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VOYAGE OF H.M.S. CHALLENOEE.

ZOOLOGY. -1-7

KEPORT on the Stomatopoda collected by H.M.S. Challenger during the

Years 1873-76/ By W!^ K. Brooks, Associate Professor of Zoology

and Director of the Marine Laboratory of the Johns Hopkins

University, Baltimore, U.S.A.

INTRODUCTION.

The Stomatopoda are restricted to shallow waters, and as the small collection which was

brought home by the Challenger, and entrusted to me for examination, contains no

startling novelties, my first feeling, after my preliminary examination, was disappoint-

ment at the absence of any unfamiliar type, but this soon gave way to a feeling of excited

interest after the discovery that the material in my hands furnished the most ample

opportunities for tracing out, with great completeness, the phylogenetic and ontogenetic

history of this small and compact order of Malacostraca.

The order Stomatopoda includes about sixty species of adults, and an equal or greater

number of larvae, from the tropical, subtropical, and temperate waters of the Atlantic,

Pacific, and Intban Oceans. Some of the species, like Gonodactylus chiragra, range over

the whole of this area, while others, like Squilla nepa, are distributed over the bottoms

between the coast of Chili on the one side and the coasts of China and Africa on the other,

or Uke Squilla empusa, between Rhode Island, U.S.A., and Africa. They are usually

found in very shallow water, and, with the exception of the specimen of Squilla lepto-

squilla taken in the trawl by the Challenger in the Celebes Seas from a depth of 115

fathoms, and a specimen of Lysiosquilla armata which S. I. Smith found in the stomach of

& Lopholatilus from 120 fathoms, they are all from very moderate depths, and the wide

distribution of many of the species is undoubtedly due to the great length of their
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2 THE VOYAGE OF H.M.S. CHALLENGER.

larval life, during which they swim at the surface and are swept to great distances

by the oceanic currents.

There are, however, many species which are known from only a single restricted

locality, and almost one-fourth of the species which have been described are represented

by solitary specimens, and there is therefore every reason to believe that many species,

and possibly many genera, are still unknown, and that our knowledge of the group is

very incomplete. They are extremely active in their movements and retiring in their

habits, and they may remain undiscovered in a locality where they are abundant. A few

species are recorded as dwelling in crevices in coral reefs, but most of them are burrowing

animals. The living animals which form their prey are captured in the long raptorial

claws, and some species, like Squilla empusa, often venture to a great distance from their

burrows in their pursuit of prey, and are frequently captured in nets and trawls, although

others, such as Lijsiosquilla excavatiix, are the Myrmeleons of the ocean, lying in wait

for their prey, covered with sand, with only the tips of their eyes exposed, at the mouths

of their very deep burrows, to the bottoms of which they dart at the least alarm. At

Beaufort, N.C., Lysiosquilla excavatrix is so abundant that the mouths of several burrows

may often be found in shallow water in a square yard of the bottom, yet during the six

summers I have passed there, I have obtained only one adult specimen which was

captured outside its burrow, and only one which was obtained by digging. It was not

until I devised the plan of holding near the mouth of the burrow with one hand a piece

of bait, such as a small fish or a crushed crab, while the other hand was held ready with

a trowel to cut oif the retreat to the bottom of the burrow, that I was able to procure

them in abundance, and the movements of this species are so very rapid that most of the

specimens were so near escaping that they were cut in two when the trowel was plunged

into the ground.

The Challenger collection of adults is a very small one, consisting of only fifteen

species, but eight of them are new, while two of the others, Squilla fasciata and Proto-

squilla (Gonodactylus) guerinii, have been very inadequately described from single

specimens. The importance of the collection must not, however, be estimated by its

size, for it throws light upon many interesting problems, and furnishes the material for

a more exhaustive and satisfactory discussion of the phylogenetic relationship and the

natural classification of the various genera and species than has been possible hitherto.

The collection of pelagic Stomatopod larvae is very rich, and it has yielded the

material for tracing the history of several of the larval types, and also for estabhshing,

in every genus except one, the connection between the adults and their larval types.

The larval history of the Stomatopoda is one of the most puzzling problems

in morphology, and most of our knowledge of the subject is derived from Claus's well-

known memoir.^

' Die Metamorphose der Squilliden, Abhandl. d. k. GeselUch. d. Wi^s. Gottingm, Bd. xvL pp. 1-55, pis. i.-viii., 1871.
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WhUe I have beeu able to show, from the study of the Challenger specimens, that
many of Claus's conclusions are incorrect, and that he referred some of the most familiar
larval types to the wrong adult genera, I feel that I could not have accomplished this

alone, and that, while my results are in many cases directly opposite to his conclu-
sions, my ability to reach and to prove them is due, in a very great degree, to the study
of his memoir-. The labour of tracing the history of the larvge has been so simplified

through the accurate illustrations and ample and minute descriptions which he has
furnished, that the investigator who follows him in this field has much of the difficulty

removed, and, while I feel that I leave the subject in a much more satisfactory condition
than that in which I found it, I also feel that I could not have made the same progress
without the aid of his memoir.

The beautiful transparent, glass-like pelagic larvae of the Stomatopoda are familiar

to all naturalists who have had an opportunity to study pelagic life, and none of the
animals which are captured at the surface in the tow-net exceed them in interest to the
student, or in beauty and grace. Their perfect transparency, which allows the whole of

their complicated structure to be studied in the living animal, their great size and
rapacity, the graceful beauty of their constant and rapid movements, and the pro-

fundity of the morphological problems which they present for solution, cannot fail to

fascinate the naturalist. Unfortunately they are as difficult to study as they are

beautiful and interesting, and, notwithstanding their great abundance and variety, only
two or three of them have been traced to their adult form.

Unlike most Malacostraca, the Stomatopods, instead of carrying their developing eo-o-s

about with them, deposit them in their deep and inaccessible burrows under the water,

where they are aerated by the currents of water produced by the abdominal feet of the

parent, which are so shaped as to form valves or paddles which exactly conform to the

outline of the cylindi-ical hole. The eggs quickly perish when depiived of this constant

current, and as it is very difficult to procure them at all, I know of no young Stomatopod
which has been reared from an egg outside the burrow or in an aquarium. The older

larvae are hardy, and they thrive in small aquaria and moult into the adult form, but
they are seldom found near the shore, and microscopic research is so difficult in mid ocean

that almost nothing has been accomplished in this way. The younger larvge are common
near the shore, but they seldom pass through a moult in confinement, and the only way
to trace the life-history of the Stomatopoda is therefore by the comparison of the series

of larvae which are collected in the ocean, and this is attended with peculiar difficulties,

for the number of larval forms which have been described is much greater than the

number of adults which are known, and many of them unquestionably belong to unknown
species, and possibly to unknown genera.

The growth of the larvae is very slow, and the larval life long, and as they are as

independent and as much exposed to changes in their envii-onmeut, and to the struggle
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for existence as tlie adults, they have undergone countless secondary modifications which

have no reference to the life of the adult, and are therefore unrepresented in the adult

organism ; and a comparison of the various larvae which are here figured and described

will show that they difi"er among themselves more than the adults, thus reversing the

general rule that larvse are less specialised and exhibit clearer evidence of genetic relation-

ship than mature animals. The problem which they present is very similar to, but more

diflficult than, that presented by the Hydro-medusae, for young Medusae can be reared

from the hydroids in aquaria without difiiculty, and it is also easy to rear young hydroids

from the eggs of Medusae, but the life-history of the Stomatopoda must be traced from

the internal and indirect evidence furnished by comparison.

The Stomatopod larvae present difi'erences among themselves, and they may be

arranged in genera and species, but unfortunately their generic characteristics are quite

difi"erent from those upon which the adult genera are based, and this is true in a stiU

greater degree of their specific characteristics. As the larvse undergo great changes during

their growth, different stages have been described as distinct species or even genera, and

it is not easy to select from the rich gatherings which are brought home by collectors, the

successive stages in the history of a single species. Like the adults, they are widely dis-

tributed, and a gap in a series from the North Atlantic may be filled by a specimen from

the coast of Australia or the Sandwich Islands, and the collection from a single locality

may contain the larvae of several widely separated species of adults in all stages of

growth.

The attempt to unravel the tangled thread of the larval history of the Stomatopoda

is therefore attended with very exceptional difiiculties, and the earlier writers were

content to rest after the bestowal of generic and specific names upon the larvae, and the

first writer to approach the subject in a scientific spirit was Claus, whose classical mono-

graph not only abounds in fundamental generalisations of the greatest interest and value,

but also contains nearly all that we know regarding the relationship between the larvae

and their adults ; but the Challenger collections, especially the rich collections of Alima

larvae, a group in which Claus's collections were very deficient, furnish the material for

revision of the subject, and enable us to determine, with much greater certainty than

before, the larval type which pertains to nearly every one of the genera of adult

Stomatopoda, and also to give a pretty complete picture of the developmental history of

each larval type. As the specific difi'erences between the adults are very slight, the

specific identity of each larva can be determined only by rearing the adult from the

larvae, but this fact renders it the more important that the series collected by the

Challenger should be figured and described, as later investigators will thus be enabled to

complete the history by keeping the final stage in each series alive in an aquarium until

it assumes the characteristic of the adult. This can be done without difl&culty, as the older

larvae are hardy, whUe the fact that the 3rounger larvae will not live in captivity
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frustrates the attempt to trace the gradual growth and metamorphosis of the larvae in

this way, and there is no other resource except comparison.

The first step in this direction is to trace the history of each larval tjrpc, by the

selection and comparison of those larva which belong to the same series. In accomplish-

ing this I have been guided in part by general resemblances, but more especially by

comparative measurements. After I had tabulated the measurements in millimetres of a

number of specimens, which resembled each other quite closely, and formed a tolerably

complete series, I failed at first to trace through the columns of the table any such

conformity to a general law as I had expected, but more careful examination indicated

that this might be due to the fact that the history of the larva consists of metamorphosis

as well as growth, and that the size of one organ might, when compared with that of

another organ, show a gradual decrease during the successive stages, while its absolute

size was actually increasing. I therefore reduced all my measurements to a common

standard, and expressed them in thousandth parts of the total length of the larva at

each stage instead of in millimetres, and I found that this at once introduced order

where all had before been confused, and that, when thus reduced, the measurements

usually enabled me to decide with confidence whether a given larva does or does not

belong to a certain series.

In a few cases these comparative measurements gave proofs of specific identity which

could hardly be made more conclusive by rearing the larvae. Thus the lengths of the

series of Coronis larvae shown in PI. XIII. figs. 1-8 are as follows, and if the length of the

first stage be successively multiplied by five-fourths of itself, and this number by five-

fourths of itself again, and so on, we obtain the series of numbers given in the second line,

and as it is not conceivable that an accidental collection of larvae should exhibit such

exact conformity to a numerical law, we may feel certain that these larvae are genetically

related, that they belong to one species or else to closely related species, and that the

scries is consecutive, with the exception of one missing stage before the last.

4-16 mm.

4-16 „
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become divergently modified, or that two adults might diverge from each other while

the larvae remain alike, yet we should expect a natural or phylogenetic classification of

the larvae to stand in some definite and recognisable relation to the natural classification

of the adults.

My attempt to discover a relation of this sort at once brought me face to face with a

serious difficulty. In most of the published descriptions little attention is given to any

points which are not regarded as diagnostic, and the resemblances, which are of even

greater scientific interest than the difi"erences, are often completely neglected ; and

careful study of the published figures soon showed that they are untrustworthy so far as

relates to points which did not seem significant to the writers. Brevity and exactness of

diagnosis is of course desirable and essential to the ready identification of species, but

the description and identification of species is only a means for a more important end,

the ultimate discovery of the laws of life, and it is therefore desirable that every specific

description should consist of two parts, a brief diagnosis for purposes of identification,

and a complete description, or brief monograph, giving all the characteristics ; the points

of resemblance to allied forms, as well as the distinctive peculiarities.

The absence of this information renders the establishment of phylogenetic relation-

ships very difficult, and I soon found that the characteristics which are most significant

and of most scientific importance are by no means the ones which have been selected for

diagnosis. The analytical key which Miers^ gives is probably the best which could be

devised for ease of identification, and it expresses the general relationship between the

genera with sufficient accuracy for the purposes of the systematist ; but whUe most of the

genera which are usually recognised are natural ones, the points which are of the greatest

value in tracing the relation between the larvae and the adults are entirely ignored in

most of the published diagnoses.

While there can be no doubt that the many diflferences between the Stomatopoda and ,

the other Malacostraca are of ordinal importance, all the species are included in a single

family, the Squillidae, and the difi"erences between the genera are slight. Excluding the

genus Leptosquilla, Miers, which is very slightly known, and not represented in the

Challenger collection, six genera are usually recognised, Squilla, Chloridella, Lysiosquilla,

Cor-onis, Fseudosquilla, and Gonodactylus.

The study of the Challenger specimens shows the necessity for redistributing the

species which have been associated under the generic name Gonodactylus, and the

establishment in its place of three genera, Gonodactylus [sensu stricto), Protosquilla

n. gen., and Coronida n. gen., and also that it is impossible to draw any natural line

between Coronis and Lysiosquilla, or between Chloridella and Squilla, and I therefore

recognise seven genera, Protosquilla, Gonodactylus, Fseudosquilla, Coronida, Lysio-

squilla (including Coronis), and Squilla (including CJiloridella). My comparison of the

1 On the Squillidae, Ann. and Mag. Nat. Hist., ser. 5, vol. v. p. 2, 1880.
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adults with the larvae shows that the marginal spines of the telson present features which
are of the greatest significance, and as I shall make frequent reference to these structures

it will be convenient to give in this place a short description of them. The telson of a

Stomatopod is usually furnished with six marginal spines (see PI. I. fig. 3), which are

arranged in three pairs, and which I shall designate as the primary marginal spines.

The two nearest the middle line are the submedians ; the two nearest the anterior edge,

usually the farthest from the middle line, are the laterals ; and the one between the

lateral and the submedian on each side is the intermediate. Between these six

primary marginal spines there are others which are equally large and prominent

in the young larvae, but minute or absent in the adults ; these I call the secondary

marginal spines.

Analytical Key, giving the moee prominent Diagnostic Characteristics

OF EACH Genus.

I. Sixth abdominal somite fused with telson ; rostrum with acute median and antero-

lateral spines.

a. Dactyle of raptorial claw dilated at the base and unarmed ; hind body narrow

and thick ; marginal spines of telson crowded towards posterior edge.

Genus Protosquilla (PI. XVI.).

II. Sixth abdominal somite distinct ; rostrum without antero-lateral spines.

a. Hind body narrow and thick.

1. Dactyle of raptorial claw dilated at base, and unarmed ; primary

marginal spines of telson very large, with one or two secondary spines

on each side between the submedian and the intermediate.

Genus Gonodactylus (PI. XIV. fig. 1).

2. Dactyle of raptorial claw not dilated at base, usually armed with

marginal spines ; submedian spines of telson tijjped with movable

spinules
; from one to three secondary spines between the sub-

median and the intermediate.

Genus Pseudosquilla.

b. Hind body depressed and wide.

1. Dactyle of raptorial claw dilated at the base and armed with marginal

spines.

Genus Coronida.
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2. Dactyle of raptorial claw not dilated at the base, but usually armed

with marginal spines.

(1) Primary marginal spines of telson small, with no more than

four secondary spines between the submedian and the inter-

mediate; outer spine of basal prolongation of uropod usually

longer than the inner ; dactyle of raptorial claw with not

less than six marginal spines.

Genus Lysiosqiiilla (PL X. figs. 8-16).

(2) Primary marginal spines of telson large, with more than four

secondary spines between the intermediate and the sub-

median ; inner spine of basal prolongation of uropod longer

than outer ; dactyle of raptorial claw usually wdth no

more than six marginal spines.

Genus Squilla (Pis. I., II., III.).

In each of these genera there are certain characteristic or typical species, which are

sharply cut oflf from all other genera, but it is difficult to give any absolutely diagnostic

generic characteristics, as, in addition to the divergent and typical species, each genus

also contains a few species which are more primitive, with the characteristics of the

genus very slightly developed, and with features of resemblance to the primitive

species in other genera.

The form of the dactyle of the raptorial claw affords a ready means for distinguishing

species, and most of the genera are based upon peculiarities of this organ, which furnishes

a tolerably satisfactory index of relationship, but gives no clue to the wider and more

deep-seated affinities; but as soon as we ignore the preponderating importance which has

been attached to the big claw, and take the whole organisation into consideration, we

find that there are, in each genus, species which exhibit evidences of relationship to a

common type or ancestral form, from which the various genera have diverged, and which

was characterised by the possession of small, subcylindrical eyes, an acutely pointed

rostrum, a smooth hind body, a short wide smooth carapace, very small antennary scales

and uropods, and a telson which was wider than long, with the marginal spines crowded

backwards, and the posterior border transverse, or nearly so.

From this primitive form, which is represented at the present day, probably with

slight secondary modifications, by the various species which I have associated under the

generic name Protosquilla, the various genera have diverged, and while it is not at all

probable that any species which we know is the actual stem form of the order, yet there

is ample evidence to show that this was characterised by the features which the various

species of Protosquilla have in common, and that it must have been more nearly allied to

them than to any other species with which we are acquainted. Thus, for instance, the
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more typical species of the genus Squilla, such as Squilla nepa, have broad triangular eyes,

an elongated carinated carapace with acute spines at its antero-latcral angles, longitudinal

carina) on all the abdominal somites, the appendages of the exposed thoracic legs filiform,

and the telson longer than wide, with well-developed marginal spines, of which only the

submedians are on the posterior border, find the others lateral. In Squilla lata (PI. III.

figs. 1, 2, 3) the eyes are narrow and only slightly enlarged at their tips, the appendages of

the exposed thoracic limbs are flat, and the submedian carinas are absent or obsolete on

the first five abdominal and all the thoracic somites. In Squilla fasciata (PI. III.

figs. 4, 5) the eyes are cylindrical, not at all dilated at the tips, the appendao-es of the

exposed thoracic limbs are flat and strap-shaped, and the submedian dorsal carince are

completely absent on the first five abdominal somites; while in Squilla chlorida

(PI. II. figs. 1-5), which is not usually regarded as a Squilla, but is placed in a distinct

genus Chloridella, the eyes are constricted at the tips, the appendages of the exposed

thoracic appendages broad and flat, and the submedian carinas absent from all the

exposed somites except the sixth abdominal; and in Squilla [Chloridella) microphthalma

the eyes and appendages are like those of Squilla chlorida, but the dorsal surfaces of

the exposed somites are smooth, and their lateral edges but faintly carinated, and the

telson is wider than long, and the uropods small. In all these species the antero-lateral

angles of the carapace are acute, but in Squilla [Chloridella) votundicauda we have, in

addition to the wide telson the small uropods and eyes and antennary scales of Squilla

microphthalma, a loosely articulated hind body, a carapace which is rounded in front as

well as behind, and the posterior margin of the telson rounded.

The series is so complete that it is quite impossible to draw any line to separate the

genus Squilla fi'om the genus Chloridella, and all the species must therefore be

associated in a single genus Squilla. It is easy to find an answer to the question, which

term in the series of species of Squilla is most primitive, for while the large multi-

carinated Squillx are so diS"erent from the Lysiosquillse that there can be no question as

to their distinctness, it is difficult to discover any characteristics which shall separate

Squilla microjjhthalma from the latter genus ; but we find that this species does not

resemble all species of Lysiosqicilla to an equal degree, for the genus includes species,

like Lysiosquilla [Coronis) excavatrix (PI. X. figs. 8-16), which have, like Squilla microph-

thalma, small eyes and uropods, and flat wide appendages to the exposed thoracic

limbs ; as well as species which, like Lysiosquilla maculata, have these appendages

linear and the eyes broad and triangular. We may therefore state with confidence

that Lysiosquilla maculata and Squilla nepa are more divergent than Lysiosquilla

eoccavatrix and Squilla microp>]dhahna, and that the two genera are divergent branches

from a common type, from which both genera have inherited the flat hind body and the

many-spined raptorial claw ; and that this ancestral form had small eyes, antennary

scales and uropods, and a transverse telson.

(ZOOL. CHALL. EXP.— PAHT .\LV.— 1886.) Ty 2



10 THE VOYAGE OF H.M.S. CHALLENGER.

This ancestral form must have been very similar to two closely related living species,

Squilla hradyi, Milne-Edwards, and Gonodactylus ti-achurus, Miers, which are referred

by Miers to the genus Gonodactylus on account of the enlargement of the base of the

dactyle, and to Squilla by Milne-Edwards on account of the presence on the same

organ of marginal spines, and the flatness of the hind body. Their points of

resemblance to Gonodactylus are also points of resemblance to Protosquilla, and as they

differ from all the species of Gonodactylus in the flatness of the hind body, and the

presence of spines on the dactyle, there can be no doubt of the propriety of placing

them in a distinct genus, for which I propose the name Coronida. Coronida has, like

the convergent species of Lysiosquilla and Squilla, small eyes, antennary scales and

uropods, a fiat hind bod}^, an armed dactyle, and a wide rounded telson, and there can

therefore be no doubt of its close relationship to the ancestral type of these genera.

The species of Coronida, Pseudosquilla and Gonodactylus, are closely related, but not

in such a way as to indicate that any one genus is the ancestor of the others. The two

latter resemble each other, and diflFer from the first, in the fact that the hind body is

convex and narrow and l)ent do'miwards at the tip, while it is straight and flat and wide

in Coronida.

Gonodactylus and Coronida resemble each other and diS"er from Pseudosquilla in the

presence of an enlargement at the base of the dactyle of the raptorial claw, while

Pseudosquilla and Coronida resemble each other and difi'er from Gonodactylus in the

presence of marginal spines on the dactyle.

This triangular relationship can be accounted for only on the hypothesis that they are

the divergent descendants of an ancestral form which each one of them resembles in

certain features, to which, in each genus, secondary difi"erences have been added.

As there is no reason to suppose that this divergence is recent, we should not expect

to find this ancestral form still represented by living species, but as the living species of

Protosquilla exhibit, like this hypothetical stem form, features of resemblance to each of

these genera, it is not only probable, but almost certain, that they are much more directly

descended from the ancestral form than any of the species of Gonodactylus or Pseudo-

sqxiilla or Coronida ; and, of course, than any of the Lysiosquillse or Squills.

Protosquilla resembles Gonodactylus in the small size and flatness of its carapace, in

the presence of an acute spine on the rostrum, in the unarmed dactyle dilated at its base,

in the height of the narrow hind body, the terminal somites of which are bent down-

wards, and also in the small size of most of the species.

It also resembles Pseudosquilla in most of these features, but the dactyle of

Pseudosquilla is without the basal enlargement, and is usually armed, like that of Coronida

and the Squillae and Lysiosquillee.

Coronida resembles Protosquilla in the small size of its ej-es, antennary scales and

uropods, the flatness of the small carapace, the enlargement of the base of the dactyle,
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and the presence of a median spine on the rostrum, while Protosquilla differs from all

other Stomatopoda in the length of the acute median spine of its rostrum, and in the

presence of acute long spines on its antero-lateral angles, and the union of the sixth

abdominal somite with thetelson; and as it also exhibits, in its long rostrum, rudimentary

uropods, and in the absence of a distinct sixth abdominal somite, a closer resemblance

than any other adult to the Stomatopod larva, there can, I think, be no doubt that it is

the most primitive genus in the order.

I have attempted to give a graphic representation, in the following diagram, of the

relationships between the genera of adult Stomatopoda, the heavy lines indicating their

convergent relationship to each other and to Protosquilla. The characteristics which

are joined by brackets to two or more genera are the features of resemblance between

those genera, while those characteristics which are thus joined to only one genus are

confined to this genus.

The diagram is intended to express the relationship between the genera as established

by the comparative study of all the species; and as it often happens that a feature which

is highly characteristic of a genus as a whole may be absent or modified in a few

exceptional species, the diagram cannot be used as a means of diagnosis. For example,

the Lysiosquillw have, as a rule, the outer one of the two spines on the ventral prolongation

from the posterior edge of the basal joint of the uropod longer than the inner, and I have

therefore given this feature as characteristic of the genus ; for the study of the larvae shows

that it is very significant, although it happens that there are one or two species in which

the inner spine is the longest.

While I trust that the diagram is quite intelligible, a word of explanation may be

desirable ; thus, the genus Coronida is shown, by the brackets, to share with Chloridella,

Coronis, and Protosquilla, its small eyes, uropods, and antennary scales; with Uiloridella,

Coronis, and Pseudosquilla the armed dactyle ; and with Protosquilla the small flat

carapace and acute rostral spine.
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The Accessory Copulatory Organs of the Male Stomatopod.

Before I end the discussion of the phylogenetic relationship between the genera of

adult Stomatopoda, I wish to call attention to the importance of figures and descriptions

of the complicated structure on the first abdominal appendage of the male. If each

description of a new species contained a figure of this structure, the tracing out of the

genetic relationship between the species would be greatly simplified ; although a knowledo-e

of this organ would, of course, be of no help in our present undertaking, the discovery of

the connections between the pelagic larvae and the adults. Unfortunately the Malaco-

logists have given little attention to this structure, as it cannot be studied to advantage

without removing it from the body and mounting it as a microscopic object.

In the case of the Challenger specimens Mr. G. B. Haldeman has kindly done this

for me, and has also made the drawings of this organ which are here given.

The endopodite of the first abdominal appendage of the male Stomatopod is furnished,

on its inner edge near the tip, with a complicated grasping organ which probably serves

for seizing the female, like the grasping forceps of many of the lower Crustacea and some

few of the Malacostraca, although I am acquainted with no observations as to their use

in the Stomatopoda. The structure has been figured by several observers, but no careful

comparative description has ever been published, although it often presents character-

istics of specific value, and difiers conspicuously in the different genera. One of the most

interesting and valuable peculiarities of the organ is that it seems to illustrate the degree

of relationship between the various genera, and an exhaustive study of its modifications

in the different species will be a very great aid in tracing the phylogeny and genetic

relationship of the various genera and species. Unfortunately, several of the new species

in the Challenger collections are represented only by female specimens, and the material

is too scanty to afford an opportunity for the exhaustive study of the subject, but I am
able to give, with the descriptions of several of the new species, figures and descriptions

of this structure, and I hope that these descriptions will serve to incite in some one who

has access to larger collections a desire to make a more thorough study of it.

The endopodite of the first abdominal appendage of the male Stomatopod consists of

a large flat basal joint (PI. I. fig. 2, A) separated by a movable transverse suture c

from the terminal joint B, which is notched or bilobed at the tip, and thus completely

or incompletely divided into an external leaflet a, and an internal one h. The latter

carries on the anterior surface of its inner edge, at the line of articulation with the proximal

joint, the petasma, or forceps, which consists of three portions : (1) the retinaculum or

appendix interna d, which is rounded at its proximal end, prolonged into a long

acute or subacute point distally, and with a straight internal edge which is closely

set with several crowded rows of hooked spines which interlace on the middle line

with those of the corresponding appendage on the opposite side of the body ; (2) the
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movable limb y' of the forceps, which is furnished with a large muscle which runs up into

its hollow base, while its tip is spoon-shaped on its external surface which is opposed to

the third portion, the fixed limb, e, of the forceps. This is a raised ridge on the flat

surface of the appendage, with its tip free, and, in most cases, bent into a hook, which is

curved towards the spoon-like hollow at the tip of the movable limb.

In Gonodactylm (PI. XV. fig. 4) the terminal joint A is divided into two lobes, a

and h, by a marginal notch, but the inner lobe is not separated from the outer one by a

suture. Pseudosquilla has justly been I'egarded, by nearly all writers on the Stomato-

poda,' as very closely related to Gonodactylus, and the modified appendage (PI. XV.

fig. 10) is very similar indeed to that of the latter genus, as will be seen by comparing

the figure with that of Gonodactylus graphurus (PI. XV. fig. 8). In both, the inner

lobe of the terminal joint is larger than the outer one, and separated from it by a marginal

notch but not by a suture.

The close relationship between Squilla and CJdorideUa is unquestioned, and I have

shown that the species which have been divided between the two genera really form a

single phylum or stem which cannot be divided into two genera. A comparison of the

modified abdominal appendage of the male Squilla leptosqudla (PI. I. fig. 2), or that

of SquUla quinqiiedentata (PI. II. fig. 6), with that of Squilla (Chloridella) chlorida,

will show that there is the closest resemblance. In all these the outer lobe a of the

terminal joint is separated by a suture from the inner lobe, the tip of which is elongated

considerably in advance of the tip of the outer lobe, although the more primitive rank of

Squilla chlorida is shown by the fact that the separation between the two lobes is much

less pronounced than it is in the more typical and highly modified Squilla. I have

shown that the species of Lysiosquilla and Coronis also form a single phylum, which it is

not practicable to divide into two genera, and the character of the modified appendage

is as similar in Lysiosquilla macidata (PL X. fig. 6) and Lysiosquilla (Coronis)

excavatrix (PI. X. fig. 12) as it is difi"erent from that of Gonodactylus and Squilla. The

terminal joint B is subtriangular, and the suture c which separates it from the proximal

joint is transverse, while it is oblique in the other forms. The outer lobe a is very

much larger than the inner h and triangular, while the inner lobe is very small and

nearly circular, and separated by a movable suture from the outer. The movable limb

of the forcepsy is greatly elongated and is not bent at the tip, while the fixed limb e is

very small and rounded at the tip.

While no classification can ever be accepted as final, the one which I have expressed

in the preceding diagram is at least an approximation to the truth, and gives, so far as

our present knowledge enables us to trace it, the genealogy of the species of Stomatopoda,

so far as this can be established from the study of the adults.

In most animals we look ro the larvse or embryos for evidence of genetic relationship,

more satisfactory and intelligible than any which is furnished by the adults, for it is a
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general rule, in the animal kingdom, that the larvfe or young of related species are less

divergent than the mature animals. Even if we were able to rear the larvae of the Stomato-

pods, and thus to use the evidence which they supply, this rule would not apply in tliis

case. The larval life is so long, and forms such a considerable part of the total life of

each individual, and the larvae are so perfectly developed, and their relations to their

environment so complex, that there are about as many species of larva as of adults, and the

specific differences between them are fully as pronounced ; while the diflferences between

diflfereut genera of larvae are often greater than those between the genera of adults. The

fully growTi larva) are in no sense embryonic or generalised ; they have no reproductive

organs, but in all other particulars they are just as highly organised as the mature

animals, and if the animals were to become sexually mature while I'ctainiug the organisa-

tion which fits them for their pelagic life, and if the final sedentary stage were then

dropped, we should then have an order of pelagic Crustacea of as high organisation, and

with as many well-defined genera and species, as the order Stomatopoda.

The larvae may thus be treated exactly as if the}'' were adults, and a natural or

phylogenetic classification of them established by the comparative study of their

organisation exactly as we have done for the adults.

As each larva is only an immature adult, or each adult only a fully grown larva, the

genetic history of each specific adult must be identical with that of some specific larva,

namely, its own larva.

If, then, comparative anatomy enables us to trace from the study of the adults of an

order or family or genus, their natural or genealogical classification, it must of course be

possible to do the same thing with the larvae, and if the classification which is established

is natural, there must be a discoverable relation between the one derived from the larvae

and the one derived from the adults.

In most cases this is unnecessary, as we are able to trace the young to its

adult form, and to use the whole life history as a basis for classification, and in most

cases it would also be extremely difficult, on account of the embryonic or generalized

character of young animals, and the absence of conspicuous specific differences, but it

fortunately happens that in the Stomatopoda, where we are compelled to resort to

this or some other indirect method for discovering what larva pertains to what adult, it

IS also much more easy than usual, owing to the high specialisation and great diversity

of the larvae.

We cannot expect absolute agreement between the two classifications, for the sources

of our evidence can never be complete. We knew nothing of the larval types which may

have existed in the past, and next to nothing of the fossil adults, and it is very probable

that some of the larvae belong to unknown adults, and also that the larva) of some of

the known adults are as yet undiscovered, and it is very probable that two allied adults

may have remained alike, while their larvae have been modified in two divergent directions,
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aud that two allied species of adults may have originated in the same manner from a

common type, while their larvae have remained alike.

Still, after all these allowances, it still remains true that, inasmuch as the larvae of

two closely related species are themselves more closely related by blood than the larvae of

more widely separated species, their bodily structure must exhibit a record of this relation-

ship which can be discovered by study and comparison, and which will agree to some

extent with the record presented by the organisation of the adults ; the degree of

agreement depending upon the completeness of the two records and the correctness of

our interpretation.

What then is the natural or phylogenetic classification of the Erichthidge or

Stomatopod larvae when they are studied by themselves and treated as adult animals ?

The genera of Erichthidae which have been recognised by the systematists are

Erichilioidina, Erichthiis, Squillerichthus, and Alima, and of these four the first,

Erichthoidina, is simply a young Erichthus, and the third, Squillerichthus, a fully grown

larva of the Erichthus ty^e, so that the genera become reduced to two, Erichthus and

Alima. Of these two genera, one, Alima, is much more sharply defined than the other,

Erichthus, which contains a number of divergent types which admit of definition.

Three of these types are represented in the collection by numerous species, and are well

known. As it will be convenient to have names for them I shall use names which

indicate the adult genera or subgenera to which they are to be referred.

The Gonerichthus type, which Glaus correctly refers to the genus Gonodactylus,^ for

reasons which receive added weight from the study of the Challenger specimens, is shown

in PI. XV. fig. 6.

The Psenderichthus type, which Glaus has given very conclusive reasons^ for

regarding as the young of Pseudosquilla, is shown in PI. XII. fig. 6.

The Lysioerichthus (PL XI. figs. 1-5), which Glaus erroneously regards as the

young of Squilla,^ is, as I shall show, the young of Lysiosquilla. These three groups,

together with Alima (PI. I. figs. 4, 5), which Glaus regards as the young of

Lysiosquilla,'^ but which, as I shall show, is confined to the genus Squilla and diagnostic

of this genus, include nearly all the Stomatopod larvas, although there are a few larvae

which have a more isolated position, such as the one shown in Glaus's fig. 14, which I

shall designate as Erichthalima, and others which are intermediate between the three

Erichthus types. The statement on p. 610 and footnote in Glaus's Gruudziige der

Zoologie, that he has shown from the study of alcoholic specimens that Alima is the

young of Squilla will seem to conflict with my own statement that he regards Alima as

a young Lysiosquilla, but a reference to pp. 132, 133, 134, 135, 136, 138, and 154 of his

Monograph will show that he refers a number of Erichthus larvae to the genus Squilla,

1 Metamorpliose der Squilliden, pp. 138 and 139. 2 Metamorphose der Squilliden, pp. 140-146.
3 Metamorphose dei Squillideu, pp. 132, 133, 134, 135, 136, and 138. * Metamorphose der Squilliden, p. 154.
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and he gives at length, on p. 154, his reasons for regarding Alima as the young of

Lysiosquilla. It is true that he regards Lysiosquilla as a branch from the Squilla stem,

and that in this sense he does hold that Alima is a Squilla larva, but I suppose no one

would now regard Lysiosquilla as a Squilla.

A comparison of these larvse with each other indicates that they are all derived from a

primitive larval type which was hatched from the egg as an Erichthoidiiut, and reached its

final form by gradual growth, and an increase in the number of somites and appendages,

without any sudden change or the retrograde development of any of its appendages. It

was furnished \vith a deep carapace, which, however, was not folded inwards at its

ventral edges, and it was probably armed with a number of secondary spines between

the submedian and intermediate spines of the telson, and the edge of the carapace was

probably serrated. The most primitive among the recent adult Stomatopoda might be

expected to retain the most primitive larval type. We know of no fuUy grown larva

which can safely be referred to the genus Protosquilla, but the primitive larva must

have been ^'ery similar to what we should have if the Erichthoidina shown in figs. 1

and 2 of PI. XII. were to grow up and acquire its full number of somites and append-

ages, while the carapace and telson remained without change. The Goiierichthus larva

(PI. XV. figs. 1, 3, 6, 11) passes through an Erichthoidina stage, its appendages undergo

no retrograde metamorphosis, the hind body is convex, the carapace is deep but not folded

inwards, there are no secondary spines, or only one or two on the telson between the

submedian and the intermediate, the primary spines of the telsou are long, and the

outer spine of the basal prolongation of the uropod is very much longer than the inner,

and no specimens have ever been found with marginal spines on the edge of the long

slender dactyle. The last four characteristics are also characteristics of the adult

Gonodactylus.

In Pseuderichthus (PI. XII. fig. 6) the carapace is deep and very slightly infolded

along its lateral edges, the hind body is convex, the dactyle of the raptorial claw of the

older larvae sometimes show traces of marginal spines, the outer spine of the uropod is very

much longer than the inner, and the primary marginal spines of the telson are very

long, the submedians are tipped with movable spinules, and there are only one or two

secondary spines between the submedian and the intermediate. None of these character-

istics are absolutely diagnostic of the genus Pseudosquilla, but as all except the last are

true of the adults of this genus, it is probable that all these larvae are Pseudosquilla?,

like the one the history of which has been traced by Claus. If this larva hatches as an

Erichthoidina it must undergo retrograde metamorphosis, since the younger larvae have

no appendages on the third and fourth or fifth thoracic somites.

In Erichthalima^ the carapace is deep, and its lateral edges are infolded over the

ventral surfjice, and serrated, the hind body is flat, the telson is wider than long, there

' Clans, Metamorphose der Squilliden, fig. 14.

(zooL. CHALL. EXP.—PAr.T xLv.—1886.) Yy 3
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are numerous secondary spines on the telson between the submedian and the inter-

mediate, and the dactyle of the raptorial claw is armed with several teeth. In this last

respect, and in the flatness of the hind body, it resembles Squilla and Lysiosquilla, and

it also resembles all the Squillie, and diff"ers from all the Lysiosquillas in the great

number of secondary spines on the telson, while it resembles the Lysiosquillas and difi"ers

from all the Squillie except the most primitive in having the telson wider than long.

It resembles the most primitive species of both genera in the small size of its

uropods, and Claus's description renders it probable that the adult form to which it

gives rise has a long acutely pointed rostrum, thus differing from both Squilla and

Lysiosqiiilla.

The fact that some of its characteristics are shared by the adults of both these

genera, while others are confined to one and still others to the other, while still others

are not found in either of them, indicates that its adult may be equally related to but

distinct from both of them. Its relation to the Lysioerichthus and Alinia larvse is of

precisely the same character.

The Lysioerichthus larva probably passes through an Erichthoidina stage, with

retrograde metamorphosis of the third, fourth, and fifth thoracic appendages. The

carapace is very deep, and in the older larvae its lateral edges are folded inwards, and

they are serrated in the younger larv£e ; the dactyle usually bears traces of more

than six marginal spines, the hind body is flat and wide, the outer sj^ine of the uropod is

nearly always longer than the inner, the telson is mder than long, and there are from

one to four spines between the submedian and intermediate, and sometimes a larger

number in the very young laxva.

There is no evidence that the Alima larva ever leaves the egg as an Erichthoidina.

The third, fourth, and fifth, as well as the three following thoracic appendages, are

wanting in the youngest larvae. The carajDace is shallow and flat, and its lateral edges

are serrated throughout the whole larval life. The dactyle bears traces of marginal spines

which are never more than six in number, the hind body is flat and wide, the telson

is longer than wide, except in Alimerichthus, and there are numerous secondary spines

between the submedian and the intermediate.

In the flatness of the hind body and the presence of spines on the dactyle, Erich-

thcdmia resembles both Lysioet'ichthus and Alima. It resembles the very young

Lysioerichthus, and Alinia at all stages, in the serration of the lateral edges of the

carapace, while it resembles all Lysioerichthi and diS'ers from all Alimse except

Alimerichthus, in having the telson wider than long. It resembles all the fully grown

Lysioerichthi and diS'ers from all Alimw in having the carajiace very deep, with its

lateral edges infolded, and it differs from all Lysioerichthi and resembles all Alimse in

having more than four spines between the submedian and intermediate spines of the

telson. Lysioerichthus has the outer spine of the uropod usually longest, while the
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inner is always longest in Alima. In Erichthalima they are equal, and Ijotli ver}- short,

as is also the case in some of the more primitive Lysiosqidllse, and in Protosquilla.

It will thus be seen that Erichthalima has certain characteristics which are found

nowhere else except in Alima or Squilla, and others which are found nowhere else except

in Lysioerichthus or Li/sios(juiUa, and others which are common to both, and others

which are found iu neither. Wc must therefore regard it as a more primitive larva than

either, equally related to both.

In the Lysioerichthus series we have forms which, like Alima, have the rostrum and

postero-lateral spines long, and others which have them short. And in the Alima scries

we have Alimerichthus which has its carapace deep and its telson wider than lonw, as in

Lysioerichthus, while the carapace is flat and the telson longer than wide in all the other

Alim^.

The relationship between these various larvae may then be expressed in a diagram as

follows :

—

Alima. Lysioerichthus with short si)ine.«.

Alimerichthus. Lysioerichthus with long spines.

Uric/if/laliiHu. Pseuderichthus. Gonerichthus.

Unknown Ericlitlwidi7ia-]ike larva.

This classification exactly matches the one given for the adult Stomatopoda on

page 12, and, added to the fact that the few larvae which have been traced to their
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adult Stomatopods fall into their proper places, it furnishes very satisfactory proof of

the relationship between the larvae and their adults.

Faxon has reared a Squilla empnsa from an Alima larva. The Challenger collections

show that the larva of Lysiosquilla maculata is one of the short-spined Lysioerichthi ; I

have reared Lysiosquilla (Coronis) excavatrix, one of the more primitive Lysiosquilla},

from a long-spined Lysioeiichthus. Glaus has figured a series which shows beyond

question that at least one species of Pseuderichthus becomes a Pseudosquilla, and the

Challenger collections furnish ecpally good proof that the Chiragra group of Gonodactyli

come from Gonerichthus larvae, and I therefore believe that we may very safely assume

that all the Lysiocrichthus larvae are young Lysiosquilla^, all the Alima larvae young

Squills, Alimerichthus one of the lower Squillw or Oiloridellai, all the Gonerichthi

young Gonodactyli, Erichthalima very probably a young Coronida, and all the

Pseuderichthi very probably young Pseudosquillse. The evidence for this conclusion can

be much better estimated after the examination of the special descriptions which follow.
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LIST OF SPECIES IN THE COLLECTION.

The small collection of adult Stomatopoda consists of the following fifteen species,

of which eight are new, while two of the others, Sqxdlla fasciata and Protosquilla

(Gonodactylus) guerinti, have been only imperfectly described from single specimens.

As there are few adults which have been traced to their larvae, and as I am able to

give, from the study of the living specimens, an account of the metamorphosis of an

undescribed species, Lysiosquilla (Coronis) excavatrix, I have added a systematic

description of it, with illustrations, and hence the Report contains notes on the following

sixteen species:

—

Squilla nepa, Latreillc. Five males and two females from Pokoska, Japan, taken

with the trawl in 5 to 25 fathoms ; one male from Kobe, Japan,

8 to 50 fathoms ; one female from Reefs at Honolulu ; one female

taken with the trawl in 15 fathoms, on the coast of Japan, at

Station 233b, lat. 34° 18' N., long. 133° 35' E.

Squilla quinquedentata, n. sp. One male from 28 fathoms, at Station 188, in the

Arafura Sea, lat. 9° 59' S., long. 139° 42' E.

Squilla leptosquilla, n. sp. One male taken with the trawl in 115 fathoms in

Celebes Sea, near the Philippine Islands, in lat. 12° 28' N., long.

22°15'E.

Squilla chlorida, n. sp. One male specimen from a depth of 15 fathoms at

Amboina, Moluccas.

Squillafasciata, De Haan. One male and one female from 15 fathoms, at Station

233b, in the Inland Sea, Japan, lat. 34° 18' N., long. 133° 35' E.

Squilla lata, n. sp. Two males and one female from 49 fathoms in the

Arafura Sea, New Guinea, Station 190, lat. 8° 56' N., long.

13G°5'E.

Lysiosquilla maculata, Miers. One mature male from Amboina, one half-gro^vn

male from Samboangan, and a mature male and female from

Samboangan.

Pseudosquilla ciliata, Miers. One male and one female from 2 fathoms at St.

Thomas ; one male from Reefs at Honolulu.
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Gonodactylus chiragra, Latreille. Numerous males and females from St. Thomas

;

one male from Bermuda; one male from.Station 36, lat. 32° 7' 25"

N., long. 65° 4' W., near Bermuda; two from Samboangan, and

one from Samboangan Reefs.

Gonodactylus chiragra (var. minutus). Numerous male and female specimens from

near Cape St. Eoque.

Gonodactylus (juv.). Perhaps a young Gonodactylus chiragra, from Station 208,

near Philippine Islands ; 18 fathoms.

Gonodactylus graphurus, White. One male and one female from 8 fathoms, at

Station 186, near Cape York, in lat. 10° 30' S., long. 142° 18' E.

Gonodactylus glabrous, n. sp. One female specimen from the Reefs at Samboangan.

Protosquilla (Gonodactylus) elongata,n. sp. One female specimen from St. Vincent,

Cape Verde Islands.

Protosquilla (Gonodactylus) cerebralis, n. sp. One specimen from Fiji.

Protosquilla (Gonodactylus) guerhiii, White. One female specimen from Honolulu.

Lysiosquilla (Coronis) excavatvix, n. sp. From Beaufort, N.C., U.S.A.



DESCRIPTIONS OF GENERA AND SPECIES.

Order STOMATOPODA.

Family Squillid^.

Genus Squilla, Fabricius.

Diagnosis.—Stomatopoda with the sixth abdominal somite separated from the

telson by a movable joint ; the hind body depressed and wide ; the dactyle of the

raptorial claw without a basal enlargement, but \dt\i a series of spines, which are not

usually more than six in number, on its inner edge ; more than four secondary spines

between the intermediate and submedian spines of the telson, which is usually longer

than wide ; inner spines of ventral prolongation from basal joint of uropod longer than

the outer. Larva an Alima with the ocular and antennulary somites not covered by

the carapace ; the lateral edges of the carapace not reflected, but usually bordered by

small spines or serrations ; the inner spine of the ventral prolongation from the basal

joint of the uropod longer than the outer, and the telson with more than four secondary

spines between the intermediate and submedian sjjines.

Remarks.—I have had an opportunity to study the first abdominal appendage of the

male in only a few species of Squilla, but this organ has well defined common character-

istics in all these species, and we may probably add to the diagnostic characteristics

given above, the statement that the inner lobe of the terminal joint of the first abdominal

appendage of the adult male is longer than the outer, and separated from it by a suture.

While recognising the very close relationship between the genus Clilorida (Eydoux

and Souleyet) and the genus Squilla, Miers thinks that the former genus is a natural

one, which should be retained under the modified name CJiloridella ' to include the

Stomatopoda which have the dactyle of the raptorial claw armed with marginal teeth

and without a basal enlargement ; the carapace and hind body without longitudinal

carinse ; the eyes dilated in the middle and contracted at the tip ; the rostrum short

;

the carapace small and short, and the appendages of the thoracic limbs strap-shaped,

' Miers, On the Squillidje, p. 13.
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while the genus Squilla is restricted by him to those species which, with a similar

raptorial claw, have longitudinal carinse on the carapace and hind body ; the eyes not

constricted at the tips ; the carapace elongated, and the appendages of the thoracic

limbs slender and styliform.

The forms which he includes in the genus CldorideUa are certainly less specialised

than the higher Squills, but the Challenger collections show that they are connected

with the latter by intermediate forms in such a way that it is impossible to draw a line

between them, and that they do not form two divergent branches, but a single series.

Squilla lata, n. sp. (PI. III. figs. 1, 2, 3), is a Squilla, according to Miers's definition,

while Sqtdlla chlorida, n. sp. (PI. II. figs. 1-5), is a CldorideUa, but Squilla fasciata

(PL III. figs. 4, 5) is so very similar to both of these species that it is very hard to

distinguish from them, and it is intermediate between them in respect to the very

characteristics upon which Miers bases his genera. We must therefore enlarge the genus

Squilla to include the Cldoridellie.

Ontogeny.—The Alima larva is one of the most sharply defined larval types, and we

have every reason to believe that all the larvae in this group pertain to closely related

adults. As one of them has been kept by Faxon in an aquarium until it changed into

a young Squilla, and as all the species of the genus Squilla agree with each other in

several features which are not united in any other adult Stomatopod ; the flatness of the

hind body, the small number of marginal spines on the dactyle, the great number of

secondary spines on the telson between the intermediate and the submedian marginal

spines, and the greater length of the inner one of the two spines on the basal prolongation

of the uropod ; and as all the Alima larvae, including Alimericlithus, agree with each

other, and diflTer from all other Erichthidse except the anomalous Erichthalima, in

similar features, we can state with confidence that all Alima larvae are young Squills,

and that all Squilla larvae are Alimx.

While the Alima is a highly specialised larva it is, in a certain sense, embryonic, for

the fully grown Alima closely resembles the young Lysioerichthus larva, as may be

seen by comparing fig. 4 of PI. I. with fig. 5 of PI. XII. The Erichthus, in some

cases and probably always, hatches from the egg as an Erichthoidina, while it is

probable that all the Alimse leave the egg in the Alima stage ; but this is so similar to

the young Erichthus that Glaus was disposed to regard his Erichthus multispinosus as

an Alima, although the fully growii Erichthus is very difi"erent from the Alima at any

stage of its development. Apparently the stage which the Lysioerichthus passes

through, immediately after the Erichthoidina stage, has proved to be so well adapted to

the needs of the Sqidlla larva that it has been lengthened at both ends of the larval

life until both the initial Erichthoidina stage and the final Squillerichthus stage have

been crowded out of its larval life, and the Alima hatches as an Alima and remains an

Alima until it changes into a Squilla.
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The relation between the metamorphosis of Lysiosquilla and that of Squilla is

therefore something like this

—

Lysiosquilla

adult.

I

Squillerichthus.

I

Young Alima-hke Erichthus.

I

Erichthoidina.
I

I

Egg.

Squilla

adult.

Alinia.

Egg-

Squilla nepa, Latreille.

The Challenger collection includes ten specimens of this species : seven of thom, five

of which are males and two females, from Pokoska, Japan, captured in the trawl in from

5 to 25 fathoms of water ; one male specimen from Kobe, Japan, in 8 to 50 fathoms ; one

female specimen from the Eeefs at Honolulu ; and one female specimen taken in the trawl

at Station 233b, Inland Sea, Japan; May 26, 1875, lat. 34° 18' N., long. 133° 35' E.

;

15 fathoms; bottom, blue mud.

The tip of the first abdominal appendage of an adult male, Squilla empusa, is

shown in PL II. fig. 7 ; and that of Squilla nex)a is almost the same.

Measurements.

No. 1, Large male.

No. 2, Male a little smaller.

No. 3, Small male.

No. 4, Smaller male.

No. 5, Large female.

fzOOL. CHALL. EXP.—PART XLV.— 1886.) Vy4
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Measurements.
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carina? which are contiuucd forwards as far as the rounded angles. Between these

marginal ridges the dorsal surface of the rostrum is smooth, without a median carina,

with the posterior half pigmented (in the alcoholic specimen) and separated by a

semicircular line, convex in front, from the anterior colourless half. Antero-lateral

angles of carapace ending in very short acute spines
; postero-lateral angles rounded and

not prominent, and without a marginal notch. The carapace has a median longitudinal

carina which is very slightly raised, although its dark colour renders it conspicuous. It is

bifurcated at its anterior end and is interrupted at the transverse cervical suture, behind

which it is bifurcated to its posterior end, where the two divisions meet in a round median

tubercle on the posterior edge of the carapace. A lateral carina, marked with dark

pigment, runs from the antero-lateral spine on each side nearly parallel to and close to

the lateral edge of the carapace, as far as the postero-lateral angle, on which it ends

abruptly, without uniting with the transverse pigmented ridge which fringes the posterior

border of the carapace.

A second pigmented carina runs backwards from the antero-lateral angle for about

half the length of the carapace, internal to the submarginal keel, and nearer to it

anteriorly than posteriorly. At its posterior end it is about half way between the edge

of the carapace and a strongly marked convex ridge which lies in the longitudinal gastric

suture, between the elevated convex median gastric area and the lateral area. The

gastric sutures and tlieir ridges are slightly divergent posteriorly, and they are interrupted

at the transverse cervical suture, behind which the cardiac sutures are marked by similar

elevated ridges, which are slightly incurved at their anterior ends, behind which they are

slightly convergent posteriorly. External to the cardiac sutures there is, on each side, a

short pigmented carina, wdiich fuses with the pigmented border of the posterior edge of

the carapace, which latter is slightly emarginated, with a short acute median tooth.

The second, third, and fourth thoracic somites have each a median slightly impressed

white line, and on the sides of this a pair of pigmented submedian longitudinal carinse,

which are very short on the second, and which are clearly marked by their dark colour,

but are scarcely elevated above the general surface. The fifth thoracic somite has no

impressed median line, and the submedian carinas are like those on the preceding somite.

The submarginal carinje of the thoracic somites are scarcely elevated, and they are

marked by dark pigment, as are also the posterior borders of all the thoracic and

abdominal somites. The lateral processes of the second, third, and fourth thoracic

somites are bilobed ; the anterior lobe of the first is elongated, curved forwards and

acute, while the posterior lol)c is much shorter and subacute. On the lateral process of

the third thoracic somite the anterior lobe is shorter and subacute, and on the fourth

somite it is still shorter, while in both the third and the fourth somites the posterior lobe is

the larger, and its postero-lateral angle is acute on the third, and subacute on the fourth.

The fifth thoracic somite has only a single subacute lobe on each side. The first five
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abdominal somites have eight keels each, including the marginal ones, and the sixth

abdominal somite has six. In all the abdominal somites the postero-lateral angles end

acutely in spines, as do the posterior ends of all the keels on the sixth and fifth, and all

except the submedians of the fourth. There are no median keels between the carapace

and the telson, but the third, fourth, and fifth abdominal somites have median tubercles.

The submedian keels of the fifth abdominal somite diverge posteriorly, while all the keels

of the sixth abdominal somite converge posteriorly. The first lateral keels of the first,

second, and third abdominal somites are slightly sinuous. The telson has a very prominent

median dorsal carina, which is situated upon the middle line of an elongated convex

protuberance. The carina ends posteriorly in a prominent acute spine, and it is bordered

by dark pigment at each end and in the middle. The margin of the telson carries six

acute spines, with a short dorsal carina running forwards from the base of each of them,

and a similar carina, without a spine, on the anterior portion of the latei-al margin. The

submedian spines are straight, the intermediate curved, and the externals curved and

very short. There is a single rounded lobe or tooth between the base of the external

spine and the base of the intermediate spine on each side, and eight on each side between

the base of the intermediate spine and the base of the submedian, and six between the

submedians, three of them on each side of the deep median notch, which is closed

behind and converted into a foramen in the single specimen which was obtained. On each

side of the broad median longitudinal ridge the dorsal surface of the telson is marked by

shallow pits symmetrically arranged in curved lines, running outwards and backwards

from the median ridge to the notches between the rounded lobes on the posterior border

of the telson. The ventral prolongation from the basal joint of the uropod ends in a

short curved outer branch, and a much stouter and longer inner branch which carries a

blunt rounded tooth on its outer edge about half way between the base and the tip, and

a number of irregular serrations along its inner edge.

The outer edge of the second joint of the exopodite of the uropod is fringed by a

series of seven movable spines, the first six of which increase regularly in size towards

the tip, while the seventh is much larger than the sixth, and is terminal. The eye is

broadly triangular, and its length from its union mth the short stalk to the rounded

posterior angle of the cornea is about equal to its width between the two rounded angles

of the cornea, which is divided into two halves by a transverse vertical furrow. The

ocular somite is exposed on the middle line. The dactjdus of the raptorial second

maxilliped is divided into five curved acute teeth, and the keel on the anterior edge of

the third or carpal joint is smooth and entire.

The movable ramus / (PI. 11. fig. 6) of the forceps on the first abdominal

appendage of the male is very large, and four times as long as the fixed ramus, which

is bent into a single hook at its tip.
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Measurements.

thoracic

thoracic

thoracic

Totiil length from tip of rostrum to tip of mediau spine of telson,

Measurements along middle line :

—

Rostrum, ...•••••
Carapace, ....-•••

Total length of rostrum and carapace, . . . .

From posterior edge of carapace to posterior edge of second thoracic

somite, ..••••_
From posterior edge of second to posterior edge of third

somite,...•
From posterior edge of third to posterior edge of fourth

somite,...••
From posterior edge of fourth to posterior edge of fifth

somite, .

First al)dominal somite,

Second abdominal somite,

Third aVidominal somite,

Fourth abdominal somite,

Fifth aljdominal somite,

Sixth abdominal somite,

Telson on middle line,

Total length of hind body,

Total length on middle line.

Greatest length of telson, . . _ •

Width of carapace between antero-lateral spines,

Greatest width of carapace, .

Width of second thoracic somite,

Width of third thoracic somite.

Width of fourth thoracic somite.

Width of fifth thoracic somite.

Width of first abdominal somite,

Width of second abdominal somite,

Width of third abdominal somite.

Width of fourth abdominal somite,

Width of fifth abdominal somite.

Width of sixth abdominal somite, . _ .

Width of telson between postero-median spines,

Width of telson between postero-lateral spines,

Width of telson (greatest).

Length of first antenna (shaft),

Length of first antenna (flagellum), .

Length of first antenna (total), .

Length of flagellum of second antenna, including shaft

Length of scale of second antenna.

Length of eye,

Width of eye,

lu inches and
decimals.

5-37

•16

1-28

1-44

•13

•24

•22

•24

•40

•3G

•36

•40

•50

•34

•74

3-93

5^37

•96

•58

•94

•SB

•90

92
•92

h08
116
116
116
1-16

•98

•22

•62

104
1^00

•90

1-90

•96

•88

•20

•23

In thousandths

of total length.

30
238

268

24

45

41

45

74
67
67

75

93

63
138

732

1000

179

98
175

164

168
171

171

201

216

214
216
216
183

41

153
194

189
168

357
179

164

37

43
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Habitat.—Station 188, September 10, 1874, Arafura Sea; lat. 9° 59' S., long. 139° 42' E.;

flepth, 28 fathoms; bottom, green mud. A single male specimen.

Remarks.—Notwithstanding the fact that it has five teeth instead of six on the

dactylus of the raptorial claw, and the very slight development of the longitudinal carinse

on the hind body, this species bears such a very close general resemblance to the well

known Squilla nepa, that I was at first inclined to regard it as a smooth specimen of this

species, with an accidental variation in the number of teeth on the dactylus, and the more

especially as Squilla nepa is known to occur in the region where the specimen was

obtained. More careful examination, however, reveals so many minute points of difference

in all parts of the body that I think there can be no doubt of its distinctness. The

following, which are the most conspicuous differences, will serve to distinguish it with

readiness from the latter species. Squilla nepa has six and Sqtiilla quinquedentata five

spines, including the terminal one, on the dactylus of the raptorial claw. The carinse on

the anterior edge of the third joint or carpus of the raptorial claw of Squilla nepa is

irregularly dentated, while it is entire and smooth in Squilla quinquedentata. The

rostrum of Squilla nepa narrows slightly towards the tip, while that of Squilla quinque-

dentata is more nearly rectangular. The longitudinal cardiac sutures on the posterior

portion of the carapace are divergent posteriorly in Squilla nepa, and convergent in

Squilla quinquedentata. The submedian carinse of the fifth abdominal somite are

parallel in Squilla nepa, and divergent posteriorly in Squilla quinquedentata.

Squilla lep>tosquilla, n. sp. (PI. I. figs. 1, 2).

Diagnosis.—Ocular segment in front of rostrum. Eyes broad and sub-tri-

angular. Exposed segments of hind body with submedian carinae. Dactylus of raptorial

claw with four spines, including the terminal one. Antennulary somite ver}^ long,

reaching to tip of rostrum on middle line, and with its antero-lateral angles prolonged

forwards into acute spines. First thoracic somite jjartially exposed dorsally. Lateral

margins of second, third, and fourth thoracic somites acute. Telson with a long slender

median spine on dorsal surface, and three pairs of marginal spines, of which the second or

intermediate pair are much the longest, and the external pair shorter than the submedians,

and blunt, while the others are acute. First antennae very long.

General Description.—Rostrum nearly twice as long as wide, subtriangular, with a

rounded anterior end. Width of carapace between antero-lateral angles about ^^ of its

greatest width, which is equal to about two-thirds (^^) of its length. The length of the

carapace is
-j^oSjIj of the total length of the body, and its antero-lateral angles are produced

foru^ards as long acute spines, while the postero-lateral angles are prominent and broadly

rounded. The gastric area of the carapace is convex and elevated, -nath an obscure



REPORT ON THE STOMATOPODA. 31

median carina, whicli is continued forwards on to the rostrum, and is interrupted behind

by the strongly marked cervical sutures, posterior to which the median carina is

continued to the posterior edge of the carapace, where there is no median tubercle. There

are two longitudinal carinse on each lateral portion of the carapace, a submarginal one,

which lies near the base of the antero-lateral spine, along nearly the whole length of the

carapace parallel to and near the thickened lateral margin, and a second or internal one,

which lies about midway between the first and the gastric suture, and comes to an end

in front of the transverse cervical suture. The thickened ridge which borders the lateral

margin of the carapace and the rounded postero-lateral lobe bends inwards around the

postei-ior margin of the latter, and running forwards on the dorsal surface of the carapace,

forms a submedian carinse parallel to and just outside the cardiac suture, and extend-

ing forwards as far as the transverse cervical suture. The posterior edge of the carapace,

which does not completely cover the first thoracic somite, is nearly transverse.

The second, third, fourth, and fifth thoracic somites have each four longitudinal

dorsal carinse, the submedian on the second being very short and concave towards the

middle line ; the first five abdominal somites have each six longitudinal carinse besides

the marginal ones, and the sixth somite six in all, which all end posteriorly in acute

spines, while there are no spines on the submedians of the thoracic and first five

abdominal somites, nor on the first lateral carinse of the thoracic and first abdominal.

The marginals and submarginals of the first five abdominal somites, and the inter-

mediates of all except the first abdominal, end in spines. The submedian dorsal carina}

are parallel in the first eight exposed somites, divergent posteriorly in the fifth abdominal

somite, and convergent posteriorly in the sixth abdominal somite. While the somites

increase slightly in width from in front backwards the space included between the second

pair of carinse is of uniform width from the second thoracic to the fifth abdominal somite,

and these carinse form the prominent parallel ridges running along the whole length of

the abdomen, although the carina itself is interrupted by a notch near the anterior edge

of each abdominal somite except the sixth. The second, third, fourth, and fifth abdominal

somites have each a median dorsal double tubercle. The lateral processes of the thoracic

somites are much like those of Squilla mantis. The lateral margin of the second is

prolonged with a long straight acute lobe, while the thii'd and fourth are obliquely

truncated, the tliird more obliquely than the fourth, and end behind in acute points.

The fifth is furnished at its autero-lateral angle with a small subacute process or tooth.

The telson ends in six marginal spines, of which the submedians are acute and triangular,

the intermediates very long, curved, slender, and acute, and about twice as long as the

submedians, and the laterals verj- short, about half the length of the submedians, rounded

and subacute. The tips of the long median spines are in the same transverse hue with

the tips of the submedians, while their bases are in the same transverse line with the

base of the unpaired median spine. There is a single rounded dentation between the
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base of the lateral spine and the base of the intermediate, and between the base of the

intermediate and the tip of the submedian eleven or twelve small acute serrations, while

there are about the same number of similar but much smaller serrations between the tip

of the submedian spine and the middle line. The dorsal surface of the telson has a

median longitudinal ridge which ends behind in a long slender acute spine. On each side

of the ridge there is a longitudinal row of five or six shallow circular pits, from each one

of which a faintly marked curved line runs outwards and backwards to the posterior

margin. The endopodite of the uropod is long, slender, curved, and about eight times as

long as wide, and the elongated oval paddle of the exopodite is about equal in length to

the second joint. The ventral prolongation from the posterior edge of the basal joint ends

in two slender acute curved spines, of which the inner is much (about f) longer than the

outer, with a small tooth on its outer, and a series of minute serrations on its inner edge.

The eyes are broadly subtriangular, and the distance from the rounded posterior

angle of the cornea to the point where the eye joins the constricted stalk is ecjual to the

distance between the angles of the cornea, which latter is divided into two nearly equal

lobes by a vertical groove. The ocular somite lies entirely in front of the rostrum.

The first antenna has a very long slender shaft, and its total length to the tip of the

internal or longest flagellum is a little more than half dVu) the total length of the body

from the tip of the rostrum to the tip of the telson. The anterior edge of the somite

which carries the first antennae is under the tip of the rostrum, and its antero-lateral

angles are produced forwards as slender acute spines. The raptorial second maxilliped is

long, and its dactylus has on its inner edge four spines, including the terminal one, which

are acute, cur\'ed, and gradually increasing in size distally. On the outer edge of the

dactylus near the base there is a small process. The three pairs of exposed thoracic legs

are short and slender, and their appendages are filiform. The endopodite of the first

abdominal appendage of the male (PI. I. fig. 2) is elongated and nearly rectangular,

and the inner edge is straight. The outer lobe a of the terminal joint is much shorter

than the inner lobe b, which is separated from it by a suture. The fixed limb of the

petasma e is very long, reaching nearly to the tip of the inner lobe, and its tip carries

on its inner edge two hooks or lobes, one of which points towards the tip and the other

towards the base of the appendage.

Habitat.—The Challenger collection includes only one specimen, a male, from

Station 204b, lat. 12° 46' N., long. 122° 10' E., in the Celebes Sea, near the Philippine

Islands, taken with the trawl from a depth of 115 fathoms; bottom, green mud.
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Measurements.

Ou middle line :

—

Rostrum,

Carapace, .

Carapace, including rostrum,

From posterior edge of carapace to posterior edge of second

somite, ......
From posterior edge of second to posterior edge of third

somite, ......
From posterior edge of third to posterior edge of fourth

somite, ......
From posterior edge of fourth to posterior edge of tifth

somite, .....
First abdominal somite.

Second abdominal somite, .

Third abdominal somite.

Fourth abdominal somite, .

Fifth abdominal somite,

Sixth abdominal somite,

Telson on middle line.

Total length of hind body.

Total length on middle line,

CJreatest length of telson,

\Vidth of carapace between antero-lateral angles,

\Mdth of carapace (greatest), .

Width of second thoracic somite,

Width of third thoracic somite,

^\'idth of fourth thoracic somite.

Width of fifth thoracic somite,

Width of first abiloininal somite,

^\'idth of second abdominal somite.

Width of third abdominal somite,

\Vidth of fourtli abdominal somite.

Width of fifth abdominal somite.

Width of sixth abdominal somite,

^Vidth of telson bot^veen submcdian terminal spines.

Width of telson between intermediate terminal spines,

Width of eyes between angles of cornea.

Length of eyes,

Length of basal joint of first antenna.

Length of second joint of first antenna.

Length of third joint of first antenna,

.

Length of llagellum of first antenna, .

Length of Hagellnm of secoiul antenna,

Ltmgth of scale of second antenna.

Length of somite of first antenna,

1 .ength of labrum,

thoracic

thoracic

thoracic

tlioracic

In inches and
decimals.

•10

-.58

•G8

10

13

13

U
•20

•20

•20

•18

•25

•13

•34

2 GO

2^6S

44
24
39
•41

•41

•41

•40

•52

•54

•55

•56

•56

•is

•37

•13

•13

22
•26

•23

75
•61

•50

•14

•36

In thousandtlis

of total length.

36

209

245

36

47

46

50
72

72

72
65

90
43
158

lyir,

1000

158
86

140

147

147

147

144
187

194

198

201

201

46

133

46
46

79

94
83

296
222
180
50

129

Remarks.—This species differs from Squilla miles, Hess., iu tlie presence of acute

spines on the antero-lateral angles of the carapace, and in the alisence of triangular

(zooL. CHAi.i.. E.xr. — PAHT. xr.v.—1B86.) ^y ^
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processes on the four somites of the bind body, and of movable spinules on the sub-

median spines of the telson. It difJers from Mier's genus Leptosquilla in the enlarge-

ment of the tips of the eyes, and in the presence of distinct submedian carinas on all the

five somites of the hind body.

Squilla lata, n. sp. (PI. III. figs. 1, 2, 3).

Diagnosis.—The dactylus of the raptorial Hmb has six teeth, and the pectinations

on the inner edge of the second joint are arranged in an undulating line. Ej^es

directed forward, nearly cylindrical, with corneal portion hardly wider than base.

Appendages of exposed thoracic limbs strap-shaped. Hind body gradually increasing in

width backwards to the fifth abdominal somite, which is equal in breadth to one-fourth of

the total length. Inner spine of basal joint of sixth abdominal appendage with a rounded

tooth on its outer edge, and, on its inner edge, a series of acute dentations gradually

increasing in length distally. Eostrum elongated, nearly twice as long as wide.

Submedian dorsal carinse absent on the first and second thoracic and second and third

abdominal somites, and obsolete on all the others except the sixth abdominal, where they

are well developed. Submedian spines of telsou curved at their tips ; and flattened, broad

and rounded at their bases, with no intermediate dentations. Dorsal surface of telson

obscurely marked l)y curved lines. Paddle of exopodite of sixth abdominal apj)endage

as long as second joint. There is no spine on the dorsal surface of the basal joint of the

sixth abdominal appendage. Lateral edges of second thoracic somite acute, those of the

third and fourth obliquely truncated.

Special Description.—Rostrum twice as long as broad, and ending in a rounded

point. Antero-lateral angles of carapace acute, posterior angles rounded, anterior Ijorder

subacute, posterior border nearly transverse. No median carina on rostrum or carapace,

the gastric area of which is only slightly convex. On each side of carapace there is a

carina which reaches nearly to the cervical suture, behind which there is a short carina

on each postero-lateral lobe. A median dorsal tubercle close to the posterior edge of the

carapace. Length of rostrum xuSt?' '^^^^ of carapace jIjo^' ^"^^ o^ ^^^ two ^^o^oIj of the

total length. Hind body gradually and uniformly increasing in width from in front back-

wards to the fifth abdominal somite, which is more than twice (|-|^) as wide as the second

thoracic somite. The second thoracic somite has no dorsal carinas; the third has one lateral

carina on each side, but no submedians ; the fourth and fifth thoracic somites have very

obscure and short median carin^e which converge anteriorly, as well as lateral carinas.

The first five abdominal somites have three lateral carinas on each side. The first three

have no submedian carina3, while there are short obsolete submedian carinas on the fourth

and fifth, converging anteriorly. The third, fourth, and fifth abdominal somites have

each a median dorsal tubercle. The sixth abdominal somite has two well marked sub-
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medians and two pairs of lateral ones, all six ending in spines, while none of tlie other

carinae end in spines. The telson has a broad convex median dorsal ridge which ends

behind in a short acute spine, and on each lateral portion there are six obsolete

symmetrical curved lines. The j)Osterior border of the telson carries six lobes or teeth, the

laterals and postero-latcrals acute and straight, while the acute points of the submedians

arc curved inwards. There is a single rounded lobe between the lateral and the postero-

lateral, six between the postero-lateral and postero-median, and none between the postero-

medians, the space being filled up by the flattened bases of the spines which meet on the

middle line. The sixth abdominal appendage is very large, and the terminal paddle of

the exopodite is oval and equal in length to the proximal joint. The endopodite is long,

curved, and narrow, and the prolongation from the lower surface of the basal joint ends

in a short curved acute outer spine, and a much longer inner spine, which has a rounded

tooth on its outer border and on its inner border six or seven acute teeth which increase

in size distally. There is no dorsal spine on the basal joint.

The ocular segment is wholly anterior to the long rostrum, and the eyes are directed

forwards side by side, and are twice as long as wide and swollen in the middle, although

the retinal portion, which is divided by a depression into halves, is a little wider than

the base. The first antennae are short (^Vrj of t]ie total length) and their somite ends

dorsally in a pair of lateral spines which point forward. The flagellum of the second

antenna, including the three-jointed shaft, is nearly (f§) as long as the first, and the

scale is ^y^ as long as the animal.

The width of the carapace between the antero-lateral spines is about half (ff) its

greatest wadth, and almost exactly half its length. The dactylus of the raptorial claw of

the second maxilliped is armed with six curved acute teeth, gradually increasing in size

distally. The second joint has three movable spines on its inner edge, and the pectinations

of its outer edge are arranged in an undulating line, with a convexity under each tooth of

the dactylus (see fig. 2 PI. III.). The appendages of the three pau-s of exposed

thoracic legs are flat, strap-shaped, and dilated at the tips. The lateral edges of the

second thoracic somite are acute and a little curved forward, and those of the third and

fourth somites are obliquely truncated, with subacute anterior and posterior angles. The

fifth has no angular process. Sexes alike.

Habitat.—Station 190, in the Arafura Sea, south of New Guinea, September 12,

1874; lat. 8" 56' S., long. 136° 5' E. ; 49 fathoms; two males aud one female taken

in the trawl.

Remarks.—This and the following species, Squilla fasciata, closely resemble the

genus CIdoruIeUa in the shape of the eyes, and in the flattened strap-like form of the

appendages to the exposed thoracic limbs. They agree in many points, as wUl be shown

in the description of the second species, but there are so many well-marked differences

that there can be no doubt of their distinctness.
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Measurements.
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In its geueral characteristics this species conforms pretty exactly to Mier's description

of Squilla duhia of Milne-Edwards {Squilla rubrolineata, Dana and v. Martens), but it

may readily be distinguished from this species, which is recorded only from the western

shore of the Atlantic, by the absence of sul)median carinas on most of the free somites,

and by the alisence of dentations l^etween the submedian spines of the telson.

Squilla fasciata, De Haan (PI. III. figs. 4, 5 ; PI. II. fig. 8).

S(jHi/la fanciata, De Haan, Fauna Japoii., Crustacea, p. 224, p. 2, 2i, Hg. 4, 1849.

Squilla fasciata, Miers, Sijuillidne, Ann. and Ma,'^. Nat. Hist., ser. .5, vol. v. p. 29, 1880.

Diagnosis.—Six teeth on dactylus of raptorial claw. Dentations on inner edge

undulating. Eyes directed forward, neai-ly cylindrical, with conical portion hardly

wider than the base. Appendages of exposed thoracic limbs strap-shaped. Hind body

gradually increasing in width from in front backwards to the fifth abdominal somite,

which is equal in breadth to more than one-fourth of the total length. Inner spine of

liasal joint of .sixth abdominal appendage longer than outer, with a rounded tooth on its

outer and on its inner edge a series of acute dentations gradually increasing in length

distally. Rostrum only a little longer than wide. Submedian dorsal caringe entirely

absent in all the exposed somites of the hind body except the sixth abdominal. Sub-

median spines of telson acute, with about eight intermediate acute dentations. Dorsal

surface of telson with four or five sharply defined longitudinal carinse on each side of the

median ridge. Paddle of exopodite of sixth abdominal appendage about half as long as

second joint, and an acute spine on the dorsal surface of the basal joint of the appendage.

Lateral edges of second thoracic somite acute, those of the thiixl and fourth rounded.

Special Description.—Rostrum only a little longer than wide, subtriangular, with a

broadly rounded tip. Antero-lateral angles of carapace acute
;

postero-lateral angles

rounded
; anterior border nearly transverse

;
posterior border deeply notched on middle

line. No median carina on the rostrum or on the carapace, the gastric area of which is

conspicuously convex. Lateral cariufe of carapace very fointly indicated. No median

dorsal tubercle on posterior edge of carapace. Length of rostrum rtlis^ '^^^^^ of the

carapace y-^^^'^, and of the two f^^ of the total length. Hind body gradually and

uniformly increasing in width from in front backwards to the fifth abdominal somite,

which is one and one-half times as broad as the second thoracic somite. There are no

submedian dorsal carinjE on any of the exposed somites of the hind body except the

sixth abdominal
; the second thoracic somite has no dorsal carina?. The third, fourth, and

fifth have each a pair of lateral carina;, and the first five abdominal somites have each

three pairs of lateral cariuaj, including the marginal ones ; all of which, except the inner

ones^of the first abdominal somite, end in spines. The sixth abdominal somite has well-

marked submedian carina; converging posteriorly, and two pairs of lateral ones, all six
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endino- in spines. The telson has a broad convex median dorsal ridge which ends behind

in a short acute spine, and on each lateral portion there are four or five sharply defined

parallel longitudinal carinse. The posterior border of the telson has three pairs of acute

straio-ht spines, and there is a single rounded tooth between the lateral and postero-

lateral, eioht acute curved teeth between the latter and the submedian, and four between

this and the middle line, which is deeply notched. The sixth abdominal appendage is

very large, and the terminal paddle of the exopodite is oval and half as long as the

proximal joint. The endopodite is long, narrow, and very slightly curved, and the

prolongation from the ventral surface of the basal joint ends in a short curved acute

outer spine, and a much longer acute inner spine which has a rounded tooth on its outer

border, and on its inner border seven or eight acute teeth which increase in size distally.

There is an acute spine on the dorsal surface of the basal joint.

The rostrum reaches to the base of the ocular segment, and the eyes are directed

forward, side by side, and nearly cylindrical and about twice as long as wide. The first

antennae are long {^ of the total length of the body), and their somite ends dorsally in

a pair of acute spines which are slightly divergent. The flagellum of the second antenna,

including the shaft, is about three-fourths (f^) as long as the first, and the scale is ^VV as

lono- as the animal. The width of the carapace between the antero-lateral angles is half

(1^) its greatest width and a little less than half (-^-g) its length. The dactyle of the

raptorial claw is armed with six acute curved teeth gradually increasing in size distally.

The second joint has three movable spines on its inner edge, and the pectinations on its

inner edge are arranged in an undulating line, with a convexity under each tooth. The

appendages of the three pairs of exposed thoracic limbs are flat, strap-shaped and more

dilated and rounded at the tip than they are in Squilla lata. The lateral edges of

the second thoracic somite are acute, and strongly curved forward, while the lateral

edges of the third and fourth are rounded. The fifth has a subacute prominence on

each side. Males and females alike, except as regards the structures concerned in

reproduction.

jff'a&ito^.— Station 233b, Inland Sea, Japan, May 26, 1875; lat. 34' 18' N., long.

133° 35' E. ; depth 15 fathoms; bottom blue mud.

Two specimens, a male and a female, were obtained. The only other specimen known

is also from Japan, and is described by De Haan as the type of the species.

Remarks.—This species is very similar to the one last described, agreeing with it in

the presence of six teeth in the raptorial claw, the cylindrical shape of the eyes, the

almost total absence of median and submedian dorsal carina?, the great wddth and the

uniform increase in width of the hind body, the flattened strap-like shape of the appendages

of the exposed thoracic legs, the great length of the curved endopodite of the sixth

abdominal appendage, and the presence of acute teeth on the inner margin of its inner

spine. There are so many well-marked points of difi"erence, however, that there can be
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^leasurements.
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The species may be readily distinguished by the following features. The rostrum of

S<juiUa lata is twice as long as wide, and it gradually tapers to the narrow rounded tip,

while it is trigonal in Squilla fasciata, hardly longer than wide, with a broad tip. The

lateral edges of the third and fourth thoracic somites are obliquely truncated in Squilla

lata, and rounded in Squilla fasciata. The paddle of the exopodite of the sixth

abdominal appendage of Squilla lata is as long, and that of Squilla fasciata half as long,

as the second joint. The dorsal surface of the telson of Squilla lata is obscui'ely marked

by curved lines, and the submedian posterior spines are curved at the tip and broad at

the base, with no intermediate dentations ; while the dorsal surface in Squilla fasciata

is marked by longitudinal carinte, and the submedian spines are acute with intermediate

dentations.

In addition to these more conspicuous points, the following minute differences serve to

show the distinctness of the two forms :

—

The antennae are longer than in Squilla lata ; the carapace is nearly transverse in

front and deeply notched behind, while in Squilla lata it is sul^acute in front and nearly

transverse behind. All the carinse of the abdominal somites, except the inner pair on

the first, end in spines in Squilla fasciata, while in Squilla lata only those on the sixth

somite end in spines, and there is no dorsal spine on the basal joint of the sixth abdominal

appendage, while there is an acute spine in Squilla fasciata.

The following measurements in thousandths of the total

diflference between the two.

length also exhibit the
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dactylus of raptorial claw. All the exposed somites of the hind body with lateral dorsal
cariniB but no submedian dorsal carinas on any of the exposed somites, except the

w '
\ frr ; ,

^'^'^'^"'^^'^^ «^ ^^^^^ ^dg*^ «f ''<^ond joint of raptorial limb undulating
^^ idth of fifth abdominal somite equal to one-fourth of the total length Inner spine of
basal joint of uropod longer than the outer, with a rounded tooth on its outer edge and on
Its inner edge four or five acute teeth gradually increasing in size distally. Rostrum
wider than long. Dorsal surface of telson with numerous rounded tubercles on each side
of median ridge ; ventral surface smooth.

Special Description.-Rostmm without a median ridge, a little longer than wide
subtriangular and nearly semicircular. Antero-lateral angles of carapace acute

; postero-
lateral angles broadly rounded, and prominent; anterior and posterior borders nearly
transverse. Carapace without a median carina, and with very faint lines indicating the
lateral carina; gastric area convex and prominent, with a strongly marked cervical
suture. Length of rostrum ^g Ja, and of the carapace f^a^, and of the two ^^^%^^ of the
total length. Exposed thoracic somites increasing gradually in width. Fii-st five
abdominal somites nearly equal in width, and about equal in width to one-fourth of the
total length. The width of the fifth is ^^ of the total length, and it is ^ as wide as
the second thoracic somite. There are no submedian dorsal carina on any of the exposed
somites of the hind body except the sixth abdominal. The first thoracic somite is
exposed, and, hke the second, has no dorsal carina; the third, fourth, and fifth have
each a pair of short lateral carina, and the first five abdominal somites have each three
pairs of lateral carinas, including the marginal ones, none of which, except those on the
sixth abdominal somite, end in spines. The sixth abdominal somite has well-developed
submedian, and two pairs of lateral carinas, aU six ending in spines. The first four
abdominal somites have each a small median tubercle, which can be detected with
difficulty with a lens. The telson has a convex median dorsal ridge, which ends behindma short acute spme, on each side of which there are numerous scattered rounded
tubercles, which obscurely exhibit an arrangement in rows. The ventral surface of the
telson IS smooth, and the posterior border ends in six pairs of acute spines, with a
tuberculated ridge over the base of each postero-median and postero-lateral ; a sinde
acute tooth between the lateral and postero-lateral ; six or seven acute teeth between
each postero-lateral and submedian, and three or four on each side between the
tip of the submedian and the deep notch which occupies the middle line. The
sixth abdominal appendage is long, and the paddle of the exopodite is oval, about as
long as the second joint

;
the eqdopodite is long, narrow, and curved ; the basal

jomt carries an acute dorsal spine, and its ventral prolongation ends in a short acute
outer spme and a very much longer acute curved inner spine, which has a rounded
tooth on Its outer margin, and on its inner margin four or five acute curved teeth, which
mcrease in size distally. The rostrum reaches nearly to the base of the ocular somite,

(ZOOL. CHALL. EXP.—PART XL V.— 1886.) y 6
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and the eyes are directed forward, side by side, and swollen near the base. The first

antennse are about equal to ^ (^nj) of the total length of the body, and their somite

ends dorsally in a pair of acute spines which point almost directly forward. The

flao-ellum of the second antenna, including the shaft, is more than f (|^) as long as the

first, and the scale is only ^V ^s long as the animal. The width of the carapace

between the antero-lateral angles is about half (^|~) of its greatest width and about ^

(^) of its length. The dactylus of the raptorial claw of the second maxilliped is armed

with five acute curved teeth, which are finely serrated on their outer edges and increase

uniformly in length distally. The second joint has three movable spines on its inner

margin, and the pectinations on its outer margin are arranged in an undulating line,

with a convexity under each tooth. The appendages of the three pairs of exposed

thoracic limbs are strap-shaped and dilated at their tips. The first thoracic somite is

entirely exposed dorsally ; the second ends laterally in acute spines which are straight

and transverse ; and the lateral edges of the third and fourth are rounded, with the

postero-lateral angles of the fourth a little more acute than the antero-lateral angles.

The fifth is obliquely truncated behind. The endopodite of the first abdominal

appendage of the mule is broad and rounded (PI. II. fig. 5), and the outer lobe a

of the terminal joint is subtriangular, and much larger, but shorter, than the inner,

which is separated from it by a suture. The fixed limb of the forceps e is as long as the

movable limb h, and it ends in two hooks on its internal edge, one of which points

towards the tip and the other towards the base of the appendage.

Habitat.—Amboina, 15 fathoms; one male.

Remarks.—This species bears a close resemblance to Chhrida decorata, Wood-Mason,

from the Andamans, and to Chlorida microphthalma, Eydoux and Souleyet {Squilla

microplithalma, Milne-Edwards), from India, but it is readily distinguished from the

former by the fact that its telson is smooth below, and with scattered rounded tubercles

above, while the telson of Chlorida decorata is described as vermiculated above and

below by granulated ridges.

The presence of four instead of five teeth on the dactyle of the raptorial claw, and

the shortness of the rostrum, distinguish it from Squilla (^Chlorida) microphthalma, as

briefly described by Milne-Edwards ; and the presence of five teeth on the rajDtorial claw,

of long acute spines on the lateral edges of the second thoracic somite, and the fact that

the postero-lateral angles of the first four abdominal somites are obtuse, distinguish it

from Chloridella microphthalma {depressa) of Miers. The outline and dorsal surface of

the telson are also quite difierent from Miers' figure, while the whole anterior end of the

body, especially the rostrum and eyes, is so difi"erent from his figure that there can be

no doubt of its distinctness.

The genus Chlorida, Eydoux and Souleyet {Chloridella, Miers) is characterised by the

fact that the eyes are constricted at the tip and dilated near the base. It includes four
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Measurements.

Total length from tips of eyes to tip of telson,

Measurements on middle line :

—

Total length from tip of rostrum to tip of telson,

Rostrum, ........
Carapace, ........

Total length of carapace, including rostrum,

From posterior edge of carapace to posterior edge of second thoracic

somite, .

From posterior edge of second to posterior edge of third thoracic

somite, .

From posterior edge of third to posterior edge of fourth thoracic

somite, .

From posterior edge of fourth to posterior edge of fifth thoracic

somite, .....
First abdominal somite.

Second abdominal somite, .

Third abdominal somite.

Fourth abdominal somite, .

Fifth abdominal somite,

Sixth abdominal somite,

Telson on middle line,

Total length of hind body,

Total length on middle line,

Width of carapace between antero-lateral spines,

Width of carapace (greatest), .

Width of second thoracic somite,

Width of third thoracic somite,

Width of fourth thoracic somite,

Width of fifth thoracic somite.

Width of first abdominal somite,

Width of second abdominal somite,

Width of third abdominal somite,

Width of fourth abdominal somite.

Width of fifth abdominal somite.

Width of sixth abdominal somite,

Width of telson, between postero-median spines.

Width of telson, between postero-lateral spines.

Width of telson (greatest),

Greatest lengtli of telson.

Length of sixth abdominal appendage.

Distance between same.

Length of eye, ....
Width of eye, ....
Total length of first antenna, measured from tip of rostrum.

Total length of fiagellum of second antenna,

Total length of scale of second antenna,

In inches and
decimals.

1-50

1-57

•0375

3075

•3450

•0700

•0625

•0675

0850
•1125

•1250

•1125

•1250

•1475

•0875

•2275

1-2225

1-5075

•1750

•3225

•2725

•2625

•2975

•3125

•3750

•3774

•3824

•3900

•4124

•3974

•0824

•2450

3875
•2850

•3675

•8000

•1000

•0525

•4500

•3625

•1500

In thousandths

of total length.

24
19G

220

45

40

43

54

72
80

72
80
94

56
145

781

1000

112
206
174
168
190
200
240
241

245
250
264
254
53

157
248
182
225
512
64
34
288
232
96

species, one of which, Chloridella rotundicauda, Miers, is represented by a single female

specimen ; another, Chlorida latreilii, E. and S., by a single mutilated specimen ; while
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a third, Chlorida decorata, Wood-Mason, is very briefly and inadequately described,

and the fourth, Chlorida microphthalma, E. and S., by no means satisfactorily known.

Our species would belong to the genus if the shape of the eyes were the criterion, but

it is so perfectly connected with Squilla fasciata, a true Sqidlla, through the species

which was last described, Squilla lata, that the propriety of retaining the genus Chlori-

della must remain very doubtful for the present. A comparison of this species (PL II.

fig. 1), Squilla lata (PL III. fig. 1), and Squilla fasciata (PL III. fig. 4), wUl show

that no one of these three species should be placed in a genus which does not include

the other two, and as the last is clearly a true Squilla I have included all three in this

genus.

The comparative table of measurements of the three species which is given at the

end of the description of Squillafasciata will also serve to show the close resemblance

much better than a description.

Genus I/ysiosquilla, Dana.

Diagnosis.—Stomatopoda with the sixth abdominal somite separated from the

telson by a movable joint ; the hind body depressed, loosely articulated and wide ; the

dactyle of the raptorial claw without a basal enlargement, but with more than six

marginal spines ; no more than four secondary spines, and often only one, between the

intermediate and submedian sj)ines of the telson, which is usually wider than long ; and

the outer spine of the ventral prolongation from the basal joint of the uropod usually

longer than the inner. The larva is an Erichthus or Squillenchthus, with the ocular

and antennulary somites covered by the carapace ; the lateral edges of the deep carapace

folded inwards over the ventral surface ; the bases of the postero-lateral spines distant

from the dorsal middle line ; the hind body flat and wide ; the telson wider than long,

and with few spines or only one between the intermediate and submedian spines ; and

the dactylus of the raptorial claw with numerous marginal spines.

Special Description.—I have examined the first abdominal appendage of the males

of twq species, Lysiosquilla tnaculata (PL X. fig. 6) and Lysiosquilla excavatrix (PL

X. fig. 12), and find such great and characteristic diff'erence from Squilla, that I

do not hesitate to add to the diagnostic characteristics of the genus the statement that

Lysiosquilla is distinguished by the fact that the terminal joint of the exopodite of the

first abdominal appendage of the adult male is subtriangular, with its large outer lobe

separated by a suture from the very smaU inner lobe, and the fixed Hmb of the petasma

very small and not ending in a hook.

Like the genus Squilla the genus Lysiosquilla includes two minor groups, a highly

specialized one and a more primitive and slightly modified one. The single specimen of

Lysiosquilla (Coronis) scolopendra upon which Latreille based his genus Coronis, was
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very imperfectly described, and it has unfortunately been lost ; but his description and

the figures which were afterwards published by Milne-Edwards, show such a close resem-

blance to Lysioaquilla excavatrix, n. sp., described below, that there can be no doubt of

their very intimate relationship or of the importance of the difi"erences between them and

Dana's Lysiosquilla inornata, upon which this author based his genus I/ysiosquilla, which

has broad triangular eyes, large antennary scales, filiform appendages to the last three

thoracic legs, and the larva of the closely related Lysiosquilla maculata has a short rostrum

and postero-lateral spines; while Lysiosquilla (Coro7iis) excavatrix has small subcylindrical

eyes, minute antennary scales and uropods, dilated appendages to the last three thoracic

limbs, and the rostrum and postero-lateral spines of its larva are very long.

Notwithstanding these important difi"erences the various species agree in many

featuies, such as the presence of numerous spines on the dactyle, and of very few between

the submedian and intermediate spines of the telson, in the loose articulation of the wide

flat hind body, and the absence of dorsal carina. They cannot be arranged in two

divergent groups, and it is impossible to draw any abrupt line between them. There

can, therefore, be no doubt of the propriety of including them in one genus, as Miers ^

does, retaining Dana's term Lysiosquilla for all of them.

The higher and lower forms stand in precisely the same relation to each other as do

Squilla and Chloridella, and there is also a most suggestive similarity in the character of

the differences. In fact it is almost as difficult to detect generic difierences between

Coronis and Chloridella as between the latter and Squilla, or between Coronis and

the higher Lysiosquilla.

The two genera Squilla and Lysiosquilla are divergent stems from a common stalk,
.

and while the higher forms are quite distinct, the resemblance between the lower forms

is no more than we should expect.

While there can be no doubt that all the very wide Erichthi with a deep infolded

carapace are Lysiosquilla larvae, we cannot state with confidence that all Lysiosquillse

have larvae of this type, for there are no strongly marked and constant differences between

the L/ysioerichihiis and the Gonerichthus and Pseuderichthus, and it is not impossible

that some of the narrow elongated Pseuderichthi may be Lysiosquilla larvae.

In some of the Lysiosquillae, and possibly in aU of them, there are marked secondary

differences between the sexes.

Lysiosquilla maculata (Fabricius) (PI. X. figs. 1-7).

The Challenger collection includes four specimens of this well-known and -w-idely

distributed species; one full-grown male, No. 1, presented by the king of Amboina

;

a half-grown male, No. 3, from Amboina, and a mature male and female, No. 2, from

' Miers, On the Sqviillidse, p. 3.
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Samboangan. Miers has called attention ^ to the fact that in the single female with the

large raptorial limbs which he has been able to examine, the spines arming the

inner margin of the dactylus, instead of being strong and elongated as in the males, are

very short, and towards the base are reduced to little more than small serrations or teeth.

The fact that there is the same difference between the raptorial claws of the males and

that of the female in the Challenger series would seem to indicate that this difference

between the sexes is constant. The raptorial claw of a large male is shown in PI. X.

fig. 1, and that of the female in fig. 2. This difference is the more remarkable as

secondary structural differences between the sexes are extremely rare among the

Stomatopods. The male of Pseudosquilla ciliata is said to be more brilliantly coloured

than the female, and the female Lysiosquilla excavatrix is larger and darker coloured than

the male, but there are no structural differences except the modification of the endopodite

of the first abdominal appendage which is found in all male Stomatopods. The sterna of

the free thoracic somites of the female Lysiosquilla maculata are much thicker and stouter

than those of the male, and the median ventral carinse larger.

The first abdominal appendage of the male is shown in PI. X. fig. 6. The endo-

podite is elongated and shorter than the exopodite ex, and its terminal joint B is triangular,

wider than long, with the inner lobe h very much smaller than the outer lobe a, from

which it is separated by a suture. The inner lobe is nearly circular, with a deep notch

on its distal edge ; the appendix interna is long and prominent ; the movable Hmb f of

the forceps is acute and long, while the immovable limb is very small and scarcely visible.

Ontogeny.—The largest Erichthus larva in the Challenger collection, a Lysio-

erichthus, is the same as the one shown in Claus's figure 16, and probably identical with

Erichthus duvaucellei, Guer. It is shown in PI. X. fig. 7. It is very widely distri-

buted, and the collection contains numerous specimens from various localities in the

West Pacific. Specimens were taken in the tow-net between Api and Cape York,

between Admiralty Island and the coast of Japan, in the Straits of Mindoro, and at

other points, while Claus's specimens were obtained in the Indian Ocean, and Guerin's in

the Gulf of Bengal.

Its resemblance to the larva from which I have reared Lysiosquilla excavatrix

shows that it is a Lysiosquilla, and, like Lysiosquilla maculata, it is somewhat excep-

tional, since the inner spine of the uropod is longer than the outer, while most of the

adult Lysiosquillse, and most of the Lysioerichthus larvae, have the outer spine longest.

The raptorial claw is long and slender, and it exhibits traces of eight marginal spines,

whde the adult female Lysiosquilla maculata has seven or eight and the adult male

nine.

The abdomen of the oldest larva is marked by the transverse dark bands which are

so characteristic of the adult Lysiosquilla maculata, and I cannot doubt that this

1 Miers, On the Squillidse, p. 6.
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Measurements.'

Total length on middle line from tip of rostrum to tip of
telson, ......

Rostrum, ......
Carapace, ......

From tip of rostrum to middle of posterior edge of

carapace, .....
From posterior edge of carapace to posterior edge of

second thoracic somite, ....
From po.sterior edge of second to posterior edge of third

thoracic somite, .....
From posterior edge of third to posterior edge of fourth

thoracic somite, .....
From posterior edge of fourth to posterior edge of fifth

thoracic somite, .....
First abdominal somite, ....
Second abdominal somite, ....
Third abdominal somite, ....
Fourth abdominal somite, ....
Fifth abdominal somite, ....
Sixth al)dominal somite, ....
Telson on middle line,.....

Total length of hind body,

Total length on middle line from tip of rostrum
to tip of telson, ....

Width of carapace at anterior end.

Greatest width of carapace,

Width of second thoracic somite,

Width of third thoracic somite,

Width of fourth thoracic somite,

Width of tilth thoracic somite,

Width of first abdominal somite,

Width of second abdominal somite.

Width of third abdominal somite.

Width of fourth abdominal somite,

Width of fifth abdominal somite, .

Width of si.xth abdominal somite.

Width of telson between postero-median spines,

AVidth of telson between postero-lateral spines,

Greatest width of telson, .

Eye stalk.

Eye,

Width of eye,

First antenna, first joint, .

First antenna, second joint,

First antenna, third joint,

First antenna, longest flagellum,

Flagellum of second antenna.

Scale of second antenna, .

Antenna of segment,

Labrum, .

In inches.

No. 1.

11 1.1

7
TiT

115

No. 2.

oil
"'iff

1
'0

No. 3.

i

1

24r

9

IS

Tff

1 2

1 5
Tff
14
TT
14
Tff
14
IV

1 2

1 2
Tff

'Tff

^IT

1113

1 *

ItV
lA

1 1 1

'TV
-TS
2-4-

5

2A
15

lu
2A

3
TJ
tV
8
TT
7

TT
(i

TT
e
nr

'its
2

1
"
rj

TV

1 15

Tff

7

a
TV

TV
1 2
TV
1 1

TS-
1 2
13-
1 2
TV
14
TV
1 2
TV

1
*

^TV

71 2
'TV

QLl
''iV

1

1 10
'TV
1

ifV

m
2-V
2~V
2
1 14
'TV
1

lA
5

752
1

^TT
7

TT

4
Tff

5
TT

TT
7
TT
TT
7

TT
7

TT
8
TT
i.i
32
14
TT

4|t

ccso

1 1

TT

e
TV
1 o
TT
1 2
TT
1 4
TT
'TV
h%
lA
1^
lA
1^

1

TT
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In thousandths of

total length.

No. 1.

•037

•164

•201

•048

•048

•058

•063

•079

•074

•074

074
•095

•063

•122

No. 2.

•032

•168

•200

•798

•999

•106

•159

090
•111

•132

•143

185
•185

•196

•196

•190

•180

•080

•159

•180

•016

•037

042
037
032
032
•127

•166

•116

037
•084

•039

•045

•058

•058

•077

071
•077

•077

•09

•077

129

•798

•998

•103

•168

•103

•135

•155

•174

•200

213
213
213
206
•194

•103

•161

•187

•016

•032

•045

•090

No. 3.

•04

•166

•206

•04

•05

•05

•05

•07

•07

•07

•07

•08

•067

•145

•762

•968

•117

•168

•095

•105

•126

•147

•189

•200

•200

•200

•200

•189

•105

•179

•189

' No. 1, adult male; No. 2, adidt female; No. 3, half-grown male.
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large, widely distributed, transversely banded larva is the young of Lysiosquilla

maculata, which is one of the largest and most widely distributed Stomatopods. The

value of this identification can be much better estimated after examination of the

section on Stomatopod larvae.

Lysiosquilla {Coronis) excavatrix, n. sp. (PI. X. figs. 8-16).

Diagnosis.—Body depressed and loosely articulated ; whole dorsal surface smooth.

Carapace, with rostrum, making ^^ of the total length from tip of rostrum to

tip of telson. Eyes nearly cylindrical, with hemispherical cornese. Scale of second

antenna about ^-^ of total length. Eaptorial claw of second maxiUiped oval, with

fourteen or fifteen short curved pointed teeth and a much longer terminal tooth on

dactylus, and three movable spines on inner side of base of second joint. Second thoracic

somite with a blunt rounded lobe on each side. Appendages of third, fourth, and fifth

pereiopods ovate, that of the fourth being largest. Sixth abdominal somite with a long

acute process on each side, near anterior edge. Telson smooth, nearly rectangular, with

one median and two pairs of lateral subacute lobes. Endopodite of sixth abdominal

appendage triangular, basal prolongation ending in two simple acute curved spines, the

outer much the larger. Larva a long-spined Lysioerichthus.

General Description.—The carapace is smooth on its dorsal surface, with the gastric

sutures distinct from the anterior edge to the transverse cervical suture, behind which no

longitudinal sutures are visible. The space included between the gastric sutures is wide

and makes up rather more than two-thirds of the total width of the carapace. This

is elongated and slightly narrowed anteriorly, with the antero-lateral angles nearly

right angles and the postero-lateral angles broadly rounded. The anterior edge of the

carapace is nearly transverse, and it is very deeply emarginated on the middle line

behind. Its length on the middle line is ^j^, and its greatest breadth about j\fj of the

total length. The rostrum is a little longer than wide and the lateral edges are not

angulated, but are strongly convex in outline and regularly curved to the base of the

short acuminate tip. The rostrum completely covers the ocular somite, and hides the

base of the eyes. The first antennary somite ends laterally in long slender acute

spines, which curve outwards and forwards.

The first antennae are very short and their shafts are hidden nearly to the

tips below the eyes, which are small, subcylindrical, with terminal hemispherical

cornese, and are usually directed forwards side by side. The second antennae are almost

as long as the first, and the oval scale is very narrow and short, its length being only

^^00 of the total length of the body.

The second joint or propodus of the raptorial claw is broad, with an obscure longitu-

dinal ridge on its outer surface, and when the dactylus is closed the claw is oval and nearly
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flat. The dactylus (PI. X. fig. 11) is armed with fourteen or fifteen sharp curved
teeth, besides the terminal tooth, which is more than three times as long as any of the
others. There are three stout movable spines on the inner edge of the second joint near
the base, while the outer edge is fringed with numerous small immovable pectinations.

The carapace does not completely hide the dorsal surface of the first thoracic somite.
The second thoracic somite is prolonged on each side near its posterior edge into a
rounded lobe which projects backwards, while the lateral edges of the third, fo^'urth, and
fifth thoracic somites are entire and longitucUnal, with rounded antero- and postero-
lateral angles.

The thoracic somites are much narrower than the carapace, and they increase
regularly in width from the second to the fifth, which is less than two-thirds as wide as
the first abdominal. The first five abdominal somites are nearly equal in width and also
in length, their transverse diameter being about ^\^ and their average length about

^a of the total length of the body. They are a little (^) wider than the°carapace.
The sixth abdominal somite is considerably narrower than the fifth, and slightly
narrower than the carapace, its transverse diameter being less than ^ of the total

length of the body. It is about twice as wide as long. On the lateral margin on each
side, close to the anterior edge,. there is a prominent acute curved process, but its

posterior edge is entire, and the suture which separates it from the telson is very
obscure, but movable. The whole dorsal surface of the rostrum, carapace, hind body,
and telson is smooth and highly polished, and without carinje or spines.

The telson is as wide as the sixth abdominal somite, nearly rectangular, and ^ as
long as wide, its length being about^ of the total length of the body. Its posterior
edge is transverse, as long as the anterior edge, and nearly straight, and it is divided, in

the adult, by four concave notches into five subacute lobes, of Avhich one is on the
middle fine, and two on each side, all nearly equidistant. In the young the median lobe
is represented by a pair of submedian spines, with noinute setse on the margin of the
telson between them.

The exposed thoracic limbs are short and their appendages are broad, oval, and
membranous. The uropods are small and little used in locomotion ; the endopodite
is triangular, and the ventral prolongation from the basal joint ends in two acute,

curved, unarmed spines, of which the outer is much the larger. The anterior process

of the mandible is bordered by two rows of irregular obtusely rounded dentations,

which are continued to the tip where there are two terminal dentations. The
endopodite of the first maxilla, fig. 9, ends in a stout acute curved spine, which
carries on its outer surface two stout movable hairs and one slender one. The outer

surface of the second maxilla, fig. 10, is smooth, and is not diA-ided into lobes by a

median furrow.

The first five pairs of abdominal appendages are furnished with very large exopodites
(ZOOL. CHALL. EXP.—PART XLV.— 188G.)

'

Yy 7
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which overlap on the middle line. The endopodite of the first abdominal appendage of

the male is shown in PI. X. fig. 12. It is very much smaller than the exopodite,

triangular, and as wide as long. The inner lobe b of the terminal joint is very small,

nearly circular, and separated by a suture from the broad triangular outer lobe a. The

movable limb of the petasma is long, nearly straight, and armed on its outer edge, near

the base, with an acute spine, while the fixed limb is very short and without a hook at

the tip, which is rounded, as is the case in Lysiosquilla maculata. The sexes of this

species are quite different from each other, and it seems probable that secondary sexual

differences may occur in all the flat loosely articulated Stomatopods.

The character of the difference between the sexes is however quite diflFerent from

what we find in Lysiosquilla maculata. In the latter species the sexes are alike in size

and colour, and they diflfer in structural features, while in this species there are no

structural differences except those which are concerned in reproduction, but the female is

much larger than the male, and of an opaque oUve brown, almost black colour, while the

male is of a transparent grey.

Habits.—As our information regarding the habits of the Stomatopoda is very

scanty, I give aU that I have been able to learn of the habits of this species. It is found

in the sand of the ocean beach just below low-tide mark, where it is exposed to the full

force of the ocean swell, and it inhabits a very deep cylindrical burrow which is nearly

vertical and goes down for several feet. While watching for its prey the animal stations

itself at the mouth of the burrow, which is arched over with sand, so that only the tips

of the eyes are exposed. The food consists of small Crustacea, fishes and other small

animals, and when one approaches within reach the Coronis darts out of the burrow,

knocking away the loose sand, and seizing it in its raptorial claw it darts backwards with

it and retreats to the bottom of the burrow. When hungry it often captures prey at a

distance of six or eight inches, but, as a rule, it waits until it is near enough to be caught

without leaving the opening. The food which is captured is usually stored away at the

bottom of the burrow, and the animal returns to the mouth and resumes its watch. In

excavating its burrow the animal begins by stretching its body out on the sand, which is

then swept away from under it by the action of the abdominal appendages, until all of

the body exc^t the eyes and telson are buried. It then forces its head into the loose

sand which has been stirred up by the action of the abdominal appendages, and dragging

its body down it quickly becomes buried vertically, head downwards, and it continues to

burrow until it reaches the hard undisturbed sand, when it bends upon itself, and passing

the head up on the ventral side of the swimmerets it reverses its position and works

upwards to the surface, hardening and compressing the sand by the pressure of the dorsal

surface. After the upper end of the 'burrow is thus rendered firm and circular it again

doubles upon itself, and going to the bottom gathers an armful of sand, which is clasped

against the ventral surface of the body between the large second maxiUipeds, where it is ( (P.
5"'
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held in place by the flat oval chelae which are tightly clasped over it. At the opening it

stretches out as for as it can reach without leaving the burrow, and dropping the armful

of sand it smooths it down until it is level with the surrounding surface. This process is

then repeated until the burrow reaches a great depth, for I have dug for three or four

feet without reaching the end, and all the specimens which I kept in confinement

burrowed to the bottom of the aquarium.

When the burrow is finished the animal spends most of its time near the top, and as

the semicircular exopodites of the al)dominal appendages complete the outline formed by

the convex dorsal surface, it completely fills the circular tube, into which the constantly

vibrating scoop-like abdominal appendages carry a continuous current of water, which

escapes through the loose sand.

The whole organisation of the species,—the convex body, the semicircular swimmerets,

the small closely approximated eyes, and the broad flat claws,—adapt it for its mode of

life, and it is doubtful whether any other species is more completely subterranean in its

habits. Although it is very common at Beaufort, I have captured only one specimen

while swimming, and it very rarely ventures more than a few inches from the burrow.

Its movements when seizing its prey are so rapid that the eye can scarcely follow

them, and the attempt to cut ofi" its retreat with a trowel usually results in cutting the

animal in two, although this is the only method of capturing them which I have found

at all successful.

This species, when kept in confinement, makes a faint stridulating noise by rubbing

the uropod against the lower surface of the telson. Squilla empusa stridulates

vigorously in the same way, and its habits, which I have also had an opportunity to

observe, are quite difi'erent from those of Lysiosquilla excavatrix. It is very active,

swimming swiftly through the water, and pursuing its prey to a great distance from its

burrow, so that it is frequently captured in the water by the trawl or sein. It inhabits

muddy rather than sandy bottoms, and its burrow is a shallow U-shaped tube, open at

both ends, and excavated entirely by the action of the current of water which is set up

by the abdominal appendages. .

Ontogeny.—Lysiosquilla excavatrix is one of the few Stomatopods which have been

traced through their metamorphoses, and the fuUy grown larva, which is a long-spined

Lysioerichthus, is shown in PI. XL figs. 1-3.

I shall show in the section on Stomatopod larvae that it probably hatches as an

Erichthoidina, with five pairs of biramous thoracic appendages ; the sixth, seventh, and

eighth thoracic somites distinct but without appendages, and the telson joined to the last

thoracic somite with no intervening abdominal region. In the youngest Erichthus stage,

however, there is a long segmented abdomen with four pairs of fully developed append-

ages, and the thoracic somites from the third to the eighth have no appendages, while

those of the first and second thoracic somites have their adult form. The lateral edges of
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the young Erichthus are bordered with spines as in Alima, and the general structure of

the larva is very ^^ma-like ; a resemblance which totally disappears in the older larvae.

Habitat.—Common below low water mark on sandy beaches at Beaufort, N.C.,

U.S.A.

Measurements.
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Size.—Males from two to three inches long ; females from two and one-half to four

inches long.

Colour.—Males transparent, with small dark brown pigment spots uniformly distri-

buted, gi^ang the body a grepsh tint ; females more opaque and of a dark olive brown,

nearly black, colour.

Remarks.—This species seems to be very closely related to Lysiosquilla polydactyla,

but there can be no doubt of its specific distinctions.

Genus Pseudosquilla, Guerin.

Diagnosis.—Stomatopoda with the sixth abdominal somite separated from the telson

by a movable joint ; the hind body smooth, convex, and narrow ; the dactyle of the

raptorial claw without a basal enlargement, and with few marginal spines or none ; the

submedian spine of the telson long, and tipped with movable spinules, with usually a

single secondary spinule, sometimes two, three, or four, between the submedian and

intermediate marginal spines ; the terminal joint of the first abdominal appendage of the

male imperfectly divided by a marginal notch into an inner and an outer lobe ; larva an

elongated narrow Erichthus, with a short narrow carapace, with the postero-lateral spines

near the dorsal middle line, and the lateral edges slightly or not at all infolded ; the telson

longer than wide, wdth long submedian spines ; the proximal joint of the exopodite of

the uropod with numerous spines, and the outer spine of the basal prolongation much

longer than the inner and lonojer than the telson.

Pseudosquilla ciliata, Miers (PI. XV. fig. 10).

Pseudosquilla ciliata, Miers, Ann. and Mag. Nat. Hist., scr. 5, vol. v. p. 108, pi. iii. figs. 7, 8.

The Challenger collection includes two specimens of this weU-known species, a male and

a female, from 2 fathoms depth at St. Thomas, and also a male from the reefs at Honolulu.

The raptorial claws, the spines of the telson, and the paddles and spines of the

uropods retain, in the alcoholic specimen, the bright cherry red colour which, according

to G. Clark, is exhibited by the living animal. The alcoholic specimens also have eye-

like spots of black pigment near the lateral edges of the third thoracic and first abdominal

somites, and another on the dorsal surface of the base of the telson on the middle Une.

The occurrence of this Pacific species at St. Thomas is a remarkable fact in the

distribution of the Stomatopoda, but it will probably be found to be widely distributed

throughout the Atlantic as well as the Pacific, for Von Martens records it from Cuba.

The specimens from St. Thomas agree perfectly in measurements as well as in most other

respects with the one from Honolulu. The only differences which I have been able to

detect are the following : the paddle of the exopodite of the uropod is about as long as

the second joint in the specimens from the Pacific, while it is a little shorter in the two
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Measurements of male specimen from Honolulu.
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both the Atlantic and the Pacific, with slight difi'erences between the specimens from

widely separated localities, and Pseudosquilla oculata, BruUe, from the Canaries and

Madeira, may possibly prove to be one of these varieties of Pseudosquilla ciliata, but

the species of Pseudosquilla aU need careful revision, as there is evidently considerable

variability. Peculiarities of colouration are unsafe guides in the study of preserved

specimens, and most of the other marks for the discrimination of species are known to

vary. Thus Heller says that his Pseiidosquilla oculata (Pseudosquilla ornata, jNIiers)

may be distinguished from Pseudosquilla stylifera [Pseudosquilla ciliata, Miers) by the

fact that the spine of the uropod is longer than the endopodite, but Miers' figure of

Pseudosquilla ciliata (Squillid^e, pi. iii. fig. 8) represents the spine as longer than the

endopodite uropod, and this is true of the Challenger specimens also.

Genus Gonodactylus, Latreille.

Diagnosis.—Stomatopoda with the sixth abdominal somite separated from the

telson by a movable joint ; the hind Ijody convex ; and the dactylus of the raptorial

claw enlarged at the base, and without marginal spines. Larva, an Erichthus, has the

postero-lateral spines of the carapace near the dorsal middle line, the lateral edges not

infolded, aud hatches from the egg as an Erichthoidina, which becomes converted into

an Erichthus without the loss of any of its appendages.

Remarks.—All the Stomatopods with a dilated unarmed dactylus on the second

maxilliped are usually grouped in a single genus, Gonodactylus, but the collection of

species which are thus brought together is a very heterogeneous one, and little examina-

tion is necessary to show that the genus, as usually characterised, includes at least three

distinct assemblages of species. The species which have the sixth abdominal somite

immovably fused with the telson are obviously more closely related to each other than

they are to the other species of Gonodactylus, and as this fact should find its expression

in .the systematic zoology of the group I have placed these species by themselves in a

distinct genus Protosquilla, retaining in the genus Gonodactylus only those species

which have the telson movable. In the genus as thus restricted, two species, Gonodac-

tylus (Squilla) hradyi, A. Milne-Edwards, and Gonodactylus trachurus, Miers, differ

from all the remaining species in many features, such as the small size of the eyes, the

scales of the second antennae and the uropods ; the depression of the hind body, and the

presence of dentations on the inner edge of the dactylus of the raptorial claw. The pro-

priety of separating these species from the true Gonodactyli seems ob^'iou8, and as they

present many points of resemblance to both Lysiosquilla and Squilla, especially to the

least specialised species in these two genera, I suggest for them the generic name,

Coronida, compounded from Coronis, the generic name proposed by Latreille for the

Lysiosquilla with dilated appendages on the exposed thoracic limbs, and Chlorida,
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the generic name proposed by Eydoux and Souleyet for the small-eyed Squillce. The

genus Coronida will therefore include the Stomatopods which have the dactyli of the

raptorial claw dilated at the base and armed with spines on the inner margin, and the

hind body depressed ; whUe the genus Gonodactylus, as thus restricted by the removal

of the Protosquillce and the Coronidce, will include only the species which have the

hind body convex, the dactylus of the raptorial claw dUated at the base and unarmed, and

the telson distinct and movable.

In the genus Gonodactylus as thus restricted the terminal joint of the first

abdominal somite of the male is imperfectly divided, by a marginal notch, into an outer

and an inner lobe, which are not separated by a suture (see PI. XV. fig. 8).

The fixed limb of the petasma is short, and ends in a single acute hook, while the

movable limb is abruptly bent outwards near its base.

Gonodactylus chiragra, Latreille (PI. XV. fig. 4).

This common and widely distributed species is represented in the Challenger collection

by numerous males and females from St. Thomas, one male from Bermuda, one male

from Station 36, near Bermuda (32° 7' 25" N., 65° 4' W.), by two specimens from

Samboangan, and one specimen from Samboangan Bank, besides numerous adult male and

female specimens of a closely related but minute variety from near Cape St. Eoque. The

appendages of the exposed thoracic limbs of all the specimens of Gonodactylus chiragra

are slightly flattened, and twice as wide as thick, and their edges are parallel and not

dilated at the tip. The second joint of the exopodite of the uropod is more than twice as

long as the paddle, and it carries about eleven (ten in four specimens, eleven in seven

specimens, nine or ten in Heller's specimen from Nicobars, twelve in two specimens)

movable spines and one terminal ventral immovable spine.

The terminal joint of the endopodite of the male Gonodactylus chiragra is divided

by a deep marginal notch into an outer lobe (PL XV, fig. 4) a and an inner one h,

which is not separated from the outer one by a suture. The fixed limb of the petasma e

is short, swollen at the base, and bent inwards at right angles at the tip, thus forming a

hook which ends in an acute point. The much longer movable limb f is bent outwards

in a prominent sharply defined obtuse angle near its base.

There seems to be no room for doubting that the specimens from various parts of the

ocean which have been described as Gonodactylus chiragra really belong to one species,

and that it is very widely distributed throughout the Atlantic, the Pacific, and the Indian

Oceans. E. v. Martens says ^ that although he has formerly published his opinion that

this species is confined to the Indian Ocean, and the Pacific from the Red Sea to Chili, the

1 Ueter cubanisolie Cruetaceen, nach den Sammlungen Dr. J. Gundlach's, Archiv f. Naturgesch., 1872, Jahrg.

xxxiii., Bd. ii. p. 147.
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Measurements of a female, a, from Bermuda and a male, h, from
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of the telson, as well as slight differences in the colour of the alcoholic specimens from the

two previous localities.

Smith says ^ that specimens from the West Indian and Florida Keys do not differ from

those collected at the Eeefs of the Abrolhos at Caravella, Province of Bahia, Brazil, by

Hartt, but he says that " the American species is, however, very Ukely distinct from the

true Gonodactylus chiragra, from the Old World," although he gives no reason for this

opinion. A. Milne-Edwards^ records it from the Mediterranean, and coasts of America,

Africa, Asia, and Oceania. Miers says that he has examined a specimen four inches long

from New Guinea.

Gonodactylus graphurus, Miers (PI. XIV. figs. 1, 4, 6 ; PI. XV. figs. 3, 8).

.

Gonodactylus grapliums, Miers, Edw. J., On some new or undescribed Crustacea from the

Samoan Islands, Ann. and Mag. N"at. Hist., ser. 4, vol. xvi. p. 344, 1875.

Gonodactylus graphurus, Miers, Edw. J., On the Squillidse, Ann. and Mag. Nat. Hist., ser. 5,

Tol. v., 1880, p. 120, pi. iii. fig. 9.

Gonodactylus graphurus, White, List of Crustacea, Brit. Mus., 1849, p. 85 (no description).

Gonodactylus graphurus, Miers, Edw. J., ^Malaysian Crustacea, Ann. and Mag. Nat. Hist., ser. 5,

vol. V. p. 459, 1880.

Diagnosis.—Dactylus of raptorial claw without teeth and dilated at base. Eostrum

with a long slender acute median spine and subacute antero-lateral angles. Hind

body wider than the carapace, with its sides straight and parallel. Second thoracic

somite partially exposed dorsaUy. Lateral edges of all the abdominal somites with

triangular marginal carinse with the apices directed backwards. Dorsal surface of the

thoracic and first five abdominal somites without carinse or spines. Sixth abdominal

somite with a short unarmed median carina, and three pairs of swoUen convex lateral

carinse, all ending in spines, the second or intermediate shorter than the first and third.

Telson ending in six acute spines with broad bases, each one with a broad convex longi-

tudinal dorsal carina. Middle of dorsal surface of telson Mdth a protuberant hemi-

spherical eminence, upon which are five very broad convex carinae, of which the median

and submedian end posteriorly in acute spines, while the marginal ones are without

spines and shorter than the others. There is a triangular subacute prominence on the

anterior edge of the telson on each side, halfway between the middle fine and the lateral

margin, with a broad convex carina. Paddle of exopodite of uropod half as long as the

second joint. Basal joint of uropod with two acute spines on dorsal surface, while its

ventral prolongation ends in two nearly equal acute spines, with a rounded tooth on

inner edge of outer one near the base. Tergal surfaces of the first five abdominal somites

with longitudinal sutures on sides, and a transverse dorsal suture.

General Description.—Carapace flat, hind body convex, and highly polished.

1 Brazilian Crustacea, Trans. Conn. Acad., vol. ii. p. 31, 1869. ^ ^guy. Arch. Mus. Hist. Nat., t. iv. p. 6.5, 1868.



REPORT ON THE STOMATOPODA. 59

Rostrum consisting of a transverse proximal portion more than twice as wide as long,

with subacute antero-lateral angles, and a long slender median acute spine which reaches

beyond the bases of the eyes (see fig. 6). Carapace nearly rectangular, three-fifths

as long as wide, leaving the dorsal surface of the second thoracic appendage almost

completely exposed, with broadly rounded antero-lateral and more acutely rounded

postero-lateral angles. The antero-lateral angles project forwards beyond the median

gastric area, which is very slightly convex and a little wider posteriorly than anteriorly,

and bounded by two nearly straight gastric sutures which run from anterior to posterior

edge. Transverse cervical suture almost invisible. Posterior edge of carapace

transverse. Second thoracic somite as wide as carapace. The eight following somites

equal in width, and wider (xH) t^ian the carapace. The lateral margins of the third

thoracic somite are straight, with rounded angles, and as wide as the dorsal portion ; the

fourth is narrowed a little towards the lateral edge, and the fifth still more. There is a

median impressed line on the dorsal surface of the third and one on the fourth thoracic

somite. All the abdominal somites have marginal earinaj which are wide in front and

gradually become narrow towards the postero-lateral angle, which is rounded in the first

four segments, rectangular in the fifth, and ending in an acute spine in the sixth (see

fig. 1). There are no dorsal carinse on the first five abdominal segments. The sixth

(see PI. XIV. fig. 4) has a short unarmed median carina and three pairs of lateral carinse,

which terminate posteriorly in acute spines and are greatly swollen, so that they together

occupy more than half the dorsal surface of the somite, convexly rounded, and widening

anteriorly. The spines of the submedian and marginal carinse project beyond the

posterior edge of the somite, while those of the intermediate carinas barely reach it.

The second, third, fourth, and sixth abdominal somites are equal in length, and longer

than the first and shorter than the fifth. A strongly impressed suture (see PI. XIV.

fig. 1) crosses the middle line of each of the first five abdominal somites near the

posterior border, and bends forwards on the side of the somite, and each of these somites

has also a lateral longitudinal suture on each side, branching upwards at its posterior edge.

The telson is considerably -ndder than long (j-ff) and its dorsal surface is folded into

a very graceful pattern which can hardly be satisfactorily described, although it can be

understood by comparing the profile "\dew, fig. 1, with the surface view showTi in

fig. 4. The median portion is occupied by' a hemispherical prominence, upon which

are five meridional carinse, which are convexly rounded and so greatly swollen that they

almost completely cover it. Three of these, the median and submedians, are abruptly

rounded and emarginated at their posterior ends, where they end in acute spines, while

the third or marginal pair do not end in spines and are much shorter.

On each side of the median prominence there is on the anterior edge of the telson a

triangular prominence with a broad rounded subacute carina, and outside this, and near

the antero-lateral angle, there is a transverse rounded prominence without a keel, and a
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short transverse keel at the antero-lateral angle. The posterior edge of the telson is

folded into six acute spines, and from the tip of each a broad convex carina runs forwards

on the dorsal surface of the telson. The marginal carina reaches to the anterior border, the

intermediate stops a httle short of this border, and the third or submedian runs forwards

for about half the length of the telson, where it abuts upon the median prominence.

The marginal spines of the telson have acute tips and swollen bases with convexly

rounded outlines, and the deep sulci between them are bordered by convex ridges. The

outer spine is simple ; the intermediate has its outer edge simple and a secondary spine

on its inner edge near its base ; the submedian spine has a secondary spine on its outer

edge near its base, and twelve or thirteen acute dentations on its inner edge. The dorsal

surface of the basal joint of the uropod ends posteriorly in two acute spines, and there is

a rounded lobe outside the base of the outer one ; its ventral surface ends posteriorly in

a process divided into two acute curved spines, the outer longer and with a rounded

tooth near its base on its inner edge.

The paddle of the exopodite is more than half (^) as long as the second joint, which

has a rounded process on the inner edge of its base, about twelve movable spines on its

outer edge, and a ventral terminal immovable spine.

The eyes are cylindrical, with rounded cornege (fig. 6), and the first and second

antennae are about equal in length. The eyes hide all the shaft of the first antenna

except the terminal joint. The tip of the simple dactyle of the raptorial claw is curved

outwards, and its inner edge is barbed with minute serrations.

The endopodite of the first abdominal appendage of the male (PL XV. fig. 8) is

very similar to that of Gonodactylus chimgra. The terminal joint is divided by a

deep marginal notch into a small outer lobe and a large inner lobe, both of which

are rounded and not separated by a suture. The fixed limb e of the petasma is swollen

at the base and it ends in a single acute hook.

Remarks.—Notwithstanding the fact that this is a widely distributed species, no

minute description of it has been published, as Miers' description ' gives little except the

points of difference from Gonodactylus chiragra, and the only figure, the telson shown in

Miers' fig. 9, is misleading, as will be seen by comparison with our fig. 4, PI. XIV.

In his figures, as well as in his descriptions, he represents the central area of the dorsal

surface of the telson as made up of three pairs of curved carinse on the sides of the

median one, whereas more careful examination will show that the third or outermost

pair do not belong to the central elevated convex system so characteristic of this and

related species, but to a distinct eminence on the anterior edge of the telson.

This Species is very closely related to Gonodactylus chiragra. The species next

described, Gonodactylus glabrous, is in many respects intermediate between the two,

the three forming a sharply defined natural group or subgenus. It may readily be

1 Ann. and Mag. Nat. Hist., ser. 4, vol. siv. p. 341, and ser. 5, vol. v. p. 120.
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Measurements of a male specimen from near Cape York.
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Colour.—The alcoholic specimens have the carapace mottled with dark brown

pigment, with four sharply defined dark spots close to its posterior edge, six elongated

pigment spots on the third, six on the fourth, four on the fifth, and four on each of the

first five abdominal somites. Miers says that his specimens from the Samoan Islands were

dull olive green, with branchial appendages pink, but those colours are not preserved in

the specimens which I have seen.

Habitat.—The Challenger collection includes two specimens, a male and a female,

from 8 fathoms at Station 186, near Cape York, lat. 10° 30' S., long. 142° 18' E. Miers

records it from Torres Straits and from other points in Northern Australia, as well as

from the Eed Sea, Ceylon, Gulf of Suez, Seychelles, Samoa Islands, Amboina, and other

localities in the Indo-Pacific region.

Size.—Largest male specimen, 2^*^ inches from tip of rostrum to middle of

telson.

Gonodactylus glabrous, n. sp. (PI. XIV. fig. 5 ; PI. XV. figs. 7, 9).

Diagnosis.—Dactylus of raptorial claw wdthout teeth, and dilated at base. Eos-

trum with a long slender acute median spine, and subacute lateral angles. Hind

body wider than the carapace, Tvdth its sides straight and parallel. Second thoracic

somite slightly exposed dorsally. Lateral edges of aU the abdominal somites with

triangular marginal carinse with the apices directed backwards. Dorsal surfaces of the

thoracic and first five abdominal somites without carinse or spines. Sixth abdominal

somite without a median carina, and with three pairs of lateral carinse, aU ending in

spines, the submedian and intermediate being swollen and convex, while the marginal

is more narrow and linear. The second or intermediate is shorter than the first and

third. Telson ending in six acute spines with broad bases, and each with a sharply

defined narrow longitudinal dorsal carina. Middle of dorsal surface of telson with, a pro-

tuberant hemispherical eminence, upon which are five narrow sharply defined carinse, of

which the median and the two submedian end posteriorly in spines, while the marginal ones

are without spines and shorter than the others. There is a triangular subacute promin-

ence on the anterior edge of the dorsal surface of the telson on each side, halfway between

the middle line and the lateral margin, with a narrow sharply defined carina. Paddles

of exopodites of uropods less than half as long as the second joint. The basal joint of

the uropod has only one acute spine on its dorsal surface, while its ventral prolongation

ends in two nearly equal spines, with an obsolete rounded tooth on the inner margin of

the outer one near its base. The tergal surfaces of the abdominal somites have no trans-

verse or longitudinal sutures.

General Description.—This species is so very similar to Gonodactylus graphurus in

every prominent characteristic that the description of that species will serve for this also.
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except as regards the follomng features. The median spine of the rostrum of Gonodac-

tylus glabrous reaches halfway to the tips of the eyes (see fig. 7). The carapace almost

completely covers the fifth thoracic somite. The transverse cervical suture crosses the

middle line of the carapace close to its posterior edge. The postero-lateral angles of the

third and fourth as well as the fifth abdominal somite rectangular. The sixth abdominal

somite has no median carina. The marginal carinse of this somite are not swollen, and

the intermediate and sul^median carinas are much less swollen than they are in Gonodac-

tylus graphurus, especially towards their posterior ends (compare fig. 5 of PI. XIV. with

fig. 4). The abdominal somites have no transverse or longitudinal sutures. The telson is

nearly (x|t) ^ ^'^^^ ^^ wide, and its various dorsal carinse are all of them more sharply

defined than they are in Gonodactylus graphurus, as wiU be seen by comparing fig. 5 with

fig. 4, and they are very little or not at all swollen, so that the exposed spaces on the

dorsal surface of the telson, between the carinse on the median elevation as weU as

those between the carinas on the lateral portions of the telson, are much wider than the

carinas themselves. The outlines of the bases of the marginal spines of the telson are

nearly straight, and they lack the swelling convex curves of the graceful outline of the

telson of Gonodactylus graphurus. The dorsal surface of the basal joint of the uropod

has only one acute spine, and the paddle of the exopodite is considerably less than half

(^f ) ^^ ^^^o ^^ ^^® second joint, when measured on the dorsal surface. The tip of the

second joint of the first antenna is exposed in front of the eye. In all other respects the

species conforms to the general description of Gonodactylus graphurus.

Locality.—The Challenger collection contains one female specimen from Samboangan

Reefs.

Size.—The total length from the tip of the rostrum to the middle point of the

posterior edge of the telson is 1xu» inches.

Colour.—In the alcoholic specimen there is much less pigment than there is in

Gonodactylus graphurus, and this is restricted to small sharply-defined symmetrical

eye-like black spots, of w^hich there are six in the cardiac area of the carapace, two on

the sixth, and two on the seventh thoracic somite, four on the eighth, and six on each of

the first five abdominal somites.

Remarks.—This species may be recognised by its very close and striking resemblance

to Gonodactylus graphurus, from which it may be distinguished without difficulty by

the absence of sutures on the abdominal terga, by the absence of a median dorsal carina

on the sixth abdominal somite, as well as by the fact that all the dorsal carinas on this

somite and on the telson are more sharply defined and less swoUen and rounded than

they are in this species.

While it is a little closer than Gonodactylus graphurus to Gonodactylus chiragra,

there is httle difficulty in distinguishmg it from the latter species by the presence of six

well-developed marginal spines upon the telson, and of four carinas upon the central
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Measurements.
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Genus Protosquilla, n. gen. (PI. XVI.).

Diagnosis.— ^m^W Stomatopoda with the sixth abdominal somite more or less

completely fused with the telson ; the rostrum furnished with long acute median and
antcro-lateral spines ; the dactylus of the raptorial claw dilated at the base, and without
marginal spines, the eyes, antennary scales, and uropods small, and the hind body convex.

Ontogeny unknown.

General Description and Remarks.—The following small but very interesting and
remarkable Stomatopoda are very slightly known, and most of the species have, on account

of the absence of spines on the dilated dactylus of the raptorial claw, been placed by various

authors in Latreille's genus Gonodactylus, although they resemble each other in many
features which are also points of difference from Gonodactylus as weU as from all other

Stomatopoda.

While it is also true that they differ greatly among themselves, it is not difficult to

discover a common type of structure which runs through them all, and which should find

its expression in our system of classification. I therefore place them in a distinct genus,

and as many of their distinctive characteristics, such as the small size of their antennary

scales and uropods, the great length of the acutely pointed rostrum, and the union of the

sixth abdominal somite with the telson, are points of resemblance to the Stomatopod

larva, I propose for the genus the name Protosquilla. This name is the more appropriate

inasmuch as all the other Stomatopoda present evidences of divergent descent from a

common stem form, which, like the living representatives of the genus Protosquilla, was
characterised by the small size of its eyes, antennary scales, and uropods. In this genus

the dactylus of the raptorial claw is dilated at the base, with microscopic serrations, but

no spines, on its inner margin ; the rostrum has a long slender acute median spine, and

one or more pairs of acute antero-lateral spines; the eyes are small and subcylindrical

;

the carapace is smooth and flat, with well-marked longitudinal sutures, but with the

transverse cervical suture obsolete ; the hind body is convex, without dorsal caringe on

the first four terga, with its posterior end curved downwards, and with the sixth

abdominal somite more or less completely fused with the telson. The telson and sixth

abdominal somite differ in texture from the general surface of the body, and are often

remarkably and elegantly ornamented ; the telson is usually wider than long, and its mar-

ginal spines are pushed backwards, and are either obsolete or else developed in a remarkable

manner. The eyes, antennary scales, and uropods are very small, and the prolongation

from the ventral surface of the basal joint of the uropod ends in two short stout spines.

AU but three of the following species are known to exhibit all of these characteristics,

and while the published accounts of those three are so incomplete as to leave many points

in uncertainty, the close general resemblance between them and the better known species

indicates that future research will show that they share all the characteristics of the genus.

(ZOOL. CHALL. EXP.—PART XLV. 1886.) Yy 9
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As rewards one of the most remarkable peculiarities of the genus, the pushing

backwards of the marginal spines of the telson, the various species present a most

interesting series of steps in the process of modification. In Protosquilla folinii ' the

outline of the telson closely approximates the prevalent type among the Stomatopoda.

There are six marginal spines, and the submedians, which project furthest backwards,

are separated by a well-marked median notch, while the second pair are a little more

anterior, and the third pair stiU more so, all the marginal spines, however, being

fui-ther back than they are in ordinary Stomatopods. In the very closely related species,

Protosquilla elongata, PI. XV. fig. 2, all the spines are fused into a pair of rounded lobes

on the sides of the median notch, and no traces of the separate spines are visible in a

dorsal view, although their rounded ends project slightly below the general surface of the

ventral side of the telson, as shown in fig. 12.

In Protosquilla trispinosa {Gonodactylus trispinosus, Miers, Squillidas, pi. iii. fig. 10)

the median notch is faintly indicated, and all the spines are on the convexly rounded

posterior border of the telson. In Protosquilla cerebralis (PI. XVI. fig. 2) the telson is

transversely truncated behind, and the spines are all on its posterior edge. In Protosquilla

excavata {Gonodactylus excavatus, Miers, Squillidaj, pi. iii. fig. 12) the spines are obscurely

indicated, but the lateral ones are now the longest, and the edge of the telson is deeply

excavated between them, while in Protosquillafurcicaudata {Gonodactylusfurcicaudatus,

Miers, Squillidse, pi. iii. fig. 1 4) this excavation is carried so far that the median portion

of the telson has disappeared, and the two marginal spines have approached each other on the

middle Une, evidently as the result of an infolding of the median portion of the posterior

edge of the telson of the larva. In Protosquilla guerinii (PL XVI. fig. 1), the margmal

spines have undergone a very remarkable modification in a somewhat divergent direc-

tion. They are on the posterior edge, and the laterals project as far backwards as the

submedians, but they have become greatly divided, forming a complicated pectinated

structure.

As regards the telson, Protosquilla folinii is at one end of a series at the other end

of which is Protosquillafurcicaudata, Ijut it is difficult to decide which of these forms

is the one in which the process of modification began. As the telson is long, with a

convex border, in most Malacostraca, and in the Stomatopod larva, it is probable that

Protosquilla folinii is the primitive form, and Protosquilla furcicaudata a highly

modified form, and that the relationship to the other Stomatopoda is through Proto-

squilla folinii, which must therefore be regarded as one of the closest living allies of

the ancestral type of the order.

Outside the genus Protosquilla ; the two species for which I have proposed to establish

the genus Coronida, Coronida hradyi and Goronida trachura, are very similar to

Protosquilla, as are also, but in a less degree, the true Gonodactyli. On account of the

1 Gonodactylus folinii, A. Milne-Edwards, Nouv. Arch. Mus. Hist. Nat., t, iv., pi. xviii. tig. 10.
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great interest of this genus, I give, in addition to the descriptions of the species which

are represented in the Challenger collection, brief diagnoses of the other known
species.

1. Protosquilla elongata, n. sp. (PI. XV. figs. 2, 12; PI. XVI. fig. 4).

Diagnosis.—Protosquilla with the median spine of the rostrum long and

slender, and the autero-lateral spines bifurcated at the tips. Carajjace elongated, two-

thirds as . wide as long, with antero-lateral angl-es acute. Second thoracic somite

exposed and subacute laterally. Hind body wider than carapace. Lateral angles of

third, fourth, and fifth thoracic somites nearly straight, with rounded angles. Sixth

abdominal somite with a thickened transverse ridge along its posterior border,

from which four thickened carinse, two submedian and two submarginal, run forwards

to the anterior edge of the somite, the two outer carinas being obscurely di\dded

into three lobes. Suture between sixth abdominal somite and telson distinct but

immovable.

Telson a little Tvdder than long, mth a thickened median carina, and on each side of

this a very wide and prominent curved lateral carina. Telson with a deep notch on

the middle line behind, and on each side of this an obtusely rounded lobe, the outline of

which is continuous in a dorsal view, but with traces of three marginal spines on the

ventral surface. Endopodite of uropod triangular. First antennae short. An acute

spine on anterior edge of first joint of second antenna.

General Descnption.—Median spine of rostrum slender and acute, slightly dilated at

base, and reaching nearly to the tips of the eyes, which are cylindrical, with the corneal

portion inclined backwards externally. Antero-lateral angles of rostrum long, acute,

curved fom'ards, and divided at the tip into two spines one above the other. Carapace

narrower than hind body, much longer (f|) than wide, and slightly emarginated. The

antero-lateral angles ending in short spines, the postero-lateral angles rounded. Gastric

area distinct, rectangular, slightly convex, with gastric suture continued nearly straight

to posterior edge. Second thoracic somite exposed, narrow, and subacute at lateral

edges. The following thoracic somites wider than the carapace and nearly as wide as

the hind body. The lateral edge of the third is longitudinally truncated, that of the

fourth obliquely truncated, so that the somite is wider at the antero-lateral than at the

postero-lateral angle. The fifth is produced into a subacute lobe. First five abdominal

somites smooth dorsally, and almost but not quite equal in width ; the width of the

first being xWu. and that of the fifth ^^, of the total length. The postero-lateral

angles of the abdominal somites are subacute. The sixth abdominal somite is immov-

ably united to the telson, but the suture is distinct. The posterior edge of the dorsal

surface is elevated into a thick, obscurely defined, rounded transverse ridge, from which
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four thickened carinse run forwards nearly to the anterior edge of the somite, separated

from each other by interspaces which are about equal to the ridges in width.

The two submedian carinas are nearly parallel and longitudinal, while the two outer

or submarginal ones diverge anteriorly, and have their inner edge obscurely divided

into three rounded lobes. The telson is deeply notched on the middle line, and is

slightly wider than long. In a ventral view (PI. XV. fig. 12) each of the rounded lobes

which borders the median notch is seen to consist of three marginal spines, crowded

backwards, but with the submedian longest, the intermediate shorter, and the external

shortest. No trace of these spines is visible in a dorsal view, and the dorsal outline of

the telson consists of a single obtusely rounded lobe on each side of the triangular

median notch, which is fringed with hairs.

The middle of the dorsal surface of the telson is occupied by a broad wedge-shaped

median ridge or carina, which is wide anteriorly and narrows posteriorly to a rounded

point which is scarcely elongated above the general surface of the telson. This carina

is surrounded on all sides, except at its anterior end, by a depression or groove, outside

which there is on each side a greatly thickened submedian carina or ridge, the general

course of which is longitudinal, although it is slightly curved, with the convexity away

from the middle line.

The tips of the extended uropods reach nearly as far backwards as the telson. The

paddle of the exopodite is very small, that of the endopodite longer and nearly

triangular. The basal joint has a single acute spine on its dorsal surface, and the two

ventral spines are short and stout, the outer being the larger and longer.

The eyes are cylindrical, with the convex curved portion obliquely placed and

running backwards on the outside of the base. The ocular segment is exposed, broad,

and deeply notched on the middle line under the median spine of the rostrum. The

antennae are short, and the basal joint of the second ends in an acute spine. The

dactylus of the raptorial claw is greatly swollen at the base, with a deep notch on its

outer edge. The tip of the dactylus is gently and regularly curved to the acute point,

and its inner edge is barbed with minute serrations, nearly to the base. The edge

of the second joint is bordered by minute dentations.

The exposed thoracic legs are long and slender.

The dorsal surface of the body, with the exception of the sixth abdominal somite and

telson and uropod, is highly polished, while these are rough.

Habitat.—One female specimen from St. Vincent, Cape Verde Islands.

Colour.—\n the alcoholic specimen the telson and sixth abdominal somite and

uropods are dirty-white, while the rest of the body is highly polished and very dark

brown, except a transverse strip of light yellowish-brown .across the carapace, posterior

to the middle point of its length, and a corresponding light band across the enlarged

joint of the second maxdliped.
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Milne-Edwards' figures of Gonodactyhtsfolinii, and as it also fails to agree perfectly with

his and Miers' descriptions, it must for the present at least be regarded as a distinct

species, differing from Protosquilla {Gonodactyhts) folinii in the following points :

—

Antero-lateral angles of rostrum simple in Protosquilla folinii, double in Protosquilla

elongata. Posterior margin of telson with three rounded spines on each side of the deep

median notch in Protosquilla (Gonodactylus) folinii, and a single obtusely rounded lobe

in Protosquilla elongata.

If A. Milne-Edwards' figures are trustworthy the two species also differ in the

following features :—First antennas very long in Protosquilla folinii, short in Protosquilla

elongata. No spine on anterior edge of basal joint of second antenna in Protosquilla

folinii, a long spine in Protosquilla elongata. Carapace nearly as wide as long,

rectangular, and with rounded antero- and postero-lateral angles in Protosquilla folinii

;

elongated, emarginated, narrow anteriorly, and with antero-lateral angles acute in

Protosquilla elongata. Thoracic and abdominal somites rounded in Protosquilla folinii

;

lateral margins of thoracic somites of Protosquilla elongata truncated, and postero-lateral

angles of abdominal somites acute.

The species is of great interest as it and the closely related Protosquilla folinii

are the most primitive forms which are known among the Stomatopods, exhibiting

the embryonic or larval features which are characteristic of the genus, such as the

fusion of the telson with the sixth abdominal somite, the small size of the uropods, and

the presence of three long spines on the rostrum ; without exhibiting any of the remark-

able modifications of the posterior end of the body which are so strikingly characteristic

of most of the species of the genus. The telson of an ordinary Squilla, that of Coronis,

or that of the most aberrant Protosquilla, such as Protosquilla guerinii, may all be

derived from that of Protosquilla folinii by very slight changes, and the carapace of

Protosquilla elongata might be readily modified into that of a true Squilla, while it is

also very similar to the flat square carapace of the other members of its own genus.

2. Protosquilla folinii (Milne-Edwards).

Gonodactylus folinii, A. Milne-Edwards, Obs. sur la Fauna Carcinol. des lies du Cap-Vert,

Nouv. Arch. Mus. Hist. Nat., t. iv. 1868, p. 65, pi. xviii. figs. 8-11.

Gonodactylus Folinii, Miers, E. J., On the Squillida, Ann. and Mag. Nat. Hist., ser. 5, vol. v.,

1880, p. 123.

Diagnosis.—Protosquilla with the rostrum ending in a long slender acute

median spine, and on each side of this a single acute antero-lateral spine which is directed

outwards and forwards and is a little shorter than the median spine. Carapace with

rounded antero- and postero-lateral angles. First five abdominal somites smooth,

Dorsal surface of sixth abdominal somite with four rounded tubercles, the outer ones
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three-lobed. Dorsal surface of telson with a broad unarmed median rid^e and on each
side of this a more protuberant longitudinal and somewhat uniform prominence, which is
convex on its lateral or external side, and concave towards the middle line. The telson
has a median notch on its posterior edge, and on each side of this there are' three obtuse
rounded marginal spines, of which the submedian is farthest back, and the lateral most
anterior.

Length.—About three-fourths of an inch.

Habitat.—A. Milne-Edwards records a single specimen of this species from St
Vmcent, and Miers a single male from Mauritius, and two smaU specimens, without
record of locality, from the " Herald "

collection.

Reviarks.—In Milne-Edwards' figures the carapace is represented rounded at its
anterior as weU as at its posterior angles, and nearly rectangular, and the fifth thoracic
somite is represented with rounded lateral edges, as are all the other thoracic and
abdominal somites.

In my remarks on Protosquilla elongata I have given my reasons for regardin^^ that
species as distinct from this one.

^

3. Protosquilla trispinosa (White).

Gonodactylus trispinosus, White, List Crust. Brit. Mus.-, 1847, p. 85.
Gonodadylm trispinosus, Dana, J. D., U.S. E.xplor. E.xped., Crustacea, i. p. 623, 1852.
Gonodactylus trispinosus, Heller, C, Eeise der Novara, 1868, Crustacea, p. 126.'

Gonodactylus trispinosus, Miers, E. J., Cat. New Zealand Crust., 1876, p. 126.
Gonodactylus trispinosus, Miers, E. J., On the SquUlidse, Ann. and Mag. Nat. Hist ser 5

voL v., 1880, p. 121, pi. iii. fig. 10 (telson).

Gonodactyhis trispinosu^s Miers, E. J., Malaysian Crustacea, Ann. and Mag. Nat. Hist ser 5
vol. V. p. 460. ' •

I

Diagnosis.—Protosquilla with the two antero-lateral spines of the rostrum nearly as
long as the median spine. The carapace is long, and nearly rectangular, with nearly
rectangular antero- and postero-lateral angles. The fifth abdominal somite is longi-
tudinally corrugated. The sixth is immovably united to the telson, although the suture
is clearly indicated

; its dorsal surface is marked by six smooth rounded tubercles. On
the dorsal surface of the telson there are three smooth rounded tubercles disposed in a
triangle, with the median one anterior to the two laterals. The posterior margin is

slightly notched in the middle, and is armed with very minute spines.

Size.—About one and one half inches long.

•
Habitat.—Yi]i Islands, Dana; Auckland, Heller; IMauritius, ? Hofi'mann; Swan Eiver,

Australia, iliers; Shark's Bay, Australia, Miers; Amboiua, Miers; Ceylon, fliers (var. '

pulchella).

Eemarks.—According to Heller's description the telson is rectangular and is armed
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with four marginal spines, while Miers represents it as broadly rounded posteriorly and

armed with six minute marginal spines. It therefore seems possible that there may be

two closely related forms instead of a single species.

Although this species is much better known than any other Protosquilla no figure

has ever been published except the drawing of the telson given by Miers. A minutely

accurate figure of the entire animal is very much needed. All the specimens the sex of

which is given are males, except the single female recorded by Miers from Amboina.

4. Protosquilla cerehralis, u. sp. (PI. XIV, figs. 2, 3 ; PL XVI. figs. 2, 3).

Diagnosis.—Protosquilla with the body almost uniform in width from the anterior

edge of the carapace to the posterior edge of the telson. The two slender acute antero-

lateral spines of the rostrum are nearly as long as the acute median spine. The carapace

is rectangular, with rounded angles, and the fifth thoracic somite is slightly exposed

dorsally. No dorsal carinse on the carapace or on the first seven exposed somites.

Lateral processes of the sixth and seventh thoracic somites longer than those of the

eighth, and rounded. Postero-lateral angles of all the abdominal somites obtuse. Dorsal

surface of fifth abdominal somite wdth a median thickened carina, and, on each side of

this numerous sublongitudinal ridges, converging posteriorly. Sixth abdominal somite

immovably fused with the telson and ornamented by swollen convoluted ridges

symmetrically arranged in a complex pattern. Telson nearly twice as wide as long,

deeply notched on the middle line behind, with its posterior margin rounded and ending

in three pairs of short acute spines. Dorsal surface of the telson sculptured in a

complicated symmetrical convoluted pattern, consisting of a very complex central pattern

which is subtriangular and divided into five principal convolutions ; two submedian

convex oval convoluted lobes, and a number of parallel longitudinal lateral ridges.

Dactylus of raptorial claw greatly swollen at base.

General Description.—The median spine of the rostrum is slender, acute, longer than

the antero-lateral spines, and reaching about halfway to the tips of the eyes, which are

subcylindrical, with the corneal portion inclined backwards externally. The antero-lateral

spines of the rostrum are slender and acute. The flat carapace is a little longer than

wide, slightly narrower than the exposed thoracic somites, and nearly rectangular with

the antero- and postero-lateral angles, rounded and nearly alike. The two longitudinal

sutures are prominent and continuous from the anterior to the transverse posterior edge,

and there is a faintly marked transverse cervical suture. The sixth and seventh thoracic

somites are wider than the eighth, and their lateral edges are produced backwards and

rounded, as seen from above, while in profile the anterior angle is obtuse and the

posterior one nearly a right angle. The middle of the lateral edge of the eighth is

produced into a subacute lobe over the basal joint of the appendage. The eighth is a
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little longer and narrower than the sixth and seventh thoracic somites, and a little

shorter than the first four abdominal somites, which are about equal in length, as wide as

the sixth and seventh thoracic, smooth on the dorsal surfaces, and with marginal keels or

ridges on their lateral edges, the postcro-lateral angles of which arc nearly right angles.

The fifth abdominal somite is longer than, and quite difTereut from, those in front of it, as

its dorsal surface is sculptured by numerous sublongitudinal ridges symmetrically

arranged on each side of a broad median ridge or carina. The ridges are not quite as

long as the somite, which has along its anterior and posterior borders smooth bands

which are not broken into ridges. The lateral ridges are slightly convergent towards the

posterior edge, and their anterior ends are lobed and sometimes irregularly forked. The

sixth abdominal somite is shorter on the middle line than at the edges and immovably

fused with the telson which is transverse, and nearly twice as wide as long. The

posterior end of the body is bent downwards, so that the dorsal surface of the telson faces

backwards. The sixth abdominal somite is sculptured in a symmetrical pattern of broad

convoluted ridges and tul^ercles, which are so closely crowded together that the dorsal

surface is almost covered with them. The dorsal surface of the telson is also sculptured

in a complicated pattern, in which six elements may be recognised, first, a transverse

ridge lobed on its posterior edge running along the anterior border of the telson ; second,

a triangular median area, the broad anterior end of which is elevated above the general

surface of the telson, while its narrow posterior portion is sunk between two lateral

elevations. The median area is convoluted and di\'ided into five lobes, a median anterior,

two antero-laterals which are again subdivided, and two posterior lobes or ridges, one

of which runs backwards on each side of the deep narrow postero-median notch ; third,

on each side of the median area an elongated oval elevated area, which is divided into

halves by a longitudinal furrow, and also divided by lateral furrows into a number of

secondary lobes ; fourth, three thickened longitudinal marginal keels on each side

external to the oval elevation. The six short acute marginal spines are crowded together

in two sets, on the posterior edge of the telson, with a broad space fringed with small

spines between the submedians.

The uropods are small, and the basal prolongation (PI. XVI. fig 3) ends in two short

stout acute spines, the outer larger and longer than the inner, and with a slight enlargement

on its inner edge. The row of marginal spines, about ten in number, on the outer edge

of the second joint of the exopodite curves upwards on to the dorsal surface at its proximal

end. The inner edge of the dactylus (PI. XIV. fig. 3) of the raptorial claw is finely serrated,

and the basal enlargement on the outer edge is semi-circular, abruptly limited distally,

and indented on its outer margin.

Size.—The length of the single specimen is l:n7TJ inches from the tip of the rosti-um

to the middle line of the telson.

Habitat.—The single female specimen is from the reefs at Levuka, Fiji.

(ZOOL. CHALL. EXP. PART XLV.— 1886.) Yy 10
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Measurements.

Total length, from tip of rostrum to tip of telson on middle line,

Eostrum, .......
Carapace, .......

Carapace including rostrum, ....
From posterior edge of carapace to posterior edge of third thoraci

somite, .....
fourthFrom posterior edge of third to posterior edge of

somite, .....
From posterior edge of fourth to posterior edge of fifth

somite, .....
First abdominal somite,

Second abdominal somite, .

Third abdominal somite,

Fourth abdominal somite, .

Fifth abdominal somite,

Sixth abdominal somite,

Telson on middle line.

Total length of bind body,

Total length on middle Hne,

Greatest length of telson, .

Width of carapace between antero-lateral angles,

Width of carapace (greatest), .

Width of third thoracic somite.

Width of fourth thoracic somite,

Width of fifth thoracic somite.

Width of first abdominal somite.

Width of second abdominal somite.

Width of third abdominal somite.

Width of fourth abdominal somite,

Width of fifth abdominal somite.

Width of sixth abdominal somite.

Width of telson between postero-median spines,

Width of telson (greatest).

Length of paddle of exopodite of sixth abdominal appendage.

Length of second joint of exopodite of sixth abdominal appendage.

Length of endopodite of exopodite of sixth abdominal appendage,

Distance between tips of sixth abdominal appendage, .

Length of first antenna, measured from tip of rostrum.

Length of flagellum of second antenna.

Length of scale of second antenna,

Length of eye, .....

thoracic

thoracic

In inches and
decimals.

1'27

•08

•30

•38

•0-5

•06

•08

10
•09

•09

•12

•13

•07

•10

•89

1^27

•14

•IS

•23

•25

•26

•24

•27

•27

•27

27
•27

•26

•08

•26

06
•10

•10

57
•35

•20

•13

•09

In thousandths

of total length.

62

234

296

39

47

62

78
70
70
93

101

55

78

673

969

109
140
179
195
199
187
210
210
210
210
210
199

62

199
47

78
78
444
273
156
101

70

Colour.—The fifth and sixth abdominal somites and the telson and uropods of the

alcoholic specimen are colourless and rough, while the rest of the body is highly polished,

and mottled with brown pigment.

Remarks.—The only species which is at all similar to this is Wood-Mason's Gono-

dactylus glyptocercus from the Nicobars, but his description, which is given below, is so
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brief and imperfect that it is impossible to decide how closely related these two are. They

may be the same species, but so far as the description shows, it is quite possible that the

resemblance is a superficial one only, and that they are not at all similar in their essential

characteristics.

5. Protosquilla glyptocerca (Wood-Mason).

Gonodactijlus (jlyptocercus, "Wood-IMason, Proc. Asiatic Soc. Bengal, p. 232, 1875.

Gonodactylus ghjptocercus, Wood-Mason, Ann. and Mag. Xat. Hist., ser. 4, vol xvii. p. 263, 1876.

Gonodacfylus glyptocerctis, Miers, E. J., On the Squillidse, Ann. and Mag. Nat. Hist., ser. 5,

vol. V. p. 123, 1880.

In his description of this species, which is very brief, he does not say whether the

sixth abdominal somite is fused with the telson. It is possible that it is not related in

any way to the species of Protosquilla, but I place it here provisionally as the only

points he mentions show a striking likeness to Protosquilla cerebralis, with which it

may possibly be identical.

His short notice simply says that it is like Gonodactylus trispinosus, but that the

tei-minal post-abdominal somite is ornamented with two oval tubercles, bounded by an

impressed inverted line, and with a medium cinquefoil-shaped one, and the two preced-

ing segments symmetrically engraved with fine lines.

6. Protosquilla guerinii (White) (PI. XVI. figs. 1 and 6.)

Gonodactylus guerinii,Wh\ie>, k^^G-K Crustacea, Proc. Zool. Soc. Lond., January 22, 1861,

p. 43, pi. vii.

GonodcKtylus guerinii, White, A, Ann. and Mag. Nat. Hist., vol. vii., 1861, p. 476.

Gonodactyhts guerinii, Miers, E. J., On the Squillidae, Ann. and Mag. Nat. Hist., ser. 5,

vol. v., 1880, p. 121.

Diagnosis.—Protosquilla mth eyes slightly enlarged at tips, carapace as wide as

long. Second thoracic somite exposed. First five abdominal somites with marginal

carinse. Fifth abdominal somite with several transverse rows of short acute dorsal spines

on its posterior half. Sixth abdominal somite covered on its dorsal surface with

numerous long spines. Posterior edge of telson with two paii-s of marginal spines pro-

jecting backwards. The submedian with a single row of secondary spines on each side,

and the laterals with a singrle row on the inner and a double row on the outer edge,

running from its tip along the outer edge of the telson to its anterior end. Dorsal

surface of telson with twenty-two long spines symmetrically arranged. Second

joint of exopodite of uropod nearly three times as long as paddle. Dilated base of

dactylus of raptorial claw truncated on its outer edge, and not notched. Endopodite of

uropod with five spines on its dorsal surface.
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General Description.—The Challenger collection contains one female specimen from

Honolulu of this species, which has previously been represented by the single specimen

which was obtained by the "Herald" from Matuku, Fiji Islands. It may be dis-

tinguished without difficulty from all other known Stomatopods, except A. Milne-

Edward's Squilla hradij ', by the long spines which cover the telson and sixth abdominal

segment, and from this species by the length of the median spine of the rostrum, and

the absence of sjDines on the inner edge of the dactyle of the raptorial claw.

Transverse diameter of rostrum about equal to its length ; antero-lateral spines of

rostrum acute, but very slightly produced forwards, and shorter than the median spine,

which ends in an acute point opposite the middle of the eye. The carapace is nearly

square, as long as wide, slightly narrowed anteriorly, and with antero- and postero-

lateral angles rounded and alike. The gastric area is slightly, convex ' and its lateral

sutures are sharply defined, while the transverse cervical suture is almost obsolete.

Carapace wider than thoracic region, and about as wide as the abdomen. First thoracic

somite exposed and subacute at lateral edges. Third, fourth, and fifth thoracic somites

so articulated as to form a convex dorsal protuberance. Lateral edges of third and

fourth obliquely truncated converging posteriorly, with rounded angles. Lateral edges

of fifth subacute. The abdomen increases slightly in width from in front backwards,

but not so rapidly as in White's figure. The abdominal somites have faintly marked

marginal carinse or ridges, and the first four have on each side, at about one-third of the

distance from the lateral edge to the middle line, a small sharply defined indentation.

The sixth abdominal somite is immovably united to the fifth as well as to the telson,

although the sutures are distinctly visible. The first four abdominal somites are smooth

dorsaUy, as is "also the anterior half of the fifth, a transverse line separating it from the

posterior half, which is armed by about six transverse rows of numerous short spines,

which increase in length and in the definiteness of the transverse rows as they approach

the posterior margin of the somite. The dorsal surface of the sixth abdominal somite is

armed with very numerous (about fifty-six) long cylindi-ical sj^ines, each of which ends

in a blunt rounded tij) with a perforation from which a soft tubular fleshy jjrocess

protrudes. Eight of these spines are arranged in a transverse line along the posterior border

of the somite, and are arranged symmetrically in pairs with reference to the middle line,

about twenty more form an anterior transverse band which, starting at the postero-

lateral angle, runs obliquely forwards to the anterior edge of the somite, along which it is

continued across the middle line. The triangular antero-lateral area, external to this

line, is occupied by about fourteen crowded spines on each side.

The suture between this somite and the telson is distinct, but immovable, and

bordered by a raised ridge.

The central area of the telson is occupied by twenty-two similar long spines, with

fleshy appendages, symmetrically arranged with reference to the middle line, and so
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Measurements.
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The basal enlargement on the dactyle of the raptorial claw is not notched, its outer

border is truncated, and at its distal edge the transition is abrupt to the long slender

gently curved acute tooth, which is barbed with minute serrations on its inner edo-e,

while the outer edge of the second joint is finely dentate, with acute teeth.

The eyes are subcylindrical, with the coronal portion a little wider than the basis.

No secondary differences between the sexes, except in the first abdominal somite.

Habitat.—The Challenger collection contains a single female specimen from

Honolulu. The only other known specimen is a male from Matuku, Fiji Islands,

described by White and also by Miers.

Colour.—White describes his dry specimen as "marbled," of a light yellowish-

brown colour, varied with a darker colour. The Challenger specimen, preserved in

alcohol, has a broad transverse light liand across the carapace, while the rest of the

dorsal surface is marked with brown pigment.

Length, l^\,*^ths inches.

7. Protosquilla excavata (Miers).

GonodadyJus excavatiis, fliers, E. J., On the Squillidse, Ann. and ilag. Xat. Hist., ser. 5,

vol. V. p. 123, pi. iii. figs. 11, 12.

Diagnosis.—Antero-lateral angles of carapace subacute, antero-lateral angles of

rostrum acute, slender, shorter than elongated median spine. Fifth abdominal somite

smooth. Sixth with six irregular longitudinal prominences, separated by deep inter-

spaces, and confluent distally. Telson deeply excavated posteriorly, and with five

prominent smooth longitudinal obtuse keels, the submedians longest and reaching to

the postero-lateral lobe. First antennae very long.

Length, |th inch.

Locality.—Miers describes this species from a single male specimen of unknown
origin.

Remarks.—The published description does not state that the sixth abdominal

somite is fused with the telson.

8. (?) Protosquillafurcicaitdata (Miers).

Gonodadyhis furcicaudahis, Miers, E. J., On tlie Squillidae, Ann. and Mag. Nat. Hist., ser. 5,

vol. v., 1880, p. 124, pi. iii. figs. 13-16.

Although Miers does not state whether the sixth abdominal somite of this species

is fused with the telson, it exhibits so many features of resemblance to the Protosquillse

that I place it here provisionally. It may be briefly described as follows. Eyes,

antennae, rostrum, carapace, exposed thoracic somites, and first five abdominal somites as
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iu Protosquilla. The sixth abdominal somite narrow, with six longitudinal promin-

ences. Telson very short and transverse, with two slender spines projecting backwards

from its posterior margin, with theii* bases in contact on the middle line, and their

tips slightly divergent.

Comparison with the other Protosquilla; indicates that the two long spines of this

species are the external marginal spines of the telson, which have become approximated

on the middle line by the disappearance of almost the whole of the posterior border

of the telson.

Genus Coronida, n. gen.

The two following species Gonodactylus hradyi of A. Milne-Edwards, and Gono-

dactyhis trachurus, Miers, resemble each other very closely and present many points of

resemblance to the genus Protosquilla, but they are quite anomalous in other respects,

since they present a most interesting and suggestive resemblance to Squilla, Lysiosquilla

and Gonodactylus. Their features of resemblance to Gonodactylus, the enlargement of

the base of the dactylus of the raptorial claw, the flat rectangular carapace, and the pointed

rostrum, are at the same time features of resemblance to Protosquilla, and it seems

probable that they are the living representatives of an ancestral type which was closely

related on the one hand to Protosquilla, while on the other hand it was very similar to

the common type of which Lysiosquilla and Squilla are the divergent descendants. As

the most primitive species of the genus Squilla are often placed in a distinct genus

Chlorida, while the lowest members of the genus Lysiosquilla are often placed in a

distinct genus, Coronis, and as the features of resemblance to Squilla and Lysiosquilla,

exhibited by the species now under discussion, point to a relationship with the lower rather

than with the higher forms iu these genera, I propose for them a generic name which

shall express this fact, and the generic term Coronida is a compound of the first two

syllables of Coronis, with the last two of Chlorida.

The two species of Coronida resemble Protosquilla in the minuteness of the antennary

scales and uropods ; in the fact that the anterior somites of the hind body are smooth,

and conspicuously different from the sixth abdominal somite and telson, as well as in the

presence of a median spine on the rostrum, and the enlargement of the base of the

dactylus of the raptorial claw, and the shape of the carapace.

It is not stated that the sixth abdominal somite is fused with the telson, but the

markings on the posterior end of the body are strikingly like those of Protosquilla

guerinii, since Milne-Edwards describes this part of the body of Coronida hradyi in

words which perfectly fit Protosquilla guerinii, as uniformly covered with numerous

closely placed slender spines which are longest near the posterior margin, while Miers

says that the posterior half of the fifth abdominal somite of Coronida trachura is
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minutely spinulose on its posterior margin, a characteristic which is exactly, duplicated in

Pj'otosquilla guerinii.

The two species differ from Protosquilla in the absence of antero-lateral spines on the

rostrum, and the enlargement of the tips of the eyes, and from both Protosquilla and

Gonodactylus in the presence of spines on the inner edge of the dactyle of the raptorial

claw, and the depression of the hind body ; resembling both Squilla and Lysiosquilla in

these features.

The relationships of Coronida are therefore expressed in the accompanying diagram.

Lysiosquilla, Squilla.

Gonodactylus.

Protosquilla.

Diagnosis.—Hind body depressed, dactylus of raptorial claw dilated at base, and

armed with spines on its inner edge. Eostrum ending in a small median spine.

Antennary scales and uropods very small. Terminal segments of hind body and telson

thickly set with small spines. Carapace flat and nearly rectangular.

Coronida hradyi (A. Milne-Edwards).

Gonodactylus bradyi, A. Milne-Edwards, Fonds de la Mcr, vol. ix., 1869, p. 137, pi. xvii. fig.

11 ; Miers, E. J., On the Squillidae, Ann. and Mag. Nat. Hist., ser. 5, vol. v., 1880, p. 117.

Gonodactylus hradyi, Miers, E. J., Crustacea from Mauritius, Proc, Zool. Soc. Lond., January

5, 1884, p. 16.

Coronida trachura.

Gonodactylus trachunis, Miers, E. J., Crustacea from Mauritius, Proc. Zool. Soc. Lond.,

January 5, 1884, p. 16.
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The Alima Larva and the Metamorphosis of Squilla.

Although, as Claus has well shown in his classical monograph on the metamorphosis
of the Stomatopoda/ the Alima larva is connected with the Erichthus larva by so many
intermediate forms that it is difficult to draw an absolute line between them, it is never-

theless true that the Alima is more different from the Erichthus than any of the various

modifications of the latter type are from each other, and in the description and discussion

of the Alima larva which follows, I shall give my reasons for believing that all thQ,Alimm
are the larvae of adults which belong to the genus Squilla, and that all the species of
this genus pass through an Alima stage, while all the other Stomatopods pass through
their larval life as Erichthi. The Alima larva is undoubtedly a modified Erichthus, and
some species deviate much more widely than others from the Erichthus type, but the

group is on the whole sharply defined, and the rich supply of Alima larvae brought home
by the Challenger furnishes us with a very complete series of stages in the growth and
development of several species of Alima, and thus shews that the history of all of them
is essentially the same, and that they difier from all the other Stomatopods in the

possession of numerous common characteristics which are also points of resemljlance to

the adult Squilla, a conclusion which receives added weight from the fact that Faxon has

reared a young Squilla emjnisa from an Alima larva.

The complete history of the Alima which is furnished by the Challenger material is

all the more valuable since Claus, who has given us, in his paper above quoted, a very
complete history of the young stages of the Enchthus larva in all its more important
modifications, had access to much more scanty material for studying the Alima. It is

true that he gives figures and descriptions of many forms, but they are all well advanced
and have the same number of somites and appendages as the adult Stomatopoda, and the
fact that the Challenger collection contains consecutive series of several species of Alima
from a very early stage up to the mature larva, ^Wth unmistakable characteristics of the

genus Squilla, is therefore of great scientific interest.

The fully grown Alima is usually much larger than any of the Erichthi, and among
the largest known pelagic larvae. It leads an active swimming life, jiursuing and
capturing mth the greatest rapacity the Copepods and other small Crustacea which form
the chief part of its food. Its metamorphosis is slow, and the -n-ide distribution of most
of the species of Squilla is undoubtedly due to the fact that the larva is earned to distant

localities by the winds and currents, but notwithstanding the great size, often 2 inches or

more, which is attained by the fully-grown larva, the young Alima, even of the largest

species, is very minute, and it is probable that all Alimie hatch from the egg in the Alima
foi-m and that the Erichthoidina stage has been entirely dropped from their metamorphosis.

' Metamorphose der Sqiiilliden, Ahhandl d. h Gmlhch. d. IFm. GbUingen, Bd. xW. pp. 111-163, Tafs. i.-viii.,

1871.

(ZOOL. CEALL. EXP.—PART XLV.— 18S6.) Yy H
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Although Claus decided that they are young LysiosquiUae they show their relationship

to the o-enus Squilla as distinguished from Lysiosquilla by the following characteristics,

all of which are shared by all fuUy-grown Alima larvae. The dactylus of the raptorial

claw has on its inner edge a small number of marginal spines, usually about five or six ; the

hind body is wide and flat, and the postero-lateral angles of the abdominal somites end

in acute spines. The outer edge of the proximal joint of the uropod is bordered by a

small number of spines, usually less than eight, and the inner one of the two spines on

the ventral process from the posterior edge of the basal joint of the uropod is longer

than the outer, and it has a tooth or lobe on its outer edge; and the telson has six

marginal spines with minute secondary spines between the submedians, and four or

more larger secondary spines between the submedian and the second or intermediate,

and usually a single one internal to the base of the third or lateral marginal spine.

While it is true that all of these characteristics are not exhibited by every adult Squilla,

there are no Stomatopods except those of this genus in which they are all united, and

they are all of them present in most Squillm and in all the AUmw.

Joined to the fact that Faxon has reared a Squilla from an Alima, they indicate very

clearly that the Alimse are Squilla larvse, and as we know of no other type of larva

which can be referred to this genus, the present state of our knowledge indicates that all

Squilla} have Alima larvae. As it can be shown very conclusively that the Alima is an

Erichthus, which has become accelerated in development and has dropped its Erichthoi-

dina stage, and has become peculiarly adapted for a rapacious pelagic life, it is highly

improbable that this change has taken place more than once, and as I shall give reasons

for believing that it occurred very soon after the evolution of the genus Squilla, and that

the larva of the most primitive of the true Squillie is an Erichthus-like Alima, the con-

clusion that all the Alimie are Squilla larvae is warranted by the facts. The validity of

these general conclusions can be better estimated after reading the descriptions of the

larvae which follow, but these descriptions will be the more intelligible if an outline of the

generalizations to be drawn from them be kept in mind.

The Alima larva is characterised by the great elongation of the body, the possession

of a flattened elongate! carapace, with the posterior median dorsal spine absent or rudi-

mentary, the elongated abdomen and usually several of the posterior thoracic somites

exposed behind the posterior edge of the carapace, by the very great elongation of the

region between the antennae and the labrum, and by the fact that the eyes and eye stalks

are usually exposed on the sides of the long slender rostrum. The carapace is narrow

and its width is usually one-third or one-fourth of its length, although its total length

makes a much smaller part of the total length of the body than it does in the Erichthus

larva, as its increased length is more than overbalanced by the great elongation of the

hind body. The older specimens of Alima are usually much larger than most of the

Erichthus larvag, and the inner one of the two spines which project backwards from the
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ventral surface of the basal joint of the uropod is usually much longer than the outer,

and is usually furnished with a tooth on its outer edge, and in the older specimens there
are indications, underneath the cuticle, of spines on the inner edge of the dactylus of the
raptorial claw. In his classical paper on the Metamorphosis of the Stomatopoda, Claus
pointed out that there are so many features of resemblance between the Alima and the
various forms oi Erichthus that the larval nature of Alima cannot be doubted. Milne-
Edwards and Dana had found it difficult to cbaw any line between the two genera ; the
first-named writer placing in the genus all Erichthidae in which the ocular segment is

exposed, while Dana includes in it those forms in which the distance from the anterior edge
of the carapace to the mouth is greater than the distance from the mouth to the posterior
edge. Claus shows that neither of these features serves to discriminate between
Alima and Erichthus in every case, and he figures and describes a larval type which is

intermediate between the two, having the elongated flattened carapace and the exposed
eyes, but the mouth well forward, and the thoracic region well covered by the carapace.

For this intermediate larval type he proposes the name Alimerichthics. Claus was not
able to connect any one of his Alinue with a specific' adult, but he shows that they
resemble the adults of the Sqiiilla type very closely, and he correctly decides that
they are the larvae of this type, although he erroneously believes that they belong to
the Lysiosquilla branch, rather than to the true Squillie} He says there can be no
doubt that we must seek their adult representatives in the Squilla-grou-p, and that the
Alima lai-va, as distinguished from Erichthus, belongs exclusively to the genus
Lysiosquilla, which is characterised, like the Alima larva, by the elongation and loose
articulation of the abdomen. The lower members of the genus Squilla are loosely
articulated, like the Lysiosquilla, and the hind body is about as long in the one genus
as it is in the other, and there is therefore no reason for believing that any of these
larvae are young Lysiosquillse, although later researches have shown that he is correct in
his surmise that they pertain to the Squilla-gvon^.

In a paper which was published in 1879-1 described a series of Alima \axvsd, which
were procured in abundance in the Chesapeake Bay, a locality where Squilla empusa is

common, while no other Stomatopod is known to occur there, and I therefore advanced
the opinion that this larva, a young stage of which is shown in figs. 4 and 5 of
PI. L, is a young Squilla. Three years before, Faxon reared from a similar but slightly

more advanced larva, a young Squilla, which had the characteristics of the adult Sqtdlla
empusa, and although his results were not published until 1882Hhe proof that Alima
is a young Squilla is due to him. It is of course possible that some species

of Lysiosquilla may also pass through an Alima stage, but I shall show that, among

' Metamorphose der Siiiiilliaen, p. 154. 2 On the larval stages of Squilla empusa.
5 Selections from Embryological Monographs compiled by Alexander Agassiz, Waller Faxon, and E. L. Mark,

I. Crustacea, Cambridge, 1882, Bull. Mm. Con\p. Zool., vol. ix. No. I., pi. viii. figs. 2, 3.
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the lower Lysiosquillai, in the subgenus Coronis, the larva is not an Alima

but a Squillerichthus, and if it be true that Squilla and Lysiosqidlla represent two

divergent stems, and that their lower representatives are most closely related, it is

not at all jirobable that any species of Lysiosquilla passes through an Alima stage, for

if it were the case we should be forced to beheve that the higher Lysiosquillee have inde-

pendently acquired the same secondary larval form as the higher Squillae.

While Glaus has given us a very complete history of the Erichthus larva his

collections did not furnish a connected series of Alima larvae, and although he points out

the possibility tliat the very young larva which had been figured by Fritz Midler,^ as well

as a very similar one from Messina which he himself figures,^ are young Alima3, he was

unable to obtain any of the intermediate stages, and my paper on the larval stages of

Squilla empusa is the only one in which a tolerably complete series of Alima larvae

are figured. In this paper I showed that the distinctive characteristics of the larva are

present at a very early stage of development, and that it is in all essential respects an

Alima at a time when the last three thoracic somites are not yet marked out, and when

there are no appendages between the large raptorial limbs of the second thoracic somite

and the first abdominal appendages. I also pointed out the great probability that this

larva leaves the egg as an Alima rather than as an Erichthoidina or an Erichthus; a

probability which is strengthened by the fact that Fritz Miiller has figured an egg con-

taining a larva which is probably in this stage.

Squilla {Alima) gracilis.—The Challenger collection contains a number of larvae

which were collected in the tow-net at St. Vincent, and from these I have been able to

select a series of Alimse, which give a much more complete history of the growth

and gradual modification of the larva than that which I obtained in 1879.

This series of larvae, Alima gracilis of Milne-Edwards {Alima angustata, Dana) is

shown in PL IV. figs. 4-6, PL V. fig. 3, PL VI. figs. 3-5, and PL VIII. figs. 4-6.

Its distinctive or specific characteristics are as follows :—The body is narrow and

greatly elongated, the exposed hind body making about half the total length as

measured from the tip of the long slender rostrum. The raptorial claw of the second

thoracic appendage (PL VIII. fig. 5) is narrow and greatly elongated, and the dactylus is

only about half as long as the second joint.

The telson is remarkably long and narrow, and in the older larvae its length is three

times its width. It has six large marginal spines (PL VI. fig. 3 and PL VIII. fig. 6) with

minute spinules between the submedians, and also between the submedian and the inter-

mediate. The lateral edge of the greatly elongated narrow flat carapace is armed with

twelve or thirteen small spines and a larger spine projects from the side of the postero-

lateral spine near its base. There is a small median dorsal spine on the posterior edge of

the carapace, which exposes the last three thoracic somites, and is narrowed posteriorly

1 Archivf. Nahirgesch., Jabrg. xxviii. Taf. xiii. fig. 1. • Sletamorphose tier Squilliden, fig. 22B.
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in the older larvae. The inner spine of the prolongation from the basal joint of the
uropod is much longer than the outer one, and it has a rounded lobe on its outer edge.
The exopodite is armed on its outer edge with five or six marginal spines. The eyes
are pear-shaped and the stalks very long. The mouth in old larva? is under the posterior
fourth of the carapace

; the postero-lateral angles of all the abdominal somites are i^ro-

longed into acute spines, and the dactylus of the raptorial claw shows traces of five

marginal spines.

Alima gracilis is one of the best known and widely distributed Stomatopod larvae,

and any naturalist who has the good fortune to be becahned in tropical waters should
be able to determine the adult to which it belongs without difficulty, as the older
Stomatopod larvae thrive and moult in small aquaria. The very close resemblance
between it and the Alima from which Faxon reared a young Squilla empusa shows
beyond doubt that the adult is one of the highly specialized carinate Snuillee, and
its wide distribution indicates that the adult also is very widely distributed. The
most striking tliflfercnce between it and other Alimw is the great elongation which
takes place in the telson dui-ing the latest stages. The late appearance of tliis

character indicates that it is shared by the adult, and as there is no known
species with a long narrow telson, and as it is hardly possible that an animal which
must be one of the largest and most widely distributed of the Stomatopods, should
have^ escaped discovery if it were littoral in its habits, it is probable that Alima
gracilis is the larva of an unknown, deep-water Squilla, with an elongated telson and a
long raptorial claw.

The smallest larva in the series from St. Vincent (No. 1) measures 5xVo mm. from
the tip of the rostrum to the middle line of the telson ; the second (No. 2, PI. IV. fio-. 4)
measures 61V0 mm., the thii-d (No. 3, PI. V. % 3) 9xV„^ mm., the fourth (No. 4, Pl^'lV.
fig. 5) IItIjV mm., the fifth (No. 5, PL IV. fig. 6) 17f-^^ mm., and the sixth' (No- 6,
PI. VI. fig. 3) 42x^3^, or a little less than Claus' larva,' which is a little less than 52
mm. long. This large larva is weU known and widely distributed, and the Challenger
collection contains numerous specimens from St. Vincent, the west coast of Africa, the
Central Pacific, and the vicinity of Cape York.

The youngest larva (No. 1) of the table was not figured as there is no difi-ercnce,

except in size, between it and No. 2, wliich is shown in PI. IV. fio-. 4. hi
this larva all the somites of the hind body, except the fifth and sixth abdominal, are
distinct, and the outUne of the fifth is indicated. The appendages of the sixth
abdominal are cntii-cly absent, those of the fifth are rudimentary bilobed pouches, while
the first four are well developed and functional, with a very long basal joint, a'ud an
appendix interna on the endopodite.

There are no traces of appendages on the last six thoracic somites, and the thiixl,

1 Metamorpliose der Sqiiillideii, pi. viii. fig. 35.
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Alima gracilis.
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sliaft, and a broad oval exopodite or scale, but no flagellum, and the three-jointed shaft

of the first antenna carries two short unjointed terminal pouches. The eye stalks are

very long, slender, and transverse, and the eyes broad at the rounded conical end. The
long slender rostrum is about half ('f ) as long as the carapace, and the distance from its

base to its tip is about equal to the distance from its base to the tip of the labrum. The
carapace widens posteriorly, and its width between the bases of the antero-lateral spines

is more than half (f|) of its width between the bases of the postero-lateral spines. Its

lateral edges are straight, and would if prolonged meet at the tip of the rostrum. The
carapace and rostrum make up considerably more than half^ of the total length, and
the posterior edge of the carapace, which is nearly transverse, lies on the posterior edo-e

of the sixth thoracic somite, while the tips of the divergent postero-lateral spines are in

the plane of the anterior end of the second abdominal somite. The telson is oval and its

length is a little {{}) greater than its width. The lateral marginal spines are about
midway between the anterior and posterior ends of the telson ; the space between them
and the intermediate is a little shorter than the space between the intermediate and
the submediau. There are seven small teeth between the intermediate and the submedian,
and the distance between the submedians is ^^ of the total length. There are only
three small spines on the outer edge of the carapace at this stage, and they are all behind
the middle.

Larva No. 3,9^ mm. long, is shown in PI. V. fig. 3. The fifth abdominal somite
is now distinct, but much shorter than those in front of it, and its appendages are

perfectly formed but small and without the appendix interna. The thoracic somites and
appendages are like those of No. 2. The antennae are like those of No 2, except that the

two flagella of the first antenna are divided each into three joints. The rounded conical

end of the eye is broader than in the previous stage, and there have been important
changes in the relative length of the carapace and hind body. The rostrum is less than
half (^) as long as the carapace, and the distance from its base to its tip is only f| of

the distance from its base to the tip of the labrum. The carapace still has the same
general shape, and its lateral edges are straight, with three spines on the posterior half,

but its width between the bases of the postero-lateral spines is relatively less, and the

width between the bases of antero-laterals is to that between the postero-laterals as 15 to

31, or about 1 to 2. In most other respects this larva is very similar to No. 2.

Larva No. 4 is showoi in PI. IV. fig. 5. It may possibly belong to a difi'erent

species, as it has only one spine on the lateral edge of the carapace, but if distinct it

must belong to some very closely related species, as there are no essential differences in

the measurements. The third, fourth, and fifth thoracic somites are shortened and
crowded together, and their appendages have appeared as bud-like outgrowths, while the

appendages of the sixth, seventh, and eighth thoracic somites are also represented by
similar but much smaller buds. The sixth abdominal somite has not yet been separated
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from the telson, altliougli its appendage is represented by a minute bUobed bud. This

larva therefore has all the appendages of the adult, either functional or represented by

buds, and all the somites of the hind body except the sixth abdominal. The outer ramus

of the flagellum of the first antenna is now bilobed, and the flagellum of the second

antenna is represented by a bud, aud the ocular somite is distinct and movable. The

rostrum is a little less than half as long as the carapace, aud the labrum is stdl farther

back. The width of the carapace between the bases of the antero-lateral spines is |^| of

its width between the bases of the postero-lateral spines, and the carapace with the

rostrum makes up almost exactl}'- half of the total length (xWxr)- ^^ other respects this

larva closely resembles No. 3.

Larva No. 5, 17^-^ mm. long, is shown in PI. IV. fig. 6. The sixth abdominal

somite is still absent, and its appendages and those of the three last thoracic somites

rudimentary, although those of the third, fourth, and fifth thoracic somites have assumed

nearly their final form, and the first antenna has its three-jointed flagella.

Although actually longer than that of No. 4, the rostrum is now relatively much

shorter, and only about one-fourth Oj^) as long as the carapace, and the distance from

its base to its tip is less than one-half (^|) of the distance from its base to the tip of the

labrum.

The carapace is still shorter, as compared with the hind body, and with the rostrum, it

now makes up less than half (iVcmj) of the total length, although its lateral edges are still

straight, and its triangular shape is still retained. The greatest change is in the length

of the telson, which is now nearly twice as long as wide.

Larva No. 6, 42^ mm. long, is shown in PI. VL fig. 3. It has all the somites

and appendages of the adult, although the sixth pair of abdominal appendages are

rudimentary. The carapace is still more elongated, and although the rostrum is actually

longer than it was in stage 5, it is much shorter both as compared with the total length

of the body of which it now makes j-§^, and also as compared with the carapace, which

is more than five times (%°o*) ^^ -^^ng as the rostrum. One of the most prominent

characteristics of the fully grown Alima gracilis is the great distance of the mouth from

the anterior end of the body, and in larva No. 6 the length of the rostrum is little more

than one-fourth (^) the distance from its base to the tip of the labrum. The carapace

including the rostrum makes a shghtly smaller portion of the total length (i^%) than at

stage 5, aud its lateral edges are no longer straight but are incurved near their posterior

ends, so that there is no increase in width in the posterior third of the carapace.

In the still older larva figured by Claus, this peculiarity is still more marked, and the

broadest part of the carapace is some distance in front of its posterior margin ; this is

more emarginated in stage 6 than it is in younger larvae, and it crosses the middle of

the sixth thoracic somite. The telson is still more narrow and elongated, and the sub-

median spines (PI. VI. fig. 3), which have become more and more closely approxi-
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mated to each other at each successive moult, are now separated by a space equal to only

T^^ or less than ^ of the total length, while in stage 1 the distance between them is

y^^5 of the total length. As shown in PI. VIII. fig. 6, there are fourteen short acute

spines between the submedians, with still smaller spines between them, and there are

fifteen small acute dentations between each submcdian and the intermediate of the same

side, which is about equal in length to the submedian.

The uropod of a specimen of the same size, which was captured at the surface by the

Challenger expedition, between Api and Cape York, is shown in ventral view in PI. VIII.

fig. 4. The exopodite is now divided into a paddle and a second joint, and the latter

has five spines on its outer margin. The ventral prolongation from the basal joint ends in

a short outer spine and a much longer inner one, which has a rounded lobe on its outer

margin, near the base.

From the table of measurements given above the following measurements may

be selected as showing the character of the changes through which the larva passes

during its growth. They are all in thousandths of the total length from the tip of the

rostrum.
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the second abdominal somites. The lateral edge of the carapace has a few, five or six,

marginal spines, and a well marked dorsal spine. The postero-lateral angles of the abdo-

minal somites end in acute spines, and the inner and longer of the two basal spines of

the uropod has a rounded lobe on its outer edge close to its base. The carpal joint of

the raptorial claw is as much elongated as it is in Alima gracilis, although the telson is no

longer than its width. As the adult form is certainly a Squilla, closely related to Squilla

nepa and Squilla mantis, it does not seem necessary to give the larva a provisional name.

Squilla {Alima), empusa.—In order to render the series of Alima larvae more

complete, I give two figures, a ventral and a side view (PI. I. figs. 4, 5), of a larva

which is smaller and probably one moult younger than any of those in the Challenger

collection.

The drawings were made from the living larva, which is probably the larva of Squilla

empusa, and the same as the one Avliich is shown in Faxon's pi. vi. fig. 17. It is 3 "2 16

mm. long and the last six thoracic somites increase uniformly in length from in front

backwards, and have no traces of appendages ; the sixth abdominal somite is absent, and

the fifth very short and without aj^pendages. The telson is longer than wide, narrowed

anteriorly and posteriorly, and the four spines between the submediau and the inter-

mediate are nearly as large as the latter. The rostrum is short, and not quite as long as

the slightly divergent postero-lateral spines of the carapace, which is oval in outline and

nearly as wide in front as behind. It crosses the posterior end of the seventh thoracic

somite in the middle line, and the tips of the postero-lateral spines are about opposite the

middle of the third abdominal somite. The tip of the labrum is close to the anterior

end of the carapace, and the eye-stalks are short, less than half as long as the eyes.

Alima hidens.—Claus has figured and described,^ under the provisional name Alima

bidens, an Alima larva which is of especial interest, as many of its organs, especially the

gUls and the dactyles of the raptorial claws, undergo much more complete development

during the larval life than is usually the case, and it therefore presents more data than

the ordinary larvae for establishing an identity with some one of the genera of adult

Stomatopods.

Although Claus regarded it as the larva of some species of Lysiosquilla, I shall show

that Alima hidens must be referred to the genus Squilla, and there is, so far as I

am aware, no other Stomatopod larva which exhibit clearer evidences of relationship to a

definite adult genus.

It is of course desirable that some one who has the opportunity should actually rear it,

and determine in this way the specific adult of which it is the larva, but in the absence

of this decisive proof the evidence that it is a Squilla could hardly be stronger than it

now is.

Claus obtained only a single larva 26 mm. long from the Indian Ocean, and as this

' Metamorphose der Squilliden.
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Squilla {Ah'ma), empusa.
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the middle of the first abdominal somite, and they have two or three small secondary

spines on their inner edge, while the lateral margin of the carapace, immediately anterior to

the base of the postero-lateral spine, has two well-marked lateral spines on each side.

The hind body is greatly elongated, making about ^ or a little less than | of the

total length from the tip of the rostrum. In older larvae the abdomen is depressed, and its

width is equal to ^ of the total length. The inner spine of the basal prolongation of the

uropod is much longer than the outer, and it has a small tooth on its outer margin, about

half way between the base and the tij). The telson is slightly elongated, with six

marginal spines, and with secondary dentations between the submedians, and also between

the submedian and the intermediate. The eye-stalks are nearly as long as the eyes, and

the mouth is a little behind the middle point of the carapace, as measured from the tip of

the rostrum.

In Claus's larva there are three secondary spines on the inner edge of the postero-

lateral spine of the carapace^ while there are only two such spines in each of the

Challenger sjjecimens.

In the smallest of the Challenger specimens the dactylus of the raptorial claw has a

single marginal spine besides the terminal one, the uropods are very small, and the gills

are represented by simple pouches on the exopodites of the first five pairs of abdominal

appendages. The carapace, with the rostrum, makes x^o^' ^^^ ^ii^c^ body j^^^, and

the width of the abdomen xlnnj of the total length.

In the older specimen (PL IX. fig. 1) the dactylus is armed with three well-developed

marginal spines besides
_
the terminal one, the urojaods are nearly half as long as the

telson, with the exopodite divided into a broad rounded paddle and a second joint which

is fringed with six marginal spines, and the prolongation from the posterior edge of the

ventral surface of the basal joint is as long as the exopodite, and ends in a short acute

curved outer spine and a much longer inner spine, which has a tooth on its outer margin

about half way between the base and the tip.

The carapace has a well-marked median carina ; the postero-lateral angles of the broad

flat abdominal somites all end in acute spines, and there are two submedian carin^e,

ending posteriorly in spines, on the dorsal surface of the sixth abdominal. The telson

has a median longitudinal carina, and is slightly longer than wide. Its lateral edges,

from the anterior edge to the tips of the intermediate marginal spines, are nearly parallel;

between the intermediates and the submedians they are inclined inwards and backwards

at an angle of 45° with the long axis of the body, while between the submedians they are

inclined inwards and forwards. The lateral marginal spine (fig. 2) is nearer to the

intermediate than to the anterior edge, and it has a single minute spine internal to its

base. The intermediate is longer than the lateral or the submedian, and there are

twelve or thirteen small spines between it and the submedian, and there are about twenty

very minute spines between the submedian and the middle line.
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In this larva, which is 1 inch long, the carapace makes, with the rostrum, -^^, the

exposed hind body 1^0%. ^-nd the telson ~^^q of the total length.

Even if the close resemblance between this larva and the one from which Faxon

reared a young Sqitilla empusa did not indicate that Alima bidens is also a Squilla,

this could be inferred with great certainty from the examination of the larva itself, since

it resembles the adults of this genus in the presence and in the small number of spines

on the inner edge of the dactylus of the raptorial claw, in the depression and width of the

hind body, in the presence of a median-dorsal carina 011 the carapace and on the telson,

in the presence of acute spines on the postero-lateral angles of the abdominal somites, in

the presence and in the small number of marginal spines on the outer edge of the proximal

joint of the exopodite of the uropod, in the relative length of the two spines of its ventral

process, in the presence of a secondary tooth on the outer edge of the inner and longer

spine, in the relative positions of the marginal spines of the telson, in the presence of a

single minute dentation inside the base of the lateral, and a number of dentations (more

than three) between the intermediate and the submedian. While it is true that there

are some adult Squillse which do not shew all of these characteristics, and while no one

of them is in itself perfectly diagnostic, it is also true that there are no Stomatopods in

which they are all united except members of the genus Squilla, and we may therefore

decide, with all the certainty which is possible in absence of direct proof, that Alima

bidens is the larva of one or perhaps of two species of the higher carinate Squills.

The presence of three secondary spines on the inner edge of the postero-lateral

spine of the carapace of Claus's larva, and of only two in our specimen, possibly corre-

sponds to a specific difference between the adults.

Alima macrophthalma.—The Challenger collection contains a number of specimens of

an Alima larva of a type which is quite different from that of which Alima gracilis is

an example, and I have selected from a surface gathering, made near Cape Howe, the

series which is shown in PL VII. figs. 1-6 ; PI. VIII. figs. 1-3.

It is possible that these are not all of one species, but the differences between them

are so slight that, if not the same, they must at least belong to adults which are

very closely related, and as I am not able to identify the larva with any of the published

descriptions, I propose for it the provisional name Alima macrophthalma, on account of

the great size of the eyes as compared with the very small eye stalks.

The youngest larva which I have found, No. 1, is essentially like No. 2. The telson

is shown in PI. VII. fig. 2 ; No. 2, which is shown in PI. VII. fig. 1, is 4-^ mm. long

;

No. 3, shown in fig. 4, is 6^ mm. long; No. 4, shown in fig. 5, is 83^*0 mm. long;

No. 5, shown in PI. VIII. fig. 1, is Sj^jfj mm. long; No. G, shown in fig. 2, is ll^^,\)-mm.

long, and No. 7, shown in PL VIII. fig. 3, is 19 mm. long.

The most prominent diagnostic characteristics of Alima macrophthalma are as

follows. The eye-stalks are very short, and the eyes large with very broad tips ; the
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labium is near the middle of the carapace, which is narrow and elongated, exposing the

fifth, sixth, seventh and eighth thoracic somites, and very much shorter than the elongated

hind body. The carapace has a median dorsal spine, about as long as the antero-lateral

spine, on its posterior edge, and there is a single acute straight spine on the lateral margin

of the cara23ace, on each side, immediately anterior to the postero-lateral, the tip of which

reaches nearly to the line of the anterior edge of the first abdominal somite.

In the younger larvae the posterior edge of the carapace is transverse, and the telson

is narrowed anteriorly, while in older larvae the carapace is deeply emarginated, and the

lateral edges of the telson nearly parallel. In the oldest larva the inner spine of the

uropod is longer than the outer, with a rounded lobe on its outer edge, the abdomen is

depressed, about as wide as the carapace between the bases of the antero-lateral spines, and

the postero-lateral angles of all the abdominal somites end in acute spines.

This series, together with the gracilis series, gives a very complete picture of the

changes which the Alima larva undergoes during its larval life. In the youngest stage

which was observed (PI. VII. figs. 1 and 2) the shaft of the first antennae has only two

joints, and the appendage ends in only two rami. There is no flagellum on the second

antenna, and no appendages between the raptorial second thoracic limbs and the first

pair of abdominal appendages. All the four thoracic somites are wider than long, and

the third, fourth, and fifth are equal in length, and more than half as wide as those which

follow. The abdomen is narrow, very slightly wider than the thorax, with five distinct

somites, the last of which is short without appendages, while the appendages of the fourth are

rudimentary. Those of the third, second, and first are functional, long and slender, with

a long appendix interna. The tip of the labrum, which has no spine, is slightly anterior

to the middle line, and the greatest width of the carapace is slightly less than its length.

It narrows a little posteriorly, and its width between the bases of the postero-lateral

spines is very slightly greater than its width between the bases of the antero-laterals.

The width of the telson at its anterior end is about half the greatest width (see figs,

1 and 2) and it is also slightly narrowed posteriorly. The posterior border, between the

submedian spines (fig. 2) is straight and transverse, with about eighteen small sj)ines.

The intermediate spines are near the middle of the telson, separated by a sligL
,

interval from the laterals, and by a much longer interval from the postero-mcdian,

with some intervening dentations which are about as large as the primary spines.

At the next stage (No. 3, fig. 4) the appendages are as before, except that the

fourth abdominal appendages are larger, and the fifth pair are now present as rudiments.

The position of the labrum and the shape of the carapace is essentially as in stage 2,

and the telson is also nearly the same except that its posterior border is slightly

emarginated. At the next stage (No. 4, fig. 5) the flagellum of the second antenna,

the appendages of the third thoracic somite, and those of the sixth abdominal somite, are

all represented by minute buds, and the third thoracic somite has become shorter than
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the fourth and fifth. The outliue of the carapace is about as before, except that it is

uow deeply emarginated on the middle line. The posterior border of the telson is slightly

emarginated ; the submedian spines have approached each other, and the intermediates,

which are now much larger than the seven secondary dentations, have moved backwards,

as have also the laterals.

In the next stage (No. 5, I'l. VIII. fig. 1) more important changes have taken place.

The third, fourth, and fifth thoracic appendages are represented by buds, and their

somites have become reduced in length, so that the sixth is as long as all three of them.

The abdomen is now much wider than the thorax, and its somites all end posteriorly

in acute spines. The labrum is a little further back, and the anterior end of the carapace

narrower than at stage 4, but the telson is essentially like tbat of stage 4, although it

is a little more emarginated in the middle line. In stage 6 (fig. 2) the labrum is still

further back, the flagellum of the second antenna and the appendages of the third,

fourth, and fifth thoracic somites are elongated, and the latter are obscurely divided into

joints ; the appendages of the sixth, seventh, and eighth thoracic somites are represented

by buds, the abdomen is wider and more depressed, and the appendages of the sixth

somite are parallel but weU developed. The space between the lateral and the

intermediate spines of the telson is now equal to the space between the intermediate and

the submedian, and the posterior border is deeply notched on the middle line. In the

oldest larva in this series (No. 7, fig. 3) the appendages all have essentially their adult

forms, and the more imj^ortant changes are the lengthening of the hind body, the

flattening and widening of the abdomen, and especially the -ft-idening of the sixth

abdominal somite and the anterior end of the telson. This is now nearly rectangular, and

deeply notched on the middle line ; the sul)median spines are more approximated, and the

intermediates further back.

Although the collection contains no specimens which serve to connect this larva with a

specific adult, its close resemblance to the more typical Alimse, especially Aliraa hidens,

gives every reason for believing that it is the young of one of the higher multicarinate

species of the genus Squilla.

The specimens are all from the coast of Australia, and all these which were drawn

w'ere from Cape Howe and its vicinity.

Alimerichthus.—Inasmuch as the Erichthns t}^e of Stomatopod larvae presents a very

much greater diversity of forms than the Aliraa type, and as it is preceded by a Erich-

thoidina stage which is absent in the Alima larvae, there can be no doubt that the latter type

is a secondary modification of the Evichthus type, and that the greatly elongated Alima;

like Alima gracilis (PI. VI. fig. 3) are more divergent from the primitive larva than the

shorter and broader forms like Alima macrophthalma (PI. VIII. fig. 3). Although Milne-

Edwards and Dana have attempted to show that the two types are sharply scjaarated,

Claus has pointed out that among the Alimw themselves there is a series of larvae,
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which, starting with Alima gracilis, with its short carapace and elongated hind body,

leads, through many intermediate ty^jes, to a larva which is short and wide, and

almost completely covered by the elongated carapace, like an Erichthus, although its

general structure is Alima-like. For this larva, which he justly regards as the ancestral

form from which the Alima larvfe have been produced, Claus proposes the provisional

generic name Alimerichthus, as expressing its double relationship, to Alima on the one

hand, and Erichthus on the other.

He figures' a single advanced larva of this type 18 mm. long from the Indian Ocean,

but as he gives no account of its early stages, the occurrence in the Challenger collection

of younger specimens of this type is a matter of great interest, as these younger larvse

show that the young Alimerichthus, like the young Alima, passes through a stage in

which the last six thoracic somites have no appendages, while the raptorial limbs of the

second thoracic somite and the first pairs of abdominal appendages are well developed

and essentially like those of the adult.

I have selected from a collection made, February 29, 1886.. in the South Atlantic, oft'

the coast of South America, in lat. 36° 9' 8" S., long. 48° 22' W., the two specimens

which are shown in PL VIII. fig. 8, and PL IX. fig. 3, and which represent a form

which is very closely related to, but probably not identical with the one figured by

Claus. The youngest, shown in PL VIII. fig. 8, is 8715 mm. long, and the next stage,

shown in PL IX. fig. 3, is 15'52 mm. long, while Claus's Alimerichthus is 18 mm.

long, so that we probably have, in this series, three successive moults in the history

of the larva for which Claus's generic name may be retained without a specific

name. Alimerichthus is characterised as follows—A short wide Alima with a short

hind body which is wide and flat in the older larvse. The mouth is near the middle of

the carapace, and the rostrum is less than half as long as the carapace, which has a

median dorsal spine, and moderately long antero- and postero-laterals. There is a second-

ary spine on the inner edge of the postero-lateral close to its base, and a very prominent

acute spine projecting outwards from the lateral edge of the carapace, about midway

between the bases of the antero- and postero-lateral spines, and two or three smaller ones

projecting inwards between this and the one at the base of the postero-lateral. The

length of the carapace, measured on the middle line, from the tip of the rostrum, makes

much more than half the total length, and it covei's all of the thorax except the tip of

the eighth somite, while the tips of the postero-lateral spines are in the line of the

anterior edge of the telson. The eye stalks are about as long as the eyes, which have

swollen globular tips, the width of the carapace equals about one-third the total length,

the telson is wider than long, with six marginal spines, and numerous secondary spines

between the submedians and also between each submedian and the adjacent intermediate.

The inner spine of the basal prolongation of the uropod is slightly longer than the outer,

I Metamorphose der Squilliden, p. 147, Taf. viii. fig. 30.
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and there are few (five or six) marginal spines on the outer edge of its oxopoditc. In
the older larv« the dactylus of the raptorial limb shows traces of six spines besides the
marginal one.

In the youngest Alimerichthus which has been observed (PI. VIII. fig. 8) the
flagellum of the second antenna is represented by a bud, as are also the appendages of
the third thoracic somite, and the third, fourth, and fifth thoracic somites are cro°wded
together so that the sum of their lengths is about equal to the length of each one of the
three last thoracic somites, upon which there are no traces of appendages. There are five
pairs of fully developed and functional abdominal appendages, and five distinct abdominal
somites, the first four wider than the thorax, but the fifth very narrow and deeply con-
stricted off from the telson, upon the anterior edge of which the sixth pair of abdominal
appendages are represented by buds. The telson is wider than long, and nearly four
times as wide as the abdomen. It has six pairs of marginal spines with numerous
minute secondary spines between the submedians, ten or eleven on each side between the
submedian and adjacent intermediate, and a single one internal to the base of the lateral.
The margin of the telson, between the submedian and the intermediate, makes an angle
of about 45° with the principal axis of the body. A comparison of this larva with tlie

corresponding stage of Alima gracilis (PI. IV. fig. 5), or of Alima macrophthcdma
(PL VIII. fig. 1), shows that there is every reason for believing that it is preceded
by an earlier stage like the youngest observed stage of Alima yracilis (PL IV. fig. 4),
of Alima macrophthalma (PL VII. fig. 2), or Alima {Squilla) empusa (PL I. fia 4),'

and that at this time the third, fourth, and fifth thoracic somites are long and without
appendages like the. sixth, seventh, and eighth; the fifth abdominal somite and its

appendages absent or rudimentary, the sixth absent, and the telson spatulate, with the
submedians wide apart, and the secondary dentations between the submedians and inter-
mediates about as large as the primary spines. As we know that some, and probably
all, of the Alimxi larvae hatch from the egg in this condition, and do not pass through a
free Erichthoidina stage, this is undoubtedly true of the Alimerichthus also.

In the next stage which has been observed (PL IX. fig. 3) the appendages and
somites are all present, the exopodites of the first five abdominal appendages carry at
their bases the rudimentary buds which are to become the giUs, the telson is shorter
and wider than before, and the intermediate marginal spines have travelled backwards
until the posterior margin of the telson is nearly transverse between them. The sixth
abdominal appendages are still small, but in the next stage, the one shown in Claus's
fig. 30, they are nearly as long as the telson, with six or seven marginal spines on the
outer edge of the exopodite and with the inner spine longer than the outer, with an
obscure lobe on its outer margin near the base. The whole hind body is now wide and
flat, and there are indications of five or six marginal spines on the inner edge of the
dactylus of the raptorial claw.

(ZOOL. CHALL. E.\r.—PART XLV.— ItjSG.) y,, jg



98 THE VOYAGE OF H.M.S. CHALLENGER.

I have shown that the Alima larva resembles the adults of the genus Squilla in the

depression of the hind body, the presence of marginal spines on the dactylus of the rap-

torial claw, in the small number of marginal spines on the outer edge of the exopodite of

the uropod, in having its inner spine longer than- the outer, with a lobe or dentation on

its outer edge, and in the presence of numerous secondary spines between the submedian

spine and the intermediate marginal spine of the telson.

lu all of these respects Alimerichthus resembles Alima, and it is, therefore, beyond

question, a Squilla larva, but it differs from Alima in the great widtli of its telson and

the absence of spines on its abdominal somites, as well as in its resemblance to the more

primitive Erichthus larva.

The comparative study of the adult Stomatopoda teaches that the genera Lysio-

squilla and Squilla are two divergent branches from a common stem, and that the

primitive Squillie were more like this stem-form, and therefore more like Lysio-

squilla than the more specialized species. In the genus Squilla, Squilla (CJilorida)

microphthalma and its allies are the closest living representatives of the stem-form,

and they resemble the lowest species of the genus Lysiosqmlla in the small size and the

approximation of the eyes, the small size of the antennae and uropods, the loose

articulation of the hind body, and the width of the telson. I shall show further on

that the larva of Lysiosquilla, as well as of the more primitive genera of Stomatopoda,

is an Erichthus, and that all the true Alima} are Squilla larvae. The common ancestor

of Lysiosquilla and Squilla must therefore have passed through an Erichthus stage. If

it be true that the characteristics of the Alima larva are the result of secondary

modification, it is of course quite possible that the most modified adult Squillse

might have their larvae the least modified, but in the absence of any proof that this is

the case, it is more natural to believe that the most typical Alim^ are the young of the

most typical Squilla^, and that Alimerichthus, the most primitive and Erichthtts-hke of

the Alimai, is the young of a smooth loosely articulated and primitive Squilla, like

Squilla {Chlorida) microphthalma. While this conclusion cannot be accepted without

question, in the absence of direct proof, there is much reason for believing that

Alimerichthus is the larva of a Squilla closely related to Squilla microphthalma, and

this decision receives added force from the fact that several of the most conspicuous

peculiarities of Alimerichthus as distinguished from Alima, such as the width and

shortness of the telson, and the loose articulation of the hind body, are points of

resemblance to Squilla microp)hthalma. In the true Alim^e the postero-lateral angles

of the abdominal somites end in acute spines, which are not developed in Alimerichthus,

and, as Squilla microphthalma is the least costate of the true Squilla^, this is another

point of resemblance. It is not probable, however, that Alimerichthus is specifically

identical with Squilla microphthalma, and future research may prove that its adult

form is an unknown and still more primitive Squilla.
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The Lysioerichthus larva, and the Metamorphosis of Lysiosqidlla.

If my decision tliat all the Alima larvae are young Squills be correct, we must look

for the larvae of all the other genera of Stomatopoda among the Erichthi and

SquilJerichthi ; or, as SquiUerichthns is simply an advanced Erichthus, among the

Erichthi.

The series of Erichthu.'i larvae is so complete, and transitional forms are so

numerous, that it is veiy difficult to divide the group into minor groups ; and while it is

obvious that there are several distinct larval types, they are so intimately imited by

intermediate forms that the attempt to study them is ver}^ puzzling. The genera

merge into each other in such a way that it is difficult to find any strictly diagnostic

characteristics, but this is no more than we should expect from the absence of sharply

limited genera among the adult Stomatopoda.

I have shown that the species of LysiosquiUa, in which genus I include Coronis,

and the species of Squilla including Chlovidella, exhibit proofs of divergent descent

from a common stem form, which was more like Coronis and Chloridella than it was

like the more divergent LysiosquiUa and Squillie ; and as I have also shown that the

larvae of all the species in the Squilla-hvAnQh. from this common stem are Alimse, we

naturally turn to the Alima-Vik& Erichthi in our search for the larval t}^3e of the second

or Lysiosquilla-hranch..

In addition to their features of relationship to the adult genus Squilla, the Alima

larvae agree with each other in the general occurrence of marginal spines on the lateral

edges of the carapace, the length of the telson, which is almost always greater than its

breadth, the flatness of the hind body and the presence of marginal spines on the inner

edge of the dactylus of the raptorial claw. Squilla and LysiosquiUa agree with each

other in the flatness of the hiud body, and in the presence of spines on the dactylus, but

the Alima Ihlyvs. shows its relationship to Squilla by the presence of numerous

secondary spines between the submedian and intermediate marginal spines of the telson,

by the small number of spines on its dactylus, and by the fact that the inner spine of

the uropod is always longer than the outer.

Now there is a group of Erichthus lawsa, of which Erichthus duvaucellei {LysiosquiUa

maculata ?) (PI. X. fig. 7), and Erichthus nmltispinosus {LysiosquiUa excavatnx) (PI. XL
figs. 1, 2 and 3) are examples, which show by the flatness of the hind body, and by the

presence under the cuticle of the dactylus, in the older larvae, of traces of marginal spines,

that they are either Squilla or Lysiosqtiilla larvae. Claus refers them to the genus

Squilla, but as the marginal spines are usually more numerous than they are in any

known Squilla or in the Alima larva, we must exclude the genus Squilla in our attempt

to trace them to their adult form. In some of these larvae there are as many as seventeen

of these rudimentary spines on the dactylus, and they are seldom less than six, and there
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is ample internal evidence, drawn from other structural features, to sliow that they are

Lysiosqidlla larvas ; and in addition to this indirect but satisfactory evidence, I am now

able to furnish more direct proof, as I have reared a Lysiosquilla, Lysiosijuilla excavatrix,

from one of those larvte (PL X. figs. 14, 15), and one of the Challenger specimens

(PI. X. fig. 7) exhibits the characteristic transverse pigment stripes and other specific

characteristics of Lysiosquilla maculata, while another advanced larva of this type

(PI. XI. figs. 6, 8, 9) exhibits the flattened oval thin membraneous appendages to the

exposed thoracic limbs which is characteristic of the lower Lysiosquillse.

This larval type, for which I propose the provisional generic name Lysioerichthus,

mero-es into the Erichtlius of Gonodactylus and that of Pseudosquilla in such a way

that it is often difficult to decide whether a certain larva is to be referred to the one or

the other of these groups, but the Lysioerichthus may usually be distinguished from the

other Erichthi, by the position of the postero-lateral spines of the carapace, which, when

seen in profile (PL X. figs. 7, 14; PL XL figs. 2, 3) are separated by a wide interval

from the dorsal middle line ; they are either on the ventral edge of the carapace or else

they are much nearer to it than to the dorsal middle line, while the reverse is the case

in the Erichthus of Pseudosquilla (PL XII. fig. 6) and that of Gonodactylus (PL XV.

figs. 11, 12). In addition to this feature, which is, I believe, strictly diagnostic, they are

also characterised among the Erichthi by the width and flatness of the hind body, and

l)y the great depth of the carapace, the lateral edges of which are ventrally infolded, as

shown in the figures.

During their younger stages they exhiliit a most striking resemblance to the Alima

larva (PL XL fig. 1 ; PL XII. fig. 4), although this resemblance is entirely lost by

the older larvae.

In addition to the greater number of spines on the dactylus of the raptorial claw they

are also distinguished by other features, all of which indicate their identity with

Lysiosquilla. The telson is wider than long, like that of Lysiosquilla, and unlike that of

Alima and Squilla, where it is, almost without exception, longer than wide ; and between

its intermediate and submedian marginal spines there is usually only one secondary spine,

and never more than four. This is true of the adult Lysiosquilla also, while in all the

adult Squillie and all the Alimse the secondary spines are more numerous.

The outer one of the two spines at the end of the ventral prolongation from the base

of the uropod is, with rare exceptions, longer than the inner, as is the case, also with rare

exceptions, in Lysiosquilla, while the reverse is true without any exception in Alima and

in Squilla.

The Lysioerichthus is a true Erichthus, although it is the most Alima-like of the

Erichthi. Like the Alima the young Lysioerichthus has numerous marginal spines on

the lateral edges of the carapace, although this characteristic disappears as the larva

grows older, while it is retained by the fully grown Alima larva. In the very young
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stages of hoth types the tliora(;ic region is elongated ; there are no traces of api)enflages

on the last six thoracic somites ; the hind body is elongated and narrow, and the carapace

shallow and flat. This general resemblance to an Aliina disappeai-s with the growth of

the larva, and the fully grown Lysioerichthus is not at all Alima-like, as its body is short

and wide, and the carapace so deep that it covers the sides and part of the ventral surface

of the free body, while the hind body also may be bent forwards and entirely covered by

the carapace.

These EHchthi with a deep carapace and a wide flat hind bod}' are very numerous

and widely distributed, and as they are also among the largest of the Stomatopod larvae

we may be confident that the)' pertain to adults which belong to a widely distriljuted

genus, including many species, some of which are among the largest Stomatopods.

"^Vliile we cannot feel at all confident that all the genera of adult Stomatopoda are

kno'WTi, it is highly improbable that these larvse belong to an unknown genus, and we may
safel}' refer them to one of the well known genera. Their large size and the presence of

marginal spines on the dactyle exclude Protosquilla and Gonodactylus, and the

depression of the hind body excludes Pseudosquilla, and we must therefore refer these

larvse to either Squilla or LysiosquiUa.

Claus, as I have pointed out, advocates the first view, but the description which

follows will show that there is ample internal evidence that they are all LysiosquiUa

larvae, and this indirect evidence is rendei'ed all the more conclusive by the fact that I

have reared LysiosquiUa excavatrix from one of them, while the Challenger collections

enal:)le me to trace another to LysiosquiUa maculata with nearly equal certainty.

I therefore feel sure that the examination of the descriptions which follow will furnish

convincing proof that all these Erichthi are young LysiosquiUa, and that all the

LysiosqniUw pass through the Lysioerichthus stage.

The Erichthus larva shown in Claus's figure 14 is very similar to Lysioerichthus, but

it differs from them all in features in which they all agree with each other, and I shall

give farther on my reasons for belieAang that it is a Coronida larva, and therefore equally

related to both Aliina and Lysioenchthus.

As I shall soon show, there is reason for distrusting the accuracy of his drawing of

the telson of his Erichthxis muUispinosus, which is also exceptional.

LysiosquiUa {Erichthus) excavatrix.—At Beaufort, N.C., U.S.A., where onl}' two

species of Stomatopoda, SquiUa empusa and LysiosquiUa (Coronis) excavatrix, are known

to occur, and where both species are abundant, two types of Stomatopod larvae are also

abundant, and as there is ample evidence to show that one of these, shown in PI. I.

fig. 4, is the young of SquiUa emptisa, it is natural to infer that the other (PL XI.

figs. I, 2, 3) is the larva of the Beaufort Coronis, LysiosqidUa excavatrix, of which

PI. X. fig. 8 represents the adult male. Nearly all the larvse which I found were in the

stage shown in PI. XI. fig. 1, and aU my attempts to rear them in captivity failed, as



102 THE VOYAGE OF H.M.S. CHALLENGER.

they all died in moulting. The newly hatched young are swept out to sea by the tide,

and are widely distributed, and the older larvae are seldom found at Beaufort, but I have

procured a few specimens which serve to connect the youngest stage with a larva

nearly an inch long, which changed in the house into a young Lysiosquilla excavatrix,

so that there is little doubt that all the larvse of this type found there belong to this

species.

The youngest larva which is figured is very similar to Claus's Erichthus

tnultispinosus from the Indian Ocean, although it is much younger, nor do they belong

to the same species, for Claus's specimen has eight or nine, and ours only three, secondary

spines between the intermediate and the submedian marginal spines of the telson,

altholigh in other particulars there is the closest resemblance between the two.

It has four distinct well-developed abdominal somites with appendages, while the

short fifth abdominal somite is not yet separated from the telson. The flagellum

of the second antenna and the appendages of the last six thoracic somites are

absent, although the somites are present and equal in length, with the exception of the

eighth, which is longer than the others. The rostrum is about as long as the carapace,

and it has two or three small spines on its lower surface. The carapace covers

aU the thoracic, but not the abdominal somites, and its general outline, in dorsal

or ventral view, is nearly square, but its length slightly exceeds its greatest width,

and its width between the bases of the antero-lateral spines is less than between

the bases of the postero-laterals. In profile view (fig. 2) the lateral edges are

1ieut downwards below the level of the ventral surface of the thorax, and the chamber

which is thus formed is deepest at its posterior edge, so that the mid-dorsal outline and

the lateral edge are wide apart posteriorly, and approach each other in an acute angle at

the base of the rostrum. On the middle line of the posterior edge there is a slender

spine a little shorter than the rostrum, and about equal in length to the curved,

divergent postero-laterals, each of which carries a secondary ventral spine near its base,

dorsal to which, on the posterior edge of the carapace, there is a small secondary spine on

each side, as well as one on the lateral edge posterior to the base of each of the long,

divergent and widely separated antero-laterals, and on the lateral edge about halfway

between the antero- and postero-laterals there are two secondary spines. The telson is

considerably longer than wide, with its posterior edge nearly transverse, its anterior edge

narrow, and with six marginal spines on each side, the first, which is longer than the

next five, becoming the lateral marginal spine of the adult, is separated from the second

or intermediate by a wider space than those between the others. The eye-stalks are about

as long as the eyes, which are narrow with globular tips. The raptorial claw is flat and

oval, and there is a large prominent spine close to the proximal end of the carpus.

The next larva which is shown as seen from the left and below (fig. 3) is con-

siderably older and larger, and the marginal spines of the rostrum and carapace have
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increased in size and iu uumbers. Tlie sides of the carapace are folded down over the

body more than they are in the younger larvae, and the median dorsal spine is relatively

shorter. The appendages of the thii'd, fourth, and fifth thoracic somites are represented

by buds, as well as the fifth abdominal appendages, and the three last thoracic somites

are now longer than those in front. While I obtained a number of specimens of this

stage I found only one older one, which moulted, before I had an opportunity to draw it,

into the young Lysiosqidlla excavatrix, shown in PI. X. fig. 13, although I was able to

make from the moulted skin the drawings of the carapace and telson which are given

in figs. 14, 15, and IG, of PI. X.

Although this larva, the carapace of which was ^ inch long on tlje middle line,

including the rostrum, and ^'\j inch wide between the bases of the postero-lateral

spines, is many stages older than the one last described, the difi'erences are so very

great that I at first doubted whether they could belong to the same series, but the

consecutive series of stages in the growth of the closely related larva which is described

in the next section furnishes satisfactory proof that this is the case. The antero-lateral

and dorsal spines are now very short, although the rostrum and postero-laterals are of

about the same relative length as before, and none of the marginal spines were visible

with the hand-lens under which the drawings were made, except one in front of the base

of each postero-lateral and one in front of this by one-third of the distance to the small

antero-lateral. The telson (fig. 16) is now nearly rectangular, a little (^) wider than long,

with very long submedian spine, and a nearly transverse but notched posterior border

carrying thirty-six small secondary spines with very minute spinules between them. As

compared with the submedians the other marginal spines are very small ; the laterals

are posterior to the middle line and have each a small spinule internal to the base,

and one of the three secondary spines which were present in the younger larva has

disappeared, while the second is very small, and the third much smaller than the

intermediate. The change which takes place between this .stage and the next, in the

shape of the telson, is fully as great as the difl'erence between the telson at this stage and

that of the very young larva, as immediately after the moult the young Lysiosquilla has a

telson essentially like that of the adult shown in PL X. fig. 8, transverse, and about twice as

wide as long, with no secondary spines, and with all six marginal spines on the transverse

posterior border, and the submedians united in a single median process, as shown in fig. 13.

I am inclined to believe that a small Erichthoidina larva, which is occasionally,

although very rarely, found on the eastern coast of the United States, is the larva of this

species. Faxon has found one of these larvae at Newport, R.I., and he has figured it in

pi. viii. figs. II and 12 of his selection from Embryological Monographs.' Through the

courtesy of Professor Baird I have also had an opportunity to examine a sketch of another

specimen which Professor S. J. Smith obtained at the United States Fi.sh Commission

' Bull. Miis. Comp. ZooL, vol. ix. 1, 1882.
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laboratory at Wood's Holl, aud I have found one specimen at Beaufort, although sickness

in my family prevented me from studying, and my hope of rearing it from preserving it.

It died, however, without moulting, like all the young Stomatopod larvae whicli I have

tried to rear in captivity. It is essentially like the Erichthoidina, from Honolulu, shown

in PI. XII. figs. 1, 2, and very similar to Cluus s Ei-ichtlwidma gracilis^ and -Erich-

thoidina a7-mata (fig. 3), and it diflfers from the Erichthoidina, shown in PI. XII.

fig. 3, and from Claus's Erichthoidina brevispinosa, which I hold to be young Gonodactyli,

in the absence of a spine below the base of the postero-lateral, aud in the greater relative

distance between this spine and the dorsal spine.

I shall give reasons for believing that these differences are characteristic of the

Lysiosquilla Erichthus as distinguished from the Erichthus of Gonodactylus, and as we

find two corresponding types of Erichthoidina it is natural to believe that one becomes

converted at last into a Lysiosquilla, and the other into a Gonodactylus.

I therefore regard Claus's Erichthoidina gracilis and Erichthoidina armata, the

Challenger Erichthoidina from Honolulu (PL XII. figs. 1, 2), Faxon's larva and Smith's

larva as very young Lysiosquilla, and Claus's Erichthoidina brevisjnnosa and the

Challenger Erichthoidina, from St. Vincent (PL XII. fig. 3), as young Gonodactyli, for

reasons which wiU be more fuUy developed in the sequel. If this is true we have a

most striking corroboration of the correctness of the opinion so ably and ingeniously

advocated by Claus (Crustaceen System) that the Stomatopod larva without appendages

upon the last six thoracic somites, in which condition the Alima larva leaves the egg, is

the phylogenetic descendant of a larva with biramous feet on all these somites, for this

change must actually occur dui-ing the ontogenetic development of Lysiosquilla excava-

trix, since Faxon's and Smith's larvae have biramous apj)endages on the third, fourth, and

fifth of these somites, like those on the first and second, although the youngest

Lysioerichthus, shown in our figure has no traces of them on these somites, or upon

the sixth, seventh, and eighth.

The great rarity of Erichthoidina larvae may possibly be due to the fact that

during this early period of its larval life, the young Stomatopod remains within the

burrow of its parent, or it may be that the larva does not usually escape from the egg

until this stage is passed, and that the few specimens which are met with at rare intervals

are those which have been prematurely hatched.

The analogy of other Crustacea, the various species of Alx>heus, for example, shows

that two closely related species may hatch in difi"erent stages, and it is therefore possiljle

that one Erichthus may hatch as an Erichthoidina, while another hatches in the Erichthus

stage. It is not impossible that some Alima} may hatch as Erichthoidinie, although there

is no evidence that this is the case.

Before I enter upon the general discussion of the Lysioerichthus I will describe

' Metamorphose tier Squilliden, Taf. i. tig?. 1, 2.
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a few larval formss elected from the numerous Challenger specimens which I refer to this

genus, or to the subgenus Coronis.

Coronis (Erichthus) minutus.—From a collection of larvae taken in the tow-net at St.

Vincent I have selected the series which is shown in PI. XII. fig. 4 ; PI. XIII.

figs. 1-8, and 11, all of which undoubtedly belong to a single species. This is shown

by their general resemblance and also by the accompanying table of measure-

ments. The length of the four specimens, measured from the tip of the rostrum

to the tip of the telson, are as follows :

—



106 THE VOYAGE OF H.M.S. CHALLENGER.

median dorsal spine, crosses the middle line above the posterior edge of the first

abdominal somite. The eyes are nearly cylindrical, with very short stalks, and the

hind body is flat and wide.

The youngest larva (No. 1, shown in PI. XII. fig. 4) is so similar to the one repre-

sented in Claus's figure 22 B, that wo must believe that they are closely related. The

Challenger larva from St. Vincent is 4 '16 mm. long, and our measurements indicate

that, if there be a younger stage, its length should be 3 '33 mm., while Claus's larva,

from Messina, is about 3 mm. long, and it is highly probable that it belongs to

this species, and is therefore a Coronis, although this author held that it is either

a Pseudosquilla or an AUma} The spines of the carapace are longer, and the eyes

lono'er and narrower in our species than in Claus's figure, but these are the greatest

differences,

In our larva No. 1 (PI. XII. fig. 4) the first antennae have only two branches, the

second antennae have no flagellum, and the third, fourth, fifth, sixth, seventh, and eighth

thoracic somites have no traces of appendages, and they are equal in length, although

the eighth is wider than the others. The thoracic ganglia are marked off by fissures

but they are in contact with each other.

There are five distinct abdominal somites with separate ganglia and functional

appendages, each with an appendix interna or retinaculum on the thoracic edge of its

endopodite (PI. XII. fig. 4).

The sixth abdominal somite is obscurely indicated, and its appendage is represented

hj a bud (PI. XIII. fig. 1). The carapace has a small dorsal median spine on its

posterior edge, the rostrum is about half as long as the carapace, with three small spines

on its ventral surface, and about as long as the divergent posterolateral spines. The

lateral edges of the oval carapace are fringed with numerous minute serrations, but

there is no large tooth on the ventral side of the base of the postero-lateral spine. The

raptorial claws, even at this early stage, are flat and wide, and the carpus has a single

prominent tooth close to its base, on its anterior edge.

A profile view of the next stage (No. 2) is given in fig. 11 of PL XIII. A
small bud now represents the flagellum of the second antenna (PI. XIII. fig. 4), and the

appendages of the third, fourth, and fifth thoracic somites are also represented by buds

(PL XIII. fig. 5), and the ganglia of the sixth, seventh, and eighth thoracic somites have

separated from each other. The sixth abdominal ganglion and somite are now distinct,

and the rudimentary appendage (PL XIII. fig. 3) consists of a long acute simple spine

and two rounded lobes. The posterior edge of the telson, which was transverse in

stage 1 is now angulated on the middle line. The next stage is shown from below

in PL XIII. fig. 6. All the appendages and somites are now represented, the lateral

1 Metamorphose der Squilliden, p. 144.
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edges of the carapace are folded inwards, and the minute inner spine has appeared upon

the ventral process of the uropod. The abdomen is now flat and wide and the lateral

edges of the fifth somite are acute.

The single specimen of the oldest stage (No. 4) was so badly preserved that many

points were obscure. It is shown in ventral view in PI. XIII. fig. 7. The abdomen

is wide and flat, the lateral edges of the carapace are folded in, and the basal

process of the uropod is as long as the telson, which is deeply angulated on the middle

line (PI. XIII. fig. 8). The secondary single spine between the submedian and the

intermediate is now much smaller than the latter, which has a minute spinule internal

to its base. The raptorial claw is flat and oval as it is in the adult Coronis.

The striking resemblance which Glaus points out between the early stages of this

larva and a young Alima larva are superficial, since it is a true Erichthus, with the

ocular and antennary somites covered by the rostrum, the carapace folded downwards

and inwards at the sides, the outer spine of the basal prolongation of the uropod longer

than the inner, and only one instead of several secondary spines between the submedian

and the intermediate spines of the telson.

While there are numerous specific diflerences between it and the larva of Coronis

excavatrix, a comparison of the various stages in the development of the two larvaj

will show their very close similarity, and there can be no doubt that this also is a

Lysiosqidlla, and it probably belongs to the subgenus Coronis also.

Glaus figures several advanced larvae which agree with this one in the depression of

the hind body, the number and relative size of the marginal spines on the telson, the
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numerous marginal spines, there is little doubt that they are LysiosquiUa, pretty closely

related to the two which have been described. One of these, an Erichthus 14 mm. long,

from Bengal,^ he himself refers to the subgenus Coronis, and his Squillerichthus

triangularis (fig. 13) and possibly his Erichthus latreillei (fig. 18) are closely related

species.

The Challenger collection contains many specimens of a number of species of this

larval type, some of them very broad and short, and others as narrow as a Gonodactylus

Erichthus, from which they are distinguished by the position of the postero-lateral spine

of the carapace, which is either on the ventral edge or nearer to it than to the dorsal

middle line, while the reverse is the case in the Gonodactylus larva, which also has its

hind body convex instead of flat.

One of these Lysioerichthus larvae from a surface collection made by the Chal-

lenger at Papua, Japan, is shown in PI. XL figs. 10, 11, 12, and 13. It is y% of an

inch long on the middle line, with a minute dorsal spine, a rostrum which is nearly as

long as the carapace, small antero-laterals, and postero-laterals which spring from the

carapace close to its ventral edge, and reach backwards as far as the middle of the

sixth abdominal somite, while all the abdominal somites except the first are exposed

on the middle line. The raptorial claw (fig. 13) is flat, broad and oval, and its

dactylus shows under the cuticle traces of eight marginal spines. The hind body is

as wide as the carapace, and the telson (fig. 11) is much wider than long, with

its posterior border angulated and fringed with numerous small spinules between

the submedians, the distance between which is about half the greatest width of the

telson. There is a small spinule internal to the base of each lateral and each inter-

mediate marginal spine, and one small secondary spine between the intermediate and

snbmedian.

Length of carapace including rostrum,

Length of exposed somites and telson.

Total length on middle line, ....
Length of postero-lateral spines, ....

The oval shape of the flattened carpus indicates that this larva is a Coronis. There

is a general resemblance between it and the one last described, but the raptorial

claw is less oval, and in a third closely related larva, collected between Sydney and

Wellington, the raptorial claw is still more elongated. This latter larva, which is shown

in PI. IX. figs. 6, 7, 8, 9, and 10, is so similar to the one shown in Claus's figure 20,

that they must represent related adults, and I am therefore compelled to dispute his

identification of his larva as a young Gonodactylus.

It is remarkable for the great length of the rostrum and postero-lateral spines, the

' Metamorphose der Squilliden, fig. 19.

•48 inch.
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latter reaching beyond the tip of the extended telson. The carapace has a long median

dorsal spine, and it exposes the posterior half of the third abdominal somite.

Length of carapace on middle line including rostrum,

Length of exposed hind body,

Total length from tip of broken rostrum,

Length from tip of rostrum to tip of postero-lateral spines,

Width of carapace between bases of postero-lateral spines,

Width of hind body, ....

•50 inch.

•20

•70

•78

•2C

•16

In addition to the larvae which have been described, the Challenger collection contains

numerous specimens from various localities, which must represent closely related adults.

It also contains specimens of two somewhat peculiar larval types, which join to their

distinctive characteristics so many features which are shared by all the Lysioerichthus

larvse that I place them in this group.

One of them, which is represented by several specimens fi-om Rio Janeiro, is shown in

profile view in PI. IX. fig. 11, and in dorsal view in PI. XL fig. 6, while the telson, the

raptorial claw, and the seventh thoracic limb are shown in figures 7, 8, and 9. It is a

little younger than Claus's Squillerichthus triangularis,^ but it belongs to the same or a

closely related adult. The dactylus of the raptorial claw of the oldest specimen in

the Challenger collection is smooth, but in Claus's larva six marginal spines were

visible underneath the cuticle. This, as well as the width and flatness of the hind

body, the depth of the carapace, and the ventral infolding of its lateral edges, and

the shape of its telson and uropods (fig. 7) show its close relationship to the

Lysioerichthus larvse which have already been described, and the flat oval raptorial

claw (fig. 8) and the dilated oval scale-like form of the appendages to the exposed

thoracic limbs of the older larvse (fig. 9), indicate that the adult is one of the lower or

Coronis-like species of the genus LysiosquiUa. In Claus's larva, which is slightly more

advanced than the oldest one in the Challenger collection, the raptorial claw exhibits

under the cuticle indications of six marginal spines, and this author therefore regards it

as the young of one of the six-spined species of Squilla (p. 131). The fact that the young

LysiosquiUa excavatrix has a smaller number of marginal spines than the adult male,

shows that the presence of six spines in the larva is no evidence that they are not

more numerous in the adult, and while it is true that most of the adult LysiosquiUa have

more than six spines, and that some of them have less, there are several species in

which the adult has only six. Claus says (p. 131) that the telson of this larva exhibits

the SquiUa-type, but as all known species of SquiUa and all the Alivia larvae have

numerous secondary marginal spines between the submedian and intermediate marginal

spines of the telson, while our specimens, as well as the one figured by Claus, have only one

such secondary spine, its relationship is obviously with LysiosquiUa rather than SquiUa.

1 Metamorphose der Squilliden, fig. 13.
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A second very remarkable larva, characterised by the great elongation of all the

spines of the carapace, especially the antero-laterals, I refer, with less confidence, to the

Lysioerichthus group. The single specimen, which is shown in PI. XL fig. 14, was taken

in the tow-net off Kandavu Island, Fiji.

Lysiosquilla maculata [Erichthus duvaucellei) Guerin.—The largest Erichthus in the

Challenger collection is shown in profile in PL X. fig. 7, and from below in PI. XI.

fio-. 4. The collection contains numerous specimens which differ from each other only

in the length of the dorsal spine, which is often entirely absent, sometimes present but very

short, and occasionally well developed, as in the specimen from which fig. 7 was drawn.

The various specimens are so much alike in all other particulars that I cannot believe

that the length of this spine can be taken as an index of specific identity. It is probable

that in the older larva at least it is often broken ofi" in moulting, and that the difi'erences

in its length are accidental.

The largest specimens, which are more than one inch long, were collected between

Api and Cape York, between Admiralty Island and Japan, in the Straits of Mendino,

and at other points in the West Pacific. It is apparently the same as the Erichthus

duvaucellei which Guerin obtained in the Gulf of Bengal, and Claus in the Indian Ocean.

Although Claus states (p. 135) his opinion that it is a Squilla larva, it is clearly a

Lysioerichthus, closely related to the various larvae which have been described. In the

larger specimens the integument of the carapace and of the abdominal somites is soft,

flexible and leather-like, as in Lysiosquilla maculata, and the edges of the somites of

the hind body exhibit the transverse dark bands which are so characteristic of this species.

The inner spine of the basal prolongation of the uropod is longer than the outer, a relation

which is somewhat exceptional among the Lysioerichthus larvae, and also among the adult

Lysiosquilla^, although the adult Lysiosquilla maculata is one of the exceptional species,

having the inner spine longer than the outer. The raptorial claw of the larva is

long and slender, with traces under the cuticle of eight marginal spines, and as the

adult female Lysiosquilla maculata has seven or eight, while this number is increased in

the adult male to nine or ten, I cannot doubt that this large, flat, soft, transversely striped,

widely distributed larva, is the young of the largest of the Stomatopoda, Lysiosquilla

'maculata, which is also flat, transverselj- striped, soft, and very widely distributed.

The Larva of the genus Coronida.

I have shown that we are led by the comparative study of the adult Stomatopoda,

to believe that Lysiosquilla and Squilla are the divergent descendants of a Protosquilla-

like form, with an acutely pointed rostrum, and minute uropods, and with the base of the

dactylus of the raptorial claw dilated as in Protosquilla and Gonodactylus, but armed with

marginal spines, and with the hind body depressed as it is in Squilla and Lysiosquilla^
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and with a wide telson with the marginal spines on its posterior edge. For this genus I
liave proposed the name Coronida, and I have shown that we are acquainted with two
species which are to be referred to it. If this phylogenetic generalisation be correct, we
should expect the larva of this genus to unite in itself characteristics of both Alima and
Erichthus, and to stand in somewhat the same relation to them as that which the adult
Coronida bears to Lysiosquilla and Squilla. We should expect it to be a stem-form from
which both of these larvge may be derived. The Challenger eoUection contains no larv^
of this character, and so far as I am aware only a single specimen has been observed.
This remarkable and interesting form, from the Atlantic, is shown in Claus's figure 14. It
IS much more advanced than any other Erichthus or Squillenchthus larva which has ever
been described, resembling in this respect an AJima larva, and like the advanced Alima
larvae it has well developed gills, a long annulated flagellum on the second antenna,
a mandibular palpus, and its first five pairs of abdominal feet are, like those of the Alima-
larva, more perfectly developed than in Erichthus, and it resembles all Alirtia larv» and
difi-ers from all Erichthus larvae in the presence of numerous (twelve) secondary spines
between the intermediate and submedian spines of the telson. Like all Alima larv^,
and the young and a few of the old Lysiosquilla Erichthus larvae, the lateral edges of the
carapace are fringed with spines, but these edges are folded downwards and inwards andm all other respects it is an Erichthus. The many points in which it resembles Erichthus
and difi-ers from all Alimie, joined to many other points of resemblance to Alima and
difi-erence from all Erichthi, render it peculiarly interesting. It is so far advanced that it
undoubtedly assumes its adult form after the moult which follows the stage sho^vn in
Claus's figure, and the adult rostrum with a long acute median spine is visible under the
cuticle. As it has a wide flat hind body and spines in the dactyle it is not a Protosquilla
or a Gonodactylus, or a Pseudosquilla, and the long spine on the rostrum shows that it is
neither a Squilla nor a Lysiosquilla. The telson is wider than long, its marginal spines
are crowded backwards, the figure indicates that the sixth abdominal somite Is probably
fused with the telson, and the uropods are very small, and the two spines are very small
and equal.

All its characteristics indicate that it is a very primitive and sj-nthetic type, and
whUe it may possibly belong to an unknown genus, all the indirect evidence which it

furnishes indicates very strongly that it is either the larva of Coronida, or else of some
closely allied form. I propose for it the provisional generic and specific names Erich-
ihalima synthetica.

Pseudeiichthus and the Metamorphosis of Pseudosquilla.

Claus has traced to the adult Pseudosquilla a long narrow EHchthus larva which
diflfers from Lysioerichthus in the shape of the carapace, which is narrow and short, and
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also in the great leugth of the narrow hind body. His collection contained numerous

specimens, all very similar in general appearance to the one which he traced to its adult

form, from various localities in the Indian and Atlantic Oceans. They are all narrow

and elongated and from 16 to 42 mm. long.

The Challenger collection also contains numerous specimens from many widely

separated localities ; all so similar to the one which Claus studied that they must

pertain to closely related adults, and I therefore place them all in a provisional genus

Pseuderichthus. One of them I^^q inches long, from a collection made between

Tenerife and St. Thomas, is shown in dorsal view in PI. XII. fig. 6, while various parts

of its body, more highly magnified, are showni in PI. VI. figs. 2 and 6, and PI. XIII.

figs. 12 and 14. The telson and uropods of a very similar but much larger specimen,

If inches long, from Volcano, are shown in PI. VI. fig. 7. Another much smaller

species, which undoubtedly belongs in the same group, although it is much wider and

flatter than the one figured above, is shown in side view in PI. V. fig. 4. It is

|-J inches long, and is from a gathering made between Api and Cape York. In all the

older larvae of this group the submedian spines of the telson are very long and slender,

and are tipped with movable spinules, as in the adult Pseudosquilla ; the proximal

joint of the exopodite of the uropod is bordered by numerous (six to twelve) spines, the

terminals are much longer than tlie others, and the dactylus of the raptorial claw often

exhibits traces of two or three marginal spines under the cuticle. As all these

characteristics are features of resemblance to the adult Pseudosquilla, and as Claus has

obtained a very complete series of stages connecting one of these larvae with an adult

of this genus, there can be little doubt that they are all Pseudosquilla larvae.

While it is very closely related to both Lysioerichthus and the Erichthus of Gono-

dactylus, and united to both these larval types by intermediate larval forms, I believe

the following features may be relied upon as diagnostic of the Pseuderichthus larva. It

is distinguished from the Lysioerichthus by the position of the postero-lateral spines of

the carapace, which are near the dorsal surface ; by the narrowness of the carapace,

which is at least twice as long as wide, shallower than in Lysioerichthus, and not at all,

or only very slightly, infolded along its lateral edges ; by the elongation of the hind

body, the length of the submedian spines of the telson, the presence of numerous spines

on the outer edge of the proximal joint of the exopodite of the uropod, and the very

great elongation of the outer one of the two ventral spines on its basal joint. It is

distinguished from the Erichthus of Gonodactylus by the fact that the postero-lateral

spines of the carapace are short, usually only one-fourth or one-third as long as the

carapace, while they are usually more than half as long in the Gonodactylus larva, and

also by the fact that the rostrum is usually short and compressed, and armed at about

the middle of its ventral edge by a large acute curved spine, in front of which there are

often two or three smaller spines.
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The adult genus Pseudosquilla is not sharply limited, as the various species are very

closely related to Gonodactylus on the one hand, and to Coronida and Coronis on the

other, and we should not expect the larval type to be more definite than the adult, and

as a. matter of fact the collection contains larvse which closely resemble Pseuderichthus

although they may possibly be Gonodactylus larvae, and others which may possibly be

Lysiosquilla larvae.

The Challenger collection contains very few young larvae of this type, and I have

not been able to trace its metamorphosis, although Claus has given reasons for

believing that it hatches as an Evichthoidina, and afterwards undergoes a retrograde

metamorphosis, loosing and afterwards redeveloping all the thoracic appendages, except

the first and second pairs.

The Erichthoidina from St. Vincent, shown in PL XII. fig. 3, may possibly be a

young Pseudosquilla, although it more closely resembles the Gonodactylus Erichthus.

The Gonerichthus larva and the Metamorphosis of Gonodactylus.

The last larval type which I shall discuss is represented in the Challenger collection

by numerous specimens, a few of which I have selected and drawm.

One of these, from St. Vincent, is shown in PL XIL fig. 5, while the telson and

uropods of another specimen, from the Celebes Sea, in the same stage of development,

and belonging to the same or a closely related species, are shown in PL XIIL fig. 9.

The fully grown larva, Ix^j^ inches long, of another species from the West Pacific,

lat. 17° 29' N., long. 141° 21' E., is shown in profile in PL XV. fig. 11, and from above

in fig. 6, and the telson and ui'opods of a closely related species 1^ inches long, from

Volcano Island, in the West Pacific, are shown, more enlarged, in fig. 7. •

The carapace of another species, ^^^j inch long, from the Celebes Sea, is showai in

PL XV. fig. I, and the telson of a young Gonodactylus of the Chircujra type in the adult

condition is shown in PL XVL fig. 5. This specimen, which is y\j- inches long, was taken

with the trawl in IS fathoms, west of the Philippine Islands, at Station 208. This latter

specimen had the raptorial claw fully developed, and it exhibited all the characteristics of

the adult Gonodactylus. It is certainly a young Gonodactylus closely related to, or

possibly a specimen of, Gonodactylus chiragra, and a comparison of its telson and uropods

with those of the various larvae which have just been noticed will show that there is the

closest agreement in every particular. In all of these larvae, as in the young Gono-

dactylus, the sixth abdominal somite has a pair of submedian spines near its posterior

edge, and its postero-lateral angles are produced into acute spines. The telson is slightly

wider than long, its submedian spines are long and slender, but shorter than they are in

Pseuderichthus, and without the movable spinules of the latter. The telson is notched

on the middle line, and there are from fourteen to twenty small secondary spinules on

(ZOOL. CHALL. EXP.—PART XLV.—1886.) Yy 15
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its posterior edge, between the submedians. There is one small secondary spinule

internal to the base of the lateral marginal spine, another internal to the base of the

intermediate, and a third midway between this and the submedian. In figs. 7 and 8

as in the young Gonodactylus the outer edge of the proximal joint of the exopodite of

the uropod is fringed by nine marginal spines, the terminal one longest, and the outer

spine of the basal prolongation is much longer than the inner, but not as long as it is in

Pseuderichthxis. A comparison of the telson of the young Gonodactylus with that of

the other larvae which are figured in this paper, will show that none of them except

those now under discussion exhibit this resemblance. The Gonerichthus larvae which

are here figured are all of them well advanced, and are furnished with large compound

gills on their abdominal feet ; this, together with the perfect development of their

uropods, shows that they are nearly mature, and about ready to moult into the adult

form, and as none of them exhibit any traces of marginal spines on the dactylus of the

elongated slender raptorial claw, we may feel confident that the adults belong to a genus

in which the dactylus is unarmed. It is not probable that a larval type which is so

common pertains to an unknown adult genus ; the larvae are not P'rotosquillse, as the

sixth abdominal somite is well developed, and as they have no movable spinules on the

tips of the submedian spines of the telson they are not Pseudosquillee. The only

remaining genus is Gonodactylus, and their structural characteristics .all indicate that

they are the young of species in this genus. Claus, who has figured two of these larvae

in his figures 21 A. and 21 A', correctly refers them to Gonodactylus (p. 139) although he

also refers to this genus two larvae, figures 20 and 21 B. which are not Gonerichthi but

Lysioerichthi, as he indeed suspects may be the case with the second one, 21 B.

The Gonerichthus larva may be distinguished from the Lysioerichthus by the

shallowness of its carapace, which is not at all infolded, and by the position of its postero-

lateral spines, which arise very close to the dorsal middle line. It is distinguished from

the Psenderichthus larva by the length of these spines, which are at least half as long as

the carapace, and also by the fact that the telson is wider than long, and longer than the

long outer spine of the uropod.
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ChloriJa, Eyd. et SouL, 23, 42, 55, 79, 80.

Chlorida derorata, "Wood-Mason, 40, 42, 44.

Chlorida latreilii, Eyd. et SouL, 43.

Chlorida microphthalma, Eyd. et Soul., 42, 44, 98.

ChlorideUa, Miers, 6, 9, 11, 14, 20, 23, 24, 35, 42,

44, 45, 99.

ChlorideUa chlorida, 14.

ChlorideUa decorata, Miers, 40.

ChlorideUa depressa, Miers, 42.

Cldoridella microphthalma, 9, 12, 42.

ChlorideUa rotundicauda, Miers, 9, 43.

Coronida, n. gen., 6, 7, 10, 11, 12, 20, 55, 56, 66, 79,

80, 101, 110, 111, 113.

Coronida bradyi (A. M.-Edw.), 66, 79, 80.

Coronida trachura, 66, 79, 80.

Coronis, 5, 6, 11, 14, 44, 45, 50, 55, 70, 79, 80, 84,

99, 105, 106, 107, 108, 109, 113 (PL v. fig. 6).

Coronis excavatrix, n. sp., 9, 12, 14, 20, 21, 22, 45,

48, 101, 105, 107 (PL X. figs. 8-16; PL xi.).

Coronis minutus, 105 (PL xii. fig. 4 ; PL xiiL figs. 1-8,

11).

Coronis scolopendra, 44.

Erichthalima, 16, 17, 18, 19, 20, 24.

Erichthalima syntlietica. 111.

Erichthoidina, 16, 17, 18, 19, 24, 25, 51, 5.5, 81, 82,

84, 95, 97, 103, 104, 113 (PL iv. figs. 1-3;
PL v. figs. 1, 2, 5, 7, 8 ; PL vi. fig. 1.; PL xiL).

Erichthoidina armata, 104.

Erichthoidina brevispinosa, 104.

Erichthoidina gracilis, 104.

Erichthus, 16, 24, 25, 44, 4.5, 46, 51, 52, 53, 55, 81,

82, 83, 84, 95, 96, 98, 99, 100, 101, 104, 105,

107, 108, 111, 112.

Erichthus duvaucellei, Guer., 46, 99, 110 (PL x. fig. 7
;

PL xi. fig. 4).

Erichthus excavatrix, 101.

Erichthus latreillei, 108.

Erichthus minutus, 105 (PL xii. fig. 4 ; PL xiii. figs.

1-8, 11).

Erichthus multispinosus, 24, 99, 101, 102 (PL xi. figs.

1-3).

Gonerichthus, 16, 17, 19, 20, 45, 113, 114 (PL v.

fig. 4; PL xiL; PL xiu. fig. 10; PL xv.).

Gonodactylus, Latr., 6, 7, 10, 12, 14, 16, 17, 20, 22,

55, 56, 65, 66, 79, 80, 100, 101, 104, 108, 110,

111, 112, 113. 114 (PL iv. figs. 1-3; PL v.

fig. 7; PL xii.; PL xiii. fig. 9; PL xiv.; PL xv.;

PL xvi.).

Gonodactylns hradyi, A. M.-Edw., 55, 79, 80.

Gonodactylus cerebral is, 22.

Gonodactylus chiragra, Latr., 1, 22, 66, 58, 60, 61,

63, 64, 113 (PL XV. fig. 4).

Gonodactylus chiragra (var. minutus), 22.

Gonodactylus dongatus, 22.

Gonodactylus excavatus, Miers, 66, 78.

Gonodactylus folinii, A. JL-Edw., 66, 69, 70.

Gonodactylus furcicaudatus, Miers, 66, 78.
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Gonodactylus glabrous, n. sp., 22, 60, 61, 62, 63, 64

(PI. xiv. fig. 5 ; PI. XV. figs. 7, 9).

Gonodadijliis (jhjptoeercus, Wood-Mason, 74, 75.

Gonodactylus graphurus, Miers, 14, 22, 58, 62, 63,

64 (PI. xiv. figs. 1, 4, 6 ; PI. xv. figs. 3, 8).

Gonodacttjlus guerinii. 2, 21, 22, 75.

Gonodactylus trachurus, Miers, 10, 55, 79, 80.

Oonodadijlus trispinos'us, Miers, 66, 71, 75.

LeptosquiUa, 6, 34.

Lopholatilus, 1.

Lysioerichtlius, 16, 18, 19, 20, 24, 45, 46, 48, 51, 99,

100, 101, 104, 108, 109, 110, 111, 112, 114

(PI. V. fig. 6; PI. vi.; PI. ix.; PI. xi.; PI. xii.;

PI. xiii.).

Lysiosquilla, Dana, 6, 8, 9, 10, 11, 12, 14, 16, 17, 18,

19, 20, 25, 44, 45, 46, 55, 79, 80, 82, S3, 84,

90, 98, 99, 100, 101, 103, 104, 10-5, 107, 108,

109, 110, 111, 113 (PI. V. fig. 8; PI. vi. fig.

1 ; PI. ix.; PI. x.; PI. xi. ; PI. xii.; PI. xiii.).

Lysiosquilla armata, 1

.

Lysiosquilla excavatrix, n. sp., 2, 9, 12, 14,20, 21, 22,

44, 45, 46, 48, 51, 99, 100, 101, 102, 103,

104, 105, 109 (PL X. figs. 8-16; Pl.xi. figs. 1-3).

Lysiosquilla inornata, Dana, 45.

Lysiosquilla maciUata (Fabr.), 9, 14, 20, 21, 44,

45, 46, 48, 50, 99, 100, 101, 110, (PI. x. figs.

1-7; PI. xi. fig. 4).

Lysiosquilla scolopendra, 44.

Protosquilla, n. gen., 6, 7, 8, 10, 11, 12, 17, 19, 55,

56, 65, 66, 70, 72, 75, 78, 79, 80, 101, 110,

114 (PI. xiv.; PI. XV.; PL xvL).

ProtosquiUa cerebralis, n. sp., 22, 66, 72, 75 (PL xiv.

figs. 2, 3 ; PL xvi. figs. 2, 3).

Protosquilla elongata, n. sp., 22, 66, 67, 70, 71 (PL xv.

figs. 2, 12; PL xvL fig. 4).

Protosquilla excavata (Miers), 66, 78.

Protosquilla folinii (M.-Edw.), 66, 70.

Protosquilla furcicaudata (Miers), 66, 78.

Protosquilla glyptocerca (Wood-Mason), 75.

Protosquilla guerinii (White), 2, 21, 22, 66, 70, 75,

79, 80 (PL xvi. figs. 1, 6).

Protosquilla trispinosa (White), 66, 71.

Pseuderichthus, 16, 17, 19, 20, 45, 111, 112, 113, 114

(PL vi. figs. 2, 6, 7 ; PL xii.).

Pseudosquilla, Guer., 6, 7, 10, 11, 12, 14, 16, 17, 20,

53, 55, 100, 101, 106, 111, 112, 113, 114

(PL vi. figs. 2, 6, 7; PL xii; PL xiii figs. 12,

13, 14).

PseudosquiUa ciliata, Miers, 21, 46, 53, 54, 55 (PL xv.

fig. 10).

Pseudosquilla oculata, Brulle, 55.

Pseudosquilla ornata, Miers, 55.

Pseudosquilla stylifera, v. Mart., 54, 55.

Squilla, Fabr., 6, 8, 9, 10, 12, 14, 16, 17, 18, 19, 20,

23, 24, 25, 44, 45, 55, 56, 70, 79, 80, 81, 82,

83, 84, 85, 89, 90, 93, 95, 98, 99, 100, 101,

109, 110, 111 (PL L figs. 1, 2 ; PL iL; PL iiL

;

PL vii.; PL viiL; PL ix.; PL xiii.).

Squilla bradi/i, A. M.-Edw., 10, 55, 76.

Squilla chlorida, n. sp., 9, 14, 21, 24, 40 (PL ii.

figs. 1-5.).

Squilla dubia, M.-Edw., 37.

Squilla empusa, 1, 2, 20, 25, 51, 81, 83, 84, 85, 90,

91, 93, 97, 101 (PL L figs. 4, 5; PL ii. fig. 7).

Squilla fasciata, de Haan, 2, 9, 21, 24, 35, 37, 39,

40, 44 (PL ii. fig. 8 ; PL iiL figs. 4, 5).

Squilla gracilis, 84 (PL iv. figs. 4-6 ; PL v. fig. 3

;

PL vi. figs. 3-5 ; PL viii. figs. 4-6).

Squilla lata, n. sp., 9, 21, 24, 34, 38, 40, 44 (PL iii.

figs. 1-3).

SquUla leptosquilla, n. sp., 1, 14, 21, 30 (PL L

figs. 1, 2).

Squilla mantis, 31, 90.

Squilla microphthalma, M.-Edw., 9, 12, 42, 98.

Squilla miles, Hess., 33.

Squilla nepa, 1, 9, 21, 25, 30, 89, 90.

Squilla quinquedentata, n. sp., 14, 21, 26, 30 (PL i.

fig. 3; PL ii. fig. 6).

Squilla rotundicauda, 9.

Squilla rubrolineata, Dana and v. Mart., 37.

SquUlerichthus, 16, 24, 25, 44, 84, 99, 111.

Squillerichthus triangularis, 108, 109.

\
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PLATE I.

Sqcjilla.

Fig. 1. Squilla leptosquilla, n. sp., from the Celebes Sea. Dorsal view of a male

specimen, twice the natural size (p. 30).

Fig. 2. Squilla leptosquilla. Endopodite of first abdominal appendage of male; magnified.

A, basal joint ; B, terminal joint ; a, outer lobe ; b, inner lobe ; c, suture

;

d, retinaculum ; e, fixed limb of petasma ; /, moveable limb of petasma.

Fig. 3. Squilla quinquedentata, n. sp., from the Marquesas Islands. Male specimen;

natural size (p. 26).

Fig. 4. Squilla empusa, from Beaufort, N. C. Ventral view of young Alima larva,

3-216 mm. long (pp. 90, 101).

Fig. 5. Profile view of the same larva.
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PLATE 11.



PLATE TI.

SquillA (Alima).

Fig. 1. Squilla chlorida, n. sp., from Amboina. Dorsal view of male specimen, one and

one-half inches long (p. 40).

Fig. 2. Squilla chlorida. Outline of telson ; more enlarged.

Fig. 3. Squilla chlorida. Anterior end of body ; enlarged.

Fig. 4. Squilla chlorida. Eaptorial claw ; enlarged.

Fig. 5. Squilla chlorida. Endopodite of first abdominal appendage of male ; enlarged,

from a drawing by Mr. G. B. Haldeman. A, basal joint ; B, terminal joint

;

a, outer lobe ; h, inner lobe ; c, suture ; d, retinaculum ; e, fixed limb of

petasma
; f, moveable limb of petasma.

Fig. 6. Squilla quinquedentata, from the Marquesas Islands. First abdominal appendage

of male, from a drawing by Mr. G. B. Haldeman (reference letters as in fig. 5).

Fig. 7. Squilla empusa, from Beaufort, N. C. First abdominal appendage of a male,

from a drawing by Mr. G. B. Haldeman.

Fig. 8. Squilla fasciata, from Japan. Raptorial claw of male ; enlarged (p. 37).
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PLATE in.

Squilla.

Fig. 1. Squilla lata, n. sp., from Arafura Sea, Dorsal view of a female specimen ; twice

the natural size (p. 34).

Fig. 2. Squilla lata. Raptorial claw ; enlarged.

Fig. 3. Squilla lata. Anterior end of body ; enlarged.

Fig. 4. Squilla fasciata, from Japan. Dorsal view of a male specimen ; three times

natural size.

Fig. 5. Squilla fasciata. Submedian spine of telson ; enlarged to show secondary

spinules.
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PLATE IV.

Squilla (A lima).

Fig. 1. Gonodactylus {Erichthoidina). Telsou of the specimen shown in PL XII. fig. 3

(pp. 55, 113).

Fig. 2. Mandible of tlie siime Larva.

Fig. 3. MaxiUa of the same larva.

Fig. 4. Squilla {Alima) gracilis, from St. Vincent. Stage No. 2, 6 '91 mm. long (p. 84).

Fig. 5. Squilla {Alima) gracilis, from St. Vincent. Stage No. 4, 11 '54 mm. long.

Fig. 6. Squilla (Alima) gracilis, from St. Vincent. Stage No. 5, 17"38 mm. long.
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PLATE V.

Fig. 1. First maxilla of the larva shown in fig. 5.

Fig. 2. Second maxilla of same.

Fig. 3. Squilla (Alima) gracilis, from St. Vincent. Stage No. 3 ;
9'18 mm. long (p. 84).

Fig. 4. Gunerichthvs \a,rvsi, from St. Vincent (p. 113).

Fig. 5. Erichthoidina. Ventral view of the anterior end of body of larva shown in

PL XII. fig. 1.

Fig. 6. Abdominal appendage of the Coronis larva shown in PI. XII. fig. 4.

Fig. 7. First antenna of the larva shown in PI. XII. fig. 3.

Fig. 9. Telson of the larva shown in PL XII. fig. 2.
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PLATE VI.

Lysioeeichthus.

Fig. 1. Lysiosquilla (?) {Erichthoidina). Telson of the larva shown in PI. XII. fig. 1.

Fig. 2. Seventh thoracic limb of the larva shown in PI. XII. fig. 6.

Fig. 3. Squilla{Alima) gracilis, from St. Vincent. Stage No. 6 ; 42"83 mm. long.

Fig. 4. Squilla {Alima) gracilis. Stage No. 6. Mouth parts more highly magnified.

Fig. 5. Squilla (Alima) gracilis. Stage No. 6. Anterior end of body more magnified.

Fig. 6. First abdominal appendage of the larva shown in PI. XII. fig. 6.

Fig. 7. Telson of a Psenderichthus larva from Volcano, similar to the one shown in

PI. XII. fig. 6, but If inches long.
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PLATE VII.

Squilla (Alima).

Fig. 1. Squilla (Alima) macrophthalma, from Cape Howe. Stage No. 2 ;
4*9 mm. long

(p. 93).

Fig. 2. Squilla (Alima) macro'phthalma, from Cape Howe. Stage No. 3 ; 64 mm. long.

Fig. 3. Squilla (Alima) macrophthalma, from Cape Howe. Stage No. 4; 8"4 mm. long.

Fig. 4. Squilla (Alima) macrophthalma, from Cape Howe. Outline of telson of stage

No. 1
;
greatly magnified.

Fig. 5. Squilla (Alima) macrophthalma, from Cape Howe. Outline of telson of stage

No. 4.

Fig. 6. Squilla (Alima) macrophthalma, from Cape Howe. Mouth parts of stage No. 1
;

greatly magnified.

Fig. 7. Raptorial claw of an Alima larva, l\ inches long, from the coast of Africa.
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PLATE VIII.

Squilla (Alima).

Fig. 1. Squilla {Alima) macrophthalma, from Cape Howe. Stage No. 5 ;
8 "7 5 mm. long.

Fig. 2. Squilla (Alima) macrophthalma, from 'Cape Howe. Stage No. 6; 11 "11 mm.

long.

Fig. 3. Squilla (Alima) macrophthalma, from Cape Howe. Stage No. 7 ; 19 mm. long.

Fig. 4. Squilla (Alima) gracilis. Uropod of a fully-gro^vii larva, collected between

Api and Cape York.

Fig. 5. Squilla (Alima) gracilis. Raptorial claw of a fully-grown larva, from St.

Vincent.

Fig. 6. Squilla (Alima) gracilis. Telson of larva shown in PI. VI. fig. 4.

Fig. 7. Telson of an Alima, 1-| inches long, from the coast of Africa.

Fig. 8. Alirmrichthus from the South Atlantic ; 8715 mm. long.
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PLATE IX.

Squilla (Alima) (Alimebichthus) (Lysiosquilla) Lysioerichthus.

Fig. 1. Squilla {Alima) bidens, 1 inch long, from the Cape of Good Hope (p. 90).

Fig. 2. Telson and uropods of same larva.

Fig. 3, Alimerichthus, 15'52 mm. long, from the South Atlantic.

Fig. 5. Telson and uropods of a younger Alimerichthus ; 8715 mm. long.

Fig. 6. Lysiosquilla {Lysioerichthus). A larva of the subgenus Coronis, ^j^ inch

long, collected between Sydney and Wellington.

Fig. 7. Telson and uropods of same larva.

Fig. 8. Telson and uropods of a younger specimen.

Fig. 9. Side view of the carapace of the larva shown in fig. 6.

Fig. 10. Raptorial claw of the same larva.

Fig. 1 1 . Lysiosquilla {Lysioerichthus) triangularis, from Rio Janeiro.



The Voyage of H.M.S. "Chulleniier"
St()mat(i|ioda. i-u.'\l L IX

W K. BROOKS .t

50UILLA lALIMAi A L I M E R I C H T H U S )

I LYSIO S Q U I LLA) L Y 5 I O E R I C H TH U S

A IIOEN a. CO L.lh
.





PLATE X.



PLATE X.

(Lysiosquilla).

Fig. 1. Lysiosquilla maculata. Raptorial claw of male ; one-half natural size (p. 45).

Fig. 2. Lysiosquilla maculata. Raptorial claw of female ; one-half natural size.

Fig. 3. Lysiosquilla maculata. Mandible.

Fig. 4. Lysiosquilla maculata. First maxilla.

Fig. 5. Lysiosquilla maculata. Second maxilla.

Fig. 6. Lysiosquilla maculata. First abdominal appendage of adult male ; slightly

enlarged, e, exopodite ; A, basal joint of endopodite ; B, terminal joint

of endopodite.

Fig. 7. Lysiosquilla [Lysioerichthus) maculata ; magnified 5 diameters.

Fig. 8. Lysiosquilla (Coronis) excavatrix, n. sp.; male, magnified 2 diameters.

Fig. 9. Lysiosquilla (Coronis) excavatnx. First maxilla.

Fig. 10. Lysiosquilla {Coronis) excavatrix. Second maxiUa.

Fig. 1 1 . Lysiosquilla
(
Coronis) excavatrix. Raptorial claw of male.

Fig. 12. Lqjsiosquilla (Coronis) excavatrix. Endopodite of first abdominal appendage

of adult male
;

greatly enlarged (reference letters as in fig. 6 ; and, in

addition, a, outer lobe ; b, inner lobe ; c, suture ; d. retinaculum ; e, fixed

limit
; f, movable limb of petasma).

Fig. 13. Lysiosqtdlla (Coronis) excavatrix. Young specimen ; enlarged 5 diameters.

Fig. 14. Lysiosquilla (Coronis) excavatrix. Side view of the carapace of the larval

skin, ^ inch long, from which the young specimen showTi in fig. 13

moulted.

Fig. 15. Lysiosquilla (Coronis) excavatrix. Ventral view of same.

Fig. 16. Lysiosquilla (Coronis) excavatrix, Telson and uropods of the same larva,

-f^ inch long, ^ inch wide.
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PLATE XL

Lysioerichthus.

Fig. 1. Lysiosquilla {Coronis) excavatrix. Ventral view of a young Erichthus larva

{Erichthus multispinons, Claus).

Fig. 2. Lysiosquilla {Coronis) excavatrix. Side view of same larva.

Fig. 3. Lysiosquilla {Coronis) excavatrix. Side view of older larva.

Fig. 4. Lysiosquilla maculata. Ventral view of Squillerichthus larva.

Fig. 5. Lysiosquilla maculata. Marginal spinules of telson.

Fig. 6. Lysiosquilla {Lysioerichthus) triangularis, from Rio Janeiro.

Fig. 7. Telson and uropods of same.

Fig. 8. Raptorial claw of same.

Fig. 9. Seventh thoracic appendage of same.

Fig. 10. Lysiosquilla {Lysioenchthvs), f^ of an inch long, collected between Papua and

Japan.

Fig. IL Telson and uropods of same.

Fig. 12. Side view of carapace of same.

Fig. 1 3. Raptorial claw of same.

Fig. 14. Lysioseiichthus (?), from Kaudavu Lsland, Fiji.



I ho Voyage of H.M.S."ChalIeti»,er.'"
Stumatofjofla. PLATE XI

LYS IOEF?lCHTHUS HocN aco, L.ih.





PLATE XIJ.

N



PLATE XII.

1-3. ErICHTHOIDINA. 4. LySIOERICHTHUS. 5. GONEEICHTHUS. 6. PSEUDERICHTHUS.

Fig. 1. Erichthoidina {LysiosquUla f), from Honolulu. Zeiss, A, 2.

Fig. 2. Older stage of same.

Fig. 3. Erichthoidina (Gonodactylus ?), from St. Vincent, Cape Verde. Zeiss, A, 2.

Fig. 4. LysiosquUla (Lysioenchthus) minutus, from St. Vincent, Cape Verde. Stage No. 1

;

4 '16 mm. long.

Fig. 5. Gonodactyhis (Gcmerichthus), from St. Vincent, Cape Verd. Zeiss, A, 2.

Fig. 6. PseudosquiUa {Pseuderichthus), 1'14 inches long, collected between Tenerife and

St. Thomas.
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PLATE XIII.

SquillA (Alima).

Fig. 1 . Coronis {Erichthus) mmutus, from St. Vincent. Hind body of the larva shown

in PI. XII. fig. 4, without the appendages (p. 105).

Fig. 2. Mouth parts of same larva.

Fig. 3. Telson of a slightly older larva. Stage No. 2 ; 5"20 mm. long.

Fig. 4. Antenna of same larva.

Fig. 5. Nervous system of same larva.

Fig. 6. Coronis {Erichthus) minutus, from St. Vincent. Stage No. 3 ; 6*46 mm.
long.

Fig. 7. Coronis {Erichthus) minutus, ivom. St. Vincent. Stage No. 4; 10'16 mm.

long.

Fig. 8. Telson and uropods of same larva.

Fig. 9. Telson of a larva similar, to the one shown in PI. XII. fig. 5.

Fig. 10. Telson of the larva shown in PI. V. fig. 4.

Fig. 11. Profile view of the carapace of the larva shown in fig. 3.

Fig. 12. Anterior end of the body of the larva shown in PI. XII. fig. 6.

Fig. 13. Thoracic limb of same larva.

Fig. 14. Raptorial claw of the larva shown in PI. XII. fig. 6.
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PLATE XIV.

GONODACTYLUS. ProTOSQUILLA,

Fig. 1. Gonodactyhis i/ra2yhurits (Miers). Side view of a male specimen, 2j\4^f inches

long, from Cape York (p. 58).

Fig. 2. ProtosquiUa cerehraUs, n. sp. Side view of a female specimen, Ij^- inches

long, from Fiji.

Fig. 3. Protosquilla cerebralis. Eaptorial claw (p. 72).

Fig. 4. Gonodactylus graphiirus. Dorsal view of sixth abdominal somite of a male

specimen, with telson and uropods.

Fig. 5. Gonodactyhis glabrous. Dorsal surface of sixth abdominal somite, with telson

and uropods (p. 62).

Fig. 6. Gonodactyhis graphuriis. Anterior end of body, greatly enlarged.
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PLATE XV.

GONODACTYLUS. PkOTOSQUILLA.

Fig. 1. Gonodactijlus {Gonerichtlms). Carapace of a Go7ierichthus-lavva, j-% inch long,
smaller than the one shown in fig. 11, but older, from the Celebes Sea.

Fig. 2. ProtosquiUa elongata, n. sp. Dorsal view of a specimen, -/^V inch lon^ from
St. Vincent (p. G7).

"'

Fig. .3. Gonodactylus graphurus. Raptorial claw.

Fig. 4. Gonodactylus chiragra. Eudopodite of the first abdominal appendage of a male
specimen. A, distal joint

; a, its outer lobe ; b, its mner lobe ; B, basal
joint

;
c, c, suture

; d, retinaculum ; e, fixed limb of petasma : / movable
limb.

Fig. 5. Gonodactylus (Gonerichthus). Telson and uropods of the larva shown in fig. 1.

Fig. 6. Gonodactylus (Gonerichthus). Dorsal view of a Gonerichthus-lavvi^, 1^^ inches
long, from the West Pacific.

Fig. 7. Gonodactylus glabrous, n. sp. Dorsal view of a specimen, 2y^ inches lono-,

from Samboangan Eeef (p. 62).
*'

Fig.
8. Gonodactylus graphurus. Petasma of a male specimen ; reference letters as in

fig. 4. ;

Fig.
9. Gonodactj/lus glabrous. First abdominal appendage of a male; reference letters

as in fig. 4.

Fig. 10. PseudosquiUa ciliata. Endopodite of first abdominal appendage of a male;
reference letters as in fig. 4.

!

Fig. 11. Gonodactylus [Gonerichthus). Side view of a Gonerichthus-larva, l^ inches
long, from the West Pacific.

Fig. 12. ProtosquiUa elongata. Magnified view of the ventral surface of the telson of
the specimen shown in fig. 2.
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Protosquilla.

Fig. 1. Protosquilla guerinii (White). Dorsal view of a female specimen, Ixjmj inches

long, from Honolulu (p. 75).

Fig. 2. Protosquilla cerebralis, n. sp. Dorsal view of a female specimen, l^^nj inches

long, from Fiji (p. 72).

Fig. 3. Protosquilla cerebralis. Uropod of the specimen shown in fig. ,8, from below.

Fig. 4. Protosquilla elongata. Anterior end of the body of the specimen shown in

PI. XV. fig. 2.

Fig. 5. Gonodactylm. Telsou of a young specimen of a Chiragra-Yika species, from 188

fathoms, at Station 208, near the Philippine Islands.

Fig. 6. Protosquilla guerinii. Ventral view of the telson and uropods of the specimen

shown in fig. 1.
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