni Ie

and there is no planktonic larval phase. No named larvae of Upogebi~

have been described from the Red Sea 1 but Serldj i ( 1986 ) recorded

the larvae of three unnamed species from the Gulf of Aqaba 1 northern

Red Sea.

Species of Upogebla recorded from the Red Sea as adults are

Upogebla darwinl( Miers) .1 U ancylodactyla De man 1 U cargadensis

Borradaile, U savlgnyl ( Strahl ) 1 U oseococoetste Tattersall 1 U.

carlnlcauda ( Stimpson) ( Sakai 1 1984).

European larvae of Upopebla have the rostrum shorter than the

antenna I scale 1 the telson develops a small median spine in stage II

and there are no abdominal spines ( Williamson I 1957 ) . The absence

of abdominal spines, however, is not a generic larval character.

Gurney ( 1938b ) ascribed to Upogebla a larva from the Great Barrier
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Reef with dorsal spines on abdominal sornttes 2-5 , and Ngoc-Ho

(1981 ) described larvae of U. affinis ( Say) and two other (unnamed)

species from the Gulf of Mexico all with a pair of large lateral spines

on the 5th abdominal somite and a pair of small dorsal spines on the

posterior border of the 6th somite 1nstage III and later stages. She

also mentioned, but did not describe, larvae ascr1bed to IJpogebia

from the Red Sea with a small median spine on the oostertor
border of the 6th somite 1n stage III and later stages . .European

species for which 1nformation ts aval1able pass through three or four

zoeal stages ( Gurney , 1942 ) , Mexican species through five
(Ngoc-Ho, 1981 ).

Results

Larvae of four species from the present collections are regarded

as belong1ng to IJpogebia and they have been g1ven the spectrtc

letters A-D . They are illustrated 1n F1g. 31 and the main

distinguishing characters are given in Table 6 . Each larva has an anal

spine I and larva B , which 1s in stage III , has a median dorsal spine

on the posterior margin of somite 6 anda small median telson spine.
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Table 6. Compartsion of larvae of Upogebia from the present
collection.

A B C D
Total length (average) in mm (stage) 2.85(1) 2.69(111)2.30(1) 2.73(1)

Length rostrum/ A2 scale 1 1/2 3/4 1/2

Dorsal denticles on somites 3,4,5 none 5 none

Lateral spines on somltes 3,4,5 none none none

Discussion

Larva A ( Fig. 31A ) resembles Gurney's ( 1938b) larva from the

Great Barrier Reef in having a relatively long rostrum and lateral

SPines on abdominal somltes 3-5 but It differs in having dorsal

denticles on these same abdominal somttes .

Larvae B ( Fig. 31 B ) in stage III , is clearly In the last zoeal

stage, as shown by the large rudiments of legs and oleoooos., Larva D

( Fig. 31D ) , in stage I , already has large leg rudiments and small

pleopod buds. There may be only two zoeal stages in this species.

Larvae A and C ( Fig. 31 C ) , both in stage I , show stm i lar

development of the thoracic appendages to the stage I larvae of

Mexican species, described by Ngoc-Ho( 1981 ) , which pass through

five zoeal stages. Ngoc-Hocommented on the similarity of the larvae

of the three species of Upogebia which she described from the Gulf of

Mexico but noted that there did not appear to be any general
World-wide tendency for closely related species of Upogebia to occur

in the same region. This is certainly true of the RedSea, where the
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larvae of this genus show a wide range of abdominal armature and

different species may show direct development or pass through an

estimated two, three or five zoeal stages.
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Flgure 31 . Upogebia larvae I lateral view.

A, Upogebia A ( stage I ) ; B , Upogebia B ( stage III ) ; C,

Upogebia C ( stage I ) ; D I Upogebja 0 ( stage I ) . Scale

bar = 0.5 mm.





Caillanassidae

IntroductIon

The generic name Callianassa Leach is here used in a broad sense

to include all the known Call1anass1dae( excluding Upogebiidae),

Gurney ( 1937b ) arranged the species of Callianassa into two

types on larval characters, Species of type 1 I represented by the

subgenera Callianassa I Cnearmus Bate and Trypaea Dana , pass

through five zoeal stages and have a large dorsal spine on the 2nd

abdominal segment. Species of type 2 , represented by the subgenus

Callicnirus Stimpson I pass through only two zoeal stages; the spine

on the second somite is shorter and the telson is very broad and

convex with many marginal processes. Gurney ( 1937b ) described

larvae of three species of type 2 from the Red Sea and Williamson

(1970 ) described one larva of type 1 , apparently of the subgenus

Callianassa,

Ser1dj1 ( 1986 ) recorded the larvae of four unnamedspecies of

Callianassa from the Gulf of Aqaba I and Al-Kholy and F1kryMahmoud

(1967a ) described the larval stages of one unnamed species of

Callianassa from Al-Ghardaqa , Egypt , The larva described by

W1111amsonresembles the Al-Kholy and Fikry Mahmoudlarvae I but

the spine on the 2nd abdominal somite is longer in the latter,
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Species of Callianassa recorded from the Red Sea as adults are

C joosseeome) Noblll , C cetemsot Noblll , C amooinesis Demanand

C tooovter) Nobill ( De Man, 1928 ; Holthuts , 1958 ) . Gurney ( 1937 ,

1942 ) commented that in some cases it ts dlfficult to decide

whether a larva should be assigned to the Call1anassidae or the

Axi ldae. He regarded the presence of an exopod on leg 5 in the late

zoeal stages of the Axiidae as the only rellable distinguishing

character. Kurata ( 1965 ) regarded the presence of a dorsal spine on

the second abdominal somite as an essential character of all larvae of

Callianassa and assigned similar larvae without such a spine to

Axi(Js.

Results andDiscussion

Seven species of larvae from the present collections are

ascribed to Callianassa, although in some cases it is not posslble to

rule out the posslbl1ity that they may belong to the Axl1dae . The

larvae, given the specific letters A - G , are lllustrated in Flgs. 32

and 33 and the main diagnostic characters are listed below.

Larva A ( stage I ) ( Fig. 32A ) - CL: 1.34 mm ( average) , TL : 3.26

mm ( average) . 2nd abdominal somite with long dorsal sptne reaching

to about posterior margin of 3rd somite. 3rd ,4th and 5th abdominal

somites with small dorsal spine. Telson medlan spine very short (Fig.

33A) .
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Larva B ( stage I ) ( Fig. 32B ) - CL : 1.92 mm ( average) I TL : 4.32

mm ( average) . 2nd abdominal somite with long dorsal spine I 3/4

length of 3rd somite. 3rd 14th and 5th abdom1nal somttes with dorsal

somes longer than A . Telson median spine very long ( F1g.33B ) .

Larva C ( stage I ) ( Fig. 32C ) - CL: 1.66 mm ( average) I TL : 3.81

mm ( average) . 2nd abdominal somite with long dorsal spine I 1/2

length of 3rd som1te . 3rd 14th and 5th somites with dorsal spines

simi lar to A. Telson median spine very long I as in B ( Fig. 33C) .

Larva 0 ( stage I ) ( Fig. 320 ) - CL: 1.92 mm ( average) I TL : 4.16

mm ( average) . 2nd abdominal somite with long spine I 1/2 length of

3rd somite. 3rd 14th and 5th somites w1th dorsal spines a little

longer than A. Telson med1anspine shorter than B ( Fig. 330 ) .

Larva E ( stage I ) ( Fig. 32E ) - CL : 1.44 mm ( average ) I TL : 3.30

mm ( average) . 2nd I 3rd, 4th and 5th abdominal som1tes with equal

spines. Telson median spine short I as in A ( Fig. 33E ) .

Larva F ( stage I ) ( Fig. 32F ) - CL : 2.40 mm ( average) I TL : 5.28

mm ( average) . 2nd abdominal somite without spine. 3rd and 4th

abdominal som1tes with dorsal spines and the 5th with long lateral

spines. Telson median spine long, as in B ( Fig. 33F ) .

Larva G ( stage II ) ( Fig. 32G) - CL: 1.92 mm ( average) I TL: 4.16

mm ( average) . 2nd abdominal somite without spine. 4th and 5th
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abdominal sornttes with lateral spines. Telson median spine long, as

in B ( Fig. 33G ) .

The telsons of all these larvae resemble that of Gurney's type I

( Gurney. 1937b) . but. if the distinction employed by Kurata (1965)

is correct, species F and G should belong to the family Axiidae . As

the larvae are all in the early zoeal stages it is impossible to say

whether an exopod would eventually develop on leg 5 .
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Figure 32. Call tanasstcae larvae, lateral view.

A, Larva A ( stage I ); B, Larva B ( stage I ) ; C , Larva C

( stage I ); 0 , Larva D ( stage I ) ; E , Larva E ( stage I ); F ,

Larva F ( stage I ) ; G, Larva G ( stage II ) . Scale bar = 0.5

mm.





Figure 33. Callianassidae larvae, telsons .

A , Larva A ( stage I ) ; B , Larva B ( stage I ) ; C , Larva C

(stage I ) ; 0, Larva 0 ( stage I ) ; E , Larva E ( stage I ) ; F ,

Larva F ( stage I ) ; G I Larva G( stage II ) . Scale bar" 0.5

mm.
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laomediidae

Introduction

The Laomediidae are burrowing decapods , macrurous in form

(Wear & Yaldwyn , 1966 ) . The known adults of the family make up the

genera Laomed/a de Haan , Nausnon/a Kingsley , Jaxea Nardo ,

Axianassa Schmitt and Laurent/ella LeLoeuff & Intes . Publications

on laomediid larvae are listed by Ngoc-Ho ( 1981 ) . Larvae of

csomea», Nausnonia and •./axea are known either from hatching in

the laboratory or rearing to identifiable juveniles. Ngoc-Ho ( 1981 )

ascribed a series of larval stages from the Gulf of Mexico to

Axianassa, and other larvae described by Menon ( 1933 ) from India

may belong to the same genus . No genus has been suggested for

larvae, apparently all of the same species , described by Gurney

(1938b ) from the western Atlantic , the Great Barrier Reef and

Samoa . No larvae have been ascribed to Laurent/ella. There are no

previous full descriptions of laomediid larvae from the Red Sea but

Seridji (1986 ) recorded the larvae of one unnamed species of

NaustJonia from the Gulf of Aqaba.

The described larvae of the family all have highly modified

mandibles in which the left is drawn out into a long sickle-shaped

spine. There is also a tendency for the head to be elongated between

the antenna and the mandibles to give the appearance of a I neck I •

This feature is well marked in larvae of Laomedia and Jaxea, only

slightly developed in NaustJoniaand absent in the larvae ascribed to
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.4xianassa. There is also a tendency for the telson of the early zoeal

stages to be broad and sickle-shaped, a feature most pronounced in

larvae of Jaxea, rather less developed in larvae of Laomedia and

Na(js/)onia and again absent in the larvae ascribed to Axian_assa .

Results

Larvae of two species are described in the present study J

Na(js/)onia sp. and Laomodiidae CRS ( Central Red Sea) . The latter

could not be identified to any genus of this family . Larvae are

illustrated in ( Fig. 34 ) .

Na(js/)onia so. ( TL : 1.81 mm , stage I ) ( Fig. 34E ) . One larva

was seen in the plankton collections, and the mod1f1cat1on of the

mandibles was clear without dissection. Rostrum small, slender,

upturned at end. Abdominal somites without pleural spines , but

somite 5 with a small papilliform process ventrally on e1ther side.

Telson deeply hollowed in middle.

Laomodiidae CRS( TL : 2.12 mm ( average) , stage I ) ( Fig. 34A ).

Rostrum broad at base narrowing into sharp distal part. Abdominal

somites 2- 4 with pleural sp1nes , som1te 5 with lateral spines.

Mandibles asymmetrical: the left a long curved spine ( Fig. 348 ) J the

right with cutting part oointec and molar part forked ( Fig. 34C ) .
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Discussion

The present larva of Na(Jsnonia so. ( Fig. 34E ) closely resembles

those described by Gurney ( 1938b) from Samoa and the Great Barrier

Reef and undoubtedly all these larvae belong to the same species;

also sertcjrs larva from the Gulf of Aqaba show many slmttertttes .

One adult species of Na(Jsnonia has been recorded from the Som111a

coast of the Red Sea; th1s ts N.perrieri Nobl1i . The larvae probably

all belong to this species, as suggested by Gurney & Lebour ( 1939 ) .

Laomediidae CRS ( Fig. 34A ) closely resembles Laomediidae D.I

described by Gurney ( 1938b ) from the western Pacific, the Great

Barrier Reef and Samoa, although Gurney's larva is rather larger ( 2.4

mm in stage I) and the rostrum and pleural spines are shorter .

Laomed11daeD.I has a very small median telson spine in the late zoeal

stages and it is probable that such a spine is also present In the late

zoeal stages of Laomediidae CRS . Both larvae probably belong to the

same genus, although it 1s sttu not poss1ble to suggest what this

genus m1ght be . The form of the mand1bles and pleural spines leaves

no doubt that they belong to the Laomediidae . Larvae from the Gulf of

Mexico, resembling Laomediidae CRS In most respects but lacking

pleural spmes , were ascribed to Axianassa by Ngoc-Ho ( 1981).

Larvae from India, originally ascribed to the Upogebiinae by Menon

(1933 ), probably belong to the same genus as Ngoc-Ho's larva,

although the presence of appendices tnternae on the pleopods of the

postlarvae does not agree with the suggestion that they belong to

'Axteaess«. Laomedl1dae CRSseems likely to be the larva of an
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undescribed species of the Laomediidae , but it is not yet possible to

say whether or not it belongs to a named genus.
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Figure 34. Laomediidae , lateral view.

A , Laomedi idae CRS ( Central Red Sea) ; S , left mandible

of Laomediidae CRS ; C , right mandible of Laomediidae CRS;

D , telson of Laomediidae CRS ; E , Na(JslJonia so.. Scale bars

( from top) : ( 1 ) S,C = 0.1 mm ; ( 2 ) A,D,E = 0.5 mm .
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( Anomura 5. 5. )

6a/atheldae

Intoduct Ion

Several species of this famlly are confined to deep water, and

some are commensal wttn different organisms ( Vine , 1986 ) .

Lewinsohn (1969) gave descriptions of 15 species of adult

Galatheidae from the Red Sea, belonging to the genera Balatflea ( 11

species) , tlf./nida ( 3 species) and Batfl,ymf./nicla ( 1 species) .

Seridji ( 1986 ) recorded from the northern Red Sea ( Gulf of

Aqaba) larvae of five unnamed species of Galathea and one unnamed

spects of l1f./nicla, but descriptions of these larvae are not yet

published. Only two 6alatflea larvae have previously been described

from the Red Sea , both from AI-GhardaQa , Egypt. These are 6.

longimana Paulson, described by Gurney ( 1938a ) and Balatflea so.

by Al-Kholy ( 1959 ) .

The following distinguishing features of Galatflea and l1f./nicle

are from Gore ( 1979 ) .

Galatnea sop.

1- Rostrum acute, expanded proximally often from stage II .

2- Carapace postero-lateral margin usually sptnulate .

3- Antennal scaonocertte broad or flattened.

- 72-



4- Telson triangular J not deeply bifurcate in early stages J becoming

more elongate in later stages.

I1l1nida spp.

1- Rostrum elongate J needle-like J splrulate on dlstolateral margin

and tip in early stages J but may be unarmed in late stages.

2- A serrated postero-lateral carapace margin with noticeable

posterior spine.

3- Antennal scaphocerite elongate, thin or even noticeably actculate ,
often spined , basal segment with a single ventral spine in first

stage.

4- Telson originally deeply bifurcate in early stages of development.

Also Williamson ( 1957 ) mentioned that larva of the family

Galatheidae are distinguished by having the postero-lateral margins

of carapace denticulate and usually w1th a sptne .

Results

Larvae of seven species were recorded in the present study and

given the specific letters A - G . The larvae are 11lustrated in Fig.35,

and the main distinguishing features are listed below. In each case

the length and breadth of the rostrum refer to the part which extends

beyond the eyes . All species have a pair of lateral spines on the

posterior margins of both the 4th and 5th abdominal somites .
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Larva A ( Fig. 35A ) . Zoea I I TL : 2.35 mm ( average) . Dorsal

posterior margins of somites 4 and 5 each with a continuous row of

denticles between lateral spines. Rostrum smooth, about 5 times as

long as broad. Dorsal part of posterior margin of carapace without

sptnules . Length of spine on antenna I scale only about 114 width of

scale.

Larva B ( Fig. 35B ) . Zoea II , TL : 1.75 mm ( average) . Dorsal

posterior margins of somites 4 and 5 each with a pair of small spines.

Rostrum with lateral serrations; length less than twice breadth.

Short length of dorsal posterior margin of carapace without somules .

Length of spine on antenna I scale about half width of scale. In all the

remaining species the dorsal posterior margins of somites 4 and 5 are

smooth.

Larva C ( Fig. 35C ) . Zoea III , TL : 3.17 mm ( average) . Rostrum

with laterat serrations J about 4 times as long as broad. Only about 4

dorsal sptnules at base of each posterior carapace spine, remainder

of margin between spines smooth. Length of spine on antenna I scale

about equal to width of scale.

Larva D ( Fig. 35D ) . Zoea I J TL : 2.00 mm ( average) . Rostrum

smooth J about 6 times as long as broad. Continuous row of splnules

on dorsal posterior margine of carapace. Spine on antenna I scale

much longer than width of scale. Lateral spines on 4th abdominal

somite small. Outermost telson spine long.
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Larva E ( Fig. 35E ) . Zoea I , TL : 2.00 mm ( average) . Rostrum

smooth, about 8 times as long as broad. Only 4 or 5 dorsal sptrules

at base of each posterior carapace spine ) remainder of margin

between spines smooth. Spine on antennal scale slightly longer than

width of scale.

Larva F ( Fig. 35F ) . Zoea I , TL : 1.82 mm ( average) . Rostrum

smooth, about 5 times as long as broad. Only short length of dorsal

posterior margin of carapace without sptnules . Spine on antenna I

scale much longer than width of scale. Eyes very large: length of eye

greater than distance from posterior eye to tip of carapace spine.

Larva G ( Fig. 35G ) . Zoea I , TL : 3.00 mm ( average) . Rostrum

with lateral sptnules on anterior third, remainder smooth; about 14

times as long as broad . continuous row of spinules on dorsal

posterior margin of carapace. Antennal scale parallel-sided for most

of length; setae on distal 3/4 of inner margin, spinules along entire

length of outer margin; terminal spine longer than width of scale.

DIscussIon

None 0f the Iarvae correspond to previ ously pubI ished

descriptions. Larvae A - F almost certainly belong to different

species of 6a/atIJea but G belongs to a different genus ( Fig. 35 ) . G

resembles larvae of t1(Jnida in having scmutes on the anterior part of

the rostrum) and larvae of some species of t1(Jnida have spinules on

the distal part of the outer margin of the antenna I scale. The shape of
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the antennal scale of G is , however, unlike that of any previously

described galatheid larva, and no other described larva has soinules

along the entire outer margin of the scale. The carapace spines and

outermost telson spines of G are similar to those of some species of

6alatllea and much less developed than in Nun/cia larvae. G seems

llkely to belong to a genus of the Galatheidae for which no larva has

previously been described. It is suggested that it may well belong to

Batllymunlda , which is known to be represented in the Red Sea by B

pots« Balss (Lewinsohn, 1969 ) .
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Figure 35. Galatheidae , dorsal view.

A , Larva A ( stage I ) ; B , Larva B ( stage II ) ; C , Larva C

(stage I" ); 0 , Larva 0 ( stage I ) ; E , Larva E ( stage I ) ; F,

Larva F ( stage I ) ; G, Larva G ( stage I ) . Scale bar = 0.5

mm.





Porcellanidae

Introduction

Larvae of the Porcellanidae are very distinctive, having the

rostrum much longer than the body I long posterior carapace spines

extending beyond the telson and the telson tending tovvards an ovoid

shape ( Wi 11iamson , 1957 ; Wear , 1964 ) . Greenvvooc ( 1965 ) gave a

table to distinguish the larvae of Petrolistnes, Porcellana and

Pisifiia I but larvae have also been described from species of

Po(von,yx; Pacny'Cneles, Petrocneles Euceramus I Neopisosoma and

Negalobral.:1Jium.

t.ewmsorn ( 1969 ) gave descriptions of 13 species of adult

Porcellanidae from the Red Sea, belonging to the genera Petrolistne~

( 8 species) , Pacnycneles ( 1 species), Pisidia (I species) and

Polyonyx ( 3 species ) . Serldji ( 1986 ) recorded 4 larvae of

Porcellanidae from Gulf of Aqaba, northern Red Sea: these are

Pis/dia inaequalis ( Heller ), Pacnycneles sp. , Polyonyx so. and

Petrollsthes so.. Larvae ascribed to PetrollsttJes so. and Identified

larvae of Pis/dia inaequalis described by Gurney ( 1938a ) ( the latter

as Porcellana inaequalis) from northern Red Sea , Petrolisthe~

rurescens (Heller) described by Gohar and Al-Kholy ( 1957 ) from

AI-GhardaQa , northern Red Sea, and a larva ascribed to the genus

Pacnycneles Stimpson by Williamson ( 1970 ) from northern Red Sea

are the only other larvae of this family described from the Red Sea.

- 77-



Results

Larvae of six different species were recorded in the present

study and given specific letters A - F ( Fig. 36 ) . They were

distinguished by the morphological features, tabulated in Table 7 .

Table 7 . comoartston of larvae of six species of Porcellanidae in

stage I .

A B C 0 E F

Length of rostrum(average)(mm) 2.56 5.92 4.48 4.06 (bro.*) 7.63

Length of carapace(average)(mm) 1.25 1.60 1.44 1.38 1.05 1.80

Length of carapace solnestmm) 0.51 1.37 1.98 1.98 2.59 1.87

Oenticles on ventral carapace +

Abdominal somites with spines 5 4,5 5 5 5 4,5

* indicates broken rostrum.

Discussion

The characters given 1n the ( Table 7 ) d1st1ngufsh all the larvae,

but C and Dare sfrntlar except for the presence of oenttcles on the

ventral carapace margin in the former larva ( Ffg. 36C,O ) . The telson

is also of similar form in C and D , but fn D it ts slightly narrower I

the central pronninence 1s more convex and the four short setae on

this prominence are more widely spaced ( Fig. 37C,O ) . C and D appear

to be the larvae of two closely related species of the same genus.
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In larva F the outermost telson process, normally a simple

spine, is replaced by two partly fused spines of unequal length ( Fig.

37F ) . Such a structure has not previously been described in a

coree llanid larva.

Larva A ( Fig. 36A ) is very simiar to the larvae of Pis/die.

Inaequa/Is described by Gurney ( 1938a ) from AI-Ghardaqa , on the

Egypt ian coast of the Red Sea . There are, however, some small

differences. The 6th abdominal somite is serrated in Gurney's larvae

but not in larva A , and the central telson prominence bears 2 setae in

Gurney's larvae but 4 in larva A . In spite of these differences, it

seems likely that larva A is P mseouetts. This species is known to

be common throughout the Red Sea and there are no confirmed records

of other species of this genus from the area ( Lew insohn . 1969 ) .

Although the teison of larva E ( Fig. 37E ) is less elongated than

that of larva A , it is of the same general form. Knight ( 1966)

potntec out that the larvae of Porce/lana, Pis/dia and Polyonyx show

similarities, including a narrow telson, which distinguish them from

other known porcellanid larvae. No species of Porcellana are known

from the Red Sea, but larva E may well belong to one of the three

species of POlyonyx which have been recorded.

The features of larvae B , C , D and F are consistent with

ascribing them to the genus PetrollsttJes. They do not include P

rorescens , whose larval telson lacks a central prominence (Al-Kholy,

1963 ) , but it is not possib Ie to say which of the seven

- 79-



other species of the genus recorded from the Red Sea are represented

in the larval collection.
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Figure 36, Porcellanidae , lateral veiw .

A , Larva A ( stage I ) ; B , Larva B ( stage I ) ; C , Larva C

(stage I ) ; 0, Larva 0 ( stage I ) ; E ; Larva E ( stage I ) ; F ,

Larva F ( stage I ) ; G, Larva G ( stage I ) . Scale bar = 0.5

mm.
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Figure 37. Porcellanidae , telsons .

A , Larva A ( stage I ) ; B , larva B ( stage I ) ; C , Larva C

(stage I ) ; D , Larva D ( stage I ) ; E , Larva E ( stage I ) ; F ,

Larva F ( stage I ) ; G, Larva G ( stage I ) . Scale bar > 0.5

mm.
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Paguridae

Introduction

In general the pagurids are scavengers and are found in a vvide

range of habitats , particulary among the corals ( Vine I 1986 ) .

Lewinsohn ( 1969 ) recorded from the Red Sea waters the following

adult pagurids : Ploypaguropsis ( 1 species) I Pagurus ( 4 species) ,

Nematopagurus ( 3 species ) I Catapagurus ( 1 species ) ,

Cestopagurus ( 3 species) and Anapagurus ( 1 species) .

One of the species of Pagurus closely resembles P. prideauxi

Leach from the Mediterranean and northern Europe and is recorded by

Lewinsohn ( 1969 ) as Paguros cf. prideauxi. Larvae have been

described for P. prideauxi ( e. g. MacDonaldfi.al., 1957 ) but not for

the other Red Sea species of paguridae . Larvae have not been

described for any species of Ploypaguropsis I Nematopagurus,

Catapagurus or CestopaglJrus. Seridji ( 1986 ) recorded from the Gulf

of Aqaba I northern RedSea, four larval species of Pagurusand one of

Anapagurus I but these are not identified to named species.

The larval stages of the family Paguridae are well-known from

different regions of the world I and many authors have described

different species belonging to this family. For instance, MacDonald,

Pike and Williamson ( 1957 ) described the larvae of eight species of

Paguridae from British waters with morphological keys for

identification, also Pike and Williamson ( 1960) described nine
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species of Paguridae I in aodttton to three unknownspec1esI from the

Bay of Naples I again with a key to species.

General morphological characters of the faml1y Paguridae I from
Pike andWilliamson ( 1960 ) I are as follows:

1- Rostrum smooth I narrow andtapering.

2- Carapacewith a pair of posterior spines ( but it ts now known that

these spines are absent In at least onespecies) .

3- The 5th abdominal somite usually with a pair of lateral spines I

somltes 2 - 5 usually eachwith a pair of small dorsal spines.

4- From stage III the 4th telson process becomesbroad and fused to

the telson .

The zoeal stages of Anapagurus have the same general form as

these of Pagurus I but differ In that the posterior margin of the 5th

abdominal somite has only very small lateral spines or none. The 5th

abdominal somite I and In some species the 4th somite also I Is

without pleopods 1nstage IV.

Results

Larvae of four species of Paguridaewere collected in the present

study and they were given the specific letters A - 0 . The larvae are

Illustrated In ( Fig. 38 ) and the main points of distinction are listed

in Table 8 .
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Table 8. Comparision of larvae of Paguridae from present collection.

A B C D

Total length in rnrnraveraoex stage) 1.89(1) 1.77(11) 3.57(111)1.91(1)

Post-carapace spine Irostrum 1/20 1/7 1/4 1/6

Dorsal abd. spines on somites 3,4,5 4,5 none 3,4,5

Lateral abd. somes on somites 3,4,5 4,5 5 3,4,5

Sizes of lateral spines 5>4 5>4 5 long 5=4

Discussion

Larvae A and B ( Fig. 38A,B ) are fairly typical of the genus

Pagurus. Larva C ( Fig. 38C ) is less typical of this genus in having no

abdominal spines other than the large laterals on somite 5 , but

similar armature occur in the larvae of the Brazilian species Pa9uru~

cnatttcomts ( Dana) described by Hebling & Brossi-Garcia ( 1981 ) .

Lateral spines on the 5th somite are common in larvae of Paqurus but

not large as shown in larva C . Larva C may, therefore, belong to

another species of Pa..,Qurusor to a species of Nematopagurus,

Catapa__qurusor Cestopagurus . Larva D ( Fig. 38D ) is fairly typical of

the genus Anapapurus .
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Figure 38. Paguridae J lateral vetw and tel sons .

A , Larva A ( stage I ) ; B , Larva B ( stage II ) ; C , Larva C

(stage III ); D , Larva D ( stage I ) . Scale bar = 0.5 mm .





Oiogenidae

Ok')penesspp.

Introduction

Oioge.nesavarus Heller lives in sandy areas of the eulittoral .

This species burrows into the sand when the tide ebbs and becomes

active when the tide floods back. Many of these crabs use the shell

of the gastropod Nasba arcularia for their protection ( Vine, 1986 ) .

Lewinsohn ( 1969 ) gave descriptions of 4 species of adult Oiogene~

from the Red Sea , 0. avarus I 0. costatus Henderson I 0. gardinerl

Alcock and 0. dentfculatus Chevreux & Bouvier.

Seridj i ( 1986 ) recorded from the northern Red Sea ( Gulf of

Aqaba ) larvae of two unnamed species of Oiogenes . The larvae of 0.

pu._qilator ( Roux ) have been described by many authors from different

regi ons I Gurney ( 1927 ) from the northern Red Sea ( Suez CanaI ) ;

Menon ( 1937 ) from Madras; MacDonald I Pike and Williamson ( 1957 )

from srtnsh waters ; Pike and Williamson (1960) from the

Mediterranean Sea ( Bay of Naples) . Lewinsohn ( 1969 ) , however,

has questioned the records of 0. pu._qilator from Red Sea and Indian

Ocean.

Sarojini and Nagabushanam ( 1968 ) described the zoeal larval

stages of 0. /Jlcrlstimanus from India. Sankolli and Shenoy ( 1975)

described the larval development of 0. sverus also from India. Nayak

and Kakati ( 1977 ) studied the metamorphsis of 0. dlo_qenes(Herbst)
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from Japan . and Baba and Fukuda ( 1985 ) studied the larval

development of 0 l?llldl/77anus Terao , also from Japan. Larvae of trns

genus are distinguished by having three setae on the endopod of the

antenna, and one of these setae is very mmute and subterminal. Also

tnese larvae are very small compared wtth other genera in HIe same

ramuv .

Results

Larvae of two species of Diogenes were collected in the present

study and they were given the specific letters A ( Fig. 39 ) and B ( Fig.

41) . Some specimens of species A were reared in the laboratory from

stage 3 to the megalopa ( Fig. 40 ) .

Diogenes A ( Fig. 39 ) J stage 1

Size - TL: 1.27 mm ( average) .

Carapace ( Fig. 39A ) - Rostrum upturned at the end J posterior

margin rounded.

Antennule ( Fig. 39B ) - Uniramous J with one long subterminal

plumose seta, 3 terminal aesthetascs and 2 plumose setae.

Antenna ( Fig. 39C ) - Endopod with 3 plumose setae J 3rd very

minute; exocoo with 10 plumose setae and strong outer distal spine;

a strono ventral seine on protopod at base of exopod ._,
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Maxillule ( Fig. 39D ) - Coxal endite with 6 setae; basta: endtte

with 2 strong spines, each with several rows of denticles , and one

seta; enoopodof 2 segments : proximal segment fused to basis, with

one inner seta; distal segment with 2 terminal setae.

Maxilla ( Fig. 39E ) - Proximal lobe of coxal endite with 5 setae 1

distal lobe with 4 setae; proximal lobe of basial endite with 4 setae,

distal lobe with 3 setae ; endopod unsegmented , with 2 setae .

Scaphognathite with 5 plumose setae.

First Maxilliped ( Fig. 39F ) - Basis with 1 1 3 1 2 setae; endopod

5-segmented with 3/0, 2/0 1 1/0 12/0 and 4/1 inner / outer plumose

setae; exopoc with 4 natatory plumose setae.

SecondMaxilliped ( Fig. 39G ) - Basis with 1 , I setae; encopoc

4-segmented with 2/0 1 2/0 1 2/0 and 4/1 inner / outer plumose

setae; exopoc with 4 natatory plumose setae.

Third Maxi11toed ( Fig. 39H ) - One rudimentary ramus 1

denticulate at end.

Abdomen ( Fig. 39A ) - 3rd 14th and 5th somites with

medio-dorsal spines ,5th somite with pair lateral spines slightly

longer than medio-dorsal spine.

Telson ( Fig. 391 ) - Traingular with medain posterior notch,

processes 7 + 7 J 5th process longest.
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O/ogenes B ( Fig. 41 ) I stage I

Generally similar to O/ogenes A I but total length 1.45 mm

(average) and medio-dorsal abdominal spines confined to somite 5.

Discussion

O/o_qeneseverus Heller and 0. plI,,(Jilator Roux are two closely

related species which have often been confused in the past .

Lewinsohn ( 1969) made a detailed comparision between adults of 0.

sveros from the Red Sea and 0. plI,,(Jilator from the Mediterranean. He

showed that 0. sverus is very common throughout the Red Sea but

there are no authenticated records of 0. p(Jg/lator from this region.

Oiogenes A ( Fig. 39A ) is regarded as being the larva of 0. evsros
because it is common in the coastal regions north of Jeddah where

adults of 0. evsrus are common and because the larvae show a close

general resemblance to larvae of 0. p(Jg/lator J as described by

MacDonald tl ru ( 1957 ) from the Irish Sea and Pike & Williamson

(1960 ) from Naples . Oiogenes A differs from the larvae of 0.

p(Jg/lator in having only 2 setae on the encoooc of each uropod ( as

opposed to 3 or 4 ) in the last zoeal stage and in having no spines on

the chel toecs in the megalopa . It should be noted J however J that

megalopas from Naples had more and larger spines on the chelipeds

than megalopas from the Irish Sea. In both these characters, the

larvae from the Suez Canal which Gurney ( 1927 ) ascribed to 0.

pv._q/lator agree with larvae from the Jeddah region rather than those

from Naples or northern Europe but they differ from O/ogenes A in
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having only a shallow central notch in the tel son . It seems likely,

however, that Gurney's specimens were realy 0. evsrus rather than 0.

pup/lator. 0. pup/lator from the Irish Sea was reported to pass

through five zoeal stages, but the same species from Naples passed

through only four, as did Oiogenes A when reared in the laboratory in

the present work.

The larvae from Madras J southern India J which Menon ( 1937 )

ascribed to D pupllator apparently did not have spines on the

chelipeds of the megalopa, as would be expected in this species. The

identification of the Indian larvae which Sankolli & Shenoy ( 1975 )

described under the name D evsros must also be questioned because

they differ from Oiopenes A in the setation of several of the

appendages J particularly the maxilla.

It was noted by MacDonald tl ru. ( 1957 ) that J while the

majority of larvae of 0. pugilator had medio-dorsal abdominal somes

on somites 3 - 5 J a few lacked spines on somites 3 and 4. The lack of

spines on somites 3 and 4 is given above as the main character

separating Oio_qenesB ( Fig. 41 ) from the much commoner Oiopene£

A J and it may be argued that, in view of the observations on D

pugllator J this may not be a specific difference. Oiopenes B is ,

however J slightly larger than Oiogenes A in stage I and the eye is

larger J and it is therefore regarded as belonging to a distinct species.

From the records of adults given by Lewinsohn ( 1969 ) . Ologenes B

seems most likely to belong to D gardlneri Alcock, but Lewinsohn

also records 0. costatus Henderson from the southern RedSea and
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mentions doubtful records of D oenttcoietus Chevreux & Bouvier from

Aden and the Perim Islands, at the southern entrance to the RedSea.
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Figure 39. Oiopenes A = everus Heller.

A I lateral view; B , antennule ; C , antenna; D I maxtltule:

E I maxilla; F I first maxilliped ; G I second maxill1ped ; H,

third maxtluceo ; I I telson . Scale bars ( from top) : ( 1 )

A, I = 0.5 mm ; (2) B - H = 0.2 mm .
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Figure 40. Oio[leneS A = avar(Js Heller.

Megalopa stage. Scale bar = 0.5 mm .





Figure 41 . Ok7genes B .

A J lateral vIew ( stage I ); B J antenna; C J telson . Scale

bars (from top) : A J C = 0.5 mm ; B = 0.2 mm .





cstcmos spp.

Introduction

lewlnsohn ( 1969 ) 'gave oescrptttons of 2 spec1es of adult

Calcmus from the Red Sea I C latens ( Randa11 ) and C roseceus
Heller; the former species has been recorded from the Jeddah region

and other parts along the saodta Arabian coast. P1ke and Wlll1amson

(1960 ) descr1bed the larvae of C ornstos from the Med1terranean Sea

(Bay of Naples). Provenzano ( 1962 ) gave descriptions of the larval

stages of C (Iolcen from the western Atlant1c ocean . Only one

unnamed spec1es of larva has prevtousiv been recorded from the

northern Red Sea ( Gulf of Aqaba ) by Ser1dj 1 ( 1986 ) I but a full

oescrtptton of this larva is not yet pub11shed.

The generic features of Ca/cinus larvae are as follows: Antenna

w1th 3 setae ,one shorter than the others I wh1ch 1s a feature of all

larvae of the Dtoqemdae . A pair of prominent submarginal

postero-lateral spines on the carapace I which is unknown in other

genera of the Diogenidae . A mecto-corsal and pa1r of lateral spines on

the fifth abdominal somite.

Results

Larvae of two species 1n stage I were recorded in the present

study and g1ven the spec1f1c letters A and B . Both have a TL : 1.93

mm ( average) , and both are very s1milar in most features. The only
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difference found was in the medio-dorsal spines on the abdominal

somites , larva A having dorsal spines on the 5th abdominal somite

only, whereas larva B has dorsal spines on the 3rd 14th and 5th

abdominal somites . The spine on the 3rd segment is very small. The

larvae are illustrated in ( Fig. 42 ) , but the appendages were not

dissected.

Discussion

Seridji mentioned in her description of the cetc/aos so. that the

larva from the northern Red Sea is very similar to the larva of C

ttotcen rather than C ornetos .

Larvae A and B ( Fig. 42A,C ) have the medio-dorsal spine on the

5th somite similar in length to the pair of lateral spines. In C

tiatcen the media-dorsal spine is longer than the pair of lateral

spines, whereas in C ornetus the media-dorsal spine is shorter than

the laterals.

Larvae A was the more common of the two species, and was very

common in some samples . This larva may be C /steos , which is

known to occur in the Jeddah region from tewrnsonns records. Larva

B may then be tentatively referred to C roseceus .
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Figure 42. CalC/nus spp ..

A J Larva A J lateral view ( stage I ) ; B J telson of larva A;

C , telson of larva B ; D J Larva B J lateral view ( stage I ).

Seale bar = 0.5 mm .
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Oardanlls spp.

Introduction

Lewinsohn ( 1969) described adults of three species of Oardanlls

from the Red Sea: 0. tmctor ( Forskal ) , 0. 'a._qopodes(Forskal ) and

O. wooanesonr ( Alcock) . Larvae have not previously been described

for any of these species, but larvae of 0. tinctor were reared in the

laboratory during the present work and are described in Chapter 3 .

Two larval unnamed species of Oardanlls were recorded from the

northern Red Sea ( Gulf of Aqaba ) by sertc] 1 (1986 ) . Zoea larvae

have been described for 0. srroso: ( Herbst) , from the Mediterranean

( Pike & Wi11iamson , 1960 ) and Japan ( Kurata , 1968 ) , and for 0.

setiter from India (Nayak & Kakati , 1978 ) , and unnamed larvae have

been ascribed to this genus by Dechance ( 1961 ).

Results and discussion

The Known larvae of Oardanlls and those ascribed to the genus

all have a longitudinal ridge on either side of the medlo-dorsal ltne of

the telson and all except 0. setlfer have a scaly cuticle. Both these

characters occur in the larvae of the two species of Oardanll!'

encountered in the present study. These were originally given the

specific letters A and B , but species A is now known to be 0. tmctor.
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Oardanus B in stage I is illustrated in ( Fig. 43A) ,and the

more important differences between It and 0. onctor ( Fig. 12A,B )

are as fo llows :

. 1- Size - 0. tmctor has TL : 2.33 mm ( average) in stage I whereas

Oardanus B has TL : 2.63 mm ( average) in stage I .

2- Antenna - Antennal scale in 0. tmctor without terminal spine and

with fine hairs on outer margin ( similar to that described by

necnance , 1962 , Fig. 3d ) . Antennal scale of Oardanus B ( Fig. 43B)

with small terminal spine and without fine hairs on outer margin

(simi lar to that described by Dechance 1 1962 , Fig. 3c ) .

3- Lateral spines on 5th abdominal somite much longer In Oardanus B

( Fig. 43C ) than in 0. tmctor .

Oardanus B could belong to either 0. lagopodes or 0.

wooanssoat
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Figure 43. Oardanus B . ( stage I ) .

A , Oardanus B , lateral view; B , antenna; C , telson .

Scale bars (from top) : ( 1 ) A'" 0.5 mm , B == 0.2 mm ; ( 2 )

B = 0.5 mm





Cli/)anarivs se,

Introduction

Five species of this genus have been recorded from the RedSea

by tewtnsorn ( 1969 ) : C /ongitarsvs ( deHaan) I C strtotetas Danai

C signatvs Heller I C camifex Heller and C virescens (Krauss) .Of

these C signatvs and C camllex are much more common than the

others. Onelarval unnamedspecies of Cli/)anarivs was recorded from

the northern RedSea( Gulf of Aqaba) by SerldJi (1986).

The larval stages of several species have been studied . From

Indian waters I for Instance I larvae of C longitarsllS were described

by Khan and Natarajan ( 1981a ) I C signatllS and C virescens by

Tirmlzi and Siddiqui ( 1979 ) I C cli/)/narillS by Khanfial ( 1981 ) I

C o//vace(Jsby KhanandNataraJan( 1981b ) and C infrasp/natllS by

Shenoyand Sankoll1 ( 1977 ) . Pike andWilliamson ( 1960 ) described

C erythrop(Js from the Mediterranean Sea ( Bay of Naples ) .

Brossl-Garcla and Hebling ( 1983 ) studied the larval stages of C

ant/llensis from Brazll .

The main generic features of Cli/)anar/vs I from Shenoy and

Sankolll ( 1977 ) I are as follows:

1- Rostrum broad and blunt I may be acute at tip only In some I and

reaching beyondthe antennule andantenna.

2- Antennale scale w1thout a terminal spine I endopodwith 3 setae.
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3- Telson broad and trtanqular with a deep median notch edged wrth

nne hairs on the oostertor marcin . The 1st telson process is

generally blunt, finger-like and situated slightly laterally.

Results

Larvae of one species of Clibanari(jS were collected in the

present study. This larva closely resembles that of C signatus. It is

illustrated in ( Fig. 44 ) .

Size - TL : 1.96 mm ( average) ( stage I ) .

Carapace ( Fig. 44A,D ) - Rostrum broad and rounded at tip.

Antennule ( Fig. 446 ) - With 4 terminal aesthetascs and 2 short

plumose setae, one subterminal plumose seta.

Antenna ( Fig. 44C ) - Endopodwith 3 plumose setae, 3rd about

112 length of others ; exopod with 11 plumose setae and without

terminal spine; a strono ventral spine on protopod at base of exopoo .

Mandible ( Fig. 44E ) - Many spines of varying size on distal

margin.
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Maxillule ( Fig. 44F ) - Coxal endite with 6 setae and one simple

seta ; basial endite with 2 strong spines and 2 setae; endopod

2-segmented with 2 terminal setae and 2 inner setae on segment

and 2.

Maxilla ( Fig. 44G ) - Proximal lobe of coxal endite with 6 setae,

distal lobe with 3 setae; proximal lobe of basial endite with 3 setae,

distal lobe with 4 setae ; enooooc with 2 terminal setae and 2

subterminal setae; scaphognathite with 5 plumose setae.

First Maxi 11toec ( Fig. 44H ) - Basis with 1 , 2 , 2 , 2 setae;

endopod 5- segmented with 1/0 , 2/0 , 1/0 , 2/0 ,4/1 outer / inner

plumose setae; exopod with 4 plumose setae.

Second Maxi11iped ( Fig. 441 ) - Basis with 1 , 2 setae; enooooo

4-segmented with 2/0 J 2/0 , 2/0 J 4/1 outer I inner plumose setae;

exopod with 4 plumose setae.

Third Maxilliped ( Fig. 44J ) - Untramous, lobe-like.

Abdomen ( Fig. 44A ) - Without dorsal and lateral spines.

Telson ( Fig. 44K ) - Triangular in form, with a deep notch on

median posterior margin and with fine hairs. The 1st telson process

finger-like and situated laterally.
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Discussion

Of the 5 Clfbanarius species recorded by Lewinsohn from the Red

Sea, larval descriptions of Clibanarius stonstos and C lonqitarsus~ ~

are already known. Larvae of C longltarsus , with the rostrum

potnted at the end, differ from the present larvae ( Fig. 44 ), whereas

larvae of C signatus, described by Tirmizi and Siddiqui (1979 ) from

Pakistan, agree in many features with the present larvae and show

only minor differences in setation . It is possible that the larva

described here belongs to C signatus and that species shows minor

regional variations.
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Flgure 44. Cilbanarius so. ( stage I ) .

A , lateral view ; B , antennule ; C • antenna; D , rostrum;

E, mandible; F , maxillule ; G , maxilla; H • first maxilliped;

I , second rnaxuhpeo ; J , third maxrlhoec ; K , telson .

Scale bars ( from top) : ( 1 ) B,C. H - J = 0.2 mm ; ( 2 ) E-G=

0.2 mm ; ( 3 ) A,D,K = 0.5 mm .
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List of macruran larvae identified from the plankton samples J from

centra I Red Sea.

( Macrura - Natantia )

( Penaeidea )

Family: Penaeidae

( Protozoea J Mysis larvae and post larvae )

Family: Sergestldae

serpestes so.

( Caridea )

Family: Alpheidae

AlptJeus spp.

AttJanas so.

Family: Palaemonidae

HarjJilius soo.
Palaemon sp.

Family: Hippolytidae

ssron so.
Lysmata so.
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Family: Pasiphaeidae

Leptor..:tJela so.

Family: Processidae

Proces!:Jd aeQ(Jimana

Family: Pandalidae

Family: Oplophoridae

( Macrura - Reptantia )

Famlly : Scyllaridae

Famlly : Stenopodidae

steocoos lJispidlls

Family: Nephropidae
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6eneral Discussion

The checklist of species of Alphetdae reported from the Red Sea

(Banner & Banner, 1981 ) was based mostly on collections made by

Tel Aviv University and Hebrew University of Jerusalem in the Gulf of

Aqaba and the southern Red Sea. The 95 species of Alpheidae l1sted

include 49 species of A/pileus, of which the geographical distr1bution

is as follows: Gulf of Aqaba, 26 ; Gulf of Suez, 5 ; northern RedSea,

2 ; central Red Sea, 2 ; southern Red Sea, 14. These figures might

be taken to indicate that the richest area for species of A/pileus is

the Gulf of Aqaba, followed by the southern RedSea, but they would

probably be more correctly interpreted as reflecting the relative

intensities of co11ection in the different areas. Very litle collection

has taken place in the central RedSea, between 17- and 23· N .

The 89 species or subspecies of Alplleus (Table 9 ) ,

distinguished in the present work by the distribution of larval

chromatophores , is in most marked contrast to the 2 species of

adults recorded from the same region , but it emphasises the

inadequacy of the co11ection of adults. Wl1liamson ( 1970 ) , working

with preserved material and therefore unable to use chromatophore

patterns, identified 37 species of Alplleus larvae from 14 plankton

samples from the Gulf of Aqaba. This figure compared with the 26

species of adults taken in many samples from the same region, again

i11ustrates that the planktonic larvae of this genus are very much

easier to sample than the adults, most of which I ive in association

with corals.
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The number of some species of Thalassinidea distinguished as

larvae in the present work is also greater than the number of species

distinguished as adults by different workers in the RedSea ( Table 9),

although there is no review of records of adult Thalassinidea from the

Red Sea comparable to that of Alpheidae ( above ) and Anomura

(below) . Adults of this group tend to burrow into the substratum and

are therefore difficult to collect J particularly among corals.

The number of species of anomuran larvae collected ( Table 9 ) is

only about half the number of species of adults from the Red Sea

listed by Lewinsohn ( 1969 ) . In the case of Ca/cinlls) the numbers

derived from larvae and adults are the same J but more species have

been recorded as aduIts ina 11 the other genera and f amiIies

investigated. These results are not unexpected for groups in which

the adults can be caught in conventional nets J dredges and traps and

for which the adult records relate to the collections of different

workers over many years covering much of the Red Sea while the

larval records are all from one person working in one area for 18

months. As an adult) cetctoos protects its abdomen In crevices In

rocks and corals and is therefore less mobile and more difficult to

collect than most anomurans . Further collections of adults and

larvae may well reveal more species of this genus in the RedSea.

In contrast to the RedSea, there is almost complete agreement

in the numbers of decapod species recorded as adults and larvae In the

Irish Sea and fairly close agreement in the Mediterranean (D. I.

Williamson, personal communication). This is partly to be explained
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as the result of more people working on adult and larval Decapoda in

both the Irish Sea and the Mediterranean compared with the Red Sea J

but it also reflects the fact that J in most families J the Red Sea is

richer in species than either of these other regions.

Table 9 . Numbers of species recorded as adults ( previous records for

the Red Sea) and larvae ( present work for region north of Jeddah).

Family or genus specjes as adults spec jes as 1aryae

Alpheidae

Atpneos spo. 49 89

Upogeb11dae 6 4

Ca111anass idae 4 7

Laomed11dae 2

Galatheidae 13 7

Porce 11an1cae 13 6

Pagurldae 13 4

Diogenidae

Oiogenes 4 2

Ca/cinlls 2 2

Oardanlls 3 2

C/ioanar/lls 5

- 102-



CHAPTERS

THE SEASONAL OCCURRENCEOF DECAPOD LARVAE IN

VARIOUS HABITATS IN THE CENTRAL RED SEA COASTAL

AREA OF SAUDI ARABIA.
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Introduction

Several studies have been made on the variation and vertical

distribution of the general zooplankton in the Red Sea. Most of this

previous work on the decapod larvae has been taxonomic or

morphological in character and does not provide any information on the

seasonal occurrence or ecology of these larvae ( Halim , 1969 ) . Near

(1980 ) gave some general information on the variation In percentage

composition of decapod larvae on the coast of Sudan, central Red Sea.

In the present work it was possible to study not only the variation

in total number of decapod larvae, but also the variation in number of

several species or groups at six stations. Several of the stations were

located in a mangrove area , which , although not extensive J is

important as a nursery area for fish and appears to be rich in larvae of

Crustacea and other invertebrates.

/1ater/a/s and /1ethods

Fortnightly samples were taken at six stations. Stations 1 - 3

were in the region of Zahban vi llage ( Fig. 45 ) , about 50 km north of

Jeddah. These three stations adjoin a mangrove area, about 5 km long,

with station 1 ( water depth 3 m ) at the inner ( blind) end of the

Creek, station 2 ( water depth 3 m ) near the densest concentration of

mangroves in the middle of the patch, and station 3 ( water depth 5 m)

at its outer end. In the mangrove area the average month ly temperature

ranged from 22.1 to 33.6· C and salinity was between 38

- 104-



and 40.8 ppt. ( parts per thousand) ( Table 10 ) . Stations 4 and 5 were

in the region of Thuwal village ( Fig.45 ), with station 4 ( water depth

about 18 m) about 6 km west of station 3, outside the mangrove area,

and station 5 ( water depth about 18 m ) a further 1 km west. exposed

to the open sea . The average temperature at stat ions out of the

mangrove area was 22.2 to 32.5° C and the salinity was between 38.2

and 40.5 ppt. ( Table 10 ) . Station 6 ( water depth about 55 m ) was in

the open sea just off Obhor Creek, about 20 km north of Jeddah and 30

km south of stations 1 - 5 (Fig. 45 ) . The monthly temperature ranged

from 23.5 to 31° C and salinity was between 38 and 40 cot. ( Table
10) . The bottom at station 2 was sandy mud, at stations 1 and 3 there

was more sand. and at stations 4 - 6 there was coarser sand with clay.

Scattered corals occurred near all sampling stations.

Plankton samples were taken with nets of mouth-diameter 0.5 m ,

mesh 300 1.1 m , towed at a depth of approximately 1 m for 15 minutes.

The Quantitative representation of the organisms recorded are

expressed in numbers per thousand cubic meters, calculated from tows

of approximately 643 m . Material was preserved in 5~ formalin ( 2~

formaldehyde) . Surface salinities were taken with a hand

refractometer, and surface temperatures were also recorded. Samples

were taken between 0700 - 1200 h , with an additional sample on each

occasion from station 6 at midnight. Sampling was continued over the

18 months January 1986 to June 1987 .

In the laboratory, samples were divided wttn a Folsom plankton

splitter into 1/2,1/4,1/8 or 1/16 of the original sample. and the
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decapod larvae from the whole sample or from one of these fractions

were separated for identification and counting under a stereoscopic

microscope . Luci'-er and larvae of Brachyura were not included .

Larvae were assigned to families .or smaller taxa , and particular

attention was paid to anomuran larvae.

An analysis by nonparametric multiple cornpartston using the

Tukey-test ( Zar , 1984) was performed to test if the abundanceswere

significantly different between different sampling stations.
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Figure 45 . Location of sampling stations ( 1 - 6 ) .
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Results

Staion I

Peaks in total decapod larvae occurred in June, September and

November 1986 and a much bigger peak in February and March 1987 (Fig,

46 ) . The three peaks in 1986 were mostly due to Ologenes sveros ,

which made up 68, 62 and 43 % , respectively, of the total decapod

larvae and reached a maximum abundance of 1232 /1000 m3 In June

(Table 18 ) . AlplJeus sop. ( 26 % ) ( Fig. 47 ) and Harpillus soo.
(21%)(Fig. 48 ) also made appreciable contributions to the third peak)

in November 1986 . The large peak in February 1987 consistec mostly

of AlplJeus sop. J which made up 90 %of the total cecaoccs and reached

5184/1000 m3 ( Fig. 47 ) ( Table 18 ) . By the following month ( March

1987) the numbers of the total decapod larvae had decreased only

slightly) but Ologenes avarus had now become the most common

species) accounting for 55 % of the total I with 2720 / 1000 m3 (Table

18 i

Diogenidae were the most common anomuran larvae ( Table 11 ) )

represented by Ologenes avarus in high density J which occurred at this

station in all months ( Fig. 49 ) . Minimal concentrations of

Laomediidae occurred in most months I while Upogebia E I the only

representative of the Upogebjidae recorded at this station J was

restricted to the months of January I February and March in both years

(Fig. 49 ) .
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Table 11 : Differences in abundance between anomuran families at

station 1 ( Nonparametric multiple comparison using Tukey test) .

R=Mean ranks; SE=Standard error; Q=Studentlzed range.

Comparjson Djfference Rl-R2 ~ Q_ Q table Conclusion

Diogenidae vs 40.5-17.2=23.3 5.01 4.65 2.394 Significant

UpogebiIdae difference

Diogenidae vs 40.5-24.8= 15.7 5.01 3.13 2.394 Significant

Laomedi idae difference

- Diogenldae more abundant than Upogeblldae and Laomedi1dae .

Station 2

Peaks in total decapod larvae occurred in June and October 1986

and January 1987 ( Fig. 46 ) . The two peaks in 1986 were mostly due to

Harplli(Js spp. which made up 28 and 52 ~ , respectively, of the total

decapod larvae and reached a maximum abundance of 1968 11000 003 tn
October ( Fig. 48 , Table 19 ) . Hippolytidae ( 28 ~ ) and Penaeidae (20~)

also made appreciable contributions to the peak in June 1986 and

AlplJe(Js spo. (31%) in October 1986 ( Fig. 47 ) . The peak In January

1987 consisted mostly of Hlppolytidae , which made up 53% of the total.
decapod larvae and reached 1344 /1000003 ( Table 19 ) .

Dlogenidae were the most common anomuran larvae at this station
•

( Table 12 ) , represented by Oiogenes sveros, which occurred in all
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months except February and March 1986 and February 1987 . In addition

to O/ogenesavarus , small numbers of Calc/nus A and Oardanus tmct«

occurred in March 1986 and May 1987 ( Fig. 50 ) . Small numbers of

Laomediidae occurred at this station, with peaks in March and October

1986 ; while Upogeb/a D , the only representive of the Upogeb1idae

recorded at this station, had peaks in February and October 1986 and

January 1987 ( Fig. 50 ) .

Table 12: Differences in abundance between anomuran families at

station 2 ( Nonparametric mult1ple comparison using Tukey test) .

Comparison Difference Rl-R2 Q_ Qtable Concolusion

Diogenidae vs 38.2-22.7= 15.5 5.05 3.07 2.394 Significant

Upogebi idae difference

Diogenidae vs 38.2-21.5= 16.7 5.05 3.31 2.394 Significant

Laomedi Idae difference

- Diogenidae more abundant than Upogebiidae and Laomedl idae .
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StatIon J

Peaks In total decapod larvae occurred In June, September and
December 1986 and in February and Aprl1 1987 ( Fig. 46 ) . The two

peaks In June and December 1986 were mostly due to Harpil/us spp. ,

which made up 48%and 43%, respectively, of the total decapod larvae

( Fig. 48 ) and reached a maximum abundanceof 752 /1000 m3 In June

(Table 20 ) . The peak In September 1986 was mostly due to A/plleus

spp. , which made up 67% of the total decapod larvae ( Fig. 47 ) .

A/plleus soc. ( 34% ) also madeappreciable contributions to the peak In

December 1986 . The peaks In February andApril 1987 were mostly due

to Alplleus spp. , which made up 93% and 57% I respectively I of the

total decapod larvae (Fig. 47 ) .

There were no significant differences between the abundanceof

the Dlogenldae and UpogebHdaeat this station ( Table 13 ) ; on the

other hand I taomecttcae were less abundant. O/ogenesavarus was the

most common species among the Dlogenidaeand occurred In all months

with the exception of February , March and September 1986 and

February 1987 ( Fig. 51 ) ; small numbers of Oardanus tinctor and

Calc/nus A occurred In April andMay 1986. tJpogeb/aCandD, the two

species representing the Upogebiidae , occurred In small numbers in

some months I and also small numbers of the Laomedl1daeoccurred In

somemonths ( Fig. 51 ) (Table 20 ) .
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Table 13 : Differences in abundance between anomuran fami ly at

station 3 ( Nonparametric multiple comparison using Tukey test) .

Comparison Difference Rl-R2 SE. Q_ Qtable Conclusion

Diogenidae vs 37.3-28.1=9.2 4.98 1.85 2.394 Nosignificant

Upogebii dae difference

Diogenidae vs 37.3-17.5= 19.8 4.98 3.97 2.394 Significant

Laomedi idae difference

- Laomedi idae significantly less abundant than Upogebiidae and

Diogenidae .
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Figure 47 . Density variation ( monthly means) of Alonells larvae per

1000 m3 at stations 1 , 2 and 3 J from January

1986 to June 1987 .

Figure 48 . Density variation ( monthly means) of Harf)ilitJs larvae per

1000 m3 at stations 1 J 2 and 3 J from January

1986 to June 1987 .
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Figure 49 . Density variation ( monthly means) of the most common

anomuran families per 1000 m3 at stations 1) from January

1986 to June 1987 .

Figure 50 . Density variation ( monthly means) of the most common

anomuran families per 1000 m3 at stations 2 , from January

1986 to June 1987 .

Figure 51 . Density variation ( monthly means) of the most common

anomuran families per 1000 m3 at stations 3 , from January

1986 to June 1987 .
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Stations 4and5

The monthly abundances of decapod larvae were sign1f1cantly

d1fferent at stations 4 and 5 ( Table 14 ) , being more abundant at

station 5 with an average value over the 18 months of 1421/1000 m3

(Table 22 ) compared with 576/1000 m3 at station 4 ( Table 21 ) .

Peaks in total decapod larvae occurred in March, June and August 1986

and February and May 1987 at both stations ( Fig. 52 ) . All these peaks

were due mainly to the appearance of a high numbers of Alpl'le(Js spp.

.and Harpilius spp.. The AlplJeus spp. at station 4 1nMarch, June and

August 1986 made up 41 J 23 and 59~ J respect ive ly J of the tota 1

decapod larvae ( Fig. 53 ) , whi Ie Harplli(Js spp. made up 23, 41 and

24~J respectively ( Fig. 54 ) . A/pIJeus spp. at station 5 made.up 54, 46

and 43~, respectively, of the total decapod larvae ( Fig. 53 ) ; wh1le

Harpill(Js sop. made up 28 , 34 and 50% , respect1vely ( F1g.54 ) .

Diogenidae were the most common anomuran :larvae at both

stations ( Table 15 ) ( Fig. 55 , 56 ) , represented by Oiogenes avaru~,

Calein(Js A and Oardan(Jstmctor . The average concentrations over the

18 months of the three species at station 4 were 34/1000 m3 ,

11/1000 m3 and 4/1000 m3, respectively, and at station 5 they were

39/1000 m3
J 65/1000 m3 and 171 1000 m3 , respect 1vely .

Porcellanidae were represented by Pis/dia inaeq(Jalis in station 5 ,

with average concentrat1ons over the 18 months of 21/1000 m3 ( Fig.

56) . The highest concentration of Pis/dia inaequalis was in June, and

smaller numbers occurred in most months . Callianassidae were

represented by Callianassa A at station 5 J with average numbers over
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the 18 months of 20/1000 m3 ( Fig. 56 ) . The highest densities of

Calljana~-saA at station 5 were in June and August.

Table 14: Differences in abundance between decapod larvae at stations

4 and 5 ( Nonparametric multiple comparison using Tukey test) .

( Number in brackets indicates number of station) .

Comparison Difference Rl-R2.sE Q_ Otable Coclusion

Decapod larvae (5) 413-253= 160 44.69 3.58 2.772 Significant

vs Decapod larvae (4) difference

- Decapod larvae more abundant at station 5 than at station 4.

Table 15 Difference in abundance between anomuran families at

station 4 and 5 ( Nonparametric multiple comparison using

Tukey test ).

Comparison Difference R1-R2 ~ Q_ Otab1e Cone1usIon

Dlogenldae (4) 38.3-24.3= 14 4.87 2.87 2.394 Significant

vs UpogebIi dae (4) difference

Dlogenidae (4) 38.3-19.9= 18.4 4.87 3.78 2.394 Significant

vs Laomediidae (4) difference

Dlogenidae (5) vs 42.9-18.9=24 5.16 4.65 2.394 Significant

Callinassidae (5) difference

Diogenidae (5) vs 42.9-20.7=22.2 5. 16 4.30 2.394 Significant

Porcellanidae (5) difference

- Diogenidae was most common family at both stations 4 and 5 .
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Figure 53 . Density variation ( monthly means) of Atooeos larvae per

1000 m3 at stations 4 and 5 , from January

1986 to June 1987 .

Figure 54. Density variation ( monthly means) of HarjJilius larvae per

1000 m3 at stations 4 and 5 , from January

1986 to June 1987 .
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Figure 55 . Density variation ( monthly means) of the most common

anomuran families per 1000 m3 at stations 4 , from January

1986 to June 1987 .
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Figure 56 . Density variation ( monthly means) of the most common

anomuran fami lies per 1000 m3 at stations 5 , from January

1986 to June 1987 .
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Station 6

decapod larvae showed peaks in abundance in February and May

1986 and a rnucn bigger peak in June 1987 ( Fig. 57 ) . The peaks were

due mainly to the appearance of a high numbers of AIJ)!Jeus sop. ( 27%

of total) ( Fig. 58 ) I cstcioos A ( 25% of total) and Harpil/us sop.

(20% of total) ('Fig. 59). These genera were usually present in any

collection at this station throughout the year I in contrast to other

genera ( Tab le 23 ) .

Diogenidae were the most common anomuran larvae ( Table 16 )

(Fig. 60 ) with an average of 362/1000 m3
I of which Calc/nus A made

up the rnajorttv (average 287/1000 m3) .O/ogenes B I Oardanus B

and CI/bananus . so. occurred at this station in small numbers .

Porcellanidae appeared in all months (average 78/1000 m3) I and

Callinassidae (average 41/1000 m3) in some months (Fig. 60) (Table

23 ) .

Some anomuran larvae were more abundant in the midnight

samples than during the day time J for instance Galatheidae J Paguridae

and Callianassidae ( Table 16 ) ( Table 24 ) .
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Table 16 : Differences in abundancebetween anomuran larvae at station

6 (Nonparametric mult tp le comparison using Tukey test) .

- ( 6mn ) indicates mid-night sample at station 6

Comparison Difference R1-R2 .sf Q_ Qtable Conclusion

Diogenidae (6) 40.2-22.4= 17.8 5.14 3.46 2.394 Signifficant

vs Porcellanidae (6) difference

Diogenidae (6) 40.2-19.9=20.3 5.14 3.95 2.394 Significant

vs Call ianassidae (6) difference

LillcimJs A (6) 39.0-21.4= 17.7 4.91 3.60 2.394 Significant

vs Dardanus tmctor (6) difference

cstc/oos A (6) 39.0-21.4= 17.6 4.91 3.58 2.394 Significant

vs Oi()genes svsrus (6) difference

Galtheidae (6mn) 23.4-12.3= 11.1 3.45 3.22 1.960 Significant

vs Galatheidae (6) difference

Paguridae (6mn) 21.8-15.2=6.6 3.00 2.20 1.960 Significant

vs Paguridae (6) difference

Call inassidae(6mn) 20.9-13.7=7.2 3.34 2.16 1.960 Significant

vs Call1nassidae (6) difference

- Diogenidae more common than Porcellanidae and Callinassidae .

- CalcinusA more common than Dardanus tmctor and Dk~qenes evsrus

- Galatheidae I Paguridae and Call ianassidae more abundant in the

mid-night samples than daytime samples.
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Figure 58 . Density variation ( monthly means) of AI'jJIJe.uslarvae per

1000 m3 at station 6 from January

1986 to June 1987 .

Figure 59 . Density variation ( monthly means) of Harpj/j(Js larvae per

1000 m3 at station 6

1986 to June 1987 .

from January

Figure 60 . Density variation ( monthly means) of the most common

anomuran families per 1000 m3 at station 6 , from January

1986 to June 1987 .

o 0 Dtcqerucae .
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Discussion

Results from stations 1 - 5 all agreed in showing peaks in

abundance of decapod larvae in June 1986 which were not repeated in

June 1987 . At station 6 there was no peak in June 1986 , although

there was one in the previous month, and there was a large peak in

June 1987 .

Studies In other years at station 6 ( off Obhor Creek) have shown

a major peak of phytoplankton in December-February and a smaller peak

in June -August ( Skaikh till, 1986 ) . During December-February the

surface water cools and overturns resulting in nutrients becoming

ava1lable to permit a bloom of diatoms. In June-August the water Is

strat1f1ed and diatoms numbers are low but blue green algae, includ1ng

Irtcaoaesmnsn , are able to util1ze atmospheric nitrogen and the

excretory products released by them become avatlaote to

d1noflagellates which then produce a secondary bloom in summer

(Weikert, 1987 ) .

Peaks of Copepoda in May and July-August ( AI-Aidaroos , 1984 )

and peaks in abundance in June by various groups of Red -Sea

zooplankton have been noted by several workers, including Near ( 1980:

decapod larvae in the Dongonab , Sudan Coast) . AI-Aidaroos ( 1984:

Iarvae of bot tom invertebrates in Obhor Creek , near Jeddah ) and

AI-Ghamrawy ( 1982 : zooplankton off the Jeddah Coast ) , while

Ponomareva ( 1968 ) stated that water originating from the upper

layers of the RedSea could be recognised by its high plankton content
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in June. The two hermit crabs reared in the present work were both

carrying eggs in April and May, and other workers in the same region

have also noted large numbers of ovigerous crabs and shrimps in the

same months ( personal communications ) , which would tend to

produce peaks of larvae in June.

Although there are variations from year to year, the summer

period seems to be generally the most productive for zooplankton in the

Red Sea. The results in this present work of decapod larvae showed

considerable variation from month to month. The density tended to

increase and reached a maximum in June in most stations, but high

densities were also noted in some winter months. These winter peaks

were largely due to single species of Alpne(Js or Harp/ll(Js.

Workers in the Red Sea ( Near, 1980 ; Halim , 1969 ) and in other

tropical areas ( Moore , 1949 ; Wickstead , 1958 ) have noted that

different groups of zooplankton tend to have their peaks of abundance

in different months I and this is also true for the present results I in

spite of the tendency for an overall peak to occur 1n June . Thus I

Alpne(Js spp. showed high concentrations at most of the stations 1n

February 1987 I although no other group showed a peak at this time I

and Alpne(Js CRS20 was taken only in February andMarch of both 1986

and 1987 .

The average numbers of decapod larvae at the different stations

were not significantly different, except at station 4 I where there

were fewer larvae. However marked differences in the composition of
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the samples at the different stations frequently occurred .Thus the

most common species of A/pIJe(Js in the mangrove area in February and

March of both years was CRS20 I while CRS46 was more common in

obnor Creek. Larvae of Oiogenes avar(Js were also more common in the

mangrove area I while Calcin(Js A I Porcellanidae I Galatheidae and

Cal1ianassidae were more abundant in Obhor Creek. These differences

no doubt reflect differences in the distribution of the corresponding

adults. There were similarities in the patterns of decapod larvae at

the three stations in the mangrove area I but even within this

restricted area samples from station 2 often showed considerable

differences from those taken at stations 1 and3 on the samemorning.

It is interesting to note that I while Coeno/)ita sceevot» is one of

the most common species of decapod along the coasts in the Jeddah

region I only two larvae of this species were taken during the whole 18

months of sampling. This case appears to be comparable to that of

Palaemon elegans ,one of the most common intertidal prawns in the

Isle of Man I whose larvae have not been found in coastal plankton from

that region ( Salman I 1981 ).
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Table 17 Differences in abundance between anomuran larvae at

different stations . (Nonparametric multiple comparison

using Tukey test) .

Comparison Difference R1-R2 .sE. Q_ Qtable Conclusion'

Oiogenes avarus( 1) 39.1-20.4-18.7 S.06 3.70 2.394 Significant

vs Oiogenes avarus(S) difference

Oiogenes avarus( 1) 39.1-23.1-16 S.06 3.16 2.394 Significant

vs Oiogenes avarus(6) difference

cetcmos« (6) vs 36.3-30.S=S.8 S.07 1.14 2.394 No significant

Calc/nusA (S) difference

CalcinusA (6) vs 36.3-1S.7=20.6 S.07 4.06 2.394 Significant

Calc/nusA (1)

Calcinus(S) vs

Calc/nus( 1 )

Porcellanidae (6)

vs Porcellanidae (S)

Porcellanidae (6)

vs Porcellanidae (1)

difference

30.5-1S.7= 14.8 S.07 2.92 2.394 Significant

difference

41.6-26.9-14.7 4.87 3.02 2.394 Significant

difference

41.6-14.0-27.6 4.87 S.67 2.394 Signif1cant

difference

Porcellanidae (S)

vs Porcellanidae (1)

26.9-14.0-12.9 4.87 2.65 2.394 Significant

difference

Galatheidae (6) 34.3- 30.0=4.3 4.87 0.88 2.394 No significat

vs Galatheidae (S) difference

Galatheidae (6) 34.3-20.1" 14.2 4.87 2.92 2.394 Significant

vs Galatheidae (1 ) difference

Galatheidae (S) 30.0-20. 1=9.9 4.87 2.03 2.394 No significant

vs Galatheidae (1 ) difference

continue
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Call ianassidae (6) 31.5-30.1=1.4 4.21 0.33 2.394 Nosignificant

vs Callianassidae (5) difference

Call ianassidae (6) 31.5-20.8= 10.7 4.21 2.54 2.394 Significant

vs Call ianassidae (1) difference

Callianassidae (5) 30.1-20.8=9.3 4.21 2.21 2.394 Nosignificant

vs Call1anassidae (1) difference

- O/ogenes avarus more commonat station 1 than at stations 5 and6 .

- Calc/nus A more commonat stations 5 and6 than at station 1 .

- Porcellan1daemore commonat station 6 than at stations 5 and 1 .

- Galatheidae and Callianassidae more common at station 6 than at

station 1 .

Monthly mean numbers of a11 the rarmltes of decapod larvae

stud1ed in this present work are recorded for a11stations in Tables

18- 24 I to summarise the density variations of these larvae.
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Chapter6

General DIscussIon and ConclusIons
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Larval identification is important not only for taxonomy but

also for all those branches of biology which taxonomy subserves ; for

instance J the results of quantitative ecological research would be

incomplete if larval forms had to be neglected because they could

not be identified ( Gordon J 1955 ) . A number of cecaooos are

important as commercial species J and effective management of the

fishery for such species is impossible without a thorough knowledge

of the larval life-history . Other species are important J either as

adults or larvae J as the food of fish, and again it is very desirable

that the larvae should be identified and their distribution known.

Larvae of decapod crustaceans have been the Subject of a great

deal of work in different parts of the world, and in some regions,

such as the Irish Sea and the English Channel, practically all decapod

larvae which are encountered can be llnked with named adults. In the

central RedSea, on the other hand, larvae of decapod Crustacea have

received very little attention and the fauna of adult decaoods is very

imperfectly known. The present study is a first attempt to provide

records of decapod larvae from the central Red Sea . It was

undertaken with the realisation that one man, in the time available,

could not hope to provide a complete record or cover all groups of

oecapccs , but it provides a basis for further studies by any workers

with the opportunity and an interest in the subject. The work has

concentrated on larvae of the caridean genus A/phe(Js, which are

particularly abundant in the area, and on larvae of the Anomura. In

most cases it has not been possible to link the larvae with named

species of adults, but within these groups, it has usually been
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possible to identify to genera and to study the number of species in

each genusoccurring as planktonic larvae in the area.

Usually the only way to obtain firm identifications of the

larvae is to hatch them from identified ovigerous females in the

laboratory or to rear planktonic larvae through rnetamorpnosts to the

adult phase. It is not realistic to contemplate doing this for all the

decapodsof the central Red Sea, but in selected cases hatching or

rearing can be invaluable in establishing specific identifications and

in determining the larval characters of genera or families. Larvae of

the hermit crabs caeaootte sceevote and Oardanus tmcto: , obtained
from ovigerous females and reared through all their larval stages in

the present work, provide examples of successful rearing

experiments, and it is hoped that more will be added in the future.

With full and accurate descriptions obtained in this way, it is then

possible to identify planktonic larval material with assurance and

study the natural distribution and breeding periods of the species

(Costlow~aL 1970).

In distinguishing the many species of Alpheus larvae

encountered in the present work I great use was made of the

distribution of chromatophores in fresh material. In the past I the

method has been used by a number of other workers studying the

larvae of several different groups and has proved extremely effective

in cases where the morphological differences between larvae of

different species is not well marked. It was also shown in the

present work that it is possible to rear in the laboratory AlphetJs
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larvae taken from plankton samples I with high survival 1nthe later

larval and juvenile stages . This means that in selected cases It

should be possible to rear larvae of known chromatophore pattern to

identifiable adults.

The results showed considerable variation from month to month

In the numbers of decapod larvae I but In many cases it is not yet

possible to say how much of this variation is a regular seasonal

feature. There are tndlcatlons of two matn seasons: summer I from

March to October I and winter I from November to February. The

summer season I with Its higher water temperatures I was generally

the more product1ve for decapodlarvae I but high densities were also

noted in some winter months In 1987 . These winter peaks were

largely due to s1ngle spectes of A/pileus or Harp/Ius I and these

larvae may have been carried by the wind driven Circulation from

other areas.

The records of some larvae showed clear and consistent

differences between stations I probably reflecting the distributions

of the corresponding adults. O/ogenes avarus larvae were muchmore

common in the mangrove area and larvae of Calc/nus A were more

common at the station off Obhor Creek I suggesting that the adults

could be collected In these respecttve regions to provide material for

laboratory rearing. Most of the species of decapod larvae were more

common In the night samples than by day I suggesting that they carry

out regular vertical mlgrat10ns . Particularly clear evidence of such

vertical m1gration was prov1dedby larvae of the anomuranfamlles
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Galatheidae , Paguridae and Callianassidae , and by larvae of the

Sergestidae ( Penaeidea) and of the caridean genus LeptoctJaela .

In the present study the larvae of the Thalassinidea have been

included in the Anomura , although there is no general agreement

amongworkers on decapodCrustacea whether they should be included

or excluded. They were, for example, included in the Anomura by

McLaughlin ( 1980 ) , who considered mainly adult characters, but

excluded by Gurney ( 1942 ) , who considered chiefly larval

characters. The larvae of the two groups are linked by having the

second telson process reduced to a nne hair, a character which

occurs elsewhere only in the Stenopodidea .

Until quite recently it could be claimed that the presence of a

central telson spine in the larvae of many faml1ies of the

Thalassinidea provided a clear distinction from larvae of the

Anornora, which are usually stated to have no central telson spine. It

now emerges, however, that all known larvae of the anomuran family

Coenob1tidae, including that described in the present work, have a

central telson spine in zoea III and all subsequent zoeat stages

(Al-Aidaroos and Williamson, in press) . This is comparable to the

occurrence of a central telson spine in zoea II and all subsequent

zoeal stages in the tnaiasstntc fam11yUpogeb11dae.

The only other larval character separating the Thalasstntdea

and the Anomura is the occurrence of exceeds on some of the legs in

most larvae of the former group but in none of the second. Exopods
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do , however, occur on some of the legs in larvae of some genera of

the Dromi idae . The affinities of this fami ly , in which the adults are

clearly brachyuran but the larvae clearly anomuran , are discussed by

Williamson ( 1988 ) . In conclusion, however, it may be said that the

better understanding of coenobit id larvae , to which this work has

contributed, makes it more difficult to separate the Thalassinidea

and the Anomura on larval characters.
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