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INTRODUCTION.

It is well known that early authors, from Fabricius to Dana, including
Leach, Latreille and Milne-Edwards, regarded the stomatopod larvae
as adult animals and described them under generic names like Alima,
Erichthus, etc. Different stages of the larvae of one and the same species
were often described as distinct species and larvae of different species
as stages of some one particular species, naturally resulting in much
confusion and repetition. Even when the larval nature of these pel-
agic creatures was recognized, the authors, working mostly on preserved
material, were not in a position to identify the larvae with their adults
with any certainty, except on circumstantial evidence such as the com-
parative abundance or otherwise of the adult stomatopods oceurring
in the particular locality from which the larvae were collected. The
limitatiohs of this method are obvious; living usually in burrows and
crevices at the bottom it is generally very difficult to make an exhaustive
collection of the different species of stomatopods occurring in any parti-
cular locality, and larvae from neighbouring localities might get mingled
by wind and wave action, with the result that even in relatively recent
publications there are instances where larvae have been erroneously
referred to the wrong species or even genus. It has been suggested
(Brooks, 1886 ; Lebour, 1934, Foxon, 1939) that the only way out of
this difficulty is, wherever possible, to rear the late planktonic larvae
into post-larval forms which show a closer approximation to the adult
features and are therefore easier to be properly identified than the pelagic

larvae.

The decapod larvae from the Madras plankton have been exhaustively
dealt with by Menon (1933, ’37, ’40) in a series of noteworthy contribu-
tions. In the present paper an attempt is made to deal with the stoma-
topod larvae also in a similar manner but with particular reference to
establishing their specific identity. Successful endeavour has been made
to rear the advanced larvae through metamorphosis and grow the post-
larvae under laboratory conditions, so that, it has now been possible
to refer almost all the common species of larvae occurring in the Madras
plankton to their respective adults, on the best direct evidence. With
proper attention, it has also been possible to rear the early post-larvac
to the adult stage, in the laboratory aquaria. The habits of the larvae
and post-larvae have already been detailed elsewhere (Alikunhi, 1950) ;
while, the descriptive account of the early post-larvae, their growth and
attainment of maturity will form the subject matter for a separate com-

munication.

Specific identification in the majority of cases has been checked and
confirmed after rearing the post-larvae to the adult stage. Since the
identity of the larvae reared has now been positively established with
their adults, it is not considered necessary to retain their larval names
and T have accordingly used the adult names only. For the same reason,
the final pelagic stage of each species is described in some detail and on
a common plan to facilitate comparison between species. An attempt
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has also been made to give the synonymy of the larvae described in this

paper, but T do not claim that this attempt has been sufficiently ex-
haustive,

HisTtoricArL RESUME.

_ The publication of Claus’ classical account of the stomatopod larvae,
in 1871, is rightly acknowledged as an important landmark in the study
of the larval history of the group. Their larval nature and the lengthy
metamorphosis they undergo before assuming the adult characters were
first made known by this author. Since then important contributions
on the subject have been made by various authors and numerous larval
species described, with the result that at present the latter probably
exceed the number of known adult species of stomatopods. The contri-
butions of Faxon (1882), Brooks (1886, 1892), Bigelow (1894), Hansen
(1895, 1926), Jurich (1904), Tattersall (1908), Lanchester (1903,1906), Box-
radaile (1907), Giesbrecht (1910), Komai and Tung (1929), Foxon (1932,
1939) and Gurney (1937, 1946), amongst others, have added much useful
descriptive material of the larval forms. In a recent contribution
Gurney (1946), besides attempting to classify the larvae, has compiled
a Very useful list of the larval species so far known, as also an exhaustive
annotated bibliography. However, the important aspect of correctly
referring the numerous larval species to their respective adults still re-
mains practically untouched. Foxon (1939) has remarked that description
of unidentified Alimae larvae is an unprofitable business and it is sur-
prising to see that out of nearly 200 species and varieties of adult stoma-
topods and a similar or even larger number of larval species known at
the present day, only ten species have been positively correlated with
their larval forms, as follows:

By hatching from egg. By moulting to post-larvae.,

1. Squilla mantis (P. Mayer, 1877 ; Gies- 1. Squilla empusa (Faxon, 1882).
brecht, 1910). 2, 8. quadridene. (Bigelow, 1894),

2
2. 8. oraloria (Komai, 1924 ; Komai & 3. 8. desmaresti, (Giesbrecht, 1910).
Tung, 1929). 4, S. tricarinata. (Gurney, 19486).
b

3. Gonodactylus ocerstedi. (Brooks, 1892), 5. Lysiosquilla excavatriz ; (Brooks, 1886),
. G.glabrous, (Gurney, 1937). 6. L. eusebia. (Giesbrecht, 1910).

o,

Of the two direct methods for identifying the larvae, that by hatching
the eggs is comparatively more difficult than that by moulting, since it
is often very difficult to secure the eggs. Gurney (1937) referring to
Gonodactylus remarks about the extreme difficulty in getting the eggs
‘ gince the anhimals live in burrows, commonly below the low tide marks,
and the eggs are laid in burrows and not attached to the body’ In
the case of Squille since the egg mass is usually carried by the female,
it is easier to obtain the eggs but once in captivity the female casts away
the egg mass which is soon attacked by ciliates, impeding further develop-
ment (Nair, 1942). Also the early larvae are very fragile and only rarely
undergo a moult in captivity (Brooks, 1886, Alikunhi, 1950). ‘'fhe late

RN
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pelagic larvae are generally common in tow-net catches and, being
hardier than the early Alima, could be successfully reared in the labora-
tory aquaria. Identification of the numerous larvae is therefore more
easily tackled by rearing the late pelagic larvae till they metamorphose
into post-larvae in the laboratory. By carefully following the above
method the writer has been able to identify 17 species of stomatopod
larvae that generally occur off the Madras coast.

MATERIAL AND METHODS.

Material for the present paper consists of thousands of larvae
collected from the Bay of Bengal, off the Madras coast, during the years
1936 to 1943. Collections were invariably made during the morning
hours, using an ordinary catamaran and a bolting silk tow-net; the
duration of the daily haul being about half an hour. The collections
were generally brought to the laboratory by about 9 a.m. For purposes
of rearing, the active larvae were immediately picked out and placed in
dishes of fresh sea water. They were then sorted into different types
by examination of individual specimens under the binoculars and each
type was then kept in separate aquaria. Occasionally the larvae were
fed on live plankton and at times they also readily took to minced meat
of the mole crab, Emerita asiatica. Late larvae metamorphosed into post-
larvae overnight, while slightly earlier stages remained in the aquaria
for a few more days before undergoing metamorphosis. Smaller larvae
ranging from minute pseudozoea and antizoea to early synzoea stages,
though remained active in the aquaria for several days, could not be
reared to the final pelagic stage. Even when constant circulation of water
was maintained in the aquarium by a simple siphon arrangement and
with live plankton introduced as food, the smaller larvae moulted but
once and died within a day or two.

All the figures are camera lucida sketches, except fig. 8 which is a
reconstruction from descriptions and dimensions of parts of the final
pelagic larva that moulted in the laboratory into the post-larva. In
making the diagrams the author has left out certain characters which are
of dubious taxonomic significance.

OCCURRENCE.

Stomatopod larvae form an important constituent of the macro-
plankton of the Madras coast. They do not exhibit any marked seasonal
abundance and early as well as advanced larvae are caught almost
throughout the year. Dakin and Colefax (1940) also observed the same
phenomenon in the Australian waters. While no observations were
made either on the vertical distribution of the larvae or on their diurnal
migrations, if any, in the surface waters, examination of the horizontal
surface hauls, usually made in the morning, indicates only irregular
fluctuations in their occurrence. Sometimes they were absent in the
tow-net collections for a few days, only to appear soon in considerable

numbers ; they were, however, never absent continuously for long
periods.
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Table 1.—Stomatopod Larvae of the Madras Plankton : Analysis of tow-
net catches made during 1936 to 1943.

No. of col- | No. of col- Total Maximum
Year. lections ex- [lections with| number No. per Month.
amined, larvae. of larvae. collection.
1936 34 14 166 66 Sep.
1937 33 16 2178 162 Dec.
1938 34 26 772 118 Aug.
1939 51 36 1,219 195 Mar.
1940 43 33 1,729 270 Mar.
1941 71 52 3,383 432 Aug.
1942 90 74 4,117 354 Oct.
194.3%* 57 48 2,633 302 Jul.
74 Years 413 298 14,197

*Till end of July.

As detailed in Table I a total number of 413 tow-net collections
were examined. Out of these only 298 collections contained stomatopod
larvae (early Alima and Erichthoidina larvae were not fully enumerated)
which totalled 14,197. The maximum number of larvae per collection
did not generally exceed 500 and during the period, 1936 to 1943, they
were not observed to occur in any enormous swarms. The majority of
larvae caught in the tow-net were of an advanced stage (Synzoea) of
development. Earlier stages were remarkably few.

The relative abundance of the common species of larvae was also
analysed from the collections, as indicated in Table II.

Table II.—Stomatopod larvae of the Madras Plankton : 4Analysis of
spectes in the tow-net catches made during 1936 to 1943.

Species. 1936. [ 1937. | 1938. | 1939. | 1940. | 1941. | 1942, | 1943. | Total.

Squilla nepa 130 289 417 652 827 | 1,815 | 3,036 | 1,231 | 8,495
S. holoschista 3 7 202 274 585 | 1,233 368 767 | 3,409
S, wood-masoni 23 3 15 144 145 120 205 | 204 | 852
S. tnterrupta .. 2 6 11 4 20 32 39 114
S. quinguedentata. 3 3 52 45 79 27 129 143 431
S. gonypetes .. .. 29 20 6 25 1 27 08
S. raphidea .. 2 3 8 1 2 24 8 48
S. latreillei 5 4 15 b 20 26 42 20 137
S. boops .. .. 3 13 8 2 16 8 50
S. fasciata .. .. .. .. .. 1 1 2 4
S. scorpto .. .. .. .. 2 1 3
S. kieroglyphica 1 1
Squilla lata 1 1 1 .. .. 1 1 2 7
Lysiosquilla maculata 1 1 8 8 6 i3 11 12 63
L. multifasciata . .. .. 4 2 3 1 1 11
L. acanthocarpus 2 2 1 1

L. tigrina 1 1
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Squilla nepa is, by far, the commonest species in the Madras plankton,
representing more than half the total catches. S. holoschista accounts
for a little less than one-fourth the total catch and is followed by S.
wood-masons, S. quinquedentata, S. latreiller, S. interrupta, S. gonypetes,
Lysiosquilla maculata and S. raphidea in the order of abundance.  Other
species occur only in random catches; S. kieroglyphice being repre-
sented by a single pecimen and S. fasciata, S. scorpio and L.
tigrina, each by 2 to 4 specimens only, during the entire period of seven
and a half years. It is interesting to note that the common species of
adult stomatopods caught along the Madras coast are S. nepa, S. holos-
chista, S. wood-masons and 8. raphidea, in the order of abundance.

The occurrence of stomatopod larvae in relation to other plankton
organisms is also very fluctuating. Generally, when swarms of such
diverse forms like Loimia medusa, Thalia democratica, Doliolum sp.
Creseis acicula, Eirene malayensis, Noctiluca, Rhizosolenia, etc. occur
in the plankton, the stomatopod larvae are either absent or rare. How-
ever, on certain occasions appreciable numbers of stomatopod larvae
have been caught along with swarms of Rhszosolenia and Thalia democra-
lice. Usually when stomatopod larvae abound in the tow-net catches,
other plankton organisms have been observed to be poor, both in quality
and quantity. Here again, exceptions are met with and appreciable
numbers of stomatopod larvae have been caught wher there were swarms
of Pleurobrachia globosa, Acetes erythracus, leptocephalus and post-
larval fish, Hybacodon sp., etc. Unless more systematic collections are
made no definite statements could be made regarding the ecological
assoclations of these larvae. It may be mentioned in this connection
that there is a common belief among fishermen that when stomatopod
larvae occur in considerable numbers in any particular locality, fishing
there will be generally poor.

DESCRIPTIVE ACCOUNT.

An intensive study of the stomatopod larvae of the Madras plankton
was carried out from December, 1941 to August, 1943, when, the numer-
ous larvae collected were, as a routine, segregated into types and separate-
ly reared in the laboratory aquaria. The final pelagic larvae of the fol-
lowing seventeen species were successfully metamorphosed and the post-
larvae of twelve of them reared to the adult stage :—

1. Squille nepa Latreille (Bigelow).
2. Squilla holoschista Wood-Mason.
3. Squilla wood-masoni Kemp.
4. Squilla interrupta Wood-Mason.
6. Squilla boops Kemp.
6. Squilla quinquedentata Brooks.
7. Squilla gonypetes Wood-Mason,
8. Squilla raphidea Fabricius.
9. Squilla latreille: (Eydoux & Souleyet).
10. Squilla fasciate de Haan.
11. Squilla hieroglyphica Kemp.
12. Squilla lata Brooks.
13. Lysiosquilla maculata (Fabricius).
14. Lysiosquilla sulcirostris (Kemp).
15. Lysiosquilla multifasciata Wood-Mason.
16. Lysiosquilla tigrina Nobili.
17. Lysiosquilla acanthocarpus Miers.
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In the succeeding pages detailed descriptions of the final pelagic
larvae of these species are given. Descriptions of the larvae of S.
scorpio Latreille which could not, unfortunately, be reared to metamor-
phosis, and notes on the early larvae of the different species picked out
from the plankton are also included.

SQUILLA NEPA LATREILLE (Bigelow).

Final Pelagic Stage. (Text-fig. 1).—It is represented in almost every
collection in which stomatopod larvae are present. It is easily dis-
tinguished from the other species by its comparatively small size and

TexT-Fig. 1.—Squilla nepa Latreille (Bigelow).

a. Pipal pelagic larva, 228 mm. long, dorsal view; b. Tels d right f
the same, magnified. ’ g W elson and right urepod o
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large carapace. The size at which it metamorphoses into the post-
larva varies slightly, specimens 22 to 25 mm. long having been observed
to moult into post-larvae.

Total Iength .. .. 22-8 mm.
Length of rostrum .. . . .. 2-8 mm.
Median length of carapace .. . . 10-0 mm.
Anterior breadth of carapace .. .o . .. 3:2 mm.
Posterior breadth of carapace .. .. . 6-1 mm.
Length of antero-lateral spine 0-9 mm.
Length of postero-lateral spine .. .. .. 3:5 mm.
Length of eye-stalk .. .. 1-1 mm.
Length of corneal portion of eye* .. .. 1-1 mm.
Length of telson . . 3-:0 mm.
Breadth of telson . . 3-2 mm.

The carapace is comparatively large and extends over the anterior
half of the last thoracic somite. The rostrum is slender and devoid of
ventral spinules. The maximum breadth of carapace is almost double
its anterior breadth. TIts lateral margin is provided with 844 spinules,
the first near the base of the antero-lateral spine, eighth at the level of
the labrum and the last four nearer the postero-lateral corner. Tach
postero-lateral spine has a ventral spinule at one-third its length from
base and is directed almost parallel to the margin of the abdominal
segments, but usually tending to diverge slightly near the tip, which
often reaches the level of the fourth abdominal segment, or rarely up to
the fifth. The dorsal spine is shorter than the antero-lateral and is
situated on an elevated prominence, a little in front of the posterior
margin of carapace.

In the antennular peduncle the basal segment is longer than the other
two which are equal in length. The second antennular flagellum carries
12 groups of sensory hairs. In the raptorial limb the peduncular seg-
ment is provided with a ventral spine, distally. The propodus has three
stout spines at base and a series of pectinations on the margin. The
dactylus does not have any free spine other than the terminal. The
thoracic segments become gradually longer towards the last. Ab-
dominal segments are broader than the thoracic and have their postero-
lateral corners produced into acute spines. The sixth segment is broader
than long and has a pair of sub-median dorsal spines. The marginal
spines of telson are prominent (Text-fig. 1b.). There are 1 lateral,
9 intermediate and 14-15 sub-median denticles on each side. Uropods
when directed backwards reach almost half way between the lateral and
intermediate spines of telson. There may be 3 or 4 free spines on the
outer aspect of the basal segment of the exopod. The ventral prolonga-
tion ends in two distal spines, of which, the tip of the inner, larger one
reaches beyond the distal extremity of the endopodite.

Earlier Stages of Larvae.—The earliest stage obtained, that can be
positively referred to this species measures 9:0 mm. in total length
(Collection dated 4-2-1937 ; a second specimen 9-2 mm. long is also of

* ¢ Corneal portion of eye’ as used in this paper includes the entire eye proper
excluding the stalk.
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the same stage). As in the final pelagic stage, the carapace extends
posteriorly across the middle of the last thoracic segment. Along the
lateral margin of carapace there are 544 spinules of which the first,
sixth and seventh are long and prominent, while the rest are rudimentary.
Rostrum has a slight downward bend at the base. Postero-lateral spine,
with a spinule near the base, has its tip reaching the level of the 4th
abdominal segment. The antero-lateral and dorsal spines are long and
pointed. The tip of antennular peduncle is markedly inferior to tip of
rostrum. The second antennular flagellum has four groups of sensory
hairs. Antennal endopodite is unsegmented. Thoracic limbs 3 to 5
are mere finger-like outgrowths, while no trace of the last three is visible.
Pleura of the abdominal somites end in blunt points posteriorly. The
sixth abdominal segment is not yet fully differentiated. The fifth
pleopod is smaller than the rest. Telson is broad, with well developed
marginal spines. There are 1 lateral, 8-9 intermediate and 13 sub-
median denticles on each side. Uropods are only stump-like, bifid
processes.

Larva, 13-8 mm. long.—In general appearance it resembles the final
pelagic stage. Carapace has 844 spinules as in the latter. Antennular
peduncle is slightly longer and 7 groups of sensory hairs have appeared
on the second antennular flagellum. Antennal endopodite is 3-seg-
mented and reaches just beyond the tip of peduncle. Thoracic limbs
3 to b are well developed ; while the last three are still rudimentary though
bifid. The sixth abdominal segment has been differentiated and the
pleura of the abdominal somites have become pointed posteriorly. In
the telson the lateral spines are smaller than the rest; the denticles
number 1 lateral, 10 intermediate and 16 sub-median on each side. Uro-
pod reaches half-way to the base of lateral spine of telson. Ventral
prolongation of uropod is not yet clearly bifid. The exopod has one free
spine.

Larvae up to 16:5 mm. resemble the above stage in almost all details.

In specimens 17-6 mm. long, the antennular peduncle is only slightly
inferior to the tip of rostrum ; while the second antennular flagellum
carries 8 groups of sensory hairs. Antennal endopodite is longer, while
the last three thoracic limbs are better developed than in the previous
stage. Ventral prolongation of the uropod has the tip distinctly bifid,
with the inner spine about double the size of the outer. Exopod of
uropod has two free spines basally.

In the 18-5 mm. stage an additional group of sensory hairs appears
on the antennular flagellum ; antennal endopodite reaches half way to
the tip of squame and the uropod is better differentiated than in the

previous stage.

When 21-5 mm. long, the larva very much resembles the final pelagic
stage, but the antennular flagellum bas only 10 groups of sensory hairs ;
the peraeopods are shorter than in the final pelagic larva ; the exopod
of uropod has still only 2 free spines ; while the inner spine of the ventral
prolongation of uropod is thrice as long as the outer and has the tip
reaching slightly beyond the tip of endopodite.



248 Records of the Indian Museuwm. [VoL. XLIX,

With the next moult the larva probably reaches the final pelagic
stage.

Remarks.—Except in size, spinulation of carapace, shape of telson
and certain other minor details, the larva shows close resemblance to the
final pelagic stage of S. holoschista (p. 19), particularly in general appear-
ance and to a great extent in the relative proportions of the various parts
of the body. 8. nepa and S. koloschista are very closely related and this
is probably reflected in the close resemblance between their pelagio
larvae.

While it is the commonest larva in the Madras plankton, it does not
appear to have been described before. It, however, shows close resem-
blance to Alima dilatate (Hansen, 1890) and Alima subtruncata (Jurich,
1904), though on grounds of distribution these cannot be identical with
the larva of S. nepa, the distribution of which is limited to the Indo-
Pacific region. The larva ascribed to 4. subtruncata by Komai and
Tung (1929) from the Japanese seas, however, appears to be very
distinct from Jurich’s species and is markedly different from the larva
of S. nepa, particularly in the form and spinulation of carapace. The
Alimerichthus larva (15-52 mm. long) from the south Atlantic, figured
by Brooks (1886) also has the broad, shield-like carapace characteristie
of the larvae of S. nepa and S. holoschista. The size and stage of develop-
ment of the larva figured by Brooks show that it is probably closely
related to S. nepa, even though from the spinulation of carapace and
on geographical considerations the two appear to be specifically distinct.
Brooks has classified the above larva as Alimerichthus, but it does not
possess features characteristic of that group of larvae. Lanchester’s
(1903) view that Alimerichthus sp. of Clausis identical with Alimericthus
larva of Brooks also does not appear to be correct.

SQUILLA HOLOSCHISTA Wood-Mason.

1837. Alima laticauda, Milne-Edwards, Histoire Naturelle des Crustacea, Paris,
p. 507.

1837. Alvma laticauda, Mime-Edwards, Crustacea, In Cuvier’s Regne Animal,
Paxis, PL lvii, fig. 2.

1857. Hyalopelta laticauda, Guerin-Meneville, Animauz asticules, Paris, Crus-
tacea, Stomatopodes, Pl. lix.

1871. Alima, Claus, Abh. Ges. Wiss. Gottingen, P). viii, fig. 31,

1871. Alima laticauda, Claus, ibid., Pl. viii, fig. 32.

Final pelagic stage. (Text-fig. 2).—One of the largest and most
conspicuous larvae secured in tow-net catches, the final pelagic larva of
S. holoschista is easily recognized by its large size, very broad carapace
and rvelatively slender abdominal segments.

Total length 34-5 mm.
Length of rostrum ‘e 4:3 mm,
Median length of carapace 15:3 mm,
Anterior breadth of carapace 4-8 mm.
Pasterior breadth of carapace . 9-:0 mm.
Length of antero-lateral spine . 1:2 mm.
Length of postero-lateral spine .. 55 mm.
Length of eye-stalk 24 mm.
Length of corneal portion of eye Ve 2:0 mm.
Length of telson 4:3 mm.

Breadth of telson 38 mm.
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The carapace is conspicuously broad and posteriorly covers the
anterior half of the last thoracic somite dorsally. The rostrum is com-
paratively short and slender and is devoid of ventral spinules. The
antero-lateral spines are short and almost equal to the dorsal spine
which is situated on a prominence at the hind border. 'The maximum
breadth of carapace (9:5 mm.) at about the level of the labrum, is almost
twice its anterior breadth. The postero-lateral spines, each with a
prominent ventral spinule at about one-fourth its length from the base,
are directed almost parallel to the abdominal segments and reach the

TEXT-F1G. 2.~Squilla holoschista Wood—Mason.

¢. Finsl pelagic larva, 34-5 mm. long, dorsal view ; (rudimentary post.larval

cerapace is indicated as a median, long, narrow strip) ; 6. Telson and right uxepod of
thesame, magnified ; ¢. Larva, 6-6 mm. long,
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level of the fourth abdominal somite. There are 8-+3 ventrally directed
spinules on each lateral margin of carapace ; the last three which are
larger than the rest, being situated nearer the postero-lateral corner.

The tip of rostrum is superior to the tip of antennular peduncle, but
often the two may be at the same level. The second antennular flagellum
carries 15 groups of sensory hairs. The eye is comparatively small and
slender, with a long stalk. The region between the antenna and the
labrum is very much distended. The peduncular segment of the rap-
torial limb is provided with a stout ventrally directed distal spine. The
raptorial propodus carries three stout spines and a series of pectinations.
The dactylus is slender, falciform and without any free tooth other than
the terminal. The last tbree thoracic segments are distinctly longer
than broad. The abdominal segments are broader than the thoracic
and have their pleura produced into acute spines posteriorly. The
sixth abdominal segment is very short, about two and a half times
as broad as long, with a pair of sub-median spines dorsally and with the
lateral margin anteriorly produced into a stout ventrally directed spine.
The marginal spines of telson are well developed (Fig. 2b). The denticles
number 1 lateral, 12 intermediate and 15-16 sub-medians on each
side. The uropods when directed backwards reach half-way between
the lateral and intermediate spines of telson. The basal segment of
exopod carries 3 free spines on its outer aspect. The tip of the ventral
prolongation reaches just beyond the tip of endopod and has two
spines distally, the outer one being about half the length of the inner
which has no prominence on its outer aspect.

Earlier stages of Larvae—They seldom occur in the collections:
A single specimen, probably in the second pelagic stage, is referable to
this species (Text-fig. 2¢.).

Total length 5:6 mm.
Length of rostrum 1-2 mm.
Median length of carapace 2:1 mm.
Anterior brerdth cf carapace 1-2 mm.
Posterior breadth of carapace 1-5 mm.
Length of postero-lateral spine 0-9 mm.
Length of telson 1:0 mm.
Breadth of telson . 0-85 mm.

Carapace is large and extends posteriorly over the anterior half of
the last thoracic segment. Rostrum is long and prominent and has no
ventral spinules. Antero-lateral spines are acutely pointed ; postero-
laterals are shorter than the rostrum, divergent posteriorly and are pro-
vided each with a prominent spinule near the base. Tip of each
postero-lateral spine reaches the level of the 4th abdominal segment.
Lateral margin of carapace has 4 spinules, the first near the base of the
antero-lateral spine, the 2nd and 3rd situated mid-way from either end,
are long and project outward ; while the fourth is directed ventrally.
The tip of antennular peduncle reaches only half-way to tip of rostrum ;
second antennular flagellum has three groups of sensory hairs; the
corneal portion of eye is slightly longer than the stalk ; there is no trace of
the antennal endopodite ; raptorial propodus has three basal spines;
the 3rd to the 8th thoracic appendages are not developed; sixth
abdominal segment is not differentiated ; postero-lateral corners of
abdominal segments do not end in spines ; 5th pleopod isin the form of
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a bilobed rudiment; uropod is not indicated; telson is large and
conspicuous ; sub-median spines are almost double the size of the lateral
or intermediate spines and denticles number 1 lateral, 4 intermediate
and b or 6 sub-median on each side.

Remarks.—-1t is not certain that the early Alima described above,
actually belongs to §. holoschista ; the broad carapace and the relatively
large size when compared with the stage of development being the only
criteria, on which the identification is based. This larva, however,
largely resembles the 4-5 mm. long dlvma o (Tattersall, 1906) from
the gulf of manaar, the only difference being the possession of a median
carina on the carapace in the latter. Alima dilatate, 47 mm. long,
described by Hansen (1895) also appears to be identical with the Madras
and Ceylon larvae. The young Alima, 3-3 mm. long, described by Guruey
(1946) from Bermuda as 4. dilatata, differs from the above specimens in
the shape of telson and in the possession of an additional spinule on the
margin of carapace.

Larvae younger to the final pelagic stage are not represented in the
present collection. The final pelagic larva, though slightly smaller than
the corresponding stage of S. wood-masons in total length, is by far the
most conspicuous stomatopod larva in the Madras plankton, mainly
by virtue of its large, shield-like carapace. Claus’s Alima laticauda
from the Indian ocean appears to be identical with the final pelagic
stage here described. It is of almost the same size as the latter. While
I haye not been able to compare the descriptions of 4. laticauda given
by Milne-Edwards (1837) and Guerin Meneville (1857), there seems to
he little doubt that the larvae described by them are identical with S.
holoschista. The 16 mm. long Alime, described by Claus (His Fig. 31),
is also probably ideutical with 4. laticauda, though representing an earlier
stage than the final pelagic.

SQUILLA WOOD-MASONI Kemp.

1871. Alima emarginata, Claus, Abh. Ges. Wiss. Gottingen, Pl. viii, fig. 33 (?)

1895. Alima trivialis, Hansen, Ergeb, Plankt. Exped., Pl. viii, fig. 11.

1906. Alima a, Tattersall, Rept. Pearl Oyster Fish. Lond., figs. 23, 24, 25.

1929. Alima emarginata, Komai & Tung, Annot. Zool. Jap., Pl v, figs.
16-22; Pl vi, figs. 1-15; PI. vii, figs. 1-3.

1932. Alima emarginata, Foxon, Sci. Rept. Great Barrier Reef Exped.

Final Pelagic Stage (Text-fig. 3).—The longest stomatopod larva
in the Madras plankton, it is less frequently caught than the final pelagic
larvae of S. nepa and S. holoschista from which it is easily distinguished
by the large size and the relatively narrow carapace.

Total length .. 355 min.
Length of rostrum .. .. 4-5 mm.
Median length of carapace .. 128 mm.
Anterior brzadth of earapace .. 4-3 mm.
Posterior breadth of carapace e .. 6-1 mm.
Length of antero-lateral spine .. .. 16 mm.
Length of postero-lateral spine . . .. 36 mm.
Length of eye-stalk .. . . .. 17 mm.
Length of corneal portion of eye .. 1-85 mm.
Length of telson .. . 4-3 mm.

Breadth of telson .. . .. .. 4:3 mm.
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The carapace extends only upto the anterior portion of the sixth
thoracic somite, leaving the last two segments exposed dovsally. The
rostrum is prominent and without any ventral spinule. The antero-
lateral spine is about twice the size of the dorsal spine which is placed
on an elevation near the hind margin. The greatest breadth of carapace
(70 mm.) at about the level of the labrum, is more than one and a half
times its anterior hreadth. The postero- Jateral spine, not very divergent

TEXT F10. 3.—Squilla wood-masoni Kemp.

a. Final pelagic larva, 356:5 mm. long, dorsal view ; b, Telson and left uropod of
the same, magnified,
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posteriorly, carries a ventral spinule at about one-third its length from base
and has the tip reaching the level of the hind border of the first abdominal
segment. The lateral margin of carapace is provided with 124-4 spinules,
the last 4 being near the postero-lateral angle.

The tip of rostrum and that of the antennular peduncle are usually
situated at the same level. The second flagellum of the antennule
carries 18 groups of sensory hairs. The eyes are comparatively large,
the corneal portion being larger than the stalk, unlike the condition in
S. holoschista. The peduncular joint of the raptorial limb carries a
distal, ventrally directed, stout spine. The raptorial propodus has three
stout spines proximally, besides pectinations on the inner margin. The
dactylus has only the terminal tooth. The thoracic segments gradually
become longer towards the last. The first four abdominal segments are
almost as broad as long, while the last two are broader. The sixth seg-
ment carries a pair of dorsal sub-median spines and a pair of lateral, ven-
trally directed spines. The marginal spines of telson, particularly the
sub-medians and intermediates, are along. The denticles number 1
lateral, 11 intermediate and 20-21 sub-median on each side. The tip of
exopod of uropod, when directed backwards, reaches the base of inter-
mediate spines of telson. It has 5 free spines on the outer aspect.
The ventral prolongation of uropod is bifid, with the outer spine less
than half the length of the inner which has an inconspicuous bulging
on the outer basal aspect.

Earlver stages of Larvae—Like S. holoschista, earlier stages of larvae
of the present species also are very seldom caught. An early synzoea
stage, 26 to 28-6 mm. long, is represented in the present collections by
a few specimens. The carapace, as in the final pelagic larva, leaves the
last two thoracic segments exposed. The lateral margin carries 1044
spinules ; the number in other specimens varying from 8 or 94-4. The
second flagellum of antennule carries 14 groups of sensory hairs. Antennal
endopodite reaches half-way to tip of squame. The last three thora-
cic legs are elongate and bifid but are shorter than in the final pelagic
stage. The lateral spines of telson are short. Uropods are well diff-
erentiated.

Remarks.—The final pelagic larva shows close resemblance to dlima
emarginata (Claus, 1871), eventhough the latter is about 9 mm. longer.
A. trivialis (20-6 mm. ; Hansen, 1895) also appears to be identical with
8. wood-masonz, though it represents an earlier stage to the final pelagic.
Komai and Tung (1929) have identified certain larvae from the Japanese
geas as A. emarginata. The first two larvae of this series measure 52
and 44 mm. respectively in length, excluding rostrum and have the
shape of carapace different from that of Claus’s 4. emarginata. These
are obviously different from S. wood-masont. Two other specimens
ascribed to the same species by Komai and Tung, have a different cara-
pace form ; are smaller than the first two specimens (30 and 31 mm. long,
including rostrum) and are probably identical with 8. wood-masons,
though representing a slightly earlier stage than the final pelagic.

The 27 mm. long Alima a described by Tattersall (1906) also appears
to belong to S. wood-masoni. Representing an earlier stage than the
final pelagic, it agrees with the Madras form in the spinulation of carapace
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and in the relative size considered with the stage of development
attained. The earlier stage, 4-5 mm. long, ascribed to this species by
Tattersall, has been shown to be probably the larva of S. koloschista (vide

p- 21.)

Squilla sp. (Alvma emarginata, Foxon, 1932) from the Great Barrier
Reet is probably identical with S. wood-masons ; while the larva described
as A. emarginata by Lanchester (1906) appears to belong to the closely
related S. interrupta (vide p. 26).

A. robusta (Jurich, 1904) shows a vague general resemblance to the
final pelagic larva of S waod-mason: ; but the indication of five teeth
beneath the cuticle on the dactylus of the raptorial claw in the 28-7 mm.
long specimen, probably shows that it belongs to a different species
than S. wood-masons.

SQUILLA INTERRUPTA Wood-Mason.

1906. Alima emarginata, Lanchester, Fascicule Malayensis, Fig. 4.

Final Pelagic Stage (Text-fig. 4).—The lazva is fairly large-sized and
robust in appearance. Occasionally, considerable number of them is
obtained along with some of the earlier stages also. The fairly large
size, the comparatively narrow carapace and the large telson easily mark
out this larva from the rest.

Total length .o oo 295 mm,
Length of rostrum . .. 4-5 mm.
Median length of carapace .. .. 10-8 mm,
Anterior breadth of carapace .. .. .. 34 mm,
Posterior breadth of carapace .. .. 60mm.
Length of antero-lateral spine . .o 1-3 mm,
Length of postero-lateral spine .. . .. 35mm.
Length of eye-stalk .. .. .. «» 16 mm.
Length of corneal portion of eye . . .. 16 mm.
Length of telson . . .. 44mm,
Breadth of telson .o . .o 42mm.

The carapace is comparatively long and narrow, and covers the
anterior half of the 6th thoracic somite, leaving the last two fully exposed.
The lateral margin of carapace bears 743 spinules. The rostrum is
fairly long and is armed with 7 ventral spinules. The antero-lateral
spines are acutely pointed and are longer than the dorsal spine. The
postero-laterals do not diverge much posteriorly, each carries a ventral
spinule at a point slightly in advance of one-third its length from the
base and has the tip reaching the level of the anterior half of the second
abdominal segment.

The tip of antennular peduncle is distinctly inferior to the rostral tip.
Second antennular flagellum carries 15 groups of sensory hairs. The
eye is not very conspicuous and the corneal portion is only equal to the
stalk in length. The raptorial limb has a sharp spine on the distal end
of the basal segment, ventrally. The propodus has three stout spines
and a row of pectinations. The dactylus has no free tooth other than
the terminal. The abdominal segments are more than one and a half
times as broad as the thoracic and have their postero-lateral corners
produced into acute spines. The segments are broader than long and
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get gradually shorter towards the last which is about 2} times as broad
as long. It has a pair of sub-median spines and an additional spine at
the postero-lateral margin directed ventrad. The telson is comparatively
large and is longer than broad (Text-fig. 4b). The marginal spines are

Text-Fia. 4.—~Squille tnterrupta Wood-Mason.

a. Final pelagic larva, 29-6 mm. Iong, dorsal view ; b. Telson and right uropod
the same, magnified.

rather short and stout. The denticles number 1 lateral, 9-10 inter-

mediate and 15-17 sub-median on each side. The uropod when directed

backwards, reaches the base of the lateral spine of telson and has 4 free

spines on the outer aspect of the basal segment of exopod. The ventral
3



2566 Records of the Indian Muscum. [Vor. XLIX,

prolongation is hifid, the inner spine being over double the size of the
outer, without any noticeable tubercle on its outer aspect and with the
tip just projecting beyond the distal end of the endopod.

Earlier stages of Larvae—Two stages slightly earlier to the final
pelagic arc present in the collection. Both these, measuring 23:5 mm.
and 26-0 mm. respectively in length, resemble the final pelagic larva
with which they agree in almost all details except that the various
structures are, as a whole, slightly less developed than in the final pelagic
stage.

Remarks.—Lanchester (1906) referred a single Altmea larva, 20 mm.
long, collected off cape Patani, to Alima emarginata. The details of
the spinulation of carapace and the figures given by Lanchester, however,
indicate that the larva is different from Claus’s A. emarginate which
measured 44 mm. in length. Foxon (1932) commenting on Lanchester’s
larva stated that “ Lanchester’s figure is hardly typical, especially as
regards the telson and the spinulation of the carapace > The conspi-
cuous telson, the shape of carapace, ventrally armed rostrum and the
7-+3 spinules on the lateral margin of carapace are all characteristic of
the larva of S. interrupta and Lanchester’s specimen is therefore referable
to that species.

Lele (1937) has briefly reported that he has been able to note the
successive stages of a pelagic Alima larva from the Bombay waters and
trace the same to the adult form of S. interrupta. However, as no
description of this larva has been available to me I am unable to comment
further on this record.

SQUILLA BOOPS Kemp

Final Pelagic Stage (Text-fig. 5).—The larva comes up only rarely in
the plankton catches. In the shape of carapace and in the number of
its spinules it resembles S. dnterrupta, but the comparatively more
slender build and the larger size make it easily distinguishable.

Total length 31-0 mm.
Length of rostrum . .. 4-0 mm.
Median length of carapace 9:5 mm.
Anterior breadth of carapace 3:5 mm,
Posterior breadth of carapace 50 mm,
Length of antero-lateral spine 1-1 mm.
Length of postero-lateral spine 3:0 mm.
Length of eyc-stalk . 2:0 mm.
Length of corneal portion of eye 1-9 mm.
Length of telson 4-4 mm.
Breadth of telson 40 mm.

The carapace is long and narrow and leaves the last three thoracic
segments fully exposed. Its lateral margin is provided with 743
spinules. The rostrum is long and slender and has a row of 6-7 ventral
spinules, usually continued forwards as a series of fine tubercles. The
antero-lateral spines are long and pointed, while the dorsal spine is
short and inconspicuous. The postero-laterals are short and slender,
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slightly divergent posteriorly, each with a ventral spinule at about
# its length from base and have the tips reaching the level of the hind
border of the last thoracic segment,

Texr-F16. 5,.—Final pelagic larva of Squilla boops Komp, 31-0 mm. long, dorsal vicw.

The antennular peduncle is long and slender, with its tip slightly
inferior to the rostral tip. The second flagellum of the antennule has
12 groups of sensory hairs. The basal joint of the raptorial limb carries
a terminal ventral spine. The propodus has three stout spines and a
row of pectinations. The dactylus has no free tooth besides the terminal
but internally shows traces of five, including the terminal one. The
last three thoracic somites are longer than broad. In the first five
abdominal segments the postero-lateral corners are produccd into long
slender acute spines. In the sixth there is no such spine, but a pair of
sub-median dorsal spines and an antero-lateral, ventrally directed spine

on either side are present. The telson is longer than broad and has the
RN
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marginal spines well developed. The denticles number 1 lateral, 9
intermediate and 15—16 sub-median on each side. The tip of uropod
when directed backwards reaches the lateral spine of telson. The
exopod carries 3 to b free spines externally ; the inner spine of the l.)a.sal
prolongation is more than double the size of the outer, has a prpn}ment
swelling or tubercle externally and has its tip projecting distinctly
beyond that of the endopod.

Earlier Stages of Larvae.—A few early stages of the larvae are also
present in the collection. The smallest of them, measuring 19 mm. In
length, has the same general body form as in the final pelagic larva.
However, the ventral spinules on the rostrum are rather inconspicuous,
the second antennular flagellum carries only 6 groups of sensory hairs ;
the antennal flagellum is small and rudimentary, hardly reaching th.e
tip of antennal peduncle ; the last three thoracic limbs are only rudi-
mentary, bifid stumps ; and the uropod is just getting differentiated,
with the tip reaching only upto } the distance to the base of lateral spine
of telson ; the exopod still unsegmented and without any clearly mgrked
spine and the ventral prolongation stump-like with its tip which 1s not
yet bifid, reaching only half way to the tip of endopod.

A specimen 21-0 mm. long, though generally resembling the above
stage, has 7 groups of sensory hairs on the second antennular flagellum ;
the exopod on the uropod segmented and with one outer spine and the
ventral prolongation just bifid at the tip which is still inferior to the
tip of endopod.

In the 23 mm. stage the second antennular flagellum has 8 groups of
sensory hairs ; tip of antennal flagellum just projects beyond the tip of
peduncle ; peraeopods are longer and in the uropod the ventral prolonga-
tion has its tip still inferior to the tip of endopod.

When 25 to 27 mm. long, the second antennular flagellum bears
10 groups of sensory hairs ; tip of uropod reaches half way to the lateral
spine of telson ; exopod still has only one free spine ; the bifid tip of
the ventral prolongation is at the same level as the tip of endopod and
its inner, larger spine is devoid of the smooth swelling found in the final
pelagic stage.

Apparently between the final pelagic stage and the one described
above there is another intervening stage which is not represented in
the present collection.

Remarks.—While this larva does not appear to have been described
before, it shows some resemblance to the larva of S. oratoria (Komai
& Tung, 1929) in general appearance ; but the distinctly larger size, the
shorter postero-lateral spines and the marginal spinulation of carapace
are distinguishing features of the species.

SQUILLA QUINQUEDENTATA Brooks

Final Pelagic Stage (Text-fig. 6).—The larvae are only occasionally
caught and are not very abundant, though some of the earlier stages
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also come up along with the final pelagic larvae. The very slender,
frail body, with the short, narrow carapace is characteristic of the final
pelagic larva.

‘fotal length .. . .. v . 27-4 mm.
Length of rostrum .. .. . . 34 ram.
Median length of carapace .. . . 8-4 mm.
Anterior breadth of carapace . . 27 mm.
Posterior breadth of carapace . . . 40 mm.
Length of antero-lateral spine .. . 1-0 mm.
Length of postero-lateral spine .. . . 2:5 mm.
Length of eye-stalk .. .. . . 1-6 mm.
Length of corneal portion of eye .. . . 1-6 mm.
Length of telson . . .. 3-4 mm.
Breadth of telson .. .. .. .. 3-4 mm.

The carapace extends over the posterior half of the fifth thoracic
somite, the last three segments of the thorax remaining fully exposed
dorsally (fig.6a). The rostrum is long and slender and is armed with 8 ven-
tral spinules, the last four of which being very minute. The antero-lateral
spines are acutely pointed. The postero-laterals arc short, slightly
divergent posteriorly, with the tip of each reaching the level of the
hind end of the last thoracic somite and each carrying a ventral spinule
at about one-third its length from base. The dorsal spineis small and
inconspicuous. The lateral margin of the narrow carapace bears 8--3
spinules, the last three being bigger than the rest and situated at longer
Intervals near the postero-lateral corner of carapace.

The tip of antennular peduncle is at the same level as, or slightly
superior to, the tip of rostrum. The second antennular flagellum carries
11 groups of sensory hairs. The eyes are comparatively large, with the
stalk slightly shorter than the corneal portion. Protopodite of the
raptorial limb carries a ventrally directed distal spine. Propodus has
the usual three spines and the series of pectinations. Dactylus has no
free tooth other than the terminal. Third and fourth segments of the
thorax are very short and the two together make only half the length
of the fifth which is almost as long as broad. The sixth is as long as
the precedig one but the last two are longer. Abdominal segments are
broader than the thoracic, but get shorter gradually towards the sixth
which is about twice as broad as long and has a stout ventro-laterally
directed anterior spine on either side, besides a pair of sub-median
dorsal spines. Telson is almost as broad as long and has the marginal
spines rather elongated (Text-fig. 6b). Denticles number 1 lateral,
9-10 intermediate and 14 sub-median on each side. Uropods when
directed backwards reach slightly beyond the lateral spines of telson.
The basal segment of the exopod has 4-5 free spines. The ventral prolonga-
tion, as usual, is bifid at the tip, the outer of the two spines being smaller
than half the length of the inner which has a smooth prominence on its
outer aspect basally and has the tip just projecting beyond the distal
extremity of the endopodite.

Earlier Stages of Larvae—Earlier stages are fairly well represented
in the collection and the earliest stage obtained that could be referred
to this species measures about 7-5 mm. in total length.
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Larva, 7-5 mm. long.—Carapace leaves the last two thoracic segments
exposed dorsally. Tip of antennular peduncle is inferior to tip of rostrum.
Lateral margin of carapace has only 5 spinules, one near the antero-
iateral spine, {wo near the middle region at each margin and the other

TExT-F16. 6.—Sgquilla quinquedentala Brooks,

#. Final vrelagic larva, 29-4 mm. long, dorsal view ; b. Telson and right uropod of
the same, magnified ; c. Right half of telson and right vropod of larva, 18-5 mm. long,
magnified ; d. Larva, 13-0 mm. long, dorsal view.

two near the postero-lateral spine, all directed outwards. Tip of postero-
lateral spine projects just beyond the hind border of the second
abdominal segment.

Second antennular flagellum carries 4 groups of sensory hairs.
Antennal endopodite is bud-like and small ; third and fourth thoracic
limbs are rudimentary ; appendages on segments 5 to 8 are absent ; the
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fifth pair of pleopods are smaller than the rest ; uropod is only an un-
segmented, small radiment. Telson is large and long, with 1 lateral,
6 intermediate and 6 sub-median denticles on each side. Postero-lateral
corners of the abdominal segments are not acutely pointed.

Larva, 10-0 to 10-5 mm. long.—Carapace as in the 7-6 mm. long larva,
except that the antero-lateral spines are long and pointed, that the
lateral margin of carapace has only 4 spinules and that the rostrum
carries 6-6 ventral spinules.

Second antennular flagellum still has only 4 groups of sensory hairs.
Auntennal endopodite stops short of the tip of antennal peduncle.
Thoracic segments 5 to 8 carry minute bud-like limb rudiments. Fifth
pleopod is still small. Uropod is a small bifid outgrowth, while the telson
is long and conspicuous, with the intermediate spines stouter than the
sub-medians which are longer. Denticles number 1 lateral, 9 inter-
mediate and 6 sub-median on each side.

Larva, 13-0 man. long (Text-fig. 6d).—Carapace as in the 10-0 mm.
long larva, but with 742 marginal spinules, the last 6 of which are
extremely minute and with the tip of postero-lateral spines reaching
only just beyond the last thoracic segment.

The second antennular flagellum has 5 groups of sensory hairs.
Antennal endopodite is segmented, but the tip dues not yet reach the
peduncular tip. The last three maxillipeds are not fully differentiated, the
last being still rudimentary. Rudiments of peracopods are unsegmented.
Fifth pleopod is smaller than the rest. Uropod is bifid but rudimentary.
Telson is large, longer than broad and has 1 lateral, 9-10 intermediate
and 9-10 sub-median denticles on each side.

Lasva, 145 to 15-5 mm. long.—Carapace only pariially covers the
6th thoracic somite ; 2-4-3 marginal spinules well developed ; the rest
rudimentary ; rostrum with 3 or more ventral spinules.

Second antennular flagellum with 7 or 8 groups of sensory hairs ;
antennal endopodite three-jointed, with the tip projecting beyond
peduncular tip ; last three maxillipeds fully differentiated and directed
forwards ; peraeopods rudimentary but bifid ; fifth pleopod as large as
those in front ; tip of uropod when directed backwards reaches 1 the
distance to the lateral spine of telson ; exopodite indistinctly segmented
and with a rudimentary outer spine; tip of ventral prolongation just
bifid and reaches to % the length of endopod. Sub-median spines of
telson are the longest and are acutely pointed. Denticles number
1 lateral, 10 intermediate and 12-13 sub-median on each side.

Larva, 16-5 mm. long.—Appendages are slightly better differentiated
than in the previous stage.

Larva, 185 to 19-0 mm. long (Text-fig. 6c).—Carapace as in the 16-5
mm. long larva, but has 4-5 ventral spinules on rostrum and the lateral
margin is provided with 843 spinules as in the final pelagic stage.

Second antennular flagellum has 8 or 9 groups of sensory hairs.

Antennal endopodite is a trifle longer than in the 16:0 mm. long larva
and so also are the peraeopods. Tip of uropod reaches to almost half
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the distance to the lateral spine of telson. Tip of ventral prolongation
is inferior to the tip of endopodite ; denticles as in the 16:5 mm. long
larva.

Layrva, 21-0 to 22-3 mm. long.—Carapace as in the final pelagic larva,
except that the postero-lateral spines are a trifle longer. Second anten-
nular flagellum has 10 groups of sensory hairs. Antennal endopodite
reaches half way to tip of squame ; peraeopods are almost fully differen-
tiated ; tip of uropod reaches more than half-way to the base of
lateral spine of telson ; exopod has two free spines; outer spine at the
bifid tip of the ventral prolongation is about half the length of the inner,
the tip of which reaches the endopod tip. Denticles on telson are as in
the 19-0 mm., long larva.

The above larva is almost identical with the final pelagic stage in
details, but probably, a further stage intervenes between it and the
final pelagic stage.

Remarks.—As already mentioned the distinctly narrow carapace
makes the larva appear very slender and frail and by this feature alone
it is easily distinguished from the other species. Like S. boops this
larva also does not appear to have becn described before. In general
appearance it closely resembles Alima bigelows (Hansen, 1895). Bigelow
(1894) observed a similar larva moult into S. quadridens. Lebour
(1934) has described a similar, though different, larva from Asia Negros.
These larvae, measuring only 15 to 16 mm. in length, are very much
smaller than the final pelagic stage of S. quinquedentata and as such
the resemblance between them is perhaps only superficial.

SQUILLA GONYPETES Wood-Mason

1939. Squilla (Alima) sp. (“nepa” group), Foxon, Sci. Rept. John Murray
Lxped., Fig. 1.
Iinal Pelagic Stage (Text-fig. 7).—Only a few specimens are obtained
in the tow-net collections and that too very occasionally. They resemble
the larvae of S. quinquedeniata and are of almost the same size, but can

be easily distinguished from them by the distinctly broader carapace
and the long telson.

Total length .. .. 27-0 mm,
Length of rostrum 3-2 mm.
Median length of carapace 8:5 mm.
Anterior breadth of carapace 29 mm.
Posterior breadth of carapace 47 mm.
Length of antero-lateral spine .. 11 mm.
Length of postero-lateral spine 3:0 mm.
Length of eye-stalk .. .. .. 14 mm,
Length of corneal portion of eyc . . 1'4 mm.
Length of telson .. .. 4.0 mm.
Breadth of telson .. .. . 3-3 mm.

Carapace posteriorly extends over the anterior part of the 6th thoracic
segment. The greatest breadth of carapace (49 mm.) is at about the
level of the 5th thoracic segment. The lateral margin is usually provided
with 62 spinules but often an additional spinule may be present in
front of the penultimate one. The rostrum is very slender and is devoid
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of ventral spinules. The antero-lateral spines are acutely pointed and
are longer than the dorsal spine which is very small and inconspicuous.
The postero-lateral spine carries a ventral spinule at about } its length
from the base, is slightly divergent posteriorly and has the tip reaching
the level of the hind border of the first abdominal segment.

Peduncular segments of the antennule are long and slender, the
basal one being the longest. Tip of the peduncle is inferior to the rostral
tip and its second flagellum carries 12 groups of sensory hairs. Eyes are
comparatively small, with the corneal portion being of almost the same
length as the stalk. Raptorial limb has a peduncular spine; the
propodus has three spines and a series of pectinations; while the

TEXT-FI6. 7.—~Squilla gonypeles Wood-Mason.

a. TFinal pelagic larva, 27-0 mm, long dorsal view ; b. Telson and right uropod of
the same, magnified.
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dactylus has no free spine other than the terminal. Thoracic segments
gradually become longer towards the last which is longer than broad.
Abdominal segments are broader than the thoracic and become gradualiy
shorter towards the last. The postero-lateral corners are produced into
long, acute spines. The 6th somite is about 2} times as broad as long
and has a pair of sub-median dorsal spines and an additional pair of
antero-lateral spines, directed ventrad. Telson is characteristically
longer than broad (Text-fig. 7b). The marginal spines are long and
slender. The denticles number 1 lateral, 9 intermediate and 13 sub-
median on each side. The tip of uropod when directed backward reaches
beyond the lateral spine of telson. The exopod has three free spines.
The ventral prolongation is bifid, the outer spine being about half the
size of the inner which has its tip projecting beyond the distal end of
the endopod and has no prominence on its outer basal aspect.

Remarks.—The Alima sp. figured by Foxon (1939) from the Red Sea
appears to be identical with the final pelagic stage of S. gonypetes. TFoxon,
however, does not give details of the spinulation of carapace ; nor are
these evident from his figure. The shape and proportion of carapace,
structure of telson and uropods and size, however, are features in common
with the Madras larva. In attempting to allocate the larva to the adult,
Foxon suggested that it might belong to the “nepa’ group and probably
to S. tnvestigatoris. The majority of his specimens were of an earlier
stage than the final pelagic, unlike * the three rather damaged speci-
mens ’ caught from the gulf of Oman and which showed indications of
5 spines on the raptorial claw. Foxon, therefore, pointed out that there
is a chance that these larvae do not belong to the * nepa ”’ group, but
considered it most likely that another spine may be added on the dactylus
at a subsequent moult. It seems fairly certain, as shown above, that
Foxon was actually dealing with larvae of S. gonypetes which occurs in
the same locality.

SQUILLA HIEROGLYPHICA Kemp
1944. Squ(illla (Alima)  Iieroglyphica, Alikunhi, Curr. Sci., Bangalore, fig.
a-d.

Final Pelagic Stage (Text-fig. §).—A brief description of the final
pelagic larva of this rare stomatopod, obtained from the plankton
collected on 5-3-1943, has already been published (Alikunhi, 1944).
While no other specimen was obtained during the present investigtions,
I have included in this report a complete figure of the final pelagic larva
for the sake of comparison with those of the other species and easy
identification. There is nothing to add to the description already
given.

Remarks.—Of the typical, larger Alima larvae of the Madras plankton,
the final pelagic stage of S. hieroglyphica is easily distinguished when alive
by the characteristic pigmentation on the ‘ Hands’ of the 3rd, 4th and
5th thoracic appendages. Unlike other species of the  Quinquedentata ’
group, viz.; S. boops, S. quinquedentata and S. gonypctes, this larva has
a broader carapace which has a general resemblance to that of the final
pelagic larva of S. wood-masons.

The species appears to be very rare in the Madras waters.
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TEXT-FIG. 8, —Final pelagic larva of Squilla hieroglyphica Kemp, 30:0 mm. long,
dosral view.

SQUILLA RAPHIDEA (Xabricius)

1871, Alimerichthus, Claus, Abh. Ges. Wiss. Qottingen, pl. viii, fig. 30.

1903, Alimerichthus pyramidalis, Lanchester, Fauna Qeog. Maldive and
Laccadive Archipelagocs.

1932. Alima pyramidalis, Foxon, Sci. Rept. Great Barrier Reef Exped.

1939. Alima multispinus (Atypical form), Foxon, Sci. -Rept. Jokn Murray
Ezxped., Fig. 2b.
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Final Pelagic Stage (Text-fig. 9).—A few specimens are occasionally
brought up in the plankton catches. The relatively small size, the
short, stout carapace and the broad abdominal segments are characteristic
of the final pelagic larva.

Total length .. 18:1 mm.
Length of rostrum 2-2 mm.
Median length of carapace 6-56 mm.
Anterior breadth of carapacc .. 3-3 mm.,
Posterior breadth of carapace 5-8 mm.
Length of antero-lateral spine . 1-0 mm.
Length of postero-lateral spine 2-1 mm,
Length of eye-stalk . .o 1-4 mm.
Length of corneal portion of eye .. o 1-8 mm.
Length of telson .. .. 2-6 mm.
Breadth of telson .. 31 mm.

The carapace is broad and covers all the thoracic somites posteriorly.
Its lateral margin is provided with 443 spinules of which the first two,
near the base of the antero-lateral spines are ventrally directed. The
third one, larger than the foregoing two and situated just in front of
the middle point of the lateral margin is directed ventro-laterally ; while
the fourth, situated a little behind the 3rd is much larger and is directed
laterally. The last three spines are smaller, directed ventrad and nearer
to the postero-lateral angle of the carapace. The rostrum is slender and
carries a weak ventral spinule at about its middle point. The antero-
lateral spine is almost equal to the dorsal spine which is acutely pointed.
The postero-laterals are short and each has a ventral spinule a little in
front of its middle point. They are slightly divergent posteriorly, with
the tips reaching the level past the hind border of the second abdominal
segment.

The tip of the antennular peduncle is inferior to the rostral tip and
the second flagellum of the antennule carries 9 groups of sensory hairs.
The eyes are conspicuous and are distinctly larger than the stalk. In the
raptorial limb the basal segment does not possess a terminal spine.
The propodus has three stout spines at the base, but the pectinations
along the margin are few and there are some additional short hairs.
The dactylus has no free tooth other than the terminal. Indications of
seven to 9 spines are, however, visible through the skin. The third and
fourth segments of the thorax are short, while the fifth is about double
the size of the 4th. The last three thoracic somites are longer than the
preceding ones and each is about three times as broad as long. The
abdominal segments are broader than the thoracic, the sixth segment
being about 4 times as broad as long. The postero-lateral corners of the
abdominal segments, except the last one, end in acute spines. The
last has a pair of sub-median spines and an additional stout spine on the
lateral margin anteriorly, directed ventro-laterally backwards. The
telson is very much broader than long and has the marginal spines fairly
elongated. The sub-median space is wide. The denticles number 1
lateral, 13-14 intermediate and 19-20 sub- median on each side. The
tip of uropod when directed backwards reaches half-way between the
lateral and intermediate spines of telson. The basal segment of the
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exopod carries 4 or 5 free spines. The terminal spines of the ventral
prolongation of the uropod are unequal, the inner one being longer than

double the length of the outer and has a distinct smooth prominence at
the outer basal aspect.

Occasionally, besides the typical larva described above, a closely
similar one with a larger carapace is also collected. Dimensions of one
such specimen are given below :

Total length .. . 182 mm.
Length of rostrum 2:9 mm,
Median length of carapace 7:5 mm.
Anterior breadth of carapace 42 mm,
Posterior breadth of carapace 7:0 mm.
Length of postero-lateral spine 3:0 mm.
Length of antero-lateral spine 'l mm.
Length of eye-stalk 1-5 mm.
Length of corneal portion of eye 2:0 mm.
Length of telson 3:1 mm.
Breadth of telson 3-6 mm.

Though hardly longer than the typical form, the larva appears much
stouter and has the different parts also relatively bigger than in the
typical form. When placed side by side and examined, the two larvae
look very different, eventhough in the details of structure they do not
differ so much. The spinulation of carapace is identical with that in the
typical form, except that the laterally directed spine is perhaps a little
stouter. The postero-lateral spines are long, almost parallel to the body
and have their tips reaching the level of the hind border of the 4th ab-
dominal segment. Telson is bigger than in the typical larva and has
1 lateral, 11 intermediate and 21 sub-median denticles on each side. The
outer spine of the basal prolongation of the uropod is only about % the
length of the inner. The second antennular flagellum carries 10 groups
of sensory hairs. Eyes are slightly more rounded and large. In all
other features the larva is identical with the typical one.

Remarks.—While the typical larva has been definitely correlated
with S. raphidea by rearing the pelagic larvae into post-larvae, it is not
yet certain whether the atypical form with the larger carapace, also
belongs to the same species.. The post-larva obtained by moult from one
such larva more or less agrees with S. raphidea. However, since the
early post-larvae in most cases do not show the full adult characters and
since S. raphidea and S. annendales are very closely related, it is a possi-
bility that the atypical larva probably belongs to the latter species.

This is, however, just a surmise which is not based on any positive evi-
dence.

The final pelagic larva of S. raphidec appears to be identical with
Claus’s Alimerichthus sp. Claus’s figure, however, shows only one laterally
directed spinule on the margin of carapace ; but size, general appearnce,
shape and proportion of carapace and the clear indication of 8 spines on

the dactylus of the raptorial claw are in agreement with the present
larva,
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Lanchester (1903) considers Alimerichthus sp. of Claus and Books as
synonymous with his 4. pyramidalrs, which measured 17 mm. in length.
While no figure is available for comparison and since details of the
spinulation of carapace are also wanting it is not possible to state definitely
whether this larva is identical with the Madras form ; but from the
description given the two appear to be identical.

TeXT-F16. 9.—Squilla raphidea (Fabricius).

a. Final pelagic larva, 181 mm. long, dor=al view ; b. Telson and right uropod of
the same, magnified.

Foxon (1932) considers 4. pyramidalis Lanchester, A. unidens Lanches-
ter and dlimerichthus a Tattersall as belonging to a single species. He
observes that the characters used by Lanchester and Tattersall to
differentiate their species are subject to much variation. However,
A. unidens has now been shown to be the final pelagic larva of S. fasciata
(p. 50) and Alimerichthus a, the corresponding stage of S. latreillei
(p. 47). That Foxon was dealing with a collection of species under the
name 4. pyramidalis is, therefore, obvious. Since larvae measuring
18 mm. in length are reported in this collection, it is likely that
S. raphidea is also represented in it.
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The atypical form of Alima nwltispinous described by Foxon (1939)
also shows close similarity to the final pelagic larva of S. raphidea. Foxon
observed that this atypical larva “ appears to be that figured by Claus in
his figure 30’ But, like Claus’s dismerichthus, in this larva also only
one laterally directed spinule is seen along the margin of carapace.
Full details of the spinulation of carapace are not given by Foxon, nor
are these evident from his figures. However, in size, general shape of
carapace and indications of seven spines on the dactylus of raptorial
claw Foxon’s larva (atypical formn) agrees with S. (4dlimae) raphidec.
The typical specimens of 4. multispinus, as figured by Foxon, have two
lateral spinules on the carapace, but the shape of carapace is different
from that in S. (4lima) raphidea.  Also the raptorial dactylus of the
former has 4 free teeth which is never the case in the final pelagic larva of
S. raphidea.

Foxon, attempting to refer these larvae to their adults, pointed out
that if the typical and atypical larvae are specifically distinct, they might
belong to S. raphidea and S. annendalei. As already pointed out, while
the atypical form is perhaps identical with S. (4dltma) raphidea, the
typical larva might well belong to the closely related S. annendales.

Claus’s Erichthus multispinus appears to be a very different species,
probably not related to S. raphidea, eventhough it also possesses laterally
directed spinules on the carapace. Borradaile’s specimens are perhaps
identical with the specimen figured by Claus. The shape and spinulation
of carapace in E. multispinus is so characteristic that it is doubtful
whether 4. multispinus of Foxon has been rightly referred to that species.

SQUILLA SCORPIO Latreille

1915, Sguilla (4lima) scorpio, var. immaculeta, Kemp, Mem. Ind. Mus. Cal-
culta ; fig. 2g.

1929, Squilla (Alima) oratoria, Komai & Tung, Annot, Zool, Jap., Pl.ii, figs. 1-26 ;
pl. 1, figs. 7-17.

Final Pelagic Stage (Text-fig. 10).—Very rarely caught in the tow-
net, this larva closely resembles the final pelagic stage of S. fasciata, but
colouration, the characteristically long rostral and postero-lateral spines,
the small spinule at the posterior margin of carapace and the absence
of laterally directed spines on the margin are features that easily dis-
tinguish this larva. Dimensions of a single specimen (with rostrum
broken near base) collected on 2-8-1940 are given below :

Total length excluding rostrum 9-2 mm.
Median length of carapace 3-1 mm.
Anterior breadth of carapace 1-7 mm.
Posterior breadth of carapace 2:9 mm.
Length of antero-lateral spine 0-7 mm.
Length of postero-lateral spine 3:3 mm.
Length of eye-stalk 10 mm.
Length of corneal portion of eye ... 14 mm.
Length of telson 1-03 mm.

Breadth of telson e 1:04 mm.
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The carapace is small and narrow and posteriorly extends over the
anterior half of the 7th thoracic segment. The antero-lateral spines are
acutely pointed and are longer than the dorsal spine. The lateral margin
of carapace has 143 spinules. The postero-lateral spines are markedly
divergent posteriorly; each has a ventral spinule at about § its length from
base and has the tip reaching the level of the 4th abdominal segment.
On the hind margin of carapace, between the postero-lateral and dorsal
spines there is a characteristic small spinule.

The second antennular flagellum has 5 groups of sensory hairs. The
raptorial dactylus has no free tooth other than the terminal ; but clear
indications of five teeth are visible beneath the skin. Postero-lateral
corners of the abdominal segments are obtuse. The 6th abdominal
segment has a pair of sub-median dorsal spines. The marginal spines
of telson are well developed. The denticles number 1 lateral, 5 inter-
mediate and 9 sub-median on each side. The uropod when directed
backward reaches the base of the intermediate spine of telson. The
exopodite of uropod has 3 free spines basally and shows indications of 3
more beneath the skin. The outer spine of the ventral prolongation of the
uropod is half as long as the inner which has a very conspicuous basal
swelling.

Earlier Stages of Larvae.—These are also equally rare as the final
pelagic stage and only two specimens have been available for study.

Larva, 6-1 mm. long.—The rostrum and postero-lateral spines are
very long and conspicuous ; the two characteristic spinules at the hind
margin of carapace are present ; lateral margin has 14-3 spinules ; carapace
posteriorly covers all the thoracic segments ; shape of carapace is the
same as in the final pelagic stage, and tip of the postero-lateral spine
reaches the level of the telson. Antennular peduncle is short. Antennal
endopadite is bud-like and reaches half-way to the tip of antennal ped-
uncle. Rudiments of the last three maxillipeds are present, but are small ;
peraeopods are not formed yet. Postero-lateral corners of the abdominal
segments are not pointed. 5th pleopod is rudimentary. The 6th
abdominal segment and the uropods are not differentiated. Telson is
longer than broad, with wide sub-median space. There are 3 inter-
mediate and 9 sub-median denticles on each side.

Larva, 9-8 mm. long (Text-fig. 10c).—Spines of carapace are longer
than in the final pelagic stage. Carapace is narrow, almost triangular
in outline and extends over the 7th thoracic somite. Rostrum is very
long and has 3 large ventral spinules. Postero-lateral spines are greatly
divergent posteriorly and each has the tip reaching the level of the base
of telson. Second antennular flagellum has 3 groups of sensory hairs.
Eyes are large. Antennal endopodite is segmented and reaches half-way
to the tip of squame, Postero-lateral corners of abdominal segments do
not end in spines. Uropods when directed backward do not reach the
basge of the lateral spines of telson. Exopod of uropod has only 1 free
spine. The ventral prolongation is just bifid at the tip and is
shorter than the endopod. Telson is almost as broad as long and has
the sub-median space wide. Denticles number 1 lateral, 5 intermediate
and 7-8 sub-median on each side,
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Colouration.—1In living specimens a conspicuous bright yellow spot at the
mandibular region beneath the carapace and a still larger rosy patch of
colour on the protopodite of the 3rd pleopod are characteristic. The
latter patch is formed of an irregular spot of deep yellow, surrounded by
a rose red area. Distal portions of rostrum and postero-lateral spines
of carapace and the raptorial propodus and dactylus are also provided
with a few bright yellow pigment granules.

Remarks.—The final pelagic larva could not be reared to undergo

metamorphosis and as such positive evidence for correlating the larva
to S. scorpio is lacking.

Kemp (1915) describes a series of larvae from the Chilka lake and
refers them to S. scorpio var. smmaculate on the ground that it is the

Text-F16. 10.—8quilla scorpio Latreille.

a. Final pelagic larva, 9-1 mm. long (excluding rostrum), dorsal view ; é. Telson
and right uropod of the same, magnified ; ¢. Larva, 9-8 mm. long, dorsal view.

4



272 Records of the Indian Museum. [Vor. XLIX,

commonest stomatopod in the lake. Judging from the nature of the
uropods, Kemp’s largest larva (11-5 to 12:0 mm.) is probably in an
earlier stage than the final pelagic. The present larvae resemble Kemp’s
specimens in all essential features and undoubtedly belong to the same
species. It is, however, seen that they differ from the Chilka specimens
in the relatively longer rostrum and postero-lateral spines of carapace
and in the possession of an additional spinule on the rostrum and on the
lateral margin of carapace. Of the larvae figured by Kemp, the smallest
specimen, represented in his figure 2g, shows remarkable resemblance
to the present form and is probably identical with it. I had also occasion
to examine two collections from the Chilka lake, dated 12-6-1948 and
16-7-1948 respectively, in which, besides the stages figured by Kemp,
the final pelagic larvae and a few early Alima were also present.*
The final pelagic larva agrees in almost all details witnh the
11-56 to 12-0 mm. long larvae described by Kemp. Indications of five
teeth on the dactylus of the raptorial claw are visible through the skin.
The smallest specimen in the present Chilka Lake collections measured
5-2 mm. in total length. In none of these specimens the rostrum and
postero-lateral spines are unusually long.  The lateral margin of carapace
invariably has only 142 spinules. On the other hand, all the larvae,
including those the final pelagic stage, collected from Madras have the
spines of carapace much longer than in the Chilka specimens and the
lateral margin of carapace also has 143 spinules. Since the above
differences are so constant I am inclined to believe that the Madras larvae
and also the smallest larva figured by Kemp (as Fig. 2g) probably belong
to S. scorpio ; while the rest of the Chilka specimens belong to the variety
immaculata.

In a valuable contribution Komai & Tung (1929) have described a
series of larval stages which they ascribe to S. oratoria, even though no
specimen undergoing metamorphosis has come under their observation.
Conclusive proof that the larvae described belong to S. oratoria is, there-
fore, lacking, the identification being based merely on the comparative
abundance of S. oratoria in the locality concerned (Tokyo Bay). Thus,
the authors conclude that * the other species of the same genus known
in the same locality, namely 8. fasciata, S. mikado and S. scorpio being
incomparably rarer, the chance that a given Alima larva belongs to any
one of these species is evidently negligible ”  This, at best, is only a
probability and a careful perusal of their paper shows that in the stages
ascribed to S. oratoria the larvae of at least two different species have been
mixed up. Stages 4, 5, 6 and 7 (specimens collected on July, 12, 1919),
represented by figures 1 to 26 of plate ii and 7 to 17 of plate iii seem to
belong to a very different species than the supposed S. oratoria. Tke
authors themselves have referred to “ some remarkable differences to be
found between the specimens of stages 6 and 7 collected on July, 12,
1919 and those collected on August, 27, 1917 These larvae closely
resemble Kemp’s specimens from the Chilka lake and in all probability
belong to 8. scorpio, which also cccurs in Tokyo bay. Even though
Komai & Tung have not referred to Kemp’s paper (1915), they have

*Iam indebted to Mr. P, M. G. Menon for kindly placing these collections at
my disposal,
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observed in their specimens the characteristic spines at the hind margin
of the carapace, mid-way between the zoea and the postero-lateral
spines, which Kemp had already shown to be a unique feature of the
larvae of 8. scorpio.

SQUILLA LATREILLEI (Eydoux & Souleyet)
1906. Alimerichthus a, Tattersall, Rept. Pearl Oyster Fish., figs. 27-29.

Final Pelagic Larva (Text-fig. 11).—The larva does not occur
in large numbers and is only occasionally caught in the tow-net,
The small size, the comparatively broad, triangular carapace and the
thick robust appearance are features by which it could be easily distingui-
shed from the larvae of other species. The length at the final pelagic
stage varies slightly, specimens measuring 10-5 mm. to 13-0 mm. having
been observed to undergo metamorphosis into post-larvae.

Total length ... 12-6 mm.
Length of rostrum 2-6 mm.
Median length of carapace 3:2 mm
Anterior breadth of carapace £:0 mm.
Posterior breadth of carapace 4-0 mm.
Length of postero-lateral spine 2-0 mm.
Length of dorsal spine ... 0-9 mm.
Length of corneal portion of eye 1-1 mm,
Length of telson 2:4 mm.
Breadth of telson . 2-8 mm.

The carapace is small and approaches a triangle in outline. Poster-
iorly it extends over the 7th thoracic segment. It is characterised by a
median dorsal. carina which terminates posteriorly in the conspicuous
dorsal spine situated on a prominent elevation at the hind margin of
carapace. The lateral, in-turned margin of carapace has only three
spinules ; the first of which situated at the base of the antero-lateral
spine is fairly prominent and ventro-laterally directed ; while the other
two are situated nearer the postero-lateral corner. The rostrum is long
and stout and has 2 or 3 prominent ventral spinules. The antero-lateral
spines are short and stout and are only a little longer than half the length
of the prominent dorsal spine. The postero-lateral spines are highly diver-
gent posteriorly, each has a ventral spinule at about } its length from the
base and has the tip reaching the level of the hind border of the third
abdominal segment.

The tip of antennular peduncle is far inferior to the rostral tip. The
second flagellum of the antennule carries only 4 groups of sensory hairs.
The eyes are comparatively large, with short stalk. Unlike species
of the “nepa” and * quinquedentata ’ groups, in the final pelagic
larva the region between the antenna and the labrum is not very much
telescoped. The raptorial propodus is fairly thick ; has three stout basal
spines and a row of pectinations. The dactylus has an additional free
tooth besides the terminal ; but occasionally a second one may also be
present. The thoracic and abdominal segments are very much broader

44



274 Records of the Indian Museum. [Vor. XLIX

than long. The postero-lateral corners of the first five abdominal seg-
ments are produced into spines; while the 6th segment has a pair of
sub-median dorsal spines and a pair of ventrally directed stout spines
anteriorly. The sub-median spines of telson are long. The denticles
number 1 lateral, 7 or 8 intermediate and 17 to 19 sub-median on each
side. The tip of uropod when directed backwards reaches half-way
between the lateral and intermediate spines of telson. The exopod
carries 3 free spines, while the inner spine of the ventral prolongation
is about twice the length of the outer and has a smooth prominence

externally.

Texr-vi6. 11.—Squilla latreillei (Eydoux and Souleyet).

o o, magmion s o Totcr and mes ol of amt By e Toson 214 right wropod of

Colouration.—A general tinge of greenish yellow, dueto scattered
chromatophores on the margin of carapace gives the larva a beauti-
ful appearance in the living or freshly preserved condition. The
mandibular region and the basal segment of the 4th pleopod
appear as conspicuous golden yellow spots to the naked eye.
The basal segment of all the pleopods has a less conspicuous patch of red,
and the propodus of the raptorial claw is also provided with a few yellow
chromatophores. The colouration is less conspicuous in the earlier
stages, but the patches on the 4th pleopod and the mandibular region
are developed even at a very early stage.
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Earlier Stages of Larvae.—A complete series of larval stages, each
represented by several specimens, have been available for study.

Stage 1, 2-4 mm. to 2-7 mm. long (Text-fig. 12a¢).—Minute, extremely
slender and with large eyes, this early Alvma has the carapace posteriorly
extending over the middle portion of the first abdominal segment. The
breadth of carapace between the postero-lateral spines is almost equal to
that between the antero-lateral spines; the lateral margin is smoothly
convex. Rostrum is longer than the postero-lateral spines; while the
two acutely pointed antero-lateral spines are shorter than the zoea spine.
Postero-lateral spines are divergent posteriorly ; each has a prominent
ventral spinule near the base and has the tip reaching the level of the
3rd abdominal segment. Lateral margin of carapace has 6 spinules,
all directed laterally. The second spinule is extremely minute ; while
the 3rd and 4th, situated at about the middle point of the lateral margin
are large and conspicuous.

The antennular peduncle is short; the second flagellum has only 2
groups of sensory hairs ; there is no endopodite on the antenna ; thoracic
appendages behind the raptorial limb have not appeared ; there are only
4 pairs of pleopods ; the fifth pleopod, the sixth abdominal segment and
uropods are not developed ; telson is longer than broad, with wide sub-
median space and the denticles on telson number 5 intermediate and
8 sub-median on each side.

Stage 2, 2-8 mm. to 4-0 mm. long, (Text-fig. 12b.)—The shape of cara-
pace has changed, its greatest breadth being between the postero-lateral
spines. The antero-lateral spines are almost equal to the zoea spine in
length. There are only 5 spinules along the lateral margin of carapace ;
the second spinule seen in the previous stage having disappeared.
The last spinule is directed ventrad. Postero-lateral spines are conspi-
cuously divergent posteriorly and each has a very conspicuous ventral
spinule basally. In other features the larva agrees with the previous
stage.

TexT-F16. 12.—Squilla latreillei (Eydoux and Souleyet).

a. Larva, 2:6 mm. long, dorsal view ; b, Larva, 3*0 mm. long ; ¢. Larva, 42 mm
long.
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Stage 3, 41 to 5-0 mm. long (Text-fig. 12c).—Very similar to the pre-
vious stage. Two ventral spinules have appeared on the rostrum.
Rudiment of antennal endopodite has appeared. Maxillipeds 3 to b
are indicated by minute stump-like rudiments ; the 5th being the smallest.
The 5th pleopod has appeared as a small bifid structure. The 6th
abdominal segment is just indicated, but not fully differentiated.
There is no indication of the uropods ; while two extremely minute sub-

median dorsal spines have appeared on the rudimentary 6th abdominal
segment.

Stage 4, 51 to 5-9 mm. long (Text-fig. 13a).—Carapace is almost
triangular in shape ; the marginal spines excepting the antero-laterals
are conspicuously large; the lateral margin is flexed inwards. There
are only 3 marginal spinules on carapace, all directed ventrad. Antennal
endopodite is blunt, stump-like and unsegmented. The last three
thoracic appendages (peraeopods) are indicated. Postero-lateral corners
of the first four abdominal segments are rounded. Those of the 5th
are sub-acutely pointed. 5th pleopod is smaller than the rest. The 6th
abdominal segment is better differentiated than in the previous stage

and rudiments of uropods are also indicated. The shape of telson has
not changed.

Stage 5, 6.0 to 6.5 mm. long (Text-fig. 13b).—Spines of the carapace
are not so conspicuous as in the previous stage. Lateral margin has
142 spinules, but occasionally an additional minute spinule may be
present a little in front of the second. Rudiments of the last three
maxillipeds are short and finger-like. Peraeopods are rudimentary and
bud-like, the third being the longest. Postero-lateral corners of the 4th
and 5th abdominal segments are pointed. Sub-median spines on the
6th segment are more prominent. Rudiments of uropods are unseg-
mented. Shape of telson has changed. Denticles number 7 or 8 inter-
mediate and 13 or 14 sub-median on each side.

Stage 6, 6.6 to 7.8 mm.—Resembles the previous stage in general
appearance. Antennal endopodite is elongated and reaches to the tip
of the antennal peduncle, or sometimes even projects a little beyond.
The third to the fifth maxillipeds are better differentiated and are get-

ting directed forwards. Peraeopods are more elongated. Ventral pro-
longation of the uropod is indicated.

Stage 7, 7.9 to 9.5 mm. (Text-fig. 11¢).—Shape of carapace approxi-
mates to that of the final pelagic larva. All the thoracic segments are
covered by the carapace. Rostrum has three spinules ventrally. An-
tennal endopodite reaches half-way to the tip of squame. Raptorial
dactylus has one free spine besides the terminal. The second flagellum
of the antennule has 4 groups of sensory hairs. Maxillipeds are all well
developed. Peraeopods are still short but are bifid and fully segmented.
Abdominal segments are very broad and have the postero-lateral corners
sub-acutely pointed. Telson has I lateral, 6—7 intermediate and 15
sub-median denticles on each side. Uropods when directed backwards
hardly reach the base of the lateral spines of telson. Exopod has one

free spine. Ventral prolongation is insipiently bifid and is pointed at
the tip.
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With the subsequent moult the larva probably enters the final pela-
gic stage.

Remarks.—The final pelagic larva appears to be identical with Als-
merichthus a of Tattersall (1906) and agrees with the latter in almost
all features. Foxon (1932) however, considered Tattersall’s species as
synonymous with Lanchester’s (1903) Alvmerichthus pyramidalis and A.
unidens. Describing Alimerichthus o Tattersall clearly stated that the
prominent ventro-lateral spines on the carapace midway between the
antero-and postero-lateral spines, asseen in 4. pyramidalis and 4.

TExT-F1G. 13.—Squille latreillei (Eydoux and Souleyet).

a. Larva, 5:6 mm. long, dorsal view ; b. Larva, 6-1 mm. long, dorsal view,

unidens is absent in his species. Foxon, however, was of the opinion
that the above feature and the small size of the larva considered along
with the stage of development, were not sufficient to justify creation of a
new species for its reception. As already mentioned (vide S. raphidea),
these two larvae which are distinguished from each other only by di-
fferences in the spinulation of the carapace, size at the final pelagic
stage and the presence or abseuce of free spines on the dactylus of the
raptorial claw, have now been shown to helong to two very distinct
adult species. Foxon’s contention that the above features are not of
importance, cannot, therefore, be supported. Formation of free spines,
other than the terminal, on the dactylus of the raptorial limb in the
pelagic larvae, is characteristic of only certain species, in each of which
constant specific differences are noticeable. The very close resemblance
between the pelagic larvae of the different species dealt with in. the
present report and the simple features by which they could always be
distinguished from one another, on the other hand leads one to a con-
clusion that is almost opposite the one expressed by Foxon,
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SQUILLA FASCIATA DE HAAN

1903. Alimerichthus unidens, Lanchester, Fauna and Geogr. Maldives and

Laccadives Archi.
1908. Alimerichthus unidens, Tattersall, Rept. Pearl Oyster Fish.
1907. Alima spinigera, Borradaile, Trans. Linn. Soc. Zool. Lond., p. 215,

fig. 4.
1934, Alima spinigera, Lebour, Res. Sci. Voy. Indes Orient. Neerl. Prince

Leopold de Belgique, p. 12, figs. 1-2.

Final Pelagic Stage (Text-fig. 14).—In general appearance the larva
closely resembles the corresponding stage of S. latreilles, butis easily
distinguished from it by the ventro-lateral spines projecting from the
lateral margin of carapace. It is generally very rare and during the
period of the present investigations only two live specimens have
been available for observation.

Total length .. . .. 14-5 mm,
Length of rostrum . 3-3 mm.
Median length of carapace 3-8 mm.
Anterior breadth of carapace 2-1 mm.
Posterior breadth of carapace . 3-5 mm.
Length of postero-lateral spine .. 2-8mm.
Length of dorsal spine 1-0 mm.
Length of eye-stalk .. 1-3 mm.
Length of corneal portion of eye .. 14 mm.
Length of telson 2-4 mm.
Breadth of telson . 2:5 mm,

The carapace is comparatively small and narrow and posteriorly
leaves the last two therwcic segments exposed. The lateral margin
has 4 spinules, the firot situated some distance behind the base of the
antero-lateral spine, the second which is long and laterally directed,
is almost mid-way between the antero- and postero-lateral spines, while
the last two are nearer the postero-lateral spines. The rostrum has
3 prominent ventral spinules and a row of minute denticles. The
antero-lateral spines are short and are less than half as long as the
dorsal spine which is acutely pointed and conspicuous. The pcstero-
lateral spine is provided with a ventral spinule at about } its length
from the base, diverges posteriorly and has the tip reaching the level
of the middle portion of the 3rd abdominal segment.

The tip of antennular peduncle is far inferior to that of the rostrum.
The second flagellum carries only 6 groups of sensory bairs. The eyes
are comparatively large with short stalks. Peduncular segment of the
raptorial limb is without any spine. Raptorial propodus is rather
inflated and broad and has two stout spines ; one very short, and a series
of pectinations. The dactylus has three free teeth including the ter-
minal. The thoracic and abdominal segments are characteristically
broad. Postero-lateral corners of the abdominal segments end in short,
acute spines ; while, there is a pair of sub-median dorsal spines on the
6th. Telson is a little broader thau long, and has the marginal spines,
particularly the sub-mediaus, long. The denticles number 1 lateral,
8 intermediate and 19 sub-median on each side. The uropud when direct-
ed backwards, reaches half-way to the base of the intermediate spine of
telson. The basal segment of the exopod carries 5 free spines ; the ventra
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prolongation is deeply bifid, with the outer spine fully half the length
of the inner which has a smcoth basal swelling and has the tip projecting
beyond that of the endupod.

Colouration.—A churacteristic feature of the larva is its colouration,
by which alone, in the fresh condition, it can be easily distinguished
from others. There is a uniform row of yellow chromatophores along
the margin of carapace. The mandibles uppesr golden yellow to the
unaided eye. In the raptorial limb, the distal portions of the merus
and the propodus have a large number of yellow chromatophores, but
there is also a conspicuous patch of dark yellow colour over the proximal
part of the propcdus. The dactylus is of a uniform rose-red colour,
The distal end of the protopodite of all the pleopods is tirged rose red,
but this colour increases from the first to the last, that on the 4th and
the 5th pleopods beiug the most prominent.

Earlier stages of Larvae.—A single specimen (Collection dated
13-3-1943), 9:5 long, has been available for study. It has the same general
appearance as the final pelagic larva, with the characteristic laterally

TEXT-FIG. 14.—-Squilla fasciata De Haan.

a. Final pelagic larva, 14:1 mm. long, dorsal view ; b. Telson and right uroped of
the same, magnified.
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directed spinule on the carapace. The rostrum however, has b ventral
spinules. The second antennular flagellum has only 5 groups of sensory
hairs. The antennal endopodite reaches only half-way to the tip of
squame. Raptorial dactylus has only one free spine other than the
terminal. The uropod when directed backward reaches only } the dis-
tance to the base of the lateral spine of telson. Exopod has only a single
free spine. Tip of the ventral prolongation is bifid but is inferior to the
tip of endopod.

Remarks.—While Lanchester (1903) does not give any figure of his
Alimerichthus unidens, it is fairly clear from his descriptive account
that his larva is identical with that of S. fasciata. Lanchester’s specimen
measured 12-5 mm. in length and with only a single spine other than
the terminal on the raptorial dactylus, it was probably in an earlier
stage than the final pelagic. Tattersall’s specimens (1906) from Ceylon
also represent stages earlier to the final pelagic.

The final pelagic lurva also shows close resemblance to Borradaile’s
Alima spinigera and is probably identical with it. Borradaile’s specimens
measured 16-5 and 12-5 mm. respectively in legnth and were tuken at
Wasin, British East Africa. The only point of difference, however, seems
to be in the shape of telson. Telson is distinctly longer than in the East
African specimens and has the intermediate spines rather short and
comparatively inconspicuous.

Lebour (1934) has referred a larva, 13 mm. long, from North New
Guinea, to Adlima spinigera. This larva, though closely resembling
Borradaile’s specimens, shows a somewhat broader carapace, with no
ventral spinule near the base of the antero-lateral spine and with three
teeth behind ‘“ the central tooth sticking out from the lateral margin ”’
has the postero-lateral corners of the abdominal segments represented
as ending smoothly and has the telson characteristically broad or almost
rectangular with the intermediate spines very long and highly cons-
picuous. Though it resembles the East African form in the unusual
size of the intermediate spines, the shape of telson is noticeably different
in the two forms and Lebour’s specimen might well belong to a different
species.

SQUILLA LATA Brooks

1932. Alima sp., Foxon, Sci. Rept. Great Barrier Reef Exped., figs. 2-3.
1946. Alima bermudenszs, Gurney, Proc. Zool. Soc. Lond., fig. 6.

Final Pelagic Stage (Text-fig. 15).—Rather rare in the tow-net
collections, this larva is easily dlstmoulbhed from 8. latreiller and S.
fasciata by the relatively more slender appearance of the body and the

very nurrow carapace. The largest specimen obtained measured 13-5
mm. in total length.

Total Length os 13°6 mm.

Length of rostrum .. .. 26 mm.
Median length of carapace .. .. 39 mm.
Anterior breadth of carapace . .o 17 mm.
Posterior breadth of carapace .o e« 2:56 mm.
Length of antero-lateral spine .. .. .« 06 mm.
Length of postero-lateral spine .. .. .. 25 mm.
Length of eye-stalk . .. .. .. 056 mm.
Length of corneal portion of eye .. .. .. 11 mm.
Length of telson .. .. .. .. 1:6mm,

Breadth of telson .. .. .. e 22 mm,
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The carapace is small and narrow and leaves the last two thoracic
segments exposed dorsally. In certain specimens the carapace extends
over the anterior half of the seventh thoracic segment. The lateral
margin of carapace carries only 3 spinules, one at the base of the antero-
lateral spine, directed ventro-laterally, while the other two situated

TEXT-FIG. 15.—8quilla lata Brooks.

a. Final pelagic larva, 13:5 mm. long, dorsal view ; b. Telson and right uropod of
the same, magnified.

near the postero-lateral corner are directed ventrad. The rostrum is
longer than the postero-lateral spines and is armed with 4 large spinules
ventrally. The antero-lateral spines are short, pointed and smaller
than the median dorsal spine which is mounted on a small prominence
near the hind border. The postero-laterals are slightly divergent poste-
riorly and have their tips reaching the level of the hind border of the
second abdominal segment and sometimes even beyond. Kach such
spine carries a ventral spinule at about } its length from the base.

The tip of antennular peduncle hardly reaches half-way to the tip
of rostrum. The second antennular flagellum carries 5 groups of sensory
hairs. The eyes are comparatively large, each mounted on a short
stalk which is about half the median length of the corneal portion of
the eye. The raptorial propodus has three spines proximally, the first
of which is very much larger than the rest. The dactylus carries four
free spines including the terminal ; while indications of two more are
clearly visible through the larval skin, The last three thoracic segments
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are almost twice as broad as long. The abdominal segments are about
1-5 to 1-8 times as broad as the thoracic segments and have their postero-
lateral corners produced into acute spines. A pair of sub-median spines
is present on the sixth abdominal segment dorsally ; while the antero-
lateral corners of the same segment are produced iuto a pair of stout
spines directed ventrally backwards. The intermediate and sub-median
spines of telson are long and pointed. The denticles number 1 lateral,
6-7 intermediate and 19 to 21 sub-median on each side. The tip of
the uropod when directed backward reaches slightly beyond the level
of the intermediate spines of telson. The exopod carries four free spines
externally ; the outer process of the ventral prelongation is very small,
about 1/5 the length of the inner which has a prominent smooth swelling
externally.

Earlier Stages of Larvae.—An almost complete series of larval -tages;
from the early Aléma onwards i1s represented in the present collection.

Larva, 2:0 mm. to 26 mm. long (Text fig. 16a).—KExtremely fraii
and almost transparent, this minute Alima is not uncommeon in the tow-
net catches. While it resembles the corresponding stage of S. latreslles,
it differs from the latter in the following features :—

1. Carapace is rather small and leaves the last two thoracic segments exposed
dorsally ;

2. Lateral margin of carapace bears only 4 spinules ;

3. Zoea, spine is very small ;

4. Eyes are relatively small ; and

5. Telson is distinctly longer than broad and has only four intermediate denticles.

Larva, 4-2 mm. long.—Carapace is small and narrow and extends
over the anterior half of the first abdominal segment. The rostrum is
longer than the postero-lateral spines and is armed with 2 spinules
ventrally. Antero-lateral spines are longer than the zoea spine. Lateral
margin of carapace has 5 spinules, one a little behind the base of the
antero-lateral spine, the 2nd and 3rd, projecting ventro-laterally at
about the middle of the lateral margin, and the last two near the postero-
lateral corner. Tip of the postero-lateral spine reaches the level of the
last abdominal segment or even upto the telson, and carries a ventral
spinule at about }th its length from bace. Tip of the antennular
flagellum is far inferior to the tip of rcstrum. The second antennular
flagellum hos three groups of sensory huairs. Antennal endopodite is
just indicated as a smooth outpushing. Thoracic appendages behind
the raptorial claw are not developed. The fifth pleopod is rudimentary.,
Uropods are not developed. Denticles on telson number 4 intermediate
and 7 or 8 sub-median on each side.

Larva, 5-1 mm. long (Text-fig. 16b).—Resembles the previous. stage
in general appearance. The following additional features are notice-
able.

Antennal endopodite is knob-like and unsegmented ; minute rudi-
ments of the last three maxillipeds are visible; postero-lateral corners
of the abdominal segments do not end in acute points ; the sixth abdo-

minal segment is not fully differentiated from the telson ; uropods are
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small, unsegmented and stump-like ; fifth pleopod is rudimentary ;
telson is longer than broad ; sub- median spines are longer than the inter-
mediate ; denticles number 5 intermediate and 7 or 8 sub-median on
each side.

Larva, 6-5 mm. long.—Similar in appearance to the previous stage.
Rostrum has two large ventral spinules. Of the marginal spinules
of carapace, the 2nd one is very small, while the third alone now pro-
jects ventro-laterally. The antennular flagellum has a rudimentary
4th group of sensory hairs. Antennal endopodite does not yet reach
the tip of the antennal peduncle. The last three maxillipeds are still
rudimentary. Peraeopods are just indicated. Uropod is rudimentary,
but bifid.

TexT-F16. 16.—8Squilla luta Brooks.

a. Larva, 2:6 mm. lcng, dorsal view ; b, Lurva, 5-1 mm. long ; c. La va, 8:6 mm.
long.

Larva, 86 mm. long (Text-fig. 16¢).-—The carapace extends over
the anterior half of the last thoracic segment. Tip of the postero-
lateral spine reaches the level of the last abdominal segment. Marginal
spinules of carapace number only 142, the second and third spinules
seen in the earlier stages having disappeared. Lven in the 6-5 mm.
stage the tendency for suppression of these spinules was apparent,
when the second spinule appeared much smaller than what it was in
the previous stage. The second antennal flagellum has 4 groups of
sensory hairs. Antennal endopodite reaches the tip of the antennal

peduncle. Postero-lateral corners of the abdominal segments are sub-
acutely pointed. Peraeopods are rudimentary, though segmented.
Denticles on telson number 1 lateral, 6 intermediate and 14 sub-median
on each side. Uropod when directed backwards hardly reaches % the
distance to the base of the lateral spine of telson. The exopodite carries
one rudimentary spine. The ventral prolongation of the uropod is
not yet bifid at the tip.
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Larva, 9-5 to 10-6 mm. long.—Closely similar to the 8:6 mm. long
larva, but the more advanced stage of differentiation has resulted in
the following points of difference :—

The second flagellum of the antennule carries 5 groups of sensory hairs.

The raptorial dactylus carries one additional free spine besides the terminal.

Peraeopods are finger-like, bifid structures.

Postero-lateral corners of abdominal segments are pointed.

Denticles on telson number 1 lateral, 6 intermediate and 17 sub-median on each side.

Uropod when directed backwards reaches slightly beyond the base of the lateral

spine of telson.
Ventral prolongation of the uropod is bifid at the tip, but the outer spine is extremely
minute, while the larger inner one has no distinct basal swelling externally.

Larva, 12:6 mm. long.—Shows the following features owing to further

differentiation of structure :—-
Raptorial dactylus has three free spines, including the terminal.
Uropod when directed backwards reaches the level of the intermediate spines of telson.

Exopod of the uropod has 2 free spines and the inner spine of the ventral prolonga-
tion has a smooth basal swelling.

In most other features the larva resembles the final pelagic stage.

Remarks.—In size and general appearance the larvs resembles the
final pelagic stage of S. latreille: and S. fasciata from which, however,
it is easily distinguished by the very narrow carapace.

Foxon (1932) has described an Alime larva from the Great Barrier
Reef and has suggested that it belongs to Squilla lata. This larva closely
resembles the one described above, but differs from it in the following
points.—

i. Larger size; 16 to 18 mm.

ii. The last three segments of the thorax are exposed dorsally (In the figure only
the last two segments are seen exposed).

iii. Lateral margin of carapace bears 1 - 3 spinules, which are represented in the
figure as directed ventro-laterally.

iv. Exopodite of the uropod has six free spines (Only 5 shown in the figure).
v. The carapace appears a trifle narrower.

Of these, size at the final pelagic stage and the spinulation of carapace
are important features that probably indicate that Foxon’s lurva is
not, perhaps, specifically identical with the Madras form. The former
should then be referred to some very closely related species like S. gilest.

Foxon refers his larva to S. lata on the strength of the following

features:.—
1. Six teeth on the dactylus of the raptorial claw ;
2. Only the sub-median carinae of the 6th abdominal segment end in spines ; and
3. The similarities seen in the telson and in the uropods.

In the pelagic larvae the carination of the abdominal segyments,
so characteristic of the adult species, is almost invariably suppressed.
A pair of sub-median dorsal spines on the sixth abdominal segment is
developed in all advanced larvae of the Alima and the Alimerichthus
types, but these spines are not connected with any carina. In Foxon’s
figure also no carina is shown connected with the sub-median spines,
Such a feature canr.ot therefore, be of any significance when attempting
to allocate the larvae to adult species,
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The early post-larva obtained by moult from the fiaal pelsgic larva
had prominent serrations along the inner aspect of the ventral pro-
longation of the .uropod asin the adult S. lata. It is possible that
the differences pointed out are really of specific value and that the
larva described by Foxon probably belongs to the allied species
S. gilesi.

Alima  bermudensts described by Gurney (1946) shows close resembl-
ance to the corresponding stage of S. lata described above and appears
to be identical with the latter.

LYSIOSQUILLA MACULATA (Fabricius)

Final Pelagic Stage (Text-fig. 17).—Not very common in the plankton,
tha larvae come up only occasionally in the tow-uet catches. They
are very active and are easily distinguished by their moderately large
size, the characteristically stout build and the more or less opaque body.
If disturbed while swimming, the larva readily folds its abdomen com-
pletely below the thorax aund quietly falls down to the bottom, the
whole body being then completely placed in between the lateral down-
ward extensions of the shield-like carapace which thus forms awu efficient
armour against enemies. On fixation also the specimens generally
assume the above posture if they are not kept properly stretched.

Total length .. .. .. .. «. 2356 mm.
Length of rostrum .. . .. .. 12 mm,
Median length of carapace . . .« 95 mm,
Breadth of carapace at the middle .. - «e 70 mm.
Breadth of carapace at the base of postero-lateral spines .. 8:0 mm.
Length of corneal portion of eye .. . <o 2:1 mm,
Length of telson .. .. .. oo 42 mm,
Breadth of telson .. .. .. .o 58 mm,

The carapace is a conspicuous strong shield, extending posteriorly
over the middle of the first abdominal segment. Its lateral margins
are produced deeply ventrad and on either side end in a conspicuous
stout spine in the middle region (Text-fig. 17b). The rostrum is very
short and stout and is unarmed ventrally. The antero-lateral spinés
are wanting. The postero-laterals are very short, posteriorly reaching
only upto the level of the hind border of the first abdominal segment.
The ¢ Zoea ’ spine is present but in the majority of specimens it is re-
presented only by a smooth, stump-like prominence, though in others
it is in the form of a small, short, acutely pointed spire. The lateral
margin of carapace has only a single spinule at the base of the postero-
lateral spine, besides the stout spine mentioned above.

The antennular peduncle is short and reaches only upto the tip of
rostrum. The second flagellum of the antennule has 12 groups of sen-
sory hairs. The raptorial claw is long and relatively slender. The
propodus is long and narrow and has no stout spines at its outer basal
aspect. The row of pectinations on the surface facing the dactylus is
thin and the pectinations alternate with slender hairs. The dactylus
has no free spines other than the terminal. The last three thoracic
segments are very short, the 6th being about 6 times and the 8th over
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3 times as broad as long. The abdominal region is highly depressed
and flat, giving the body a remarkably stout appearance. Each segment
1s about 4 times as broad as long and has the postero-lateral angles
produced into stout, zcute spines. The last abdominal segment is ex-
tremely short and has the posterc-lateral corners smooth. The telson
is distinctly broader than long and has the intermediate marginal spines
rather short. The laterals and sub-medians are stout, the tip of the
former being often curved inwards. The sub-median space is only a
little over 1 the greatest breudth of telson. The denticles number 1
lateral, 2 intermediate and 14 -to 18 sub-median on each side. Between
adjacent sub-median denticles there are usually 3 to 6 minute denticles.
Thbe uropod when laid backwards almost reaches the level of the lateral
spines of telson. The exopod usually carries 2 free spines. The ventral
prolongation is bifid distally ; with the outer spine smaller than half
the length of the inner which just reaches the level of the distal extremity
of the endopodite.

Remarks.—Lysierichthus duvaucellic (Guerin) has been generally
supposed to be the pelagic larva of the widely distributed species,

Text-vie. 17.—Lysiosquilla maculata (Fabricius).

a. Final pelagic Jarva, 23-5 mm. long, dorsal viow ; b. Side view of carapace of the
same ; ¢. Telson and right urepod of the same, magnified.
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Lysiosquilla maculata. Brooks (1886) arrived at this assumption by the
Ppresence, in one of his larvae, of pigment bands characteristic of the
adult. Size, distribution and the number of teeth on the dactylus of
the raptorial claw led Hansen (1926) to arrive at the same conclusion
a8 Brooks. However, a critical analysis of the material ascribed to
this species by different authors clearly indicates that more than one
species have been mixed up under the specific name Lysterichthus duvau-
eellit. Brooks’s specimens have comparatively large carapace, with well
developed antero-lateral and zoea spines; But in some of his specimens
the zoea spine was absent and Tattersall (1906) suggested that Brooks
might have been dealing with two different species. Borradaile (1907)
also found the zoea and antero-lateral spines variable in his specimens.
In Jurich’s larva (1904) the carapace is comparatively longer, covers
the first three abdominal segments posteriorly, has the antero-lateral
and zoea spines well developed and the postero-laterals are long and
acutely pointed, reaching the level of the proximal part of telson.
Hansen (loc. cit.) observed that some of his specimens, measuring 27 mm.
in length were actually of a more advanced stage of development than
his largest specimen which. measured 40 mm. in length. Tattersall
{loc. ¢it.) doubted whether all the larvae referred to this ¢ distinct and
rather remarkable specics’ by various. authors really belonged to a
single species and pointed out that Brooks’s and Jurich’s specimens
might well belong. to a defferent but closely related species than his
Ceylon -larva. The marked disparity in size in Hansen’s specimens
is hardly to be expected in a single species and it is quite probable that
Hansen was also dealing with two distinct species which alone will explain
the earlier stage of development of the longer larvae. Even though
the actual length of Claus’s (1871) Erichthus duvaucelliz is not known
Tattersall is almost certain that it i> identical with the Ceylon larvae
which measured 22 mm. in length, excluding the rostrum, i.e., almost
the same length as the Madras form. It may, however, be noted that
L. duvaucellis was originally recorded from the Bay of Bengal (Guerin,
1857). The present observations, however, clearly show that the larva
that has been successfully metamorphosed and reared into Lysiosquilla
maculata is very distinctly different from L. duwvaucelliz. The thick,
shield-like carapace, with short, stout rostrum and postero-lateral spines,
the small or obsolete dorsal spine, the absence of antero-lateral spines
and the rather pointed telson with relatively narrow sub-median space
are important features in which the final pelagic larva of L. maculata
differs from L. duvaucellis. In the nature of the telson and the spinu-
lation of carapace Erichthus duvaucellis of Claus differs from the present
larva which, in the same features, indeed differs from all the larvae so
far described as L. duvaucellit.

LYSIOQUILLA SULCIROSTRIS (Kemp)

1837. Erichthus duvaucellii, Milne-Edwards, Hist. Nat. Crust. Paris, p. 505.

1857. Erichthus duvaucellit, Guerin-Meneville, Antmaux Asticules, Crustarea
Stamatopodes. .

1871. Erichthus duvaucellii. Claus, Abh. Ges. Wiss. Gottingen, pl. iv, fig, 16

1906. Lysierichthus duvaucellis, Tattersall, Rept. Pearl Oyster Fish.

1989  Lyetosquilla (Lysierichthus) maculata, Foxon, Sci. Rapt. Jokn Murray
Exped. ’

5
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Final Pelagic Stage (Text-fig. 18).—-Very closely resembling the
corresponding stage of L. maculata, in size and appearance, it is easily
mistaken for the larva of the latter species. A single specimen obtained
from plankton collection dated 17th September 1942 was reared in
the laboratory through metamorphosis and the post-larva survived
for about 80 days in the aquarium tank. Owing to certain very dis-
tinct features of the larva, particularly in the carapace and telson and
since the early post-larva and the adult are foun dto differ from L. macu-
lata in certain very important features other than those listed by Kemp
(1913), and which I consider to be of specific importance, I have
thought it fit to raise Kemp’s variety sulcirostris to specific rank-A
detailed account of the species L. sulcirostris will be included in a
subsequent report which will deal with the growth of post-larval
stomatopods.

In the final pelagic larva the carapace appears slightly larger than
in L. maculata. The rostrum is much longer than in the latter. Antero-
lateral spines are present, but the zoea spine is wanting. Postero-
lateral spine is a little over half the length of the rostrum. The lateral
margin of carapace on either side is produced downwards as in L. maculata
but does not end in an acute spine. Near the base of the postero-lateral
spine there is a stout spinule. The telson is broader than_long and
has the sub-median space very wide and conspicuous. The denticles
number 1 lateral, 2 intermediate and 20-21 submedian on each side.
In other respects the larva is almost 1dentical with the corresponding

stage of L. maculata.

TEXT-FIG. 18.—Lysiosquilla sulcirostris (Kemp).

a. Side view of carapace of final pelagic larva ; b. Telson and right uropod of the
same, magnified ; ¢. Sub-median denticles of telson of the same, highly magnified.
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Remarks.—The larva though very closely resembling the final pelagie
stage of L. maculata differs from the latter in the following features :—
1. Longer rostrum and postero-lateral spines of carapace.
2. Presence of antero-lateral spines.
3. Absence of zoea spine.
4. Latera! downward extension of carapace not ending in acute spines.
5. Wide sub-median space.

The final pelagic larva appears to agree in all essential features with
Erichthus duvaucelliv of Claus (His fig. 16) the length of which, as pointed
out by Tattersall, is not known. In the latter, however, the zoca spine
1s present, though varying in size (See Claus’s Figs. 16 A and B) and
the lateral ventral extension of carapace also ends in spine, the acuteness
of which also is perhaps variable as seen from the above figures. The
Ceylon larva (Tattersall, 1906) is also probably identical with the Madras
specimen and so are probably the larvae referred to L. duvaucelliz by
Foxcn (1939). Certain very early larvae which he found identical
with Erichthoidina armata (Claus, 1871, Fig. 3) have also been referred
to this species by him. In view of the presence of the characteristic
ventrally directed spine at the lateral margin of carapace in E. armata,
it appears that Foxon was right in referring this larva to L. duvaucelliz.
As already pointed out, more than one species appear to be mixed up
in the larvae ascribed to L. duvaucelliz by Brooks, Jurich and Habsen.
In appearance and proportion of carapace Jurich’s larva seems to be
very different from E. duvaucellvs of Claus ; while Hansen’s 40 mm. long
larva must necessarily belong to a different adult species than L. sulct-
rostris. There is thus confusion still about the identity of the larvae
referred to L. duvaucelltv and since accurate detailed description of
several important features are wanting and since the larvue have not
been figured in some of the records, there appeurs to be little hope in
clearing this confusion except by rearing the planktonic larvae from the
concerned localities to the post-larval stage.

LYSIOSQUILLA MULTIFASCIATA Wood-Mason.

1929. Lysierichthus sp., Komai & Tung, Annot. Zool. Jap., pl. vii, figs. 13-19,
pl. viii, figs. 1-9.

1871. Erz']ck'{koédinsa brevispinosa, Claus, Abh. Ges. Wiss. Gottingen, pl. i, fig. 4,
. ii, fig. 5.
1946. Efichtkoicglina brevispinosa, Gurney, Proc. Zool. Soc., fig. 9.

Final Pelagic Stage (Text- fig. 19).—Rarely obtained in the plankton
catches, the larva is much smaller than the two foregoing species, L.
maculata and L. sulcirostris and can be easily distinguished from them
by the characteristically long rostrum and postero-lateral spines of the
narrow carapace.

Total length .. .. .. . .. 150 mm.
Length of rostrum . .. . ee 50 mm.
Median length of cara,pace . . .. 53 mm.,
Anterior breadth of carapace e . v 2:3mm,
Posterior breadth of carapace .. .. .. 32mm,
Length of postero-lateral spine . . .. 35 mm,
Length of eye ; corneal portion . .. .. 11 mm,
Length of telson . .. . . 144 mm,

Breadth of telson .o .. .o ee 21 mm,
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The carapace ‘is long and narrow and posteriorly extends over the
middle of the second abdominal segment. The lateral margin is deeply
flexed ventrally and has only a single spinule near the base of the postero-
lateral spine. The rostrum is long and stout, almost.equal to the : median
length of carapace and has 3 or 4 ventral spinules. The antero-lateral
spines are short. The zoea spine is usually .of the same size as the
antero-lateral, but in certain specimens it may be a little longer. The
postero-laterals are long and stout, directed very nearly parallel to the
body and have their tips reaching the level of the junction between the
last abdominal segment and the telson.

The antennular peduncle is very short and the flagellar tips do not
reach the middle of the rostrum. The second flagellum carries only
4 groups of sensory hairs. The eyes are conspicuous, each mounted on
a stalk which is only about half the length of the corneal portion. The
raptorial limb is small and slender, the propodus has no stout spines
at the proximal region and the pectinations are very small and almost

DL ARSI Az v orn:

TexT-F16. 19.—Lysiosquilla multsfasciata Wood-Mason.

a. Final pelagic larva, 15-0 mmn. long, dorsal view ; b. Telson and right uropod of
the same, magnified ; ¢. Sub-median denticles of telson of the same, highly magnified.
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alternating with long. hair-like processes. The dactylus has no free
teeth besides the terminal one. The thoracic segments become gradually
longer from the 6th to the last which itself is about 3% times as broad
as long. The abdominal segments are all broader than long and have
their postero-lateral corners smooth. The telson is distinctly broader
than long and has the lateral and intermediate spines rather small ;
while the sub-medians are long and stout. The denticles number 1
lateral, 2 intermediate and 7 sub-median on each side. The 5th sub-
median denticle from either side is distinctly longer than the rest, with
the result that the sub-median space is divided into 3 sections, each
with 4 denticles.  Between adjacent sub-median denticles there are
6 to 8 minute serrations. The inner aspects of the lateral and
intermediate spines are also serrated. The uropod when directed back-
wards reaches mid-way between the lateral and intermediate spines of
telson. The exopod carries 3 free spines. The outer spine of the
basal prolongation of uropod is distinctly longer than the inner.

Remarks.—The number and arrangement of the sub-median denticles
(4-1-4-1-4) of telson and the larger size of the outer spine of the ventral
prolongation of uropod are important features that make identification
of this species from allied Lysterichthiz easy.

Komai and Tung (1929) describe a species of Lysterichthus from Seto
and suggest that it is the larva of L. multifasciata since it is * the only
adult species of Lysiosquilla known in the vicinity of Seto ”” and since
it is “ the commonest of all the Lysiosquillae occurring in the Japanese
seas ’  This larva appears to be identical with the Madras specimen
and as such Komai and Tung seem to have correctly referred it to L.
multifasciata, even though it was purely on circumstancial evidence.

Foxon (1939) considers Lysterichthus rostratus (Borradaile) as the
pelagic larva of L. multifasciata and includes a number of larvae under
the possible synonymy of this species. Erichthus sp. of Claus (his
Fig. 19) which Borradaile (1907) gives as synonymous with his E. rostratus
is, however, different from the final pelagic larva of L. multifasciata ;
the most conspicuous difterence being the nature of the sub-median
space of telson. While Tattersall’s (1906) Lysterichthus B also does
not appear to be identical with L. multifasciata, it is to be noted that
in all probability Tattersall has mixed up to distinct larval species
under the name Lysterichthus B. In the nature of the telson his 9 mm.
long larva (his figs. 39 and 40) appears to be quite distinct from the other
stages ascribed to Lysierichthus B. The latter differs from L. mults-
fasciata in the possession of a larger number of sub-median denticles on
telson (7-1-7-1-7). Tattersall’s view that Erichthoidina gracilis, E.
armata and E. brevispinosa of Claus are probably only developmental
stages in the life history of one species only, does not appear to be al-
together correct. E. brevispinosa (Claus, 1871 ; Gurney, 1946) is probably
an early stage of L. multifasciata ; the possible relationship of E. armata
to L. sulcirostris has already been pointed out ; while K. gracilis has a
different type of telson structure than in E. brevispinosa.



292 Records of the Indian Museum. [Vor. XLIX,

LYSIOSQUILLA TIGRINA Nobili

1944 . Lysiosquilla (Lysierichthus) tigrina, Alikunhi, Curr. Sci., Bangalore,
fig. 1.

Final Pelagic Stage (Text- fig. 20a).—Very rare in the Madras waters,
only 2 specimens were collected during the period 1936 to 1943.
One of these, obtained alive on 3-3-1943 moulted into post-larva
in the laboratory and was reared for about 80 days. A detailed descrip-
tion of this larva and the carly post-larval stages has already been pub-
lished (Alikunhi, 1944e). I have now included in this report a figure
of the second specimen, obtained from planktcn collected on 14-3-1939,
for purposes of easy identification and comparison with other species.

TEXT-FI1G. 20.—Lysiosquilla tigrina Nobili.

a. Final.pelagic larva, 13-5 mm. long, dorsal view ; b. Erichthoidina larva, 4.3 mm,
long, dorsal view.
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The larva agrees in all detailes with the specimen already described.
Indications of 9-10 teeth are seen beneath the skin on the dactylus of
the raptorial claw.:

Earlier Stages of Larvae (Text-fig. 20b).—Three specimens in the
Erichthoidina stage, measuring 4-3 mm. to 4'53 mm. in total length
are present inthe collections, In all the three specimens the charac-
teristic arrangement and number of sub-median denticles (6-1-5-1-6)
of telson are remarkably constant. The antero-lateral spines are absen-
in all the three specimens ; while a short zoea spine is present in one
of the three. The carapace covers the entire body excepting the
telson ; the rostrum is long and stout ; while the postero-lateral
splines have their tips reaching the level of the intermeédiate spines of
telson.

Remarks.—As has been shown (Alikunhi, loc. ¢it.) the absence of the
antero-lateral and zoea spines of carapace, the characteristic number
of sub-median denticles (6-1-5-1-6) and the smaller size of the outer spine
of the ventral prolongation of uropod are typical of the second specimen
also. The constancy in the number and arrangement of denticles in
the sub-median area of telson is remarkable.

The final pelagic larva of L. multifasciata closely resembles the present
form, but in the presence of the antero-lateral and zoea spines of carapace
in the spinulation of the sub-median space of telson and in the larger
size of the outer spine of the ventral prolongation of uropod the former
markedly differs from L. tigrina.

The absence of antero-lateral spines on carapace is characteristic of
the Erichthoidina stage of several species of Lysierichthii ; but with
advance in age these spines make their appearance. In L. tigrina, the
above early larval feature persists even in the final pelagiec larva and in
this the species is probably unique among the smaller Lysierichthsr.

LYSIOSQUILLA ACANTHOCARPUS Miers.

Final Pelagic Stage (Text-Fig. 21a, b).—Extremely rare in occur-
rence, a single specimen was obtained from plankton on 29th March
1943 and it metamorphosed over-night into the post-larva. It closely
resembles the final pelagic stage of L. multifasciata and is almost of the
same size as the latter.

mm.
Total length .. - .o . .. 14-0
Length of rostrum .. . .. . 45
Median length of carapace . .. .o 51
Anterior breadth of carapace . . . 2-1
Posterior breadth of carapace .. .o .. 2-6
Length of postero-lateral spine . .. .. 34
Length of telson .. .. .o .. 1-2
Breadth of telson .. .. . . 1-8

The carapace is narrow, not much broader than the abdominal seg-
ments, posteriorly extends over the first abdominal segment and has a
ventral marginal spinule near the base of the postero-lateral spine,
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The mid-dorsal line is arched upwards and looks as if a madian carina
is present. The rostrum is long and has a ventral row of several spinules,
the proximal 2 or 3 of which are large. The antero-lateral spines are
short and stout, while the zoea spine is extremely small. The postero-
laterals are shorter than the rostrum and have their tips reaching the
lelvel of the hind border of the 6th abdominal segment.

Text-F10. 21.— Lysiosquilla acanthocarpus Miers.

a. Carapace of final pelagic larva, 14-0 mm.
uropod of the same, magnified ; c.

4 01 long, dorsal view ; b. Telson and right
Erichthoidina larva, 3-09 mm. long, dorsal view,
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The antennular peduncle is short and does not reach the level of the
first ventral spinule of rostrum. The eyes are large and conspicuous.
The raptorial propodus is rather inflated and the dactylus has no free
teeth other than the terminal. The abdominal segments are very much
broader than long and have the postero-lateral corners smooth. The
telsonisonly 2/3 aslong asbroad. Of the marginal spines the sub-medians
are the largest. The denticles number 1 lateral, 2 intermediate and 10
sub-median on each side. The sub-median space is divided into three
sections, the Tth denticle from either side being longer than the rest and
each section has 6 denticles (6-1-6-1-6). The tip of the uropod when
laid back almost reaches the base of the intermediate spines of telson.
The exopod has 3 free spines. The outer spine of the ventral prolongation
18 definitly shorter than the inner.

Colouration.—Yellow spots on the ‘Hands’ of the 3rd and 4th thoracic
legs and at the base of the last two pleopods and the uropods are visible
to the unaided eye. Under the binoculars, the mandibular region shows
a dull green tinge; a dark-brown spot surrounded by a diflused area of
light red or brown is seen on the ‘ Hands’ of the 3rd and 4th thoracic
appendages ; the raptorial propodusshows only a few chromatophores ;
the pigment spots on either side of the last thoracic segment are larger
than those on the preceding segment ; one or two chromatophores are
seen on either side of the abdominal segments and on the 6th segment
there is a conspicuous patch at the base of each uropod. On the carapace
the chromatophores are segregated into 2 pairs of groups, one at the level
of the raptorial limb and the other at the base of the postero -lateral
spmes as in L. tigrina.

Earlier Stages of Larvae (Text-Fig. 21¢c).—Two Erichthoidina larvae
3:09 mm. and 4-32 mm. respectively in length, are present in the collection.
In the smaller larva the carapace covers the whole body excepting the
distal 4/5 of the telson ; while in the second specimen only the first two
abdominal segments are covered by the carapace. Postero-lateral spines
are rather short. The zoea spine is present ; while the antero-laterals
have not yet appeared. Telson has the characteristic arrangement and
number of denticles as in the final pelagic larva (6-1-6-1-6). 1In the
smallest larva, however, an additional denticle is present in one of the
marginal sections, making the arrangement 6-1-6-1-7. A median dorsal
carina is present on carapace, terminating posteriorly in the zoea, spine.

Remarks.—The larva differs from L. multifasciata mamly in the
distinctly smaller size of the zoea spine of carapace ; in the larger number
of sub-median denticles and in the smaller size of the outer spine of the
ventral prolongation of uropod. The presence of the antero-lateral
and zoea splnes of carapace easily distinguishes the species from L.
tigrina ; while in the spinulation of the sub-median space of telson, the
presence of an additional denticle in the mlddle Sectlon is the’ only
difference from the latter species. -

UNIDENTIFIED LARVAL ForMS.

Descriptive account of a few Alima and Erichthus larvae that could
not be properly identified, is also included in this report, so as to make
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the account of the larval forms in the Madras plankton as complete as
possible.

SQUILLA Sp. I (“ Quinquedentata ” group?)

Final Pelagic Stage (Text-Fig. 22a).—Four specimens collected as
follows were available for study :

8-1-1938, one specimen ; 3-4-1940, one specimen ; and 18th September
1941, two specimens.

mm.
Total length .. ‘e 20-0
Length of rostrum 4-1
Median length of carapace 56
Anterior breadth of carapace .. 2-5
Posterior breadth of carapace 34
Length of antero-lateral spine 0-8
Length of postero-lateral spine 2-6
Length of eye-stalk e .o .o 1-4
Length of corneal portion of eye . . 1-3
Length of telson .. .o 2.7
Breadth of telson .. . .. 2-6

The carapace is relatively small and narrow and leaves the last three
thoracic segments exposed dorsally. The lateral margin of carapace
has 64243 spinules, the 7th and 8th spinules being ventro-laterally
directed, while the rest are directed ventrad. The rostrum is long,
slender and unarmed ventrally and has the tip superior to the tip of
antennular peduncle. The dorsal spine is very short and is only about
half the length of the acutely pointed antero-lateral spines. KEach
postero-lateral spine has a ventral spinule at about 1/3 its length from
base, is slightly divergent posteriorly and has the tip reaching the level
of the middle portion of the first abdominal segment. The antennular
flagellum carries 8 groups of sensory hairs. Dactylus of the raptorial
limb has no free spines other than the terminal ; but distinct indications
of five spines are visible through the skin. The thoracic and abdominal
segments are relatively narrow, giving the larva a slender appearance.
Postero-lateral corners of abdominal segments are produced into acute
spines. The 6th abdominal segment has a pair of sub-median dorsal
spines and a pair of antero-lateral, ventrally directed spines. Telson is
slightly longer than broad and has the marginal spines long and slender.
Denticles on telson number 1 lateral, 9 intermediate and 10 or 11 sub-
median on each side. The uropod when directed backwards reaches
the base of the lateral spines of telson. The basal segment of the
exopodite carries 5 free spines and has indications of four more beneath
the skin. The outer spine at the tip of the ventral prolongation of the
uropod is only about % the length of inner which has a small smooth
basal swelling.

Earlier stages of larvae.—A single specimen, 17 mim. long, collected
on 6th May 1943, belongs to the above species and represents an earlier
stage to the final pelagic. General appearance and the proportions of
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the various parts of the body are like those in the final pelagic larva. The
second antennular flagellum carries 8 groups of sensory hairs. 'The
uropod, however, is in an earlier stage of differentiation. When directed
backwards it reaches only to the base of the lateral spines of telson ;
the exopod has only 3 free spines and in the ventral prolongation the
nner larger spine has no noticeable basal swelling. 'The peraeopods are
shorter than in the final pelagic stage and the tip of the postero-lateral

spine of carapace reaches the level of the hind border of the first abdominal
segment.

Remarks.—In general appearance the larva shows close resemblance
to the final pelagic larva of S. quinquedentata, but, the small size, long,
unarmed rostrum, relatively longer postero-lateral spines, the small
ventro-laterally directed spinules on the margin of carapace and the
number of groups of sensory hairs on the antennular flagellum are features
in which it differs from the latter species.

The superficial similarity to S. (dlima) quinquedentata and the indi-
cations of only five spines on the dactylus of the raptorial claw probably

TEXT-FIG. 22.—Unidentified larvae of Squillaspp.

e. Sgquilla sp. I, final pelagic larva, 20-0 mm. long, dorsal view ; b. Squilla sp. I,
same, 20-6 mm, long, dorsal view ; c. Squtlla sp. I1I, same, 20-6 mm. long, dorsal view,
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reveal that the present larva belongs to the * Quinquedentata > group.
The pelagic larvae of S. boops, S. quinquedentata and S. gonypetes have.
already been described. In the absence of any positive evidence, it is
extremely difficult to assign the present larva to any of the adult species
listed by Kemp from the Bay of Bengal.

SQUILLA Sp.IT (“ Quinguedentata > group?)

Final Pelagic Stage (Text-Fig. 22b).—A single specimen was available
for study.

mm.
Total length 205
Length of rostrum 3-0.
Median length of carapace G-i
Anterior breadth of carapaco 2.6
Posterior breadth of carapace . 4-0
Length of postero-lateral spine .. 2.5
Length of eye-stalk .. 1-4
Length ot corncal portion of eye 1-4
Length of telson . 2:5
Breadth of telson 2.55

The carapace is comparatively larger than in the foregoing species
(Squilla sp. (1)), but leaves the last three segments of the thorax exposed
dorsally. There are 642 spinules along the lateral margin of carapace.
All the spinules are ventrally directed ; the 7th spinule is fairly large and
conspicuous. The rostrum is slender and unarmed ventrally and has
its tip inferior to the tip of antennular peduncle. The median dorsal
spine of carapace is shorter than the antero-lateral spine. The postero-
lateral spines are not very divergent posteriorly ; each has a ventral
spinule at about } its length from base and has the tip reaching the
level of the middle portion of the first abdominal segment. The maximum
width of carapace is at about the level of the raptorial limb. The second
antennular flagellum carries 8 groups of sensory hairs. The dactylus
of the raptorial limb has no free spines other than the terminal. Indi-
cations of b spines are, however, visible through the larval skin. The
last three thoracic segments are broader than long ; the 8th segment is
longer than those in front. Postero-lateral corners of the abdominal
segments are produced into acute spines. The sixth abdominal segment
has a pair of sub-median dorsal spines. Telson is almost as broad as long.
The marginal spines of telson are well developed, the intermediate spines
being the longest. The denticles number 1 lateral, 10 intermediate and
11 sub-median on each side. The uropod when directed backwards
reaches half-way to the base of the intermediate spine of telson. The
exopod has three free spines, while indications of four more are visible
through the skin. The outer spine of the ventral prolongation of the
uropod is only about % the length of the inner which has a smooth basal
swelling.

Remarks.—Though of almost the same size as the final pelagic larva of
Squilla sp. (I), it has a larger and broader carapace, shorter rostrum which
has the tip inferior to the tip of antennular peduncle ; and fewer spines
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along the lateral margin of carapace and on the exopodite of the uropod.
The shape of carapace is also different from that of the former species.
Since structural differences betwéen the pelagic larvae of closely allied
speoies are iow known to be indeed very slight, as seen in the case of
S. boops, S. quinquedentata and S. gonypetes, I feel convinced that the
present larva belongs to a different species than the one described above.

As in Squilla sp. (I), the indication of only 5 spines on the dactylus
of the raptorial claw and the general similarity in appearance to the
larva of the “ quinquedentata > group, probably indicate that this larva
also belongs to a species of that group. It appears that the typical
Alvma larvae generally belong to species of the ““ nepa’ and ““ Quin-
‘quedentata ”’ groups, while the Alimerichthus type of larvae are found
to belong mostly to species of the ““ Chloridella > group ; and, as such, it
is unlikely that the present larva belongs to a species of the latter group.
Since the pelagic larvae of the species of the ““ Quinquedentata ” group
listed by Kemp have already been described, it is possible that the present
larva belongs to an undescribed adult species.

SQUILLA Sp. III (“ Quinquedentata ’ group?)

Final Pelagic Stage (Text-Fig. 22¢).—Two specimens were available
for study.

mm.
Total length .. .. 20-6
Length of rostrum . 27
Median length of carapace 6-3
Anterior breadth of carapace . 30
Posterior breadth of carapace .. .. .. 4-0
Length of postero-lateral spine .. .. . 2-1
Length of eye-stalk . 1-5
Length of corneal portion of eye 15
Length of telson .. . . 32
Breadth of telson .. e .. . 2-9

The carapace is relatively long and does not appear very broad pos-
teriorly since its anterior breadth is about 2 the breadth at the hind
portion. The last three thoracic segments are exposed dorsally. The
rostrum which is unarmed ventrally, is short and has the tip at the
same level as the tip of antennular peduncle. The antero-lateral spines
are long and pointed, each being about thrice the length of the short
dorsal spine. Postero-lateral spines are short, each has a ventral spinule
at about 1 its length from the base and has the tip reaching the level of
the hind portion of the first abdominal segment. Lateral margin of
carapace has 64-2 spinules, all directed ventrad. The second antennular
flagellum carries 10 groups of sensory hairs. The raptorial dactylus has
no free spine other than the terminal ; but indications of five spines are
clearly seen through the skin. The abdominal segments are broader
than long and have the postero-lateral corners produced into acate spines.
The sixth abdominal segment has a pair of sub-median spines. Telson is
c¢haracteristically longer than broad, but the marginal spines are relatively
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short. There are 1 lateral, 8 intermediate and 10 sub-median
denticles on each side. The uropod, when directed backwards, reaches
half-way to the base of the intermediate spines of telson. The exopod of
the uropod carries 5 free spines and shows indications of 3 more beneath
the skin. In the ventral bifid prolongation of the uropod, the outer
spine is about half the length of the inner which has a conspicuous basal
swelling.

Remarks.—The larva shows close resemblance to Squilla sp. (II) and
undoubtedly belongs to a very closely related species. It, however,
differs from the former in the shape of the relatively longer carapace,
shorter rostrum and postero-lateral spines, the characteristically long
telson, the larger number of groups of sensory hairs on the antennular
flagellum and in the number of denticles on the telson.

The indications of only 5 spines beneath the skin on the dactylus of
the raptorial claw probably shows that the larva also blongs to a species
of the “ Quinquedentata >’ group. As already discussed, it is, at this
stage, useless to attempt to refer this larva to any specific adult.

LYSIOSQUILLA (LYSIERICHTHUS) Sp. L

(?) 1871. Erichthus sp., Claus, Abh. Ges. Wiss. Qottingen, pl. v, fig. 19.
(?) 1907. Erichthus rostratus, Borradaile, Trans. Lina. Soc. Zool. Lond.

Final Pelagic Stage (Text-Fig. 23).—A single specimen, apparently
in the final pelagic stage, from plankton collection dated 14th March
1939, was examined :—

mm.
Total length .. 9-72
Length of rostrum .. 2-92
Median length of carapace 3-65
Anterior breadth of carapace - 1-65
Posterior breadth of carapace 2-10
Length of postero-lateral spine 1-98
Length of telson .. . 1-39
Breadth of telson .. .. 1-70

The larva has a broader carapace and looks stouter than the final
pelagic stage of L. multifasciata. The carapace posteriorly extends over
the second abdominal segment. Rostrum and postero-lateral spines
are stout ; while the antero-lateral and zoea spines are short and small-
Rostrum is ventrally armed with 4 spinules. The postero-lateral spines
which are slightly divergent distally, have the tips reaching the level of
the last abdominal segment. The outline of post-larval carapace is
clearly indicated. Raptorial dactylus shows clear indications of 6 teeth
beneath the skin. Abdominal segments are about double the breadth
of the thoracic and have the postero-lateral corners bluntly rounded.
Telson is broader than long. The sub-median space is not divided into
3 sections, unlike the species described above. The denticles number 1
lateral, 3 intermediate and 7 sub-median on each side. The uropod is
well developed and when laid back, reaches beyond the base of the lateral
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spine of telson. The exopod has three free spines. The outer spine of
the ventral prolongation of uropod is longer than the inner, which is
longer than half-the length of the former.

Remarks.—The larva differs from all the Lysierichthii encountered
during the present investigation in the appearance of the sub-median
space of telson. The relatively small size, the larger carapace with rather
short thick marginal spines ; the undivided sub-median space of telson,
and an additional intermediate denticle (3), are features that easily
distinguish the larva from other allied Lysierichthiz.

In the nature of the telson, Erichthus sp. of Claus (his figure 19) i
closely similar to the present form ; but the former specimen was 14
mm. long. Borradaile (1907) finds this Brichthus sp. synonymous with
his E. rostratus.

[ Gurney (1946) has figured the telson of the final pelagic larva and the
early post-larva of a species of Squilla (%) collected by Miss Lebour from

TexT-FIG. 23.—~Final pelagic larva of Lysiosquilla sp. I, 9-72 mm. long, dorsal
view.
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Bermuda. In this larva the spinulation of the telson as described and as
represented in the figure (his Fig. 8A) is found to be 1 lateral, 2 interme-
diate and 16 sub-median denticles on each side. In the post-larval telson
(his Fig. 8B) a larger number, more than 12, of intermediate denticles
are shown. The 6th abdominal segment 1s also seen.to possess a pair of
sub-median spines. Itis difficult to accept that the larva figured actually
belongs to a species of Squilla, particularly since, as is generally accepted,
the number of intermediate denticles in an Alima larva is invariably
4 or more. In all probability, there has been some confusion in labelling
the material he has described ; for the post-larval telson appears to be
that of a species of Squilla, in view of the presence of the two sub-median
spines on. the 6th abdominal segment and the larger number of inter-
mediate denticles on telson. The larval telson figured is most likely
that of a Lysierichthus. The fact that its carapace did not possess any
marginal spinules is additional proof thereto. In the nature of the sub-
median space of telson Gurney’s larva resembles the one here described ;
but the much larger size (about 2 inches) of the former would indicate
that it belongs to a different but related species.

The 14 mm. long Squilloid larva of Claus (his Fig. 21B) has a similar
telson structure as the present larva and as shown by Hansen (1895) is a
Lysuerichthus.

LYSIOSQUILLA (LYSIERICHTHUS) Sp. II.

Final Pelagic Stage (Text-Fig. 24 a).—Four specimens in the final
pelagic stage and a few earlier stages were available for study.

The final pelagic larva closely resembles the corresponding stage of
L. acanthocarpus.

mm.
Total length 12-8
Length of rostrum 4.6
Median length of carupace 3.7
Anterior breadth of carapace 1-9
Posterior breadth of carapace 2-3
Length of postero-lateral spine 34
Length of telson . 1-1
Breadth of telson 18

Slightly smaller than the final pelagic larva of L. acanthocarpus, it
has a relatively shorter carapace, with longer rostrum and postero-lateral
spines. The carapace extends over the anterior half of the second abdo-
minal segment and has no median dorsal carina. The zoea spine is absent.
Tips of the postero-lateral spines are slightly divergent and reach the
level of the lateral spines of telson. The raptorial dactylus shows indi-
cations of 6 teeth beneath the skin. The sub-median space of telson is
divided into three sections ; the 7th denticle from each side being larger
than the rest ; while the central section has only 4 denticles (6-1-4-1-6).
The outer spine of the ventral prolongation of uropod is smaller than
the inner, which reaches only about 2/3 the distance to the tip of endopod.
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Earlier Stages of Larvae (Text-fig. 24 b).—Specimens ranging from
4-39 mm. to 8:0 mm. in total length are represented in the collection.
The characteristic.arrangement of the sub-median denticles of telson is
found even in the earliest stage collected (Erichthoidina, 4-39 mm., long).
The antero-lateral spines are not formed in the early larva, while the zoea
spine issmall. Rostrum and postero-laterial spines appear relatively
jonger than in the final pelagic stage.

Remarks.—The characteristic appearance of the sub-median space of
telson it shares in common with L. multifasciata, L. tigrina and L.
acanthocarpus ; but in the number of sub-median denticles it differs from

Texr-F16. 24. Unidentified larvae of Lysiosquilla spp.

a. Tel<on and left uropod of final pelagic larva of Lysivsquilla sp. 11, 12-8 mm.
long : b. Erichthoidina larva of Lysiosquilla sp. 11, 4'39 mm. long, dorsal view ; c. Telson
and left uropod of final pelagic larva of Lysiosquilla sp. 1V, 12:0 mm. long, ; d. Telcon
and left uropod of final pelagic larva of Lysiosquilla sp. V, 12:0 mm. long.

6
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all these species. The remarkable constancy in the number and arrange-
ment of sub-median denticles, even from the early Erichthoidina stage,
cannot be without significance, particularly since in those larvae that
have been positively correlated with their adults even such minor differ-
ences like one denticle more or less, are seen to be of specific significance.
Except slight differences in the relative size of carapace and its spines,
in the arrangement of sub-median denticles and in the indications of only
6 teeth in the dactylus of the raptorial claw, the present larva is almost
identical with the final pelagic larva of L. acanthocarpus. However,
the absence of the antero-lateral and zoea spines on carapace in the earlier
stages and the presence of at least the zoea spine in the corresponding
stages of L. acanthocarpus, more or less clearly show that the former is
specifically distinct from the latter.

It may be noted that of the adult species listed by Kemp (1913)
from the Indo-Pacific region, L. biminiensis. Sub sp. pacificus is closely
related to L. acanthocarpus, and has the same number of dactylar teeth
(6) as indicated in the present larva.

The Erichthoidina larva (Brooks, 1866, Pl. XII, fig. 3 and PL IV,
fig. 1) described by Brookes as belonging to Gomodactylus, appears to
be identical with the larva here described and has the characteristic
64114146 arrangement of spinules in-the sub-median space of telson.

LYSIOSQUILLA (LYSIERICHTHUS) Sp. III.

Final Pelagic stage.—Two specimens in the final pelagic stage were
available for study.

mm.
Total length .. 12-0
Length of rostrum 4-8
Median length cf carapace .. 39
Anterior breadth of carapace o 1-9
Posterior breadth of carapace 2-35
Length of postero-lateral spine .o 3-6
Length of telson . . 1.1
Breadth of telson . .. .. 1.7

The narrow carapace extends over the anterior half of the second
abdominal segment. The antero-lateral spines are short, while the zoea
spine is wanting. Rostrum is armed with 2 ventral spinules. The
postero-lateral spines are directed almost parallel and close to the sides
of the abdominal segments and each has the tip reaching beyond the
hind border of telson. In the raptorial dactylus 6 teeth are seen clearly
differentiated beneath the skin. The sub-median space of telson is divided
into 3 sections, the 5th sub-median denticle from either side being longer
than the rest. There are altogether 16 denticles, the central section
containing 6 ; and the arrangement is 4-1-6-1-4. There are only two inter-
mediate denticles, while in the post-larval telson the outline of which is
clearly visible beneath the larval skin, 4 intermediate denticles are seen.
The exopod of the uropod has 2 or 3 free spines and shows indications
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of 3 more beneath the skin. In the ventral prolongation the terminal
spines are of almost equalsize ; in one specimen alone the outer spine
appearing just a little longer than the inner.

Remarks.—The larva though slightly smaller than the final pelagic
stage of Lysiosquilla sp. (II), has the carapace, rostrum and postero-
lateral spines relatively longer than in the latter. In the absence of the
zoea spine of carapace, in the number and arrangement of the sub-
median denticles of telson and in the relative size of the spines of the
ventral prolongation of the uropod also, this larva differs from
Lysiosquilla sp. (I1).

In the characteristic number and arrangement of the sub-median
spinules of telson the Erichthoidina (Lysiosquilla) larva from Honolulu,
figured by Brooks (1886, pl. XII, figs. 1, 2; Pl V, figs. 5,9) appears
to be indentical with the present form.

LYSIOSQUILLA (LYSIERICHTHUS) Sp. IV.

Final Pelagic Stage (Text-fig. 24¢).—Two specimens in the final pelagic
stage were collected on 2nd August, 1940 and 29th March, 1941
respectively.

Closely agreeing with the foregoing species (Lysiosquilla sp. (III) it is
distinguished from the latter by the following features :—
1. The outer spine of the ventral prolongation of the uropod is longer than the inner
as in L. multifasciata.

2. In the central section of the sub-median spaco there are only 5 denticles; the
arrangement being 4-1-5-1-4, 4.e., one denticle less than in Lysierichthus sp.
(IIT) and one denticle more than in L. multifasciata.

The larva largely resembles L. multifaciate and Lysierischthus sp.
(II1), but itis almost certain that itis specifically distinct from these
species, gince only 5 teeth are indicated on the dactylus of the raptorial
claw in the early post-larva. In the corresponding stage of L. mult:-
fasciata and Lysierichthus sp. (IIT) 6 teeth are clearly indicated on the
dactylus of the raptorial claw. The nature of the intermediate and
sub-median denticles of telson is also different.

LYSIOSQUILLA (LYSIERICHTHUS) Sp. V

Final Pelagic Stage (Text-fig. 24d).—Two specimens in the final
pelagic stage were collected on 18th March, 1940 and 9th July, 1941
respectively.

Almost of the same size as the two foregoing species, it is distingnished
from them only by the presence of an additional denticle in the central
section of the sub-median space, the general arrangement thus being 4-1-
7-1-4. The dactylus of the raptorial claw shows indications of only 5
teeth. The two spines of the ventral prolongation of the uropod are of
almost equal size, as in Lysiosquilla sp. (ITT).

Remarks.—While the distinguishing features of this larva are insiggni-
ficant, it is likely that it is not specifically identical with the foregoing
species,

7
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GONODACTYLUS (GONERICHTHUS) Sp.

1906. Gonerichthus B, Tattersall, Rept. Pearl Oyster Fish. Figs. 43 to 45. (?)

Fina Pelagic Stage (Text-fig. 25).—A single specimen was picked out
from plankton collected on 10th April, 1939.

mm.
Total length .. 14-9
Length of rostrum .o 6-0
Median length of carapace 41
Anterior breadth of carapaco . 1-8
Posterior breadth of carapace 1-8
Length of postero-lateral spine . 49
Length of telson .. .. 1-7
Breadth of telson . 1-6

The carapace is very narrow and extends over the first abdominal
segment posteriorly. Rostrnm is very long; longer than the postero-
lateral spines and has 3 ventral spinules. The antero-lateral spines are
short and pointed. At the base of each postero-lateral spine, on the
hind corner of the lateral margin of carapace there is a ventrally directed
spinule. The zoea spine is wanting. The postero-lateral spines are
directed almost parallel to the abdominal segments and have their tips
reaching the level of the hind border of telson. The antennular flagella
are very short and the second flagellum carries 4 groups of hairs. Eyes
are conspicucusly large, mounted on very short stalk. Dactylus of the
raptorial claw is long and slender. Peraeopods are well developed. The
thoracic and abdominal segments are broad. The postero-lateral corners
of the first 3 abdominal segments do not end in acute spines; while in the
last 3 segments the pleura end posteriorly in short, acute spines. A
pair of sub-median dorsal spines is present on the 6th abdominal segment.
The telson is long and narrow, with wide sub-median space. The sub-
median spines are very long. Denticles number 1 lateral, 2 intermediate
and 14 sub-median on each side. The uropod is well developed and has
the tip reaching the base of the intermediate spines of telson. The
exopod has 2 free spines. In the ventral prolongation the outer spine is
conspicuously large, the inner being only about 1/4 the length of the
outer.

Remarks.—The larva shows some resemblance to Gonerichthus B of
Tattersall (1906), but differs from it in the absence of the zoea spines
in the longer rostrum and postero-lateral spines and in the slightly larger
carapace. Tattersall’s specimen, however, was in an earlier stage than
the present one.

The larva described as Lysierichthus A by Tattersall (loc. cit.) appears
to show ‘'some striking features that are not generally found in Lyster:-
chthn. In the majority of Lysierichthii, particularly the smaller species,
the postero-lateral corners of the abdominal segments are not pointed
but are smoothly rounded. In the larger larvae of the maculata group,
however, the postero-lateral corners of the abdominal segments end in
acute spines, Further, the presence of a pair of sub-median dorsal spines
on the 6th abdominal segment is a feature that is not known to be shared
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by any Lysierichthus that has been positively correlated with the adult
species. Tattersall himself observes that his Lysierichthus A differs
from all the Lysierichthiv so far described in the possession of the sub-
median dorsal spines on the 6th abdominal segment. In the nature of
the ventral prolongation of the uropod also Lysierichthus A differs from
the true Lysierichthus. Except in minor differences in the relative size of
the different parts, Lysierichthus A shows all characters of Gonerichthii
and I am, therefore, inclined to consider that the former should properly
be placed under Gonerichthus.

Texr-F16. 25.~Unidentified larva of Gonodactylus sp.

a. Final pelagic larva, 14-9 mm. long, dorsal view ; 0. Left half of telson and left
uropod of the same, magnified.

PSEUDOSQUILLA (PSEUDERICHTHUS) Sp. I.

A single specimen, 4-95 mm. long, was examined,
74
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Carapace is relatively small ; extends over the last thoracic segment
posteriorly ; has the antero-lateral and zoea spines long ; tip of postero-
lateral spine reaches hind border of the third abdominal segment and
a single spinule is present at the postero-lateral corner of carapace, close to
the base of the postero-lateral spine. Rostrum is armed with 4 ventral
spinules. Eyes are large with short stalk. The raptorial claw is well
developed ; the propodus has one stout basal spine and a few scattered
pectinations on the inner aspect. Postero-lateral corners of abdominal
segments are acutely pointed ; the 6th abdominal segment has a pair of
sub-median dorsal spines; telson is longand quadrate, with wide sub-
median space. The sub-median spines are long and the denticles number 1
intermediate and 15 sub-median on each side. Uropods are rudimentary.

PSEUDOSQUILLA (PSEUDERICHTHUS) Sp. II.

About a dozen specimens ranging from 3-2 mm. to 4:5 mm. in total
length, were available for study.

More slender in appearance than Lysierichthii, they resemble true
Alima except in the nature of the telson, the conspicuous eyes and the
shape and spinulation of carapace.

In the smallest larva the carapace extends over the first abdominal
segment posteriorly and the postero-lateral spines, directed almost
parallel to the abdominal segments, though slightly diverging distally,
reach the level of the 3rd segment. The antero-lateral and zoea spines
are small. Rostrum is relatively short. The lateral margin of carapace
has a single spirule near the base of the postero-lateral spine. The
raptorial limb is well developed. The postero-lateral corners of abdominal
segments end in acute spines. There are 5 pairs of well developed pleopods.
The 6th abdominal segment whicl: is not fully differentiated, has s pair of
sub-median dorsal spines. Telson is quadrate and long ; with 1 lateral
and 10 or 11 sub-median denticles cn each side.

In the larger specimens the carapace extends over the second abdo-
minal segment and the postero-lateral spines reach the level of the 4th
abdominal segment. The rostrum has 2 ventral spinules. Tips of

antennular flagella reach upto the tip of rostrum. Uropod is still rudi-
mentary.

KEY FOR IDENTIFICATION OF LARVAE.

Since several species of larvae have been described in this report,
it is felt that a key for their easy identification would be of use. Only
those larvae that have been correlated with the adult species have been
included in the key, in preparing which only characters of the advanced
planktonic larvae have heen taken into account, No attempt has been
made to arrange the species according to the relationship exhibited by the
adults ; eventhough based on larval characters also they fall into well
known adult groups, with very few exceptions. As will be discussed

subsequently, this might throw some light on the true affinities of the
different species,
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Genus SQUILLA Fabricius : ALIMA LARVAE.

Lateral margin of carapace with varying number of spinules ; postero-
lateral spine ordinxrily with a spinule at or near its base ; a conspicuous
spinule near the base of the antero-lateral spine ; sixth abdominal seg-
ment usually with a pair of sub-median dorsal spines at the hind margin ;
postero-lateral corners of abdominal segments, in advanced larvae, ending
in acute or sub-acute spines ; telson ordinarily with four or more inter-

mediate denticles; sub-median space of telson relatively narrow, in
advanced larvae,

A. Hind margin of carapace with a small spinule,
mid-way between the dorsal and postero-lateral
spines.

1. Rostrum and postero-lateral spines moderately
long ; lateral margin of carapace with 1--2
spinules ; length at final pelagic stago:

11 to 12 mm. . .. .. Squilla scorpio var., tmmracs

lata.
2. Rostrum and postero-lateral spinos very long ;
lateral margin of carapace with 13 spinu-
los; length at final pelagic stage: 11 to
12 mm, Nquilla scorpio.
B. Hind margin of carapace without any spinule
mid-way between the dorsal and postero-lateral
spines.
1, Raptorial dactylus with one or more free teeth
other than the terminal,

(¢) Margin of carapacc without laterally directed
spinules.

i. Carapace triangular, with long, stout ros-
trum and postero-lateral spines ; mar-
ginal spinules 12 ; raptorial dactylus
with one or rarely two free teeth be-
sides the terminal; length at final

pelagic stage ; 11 to 13 mm. .. S, latreillei.
ii. Carapace very narrow ; marginal spinules
14-2; raptcrial dactylus with 3 tecth
besides the terminal; length at final

pelagic stage : 13-5 mm., S. lata,

(b) Margin of carapace with omne laterally
directed spinule on either side, Carapace
fairly broad ; marginal spinules 24-2;
raptorial dactylus with 2 free tecth
besides terminal; length at finalpelagic

stage: 14:5 mm, .- 8. fasciata.
1I. Raptorial dactylus without any free tooth

besides the terminal.

(¢) Margin of carapace with 2 laterally directed

spinules on either side ; total numbor of

marginal spinules 43 ; length at final

pelagic stage : 18 to 185 mm. o S.rgphidea.
(b) Margin of carapace without conspicuous

laterally directed spinules,

1. Rostrum with ventral spinules.

i. Last two thoracic segments exposed ;
marginal spinules, 7T+43; rostral
spinules 7; carapace fairly wide
posteriorly, tip of postero-lateral
spines reaching level of 2nd abdomi-
nal segment ; 2nd antennular flagel-
lum with 15 groups of hairs ; length
at final pelagicstage : 29-5mm. .. . inlerrv,(a.
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il, Last 3 thoracic segments exposed ;

marginal spinules 7+43; rostral
spinules 6 or 7 ; carapace not much
wider postenorly ; tip of postero-
lateral spine reaching level of hind
border of last thoracic segment;
2nd antennular flagellum with 12
groups of hairs ; length at final pela-
gic stage : 31 mm. ..

iii. Last 3 thoracic segments exposed ; mar-

ginal spinules 843 ; rostral spinules
8 ; carapace very narrow and small ;
tip of postero-lateral spine reaching
level of junction between 7th and
8th thoracic segments; 2nd anten-
nular flagellum with 11 groups of
hairs ; length at final pelagic stage :
27 to 27-5 mm. .o

2. Rostrum without ventral spinules.

(a) One or more thoracic segments exposed
dorsally.

i. Last thoracic sogment alone exposed

dorsally ; carapace fairly large and
broad ; marginal spinules 843 ; tip
of postero-lateral spine reaching
level of 2nd abdominal segment ;
length at final pelagic stage:
30 mm. .o .o

ii. Last two thoracic segments exposed

dorsally ; carapace short, narrow ;
marginal spinules 62 or 3 : tip of
postero-lateral spine reaching level
of 1st abdominal segment; 2nd
antennular flagellum with 12 groups
of hairs ; length at final pelagic
stage : 27 mm. .

iii. Last two thoracic segments exposed ;

carapace long, fairly broad; margi-
nal spinules 12--4 ; tip of postero-
lateral spine reaching level of hind
margin of 1st abdominal segment ;
2nd antennular flagellum with 18
groups of hairs ; length at final pela-
gic stage : 3565 to 36 mm.

(b) No thoracic segment exposed dorsally.

i. Carapace conspicuously large, shield-

like ; marginal spinules 8+4-3 ; tip of
postero-lateral spine reaching level
of 4th abdominal segment; 2nd
antennular flagellum with 15 groups
of hairs; length at final pela.gxc
stag «:34+6 to 356 mm.

ii, Carapace fairly large, shield-like ; mar-

ginal spinules 844 ; tip of postero-
lateral spine rea.chmg level of 4th-
6th abdominal segment ; 2nd anten-
nular flagellum with 12 groups of

bairs ; length at final pelagic stage
22:5 to 25 mm, Pe g g‘

S. boops.

S. quingquedentata.

S. hieroglyphica.

S. gonypetes.

8. wood-masons.

S. koloschista,

S, nepa.
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Genus LYSIOSQUILLA Dana : LYSIERICHTHUS LARVAE,

Lateral margin of carapace ordinarily without any spinule ; postero-
lateral spines of carapace, each with a spinule, almost invariably situated
near the very base ; uo spinule at or near the base of the antero-lateral
Spiaes ; no sub-median dorsal spines at the hind margin of the sixth
abdominal segment ; postero-lateral corners of abdominal segments in
the majority of cases smoothly rounded and not ending in spines ; inter-
mediate denticles of telson always less than four ; sub-median space of
telson relatively broad during all stages.

A. Postero-lateral corners of abdominal segments
ending in sub-acute or acute spines.

1. Carapace thick, shield-like, without antero-
lateral spines ; zoea spine short, sometimes
blunt ; rostrum and postero-lateral spines
very short; lateral margin of carapace at
the middle, extends downwards and ends
in & stout spine on either side ; abdominal
segments very broad; sub-median space
of telson rclatively narrow ; length at final
pelagic stage : 23-5 mm., .. .. L. maculata,

2. Similar to the above ; but carapace with antero-
lateral spines ; zoea spine wanting ; rostrum
and postero-lateral spines longer; lateral
downward extcnsion of carapace not ending
in acute spines; sub-median space of telson
broad ; and length at final pelagic stage:

24 mm. .. L. sulctrostris.

B. Postero-lateral corners of abdominal segments
rounded and not ending in spines.

I. Carapace without antero-lateral and zoeca
spines,
Outer spine of ventral prolongation of uropod
smaller than the inner; sub-median
denticles 6-1-5-1-6 ; length at final pela-
gic stage : 13 to 13-5. mm. L. tigrina.

II. Carapace with antero-lateral and zoea spines.
(a) Outerspine of ventral prolongation of uropod
longer than the inner ; sub-median denti-

cles 4-1-4-1-4; length at final pelagic

stage: 16 mm. .. L. multifasciata.

(b) Outer spine of ventral prolongation of
uropod smaller than the inner; sub-me-
dian denticles 6-1-6-1-6 ; length at final
pelagic stage : 14 mm. .. L. acanthocarpus.

DiscusSION.

Stomatopods of the Madras Coast.—The following 19 species belonging
to the genera Squille and Lysiosquilla have been recorded from the
Madras coast (Kemp, 1913 ; Gravely, 1940).

S. latreillet, S. microphthalma, S. gilest,

S. scorpio, 8. tenuispinis, S. quinquedentata,
S. gonypetes, S. nepa, S. holoschista,

8. oratoria, var. inornata, S. interrupta,

S. wood-masoni, S. stridulans, S. supplez,

8. lirata, S. multicarinata, S. raphidea,

L. maculata, and L. acanthocarpus



312 Records of the Indian Museum. [Vor. XLIX,

The present iuvestigation has resulted in the addition of seven more
species from the Madras waters as follows :—

8. boops, S. khieroglyphica, S. lala, )
8. fasciata, L. sulcirosiris, L. wullifasciata, and
L. tigrina,

All thesc seven species appear to be new records for the west coast
of the Bay of Beugal. S. fasciata, S. lata and 8. boops have been recorded
from the east coast of the Bay of Bengal ; while S. fasciata and L. sul-
cirostris have been collected from the Audaman and Nicobar area. L.
multifasciata which is known to occur in the Arabian sea, has not hitherto
been recorded from the Bay of Bengal; while S. hieroglyphica and L.
ligrina are two rare species the distribution of which is extended to the
Indian waters (Alikunhi, 1944 ¢, b). Thus, of the scven additional species
obtained [rom the Madras coast, six are addition, to the Indian Stomato-
pod fauna. The presence of several unidentified larvae, particularly the
Lysterichthiv, in the Madras plankton shows that our knowledge of the
stomatopod fauna of the Indian coastal waters is far from exhaustive.

Correlation of Larvae with Adults.—TFoxon (1939) considers description
of unidentified Alma larvae as an unprofitable business ; while Gurney
(1946) feels that * apart from hatching of the first larva of any available
species, the most important contribution to knowledge that can be made
now would be the rearing from plankton materials of as many consecutive
post-larval stages as possible”’. As has already been pointed out,
description of the larval forms without correlating them with the adult
species has resulted in much confusion and in the absence of any definite
information as to which characters indicate specific differences, in several
cases more than one species of larvae have been ascribed to a single species.
To remove this confusion and to obtain a true picture of the stomatopod
population of any particular locality, it is necessary to rear the planktonic
larvae to the post-larval stages. The habits of adult stomatopods are
such that they are caught in trawling nets and other fishing tackle, mostly
by chance only (Kemp, 1913). That records of the adult species from any
locality will, therefore, be necessarily very incomplete and have to be
supplementad by the study of larval forms from the same waters, has
been well demonstrated by the present investigation, which has resulted
in the positive correlation of the larvae of 12 species of Squille and 5
species of Lysiosquilla with their adults.

Larval Characters.—The studies embodied in the present report amply
illustrate that certain characters hitherto considered as of little signi-
ficance as specific features, are really very useful in distinguishing even
closely related larvae. Between allied species the specific differences are
often trivial, but remarkably constant. The size at the final pelagic
stage ; the shape and spinulation of carapace; the presence or absence
of teeth other than the terminal on the dactylus of the raptorial claw ;
the shape and spinulation of telson and the uropod, etc., are features that
hardly show any variation within a species. The larvae of S. nepa and
S. holoschista are very similar to each other, but they could always be
distinguished by the differences in size and the number of spinules on the
lateral margin of carapace. Likewise S. scorpio is distinguished from
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its variety ¢mmaculata, by the presence of an additional spinule on the
margin of carapace and by the relatively longer size of the rostrum and
postero-lateral spines in the former. In the “ Quinguedentata > group,
the larvae of S. boops and 8. quinquedentala very closely resemble each
other and are distinguished from onc another by characters which would
not have been considered as of any specific significance, if the larvae were
not actually reared into different post-larval forms. In the Lysierichthis
of the ‘“ Acanthooarpus’’ group, the number and arrangemsnt of denticles
on telson, particularly in the sub-median space, are found to be remark-
ably constant features which are of definite taxonomie significance.

From their size at the final pelagic stage, the shape and spinulation of
carapace and the relative size of the thoracic and abdominal scginents,
the Alima larvae dealt with in the present report could be arranged into
distinct groups. Tho larvac of S. latreille:, S. lata and 8. fusciata belong
to the Alimerichthus type and arc characterised by the relatively small
size, short small carapace with a few marginal spinules and the relatively
broad thoracic and abdominal segments which make the larvac appear
stout. The region between the antenua and the labrum is not much
telescoped in these larvae, which are also characterised by the possession
of one or more free teeth other than the terminal, on the dactylus of the
raptorial claw. Generalising from this, it is perhaps justifiable to suggest
that the true Alimerichthus type of Alima larvae probably belongs to
species of the chloridella group.

The larvae of S. scorpio, which as pointed out by Kemp (1915) are
perhaps-unique among Alima larvae in the possession of the characteristic
spintle on the hind margin of carapace, mid-way between the dorsal and
the postero-lateral spines on either side, arc also of the Alimerichthus
type but differ from the larvae of the * Chloridella ” group, in the absence
of free tecth other than the terminal, on the dactylus of the raptorial
claw.

The larvae of 8. raphidea occupy a peculiar position. Though deseribed
as belonging to the Alimerichthus group, they show some conspicuous
differences from the typical Alimerichthus of the *“ Chloridella ”’ group,
viz. ; larger size ; broad, shield-like carapace and absence of free teeth other
than the terminal on the dactylus. In the number of marginal spinules
on carapace (4-43) these larvae perhaps occupy an intermediate position
between Alimerichthii of the “ Chloridella ” and Scorpio groups on the
one hand and the typical Alima larvae on the other. They resemble
the true Alsmerichthus only in the relatively broad thoracic and abdominal
segments ; the short wntenna-labral region and the consequent stout
build of the body.

The other larvae are all relatively large-sized and slender in appearance.
These belong ecither to the “‘ quinquedentata > group or to the *“ nepa
group. The antenna —labral region is invariably highly telescoped and the
thoracic and abdominal segments are comparatively narrow, giving
the abdomen a slender appearance, in sharp contrast to the condi-
tion in the Alimerichthus type. No free tooth other than the terminal
is developed on the raptorial dactylus in any of these larvae. The lateral
margin of the carapace is invariably provided with a larger number of
spinules than in Alimerichthus.
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In the “ quinquedentata > group the carapace is generally very narrow
and relatively small. S. hwroglyphwa shows some vamatmn from this
type of carapace. The larvae of species of the * nepa * group consisting
of 8. nepa, S. holoschista, S. wood-masont and S. interrupta, have large
shield-like carapace which is characteristic. However, S. nterrupia
differs from the other three species in the possession of ventral spinules
on the rostrum. In this feature it agrees with the larvae of S. oratoria
and this probably indicates its closer relationship to the latter than to
S. nepa, S. holoschista or S. wood-mdasons.

In the Lysierichthii larvae also two distinct types are noticeable.
Larvae of the ¢ maculata ” group are characterised by their large size, very
broad abdominal segments ; stout build of body and strong shield-like
carapace with marginal spines short or moderately long. Unlike the
majority of Lysterichthit, in these larvae the postero-lateral corners of the
abdominal segments, particularly the last three, end in acute spines.

The larvae of the “‘ acanthocarpus’ group are generally small-sized
and relatively very slender as compared with those of the *‘ maculate ”’
group. The very narrow carapace, with long marginal spines and the
fairly broad thoracic and abdominal segments are characteristic. In
contrast to the ““ maculata ” group of larvae, in these the postero-
lateral corners of the abdominal segments do not end in spines.

Considering the outstanding characters of the larvae, it is clear that
in each genus they fall into distinct groups as indicated above. It is
significant to note further that these different groups of larvae correspond
to similar groups of adult species. Since the s1m1lar1ty between the
adult species is thus indicated in the pelagic larvae also, it is possible that
outstanding larval features might easily provide clues to the real affinities
of the different groups and genera.

The distinguishing characters of the larvae of the different genera of
stomatopods have been discussed thoroughly and classified by several
authors, including Claus, Brooks, Hansen, Giesbrecht, Foxon and
Gurney. While I do not propose to go into the details of these different
classifications, certain features which are likely to be of some significance
in tracing the affinities of the different genera and which have hitherto
not been considered in that ligzht are discussed below.

In his revised classification of the stomatopod larvae, Foxon (1939)
separates Lystosquilla and Coronida from the rest of stomatopods which
comprise the genera Squilla, Pseudosquilla, Gonodactylus and Odonto-
dactylus. In the position of Pseudosquille, which Foxon believes as
closely related to Squilla, his classification differs from that of Hansen
(1895) and of Giesbrecht (1910), both of whom have placed Pseudosquilla
in the Gonodactylus group. Gurney (1946) examining the characters on
which the classification is based, feels it “difficult to find any reason for
placing Pseudosquilla nearer to Squille than to Lystosquilla”. While
Foxon does not accept the view that there is a fundamental difference
between the Antizoea and the Pseudozoea, as pointed out by Gurney, he
gives much weight to the Antizoea for separating Lysiosquilla from the
other genera. Eventhough the 4niizoea in the course of later develop-
ment gets transformed to the Pseudozoca type of body structure, it must



1951.] K. H. Auigunat : Stomatopod Larvae. 316

be admitted that in the early stages they appear fundamentally different.
In spite of the structural similarity during the late larval life, Lysiosquilla
larvae show some important differences from the larvae of the other
genera, The advanced Alima larva invariably has the postero-lateral
corners of the abdominal segments produced into acute spines and
besides, the 6th abdominal segment islikewise provided with a pair of
sub-median dorsal spines. These feature> are shared by Pseuderichthus,
Gonerichthus and Odonterichthus ; whilein Lysierichthus, except perhaps
in the *“ maculata ’ group, the postero-lateral corners of the abdominal
segments are not produced into acute spines, but are smooth and
rounded. Further, in none of these, the 6th abdominal segment is
provided with the sub-median dorsal spines.

These features probably support the view that the Antizoea and the
Pseudozoea are fundamentally different ; in which case Foxon’s classifica-
tion of the larvae separating Lysiosquilla and Coronida from the other
genera should be accepted as indicating the true relationship of the differ-
ent forms, If the late larval characters give any indication of the
affinities of the genera, the possession of pleural points on the hind
corners of the abdominal segments and the presence of sub-median spines
of the 6th abdominal segment bring Squilla, Pseudosquilla, Gonodactylus
and Odontodactylus in one section as opposed to Lysiosquilla and Coronida
in which these features are generally absent. Foxon’s contention that
the larval forms also fall in the same grouping as that given by Kemp
for the adult genera, thus appears to be largely justified. That the larvae
could be easily arranged in intra-generic groups, in the same way as the
adults, has already been demonstrated.

The presence of 4 or more denticles between the intermediate and
sub-median spines of telson, is accepted as one of the funda-
mental characters of the Alima type of larva. While this is almost
invariably the case, it may be mentioned that in an early Alima of S.
scorpio, b-1 mm. long, there are only three intermediate denticles on each
side. The smallest larva of S. scorpro, var. immaculata from the Chilka
Lake, also measuring 5-1 mm. in length, has the sub-median denticles
variable in number ; in one specimen there were 3 on one side and 4 on
the other ; a second specimen had 3 on one side and 5 on the other. It
is likely that in the earlier stages of these species the number of inter-
mediate denticles might have been definitely less than 4 on each side.

SUMMARY.

1. The plankton collections from the sea, off the Madras coast made
during the years 1936 to 1943 (seven and a half years) were analysed for
the stomatopod larvae. Out of 413 collections examined, 298 contained
stomatopod larvae which totalled 14,197 ; the maximum number per
collection encountered being only 432.

2. The great majority of the larvae were of an advanced stage of
development, a good many being in the final pelagic stage.

3. Larvae of 8. nepa formed the bulk of the catches, followed by
S. holoschista, S. wood-masont, S. quinquedentata, S. latreiller and 8. inter-
rupia in the order of abundance.
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4. Erichthus larvae were relatively few and were only occasionally
caught.

5. The live larvae were sorted into types accoraing to their external
characters and were separately reared in laboratory aquaria. By thus
obtaining the post-larval stages, the specics were identified and the larvae
were correlated with the adults.

6. The following species of stomatopods were, in this way, correlated
with their pelagic larvae :

S. nepa, S. holoschista, S. wood-masoni,
8. interrupta, §. boops, S. quinquedentata,
S. gonypeles, S. hicroglyphica, 9. raphidea,

S. latredllet, S. lata, S. fasciata,

L. maculata, L. sulcirostris, L. multifasciata,
L. tigrina, and L. acanthocarpus.

7. Certain larval species (3 of Squilla, 5 of Lysiosquilla, 1 of Gono-
dactylus and 2 of Pseudosquilla), which could not be reared and correlated
with their adults, have becn described for future reference.

8. The synonymy of the different species of larvae hus been discussed
at some length to facilitate identification of the forms already described
and to remove the existing confusion about their identity.

9. A key for the easy identification of the different larvac dealt with
in this report, has becn included.

10. The present studies have resulted in the discovery of seven species
which are new to the Madras coast.  All these species are now recorded
for the first time from the west coast of the Bay ¢f Bengal. The rare
species S. lieroglyplica and L. tigrina are new additions to the stomatopod
fauna of the Indian waters, along with 8. boops, S. lata, S. fasciata and
L. sulcirostris.

11. The general characters of the different types of larvae have been
discussed briefly in thelight of the present studies.

12. The possible affinities of the different genera and species have
been considered in the light of the larval characters.

ACKNOWLEDGEMENTS,

The studies reported in this paper were carried out at the University
Zoological Research Laboratory, Madras, during 1942-1943 and my
grateful thanks are due to Prof. R, Gopala Aiyar, the then Director of the
laboratory, for kindly providing me all facilities to carry out the studies
and also for giving ine the benefit of his experience and advice
during the progress of the work. The paper was revised and brought up
to the present form only after my joining the Central Inland Fisheries
Research Station, Barrackpore. I am indebted to Dr. B. N. Chopra for
kindly going through the manuscript and offering valuable suggestions ;
to Dr. 8. I.. Hora for arranging the publication of this paper, and to Mr.
K. K. Tiwari for helpful suggestions in getting the manuscript press
ready.



1951.] K. H. Auixunai : Stomatopod Larvae. 817

REFERENCES.

For an exhaustig list of annotated bibliography of the Stomatopod
larvae, together withia very useful list of the larval species described.
reference should be made to Gurney (1946). The papers consulted during
preparation of the present paper alone have been listed below.

AuikunHL K. H. & Atvag, R. G., 1942.--0n some Squilia larvae from the
Madras plankton. Curr. Sci. Bangalore, XI(2) : 56-58 ; 1 pl.

, 1943.—Growth in some Stomatopods. Curr. Sci, Bangalore,
XTI(3); 80-82; 1 pl.

Auvigunnr, K. H., 1944a.--Growth stages of Lysiosquilla tigrina Nobili,
Ibd. ; XIII(1), 1 fig.

————, 1944b.—TFinal pelagic larva of Squilla hieroglyphica Kemp.
Ibid. XTTI(9) : 237-38; 1 fig.
, 1950,—Observations on some larval and post-larval stomato-
pods. Journ. Bom. Nat. Hist. Soc., XLIX(1): 101-107 ; 2 pls.

Bicerow, R. P., 1894, -Report oun the crustucea of the order
Stomatopoda collected by the steamer Albatross between 1885
and 1891, and on other specimens in the U. 8. Naticnal Museum.
Proo. U. S. Nat. Mus., XVII : 489550 ; 28 figs., 3 pls.

, 1931.--Stomatopcda of the sonthern and eastern Pacific ocean
and the Hawaian Islands. Bull. Mus. Comp. Zool. Harvard, 72.

BORRADAILE, L. A., 1907.—Stomatopoda from the western Indian
ocean. Trans. Limn. Soc. Zool., (2) XII: 208-216, 1 pl.

Brooks, W. K., 1886.—Report on the Stomatopoda collected by H.M.S.
Challenger during the years 1873-1876. Challenger Reports, Zool.,
16 : 1-116 ; 16 pls.

Brooks, W K. & HErrick, C. L., 1892.—The embryology and metamor-
phosis of the Macrura : The habits and metamorphosis of Gono-
dactylus chiragra, Mem. Nat. Acad. Sci., 5: 353-60; pls. 1, 3,
14, 15.

Criorra, B. N., 1934.—On the Stomatopod crustacea collected by the
Bengal Pilot Service off the month of the river Hughly, together
with notes on other forms. Rec. Ind. Mus. Calcutia, 36.

Cravs, C., 1871.—Die Metamorphose der Squilliden. Abk: Ges. Wiss-
Gottingen, 16 ; 1-55; 8 pls.

DakiN, W J. & CoLeFax, A. N., 1940.—The plankton of the Australian
coastal waters off New South Wales. Publ. Univ. Sidney Dej.
Zool. Monogr. 1. Stomatopoda : 191,

Faxon, W. 1882.—Selections from Kmbryological Monographs—I.
Crustacea, Mem. Harv. Mus. Comp. Zool., 9(1), pls. 7-8.

Foxon, G. E. H., 1932.—Report on Stomatopod larvae, Cumacea and
Cladocera. Great Barrier Reef Expedition Sci. Rept., 4 (11);
375-398 ; 10 figs.

————, 1939,—Report on Stomatopod larvae : John Murray Expedi-
tion, 1933-34, Sci. Rept., 6(6) : 215-266 ; 4 figs.

—




318 Records of the Indian Meseum. [Vor. XLIX,

GiessrecHT, W., 1910.—Stomatopoda : Faune und Flora des Golfes von
Neapel—Monogr. 33 5 1-239 ; 11 pls., 12 tex figs.

GraveLY, F. H., 1941.—Shells and other animal {emains on the Madras
beach. Bull. Mad. Govt. Mus., V (1) : 1-112.

QuerIN-MeNEVILLE, F. E., 1857.—Animaux asticules. In Romon
de la Sagra Hustoire Physique, Politique et Naturelle de Uile de
Cuba, Paris. : 1-868, 3 pls., figs. 9-12.

GURNEY, R., 1937.—Notes on some decapod and stomatopod crustacea
from the Red Sea. Proc. Zool. Soc. Lond., 107(A): 319-26 ;
4 pls.

———— 1946.—Notes on Stomatopod larvae. Proc. Zool. Soc. Lond.,
116(1) : 133—175, 14 figs.

Hansexn, H. J., 1895.—Isopoden, Cumacean und Stomatopoden der
Plankton Expedition. FErgeb. Plankt. Ezxped..2 g.c.: 63-105,
2 pls.

——————, 1926.—Stomatopoda of the Siboga Expedition. Siboga
Expeditie, Monogr. 35: 1-48 ; 2 pls.

Jurica, B., 1904.—Die Stomatopoden der Deutschen Tiefsee Expedition.
Wiss. Ergebn. d. Deutsch. Tiefsee-Exped. und d. Dampfer ‘Vaoldivia’
1898-99. Bd. 7: 359-408 ; 6 pls.

KeMmp, 8., 1913.—An account of the Crustacea Stomatopoda of the Indo-
Pacific region. Mem. Ind. Mus. Calcutta, IV (1) : 1-217 ; 10 pls.

e————,1915.—Fauna of Chilka Lake : St’oma,ﬁopoda. Mem. Ind. Mus.
Calcutta, V : 191-197 ; 2 figs.

, 1915.—On a collection of Stomatopod crustacea from the
Philippine Islands. Philip. Jour. Sci. (D), X.

Kewmp, S. & Cuopra, B. N., 1921.—Notes on Stomatopoda. Rec. Ind.
Mus. Caleutta, 22 : 297-311.

Komari, T., 1928.—Stomatopoda of Japan and adjacent localities. Mem.
Coll. Sci. Kyoto Imp. Univ. (B) 3 : 307-3564 ; 2 pls.

, 1932.—An enormous swarm of Stomatopod larvae. Annot.
Zool. Jap., 13 : 352-54; 1 fig.

KoMmar, T. & Tung, Y. M., 1929.—Notes on the larval stages of Squzlla
oratories, with remarks on some other Stomatopod larvae found in
the Japanese seas. Annot. Zool. Jap., 12 : 187-237 ; 9 pls ; 1 text-
fig.

LancrEsTER, W. F., 1903.—Marine Crustaceans—viii. Stomatopoda

with an account of the varieties of Gonodactylus chiragra. Fauna
& Geogr. Maldive and Laccadive Archipelagoes. 1 : 444-459,

, 1906.—Report on Crustacea. Fascicult Malayensis, Zool.
pt. iii ; 127-134.

Lesour, M. V., 1934.—Larval Crustacea (Decapoda and Stomatopoda)
Ezxped. S.A.R. Prince Leopold of Belgium, Duke of Brabant, to the
extreme east (1932). Bull. Mus. Roy. Hist. Nat. Belgique, 10(8) :
1-24 ; 19 figs.

——



1951. ] K. H. Aurkuna1 : Stomatopod Larvae. 319

LeBOUR, M. V. 1934.—§ic ;f;topod larvae. Results Scientifiques du voyage
our Indes Oriefitales- Neer—landaises de LL. AA. RR. le Prince
et la Princessc Leopeld de Belgique, Mem. Mus. Roy. Hist. Nat.
Belgique, 3 (16) J11-17, b figs.

LEevrE, 8. H., 1937.—Pelagic-larva of Squilla snterrupta. Proc. 24th Ind.
Sci. Congr. Hydera ad.

Menon, M. K., 1933.—The life histories of Decapod Crustacea from
Madras. Bull. Med. Govt. Mus., N. 8., 111 (3) : 1-45 ; 10 pls.

————, 1937.—Decapod larvae from the Madras plankton. Ibid.,
111(5) : 1-54 ; 9 pls.

—————, 1940.—Decapod larvae from the Madras plankton II. Ib:d.,
111(6) : 1-47, 8 pls.

MiLNe-Epwarps, H., 1837.—Hostorre Naturelle des Crustaces, 2, Pairs ;
404-509.

————1836, 1849.—Crustacea—In Cuviers Regne Animal (Disciples’

Eddition), Paris. : 161, pl. lvii, figs. 2.

Narg, K. B., 1942.—On the embryology of Squilla. Proc. Ind. Acad. Sci.
Bangalore ; 14(6) :

TarTERSALL, W. M., 1906.—Report on the Leptostraca, Schizopoda and
Stomatopoda, collected by Prof. Herdman at Ceylon in 1902 ;
In Herdman’s Rept. Pearl. Oysier Fisheries (Gulf of Manaar) :
pt. 5:157-188 ; 3 pls.

Nweepie, M. W. F., 1934¢.—Notes on Stomatopoda of the Raffles
Museum. Bull. Rajffles Mus. Singapore, 9.



