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The writer has already described the zoeas of some Japanese ¢rabs
fogether with the undetermined zoeas that were collected among plank-
ton, and discussed their larval charvacters to enable their determination
(Atkawa, 1929, 1933).  Sinee then zoeas of thirty more species have
heen reaved from berried erabs, and the writer here has again attempted
to define the larval characters o some ol the tmportant families, in-
cinding zoeas of Japanese erabs as well as those of foreign countries.
It seems almost impossible to classify zoeas by their features alone as
1% done in the case of adults. because the larva, besides its simple con-
struetion, undergoes marked changes through metamorphosis a number
of times.  The writer shows, nevertheless, that zocas can he e¢lassified
very satisfactorily as a rule by the ¢haracters of the 2nd antenna and
felson, the presence or absence of carapacial spines. aud by the haw
formula.  From these features it is possible to determine the wgenera
or even the species to which a zoea belongs, although in some cases
neither genera nor even family can be determinable.  In the latter case,
pigmentations of the maxillipedes and the abdominal somites are uselul
characters, although hardiy any author seems to have so far concerned
himselt with chromatophores.

Furthermore, the writer atiemipts to ascertain whether or not
these larval characters have any phylogenic significance and whether
or not the grouping of zoeas int accordance with thege characters is a

natural one. Tiastlyv. a keyv to some of the important families has been
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construeted and applied in determining zoeas that have previously heen
deseribed.

The writer is greatly indebted to Prof. I. Aueanva for his kind
advices in preparing this paper, and to Messrs. Y. Osiara and L, Nara-
MukrA, who Joaned him valuable materials for study.

‘
Part 1. The larval characters of zoea

1. The 2nd antenma (Fig. 1). The 2nd antenna ol all ¢rustacean
larvae Is generally a permanent feature. In the Ist larval stage of all
maerurat and anomuranh larvae, the 2nd antenna has a single basal
part, flagellum (endopodite), and scale (exopodite). The scale, which
is foliaceous. has no trace of segwmentation, and bears some densely
plumese hairs around it.  Thronghout its whole larval stage (Wig. 1,
1-3), this does not undergo any marked change.  The flagellum, which
is smaller than the scale, is peduncunlar. Its proximal part is only
pointed or armed with tecth, or sometimes tipped with plumose sctae
or with short strong spinwles.  The endopodite, which is segimented.
also changes in appearance during
netamophosts. The basal part
ustially bears 1 or 2 small spinules
on ity distal edge, its structure also
remaining unchanged even in the
final larval stage. The 2nd anlenna
is of the same type in all macruran
and anomuran larvae, at least in the
first Tarval stage. The 2nd antenna
ol both macruran and anomuran
larvae  differs  from  that  of
bhrachyuran zoea i the [ollowing
points: (1) one ol the spinules on
the basal part develops into a large
peduncle and becomes an buportant
part of the brachyuran antenna, (2)
the foliuceous exopodite is much

reduced and has a simple spinous

Pig. 1. 2nd antennae of Macrvura

and Anomura process, not  differing  from the
L. Galathea rugosa }:I::;{i;( peduncle, and (3) the endopodite is
3. Iippolyte varians ls;c‘s}:z;ge ustially absent in the Tst larval stage
3‘) N 42;1111::;150 af  brachyuran larva, although it
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attains to considerable length at a later stage. The difference in the
brachyuran antenna from those of macruran and anomuran larvae
however becomes indistinet owing to the presence of certain transitional
types of antenna. The spinule on the basal part, which is usnally very
small in the macruran larva, hecomes more or less distinet in anomuran
larvae, sueh as Galathea and Lithodes, attains medium length in the
larvae of the Homolidae, and becomes very long in the zocas of
Brachyura. The endopodite, which is always present and very large
i the macruran larva, is very small or even absent in some larvae of
Anomura, as in Galathea rugosa. Al macruran larvae have vell
developed, flattened, and foliaceous exopodites. This has been observed
in the larva of Galathea rugose, in which it is long and peduncular,
resembling that of the brachyvuran larva, although it is still provided
with plumose hairs around it. In the brachyuran larva, the single
peduncular exopodite is covered by a foliaceons sheath at the prezoeal
stage, just after hatching. A similar transformation is thus traceable
through its ontogenetic development.  Although hoth the exopodite
and the endopodite of macruran and anomuran antennae are gradually
reduced toward the brachyuran antenna, in contrast to it, the small
spine of the basal part increases in size [rom Macrura to Brachyura.
(faxo regarded the long exopodite as a primitive feature, it heing
homologous to the antennal seale of Caridea (Caxo, 1892 cited from
Lisour, 1928).

Of the 2nd antenna, the exopodite is most developed 1n type A of
antenna, reduced considerably in type B, and wholly disappeared in
type . Comparing the degrees of exopodite development, type A 1%
probably the most primitive, type € highly developed. and 1ype B3 inter-
mediate between the two. Type 1D may be a mere deviation. They
can thus be arranged in stages of development. Actually, type .\ is
found among the Oxystomata, types A and B3 among the Majoidea, and
all the three types in Cancroidea.  Twype (4 the most developed, occetus
in the most highly developed group, and type A, the most primitive,
in the much lower group. The D-type of antenna is found widely
distributed in several groups, zoeas wilth antenna of this {ype belonging
to Families that are supposed to have deviated from their allied families.

2. Telson (Fig. 2). Compared with the relative uniformity of
the 2nd antenna, the larval telsons of Macrura and Anomura comprise
several types. As the six principal types we may mention the telsons
of Penaeus, Pusiphaé, Pandalus, Astacus, and Porcellana, Tn Macrura
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and Anomura, the larval telson in the early stage differs from that in
the later mysis stage. The writer, following (GGurxry, mainly refers
1o telson in the 1st lavval stage, seeing that the early larva retains tle
primitive features, while later. development is retarded more or less
as the result of early acquisition of adult characters (Gurney, 1927).

Fig. 2. Telsons of Macrura and Anomura at 1st stuge

. Penacns wp.

. Pasiplaé tarda

. Gebia Liktolaris

. Hippolyte varians

A

. Pandadlus propinguus
6. Galanthea dispersa
. Galathea rugose

-1

. Lithodes maia

. Crangon worvegicus
. Tared noctura

. Homola  sp.

Porcellana longicornis

. Astacus ameyicanus

The txype differences in these larval telsous ave as follows: The Penacus

telson (Penaeus sp. g, 2, 1) has 2 quadrate lobes. greatly resembling
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that of Copepods. With these lobes expanded and the middle
emargination consequently shallow, this telson becomes the larval telson
of Pasiplaé (Pasiphaé larda, 2). 'This Pasiphaé-telson ean also be
correlated with the B- and C-types of the brachyvuran telson, being
related through such transitional telsons as observed in the 1st larval
stage of Gebia littoluyris (3), Hippolyte varians (4), Pandalus propin-
quus (0), Galathea dispersa (6), G. rugosa (7Y, and Lithodes main (8).
These transitional types of telson will be referred to here as the
Pandalus telson.  On the other hand, Pasiphaé telson can also change
to telsons of Dromiidae and Iomolidae, and even to that of the
Leucosiidae, following the course of transition from Pandalus telson
(Pandalus propinguus) to Tarea nocturna through Crangon norvegicus
(13). The telson of Astacus americanus (13), whieh has a median
spine. resembles the F-type telson of the ’innotheridae. Through the
telson of Callicnassa, Calocaris macandreae, and Axitus stirhynchus,
this telson of stacus 1s also related to the Pandalus telson. Tn
Crangon, the mysis has a telson with a median spine (Astacus type of
telson ), while the zoea has a Pandalus type of telson. Tt is also note-
worthy that the D-fype of telson in the Hymenosomidae does not
resemble any telson in the 1st larval stage of Maerura and Anomura,
but resembles instead those at the mysis stage of the last two.

Parcelluna telson (Poreellana longicornis, 12) is also related to
"Pandalus telson through those of Pagurus chiroacanthus, Palaemoi
fabricil, and lastly Pandalus propinguus.

In tlus way. decapod larval felson of whatever {vpe are com-
municated by the transitional types of telson to primitive types, so
far as concern the larval stage, so that with any telson, it is possible
to postulate a still more primitive type. None of them are therefore
independent of the series of deeapod transformations.

Among the Dromiidae and the ITomolidae is a G-type of telson
that resembles most 1he Pandalus-type. We find both types E and C
among the Oxystomata, types A and D amone the Majoidea, and type
B among the Catametopa. Type B is also found among the Pin-
notheridae ot the Catametopa. MTvpe G vesembles therefore the funda-
mental Pandalus-type and is also most primitive. while types C and E
are slightly more developed, ranking nexi to the Pandaelus-type. The
B-tvpe of telson is most highly developed, while the A- and D-type
may be the infermediate. The relationships between these types may
be assumed to be as in the following scheme:
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Grapsid telson (B-type)
£

Inaehid telson (A-type)
A

I
Hymenosid telson (D-type)

Pinnotherid - . :
telson (F-type) Dorippid telson (C-type) Leucosiid telson
(F-type)

—

stacus telson Drowmiid felson (G-type)
Pandalus telson -7
Pasiphad telson
Pewacus telson

There oceur similtancously several types of telson and 2nd antenna
in a small limited group, for example, in the larvae of the Xanthini
and Grapsini.

(1) Xanthini....Telson always A-type.
2nd ants A-type Ondd ot B-type 2nd ant. CHlype

Trapeziidace
Panopacinace

Careinoplacidae Briphiinae (Ozitdae)  ———> (Oziiduace)
Pitumius, Heteropawape | Menippe, Sphacrozins  -— = Nanthidae
R . “« L
(Menippidae) (Menippidae)

Thiidae

{2)  Grapsini.

Ocypodinae Mictyrinae
Macrophthalminac - (Ocypodidue with A-type
(Oeypodidae with of telson)
B-type of telson)
Gonoplacidae T Geearcinidae 5, Planes, Paclygrapsus
(A-type telson) (B-type telson) . {Grapsidae with A-type
4 yal - of telson)

Careinoplacidae N Grapsidae
(A-type telson) 7 (B-type of telson)

From the fact that the adult diverges increasingly from its
ancestoral Torm, the conclusion is that type A of the 2nd anfenna can
transform to type B, and eventually to type (. In addition, the
B-type of telson usually dominates more in the haghly developed group
Grapsini than in the less developed Xanthini. The phylogenie develop-
ment of the 2ud antenna can not only be traced by comparing those
of all decapods at the 1st larval stages, but is also found on a smaller
seale in these limited groups. The differences in the degree of develop-
ment 1s almost always parallel to the phylogenic rvelationships hetween
their adult forms.
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3. Phylogenic significance of the 2nd antenna and telson. In
view of the successive changes in structure of both the 2nd antenna
and telson tfrom Macrura to Brachyura, it may safely be said that the
2nd anteuna and telson retain their ancestral characters preserving
the phylogenic significance, although opinions differ on the relative
importance of the secondary larval characters.

HEmER, following Craus, regarded the zoea as an interposed larval
form that does not belong to the direct series of transformation in the
Malacostraca, seeing that it has assumed a certain independence because
of the secondary changes in structure, chief of which is the retarded
development of the hind thoracic vegion. The zoea, which is thus
regarded as a secondary modified larval form related to the peculiar
conditions of larval life, cannot be classed with the series of hypotheti-
cal ancestors of the Malacostraca. R. Danien (1930) in discussing the
significance of the persistence of the adult tyvpe of muscular system in
the larval form, avrived at the same conclusion. The presence of the
adult abdominal mugeular system of Crangon vulgaris in its zoea may
support Craus view that this larval form has no ancestral significance,
sinee 1t means that, in addition to the external secondary modification
to the larval life, there is also present a complicated system that is
typical of the adult. There is also the adult system of masculature in
the mysis stage, whicel is generally accepted as representing a schizopod
aneestor. The presence of the adult system in these larval forms can
be explained by its being due to the simplification in metamorphosis
by the tendency toward obliteration of characteristics of the speeial
ontogenetic stages. Zoeca stage appears altered by anticipating certain
peculiarites in the ensuing stages. Development is hindered by early
acquisition of adult eharacters. DANTEL also says that the oceurrence
of the adult system of masculature in zoea and mysis is additional
indication of this gradual suppression of the complicated larval series
in the higher crustacea.

However, if this conelusion is accepted. the author is of the opinion
that the anticipation is necessarily qualified by the original nature of
the larval characters. Consequently, if the larval characters are
affected by secondary modification and if they show precocious develop-
ment, they possess ancestral significance to a considerable extent.
('naus also pointed out that the segments in the middle region of the
body In zoea are not altogether wanting, although being compressed
they are difficult to recognize externally, so that. as might be supposed,
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the way in which the segment forms is not so opposed to that of other
larvac of Entomostraca and Malacostraca. This point therefore might
not deter one from accepting Bavrovr’s view that the zoea is an
ancestral form, since a true zoea i1s tfound in all those Malacostracan
group in which the larva leaves the egg in an imperfect form. The
unity ol plan here expresses a relationship just as strongly as it does
in adualt forms. Certain features can at any rate indicate ancestral
structure, although there may occur some modifying tendencies that
obseure the ancestral significance.

Should the zoeal features, as a whole, not vetain the ancesiral
characters, it is certainly possible to select from them some features of
phylogenic significance. These characters may be useful in determin-
ing the zoeas and in {racing the relationship between their adult forms.
The muscular system and ihe number of segments, as (ravs and
DanreL noticed, may not be sunited for this purpose.

The present writer is convinced that the 2nd antenna and telson
may have phylogenie significances, seeing that they show direct series
of transformations from Maecrura to Brachyura, and which, in addition,
are traceable ontogenetically.

4. Other larval features. Zoeas of the same or nearly allied
families are also similar in other faeatures. Iyaran noted that pig-
mentation, heing a constant feature, i1s often of diagnostic value,
although the earlier paper does notl refer to it except in the most general
terms (Ilvwmax, 1925). Zoeas differ from one another in character and
in the grouping of chromatophores in the maxillipedes. In the prinii-
tive group, the maxillipedal chromatophores are generally of primary
character, while in the higher group they are secondary. The hair
formula, especially the modes of serration on the endopodites of both
maxillae, are also peculiar to cach group. The endopodite of the 2nd
maxilla is 2-jointed in the most primitive gronp, such as the Dromiidae,
while it is bifurcated in the higher group. In the matter of presence
or absence of carapacial spines, there is a similarity among the zoeas
of the same group, although the grouping based on it is not always
parallel to the relationship between their adult forms. Neverthless,
it is possible to detect the suceessive changes in disappearance or
development of spines among the nearly allied groups. For example,
in the development of the lateral spines, the zoea of Herbstia is inter-
mediate between the 1st and 2nd groups of the Majidae, as mentioned
in (9), Part I1L



Part II. Description of zoeas newly obtained

1. Latreilia phalangium b Haan. Ist zoea. Pig. 3.

Characters:  Only rostrum present; 2nd ant. E-type; telson G-type; no stable hrown
chromatophore present in maxilliped and adbomen; kair formula 5-1,
3-4 (7), 5-2-0-0.
Rostrum 0.85 mm, carapace 0.53 mm ; abdomen 0.85 mm long, 0.21
mm wide, telson 0.23 mm.

Fig. 3. Latreillia phalangivm n. IIanN. Ist larva.
(A) lateral view x 61,  (B) 2nd ant. x 120, () Ist mx. x233. (D) 2nd mx. x 233.
(E) enp. of 2nd mxp. x233. (F) abdomen x 61.

Zoea resembles larvae of Macrura and Anomura. Lateral part of
carapace double lapped, both laps closely toothed along their lower
margins ; teeth fairly large in part of upper lap where the lateral spine
is usually expected in other brachyuran zoea. Both laps unite behind.
1st ant. of usnal form; 2nd ant. E-type. Foliaceous enp. tipped with
small tooth, with 8 densecly plumose hairs around it. Enp. short,
attaining ounly half the length of exp., ending in 2 spinules. Spinous
process (pedunecle) very long, nearly twice length of enp. and eqgual
to exp. In this way, E-type of 2nd ant. can be distinguished from the
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usual macruran antenna.  Enp. of Ist mx. 2-articulate, mode of serra-
tion here expressed by 5-1. Enp. of 2nd mx. has 2 joints, its proximal
joint with 4 hairs, distal joint with 3. Other podites well bifurcated.
Scaphognathite similar to usual brachyuran ones, with 4 long plumose
hairs along lateral side, ending in pointed projection. Tst mxp. similar
to those observed in usual brachyuran zoea, while 2nd mxp. has 4-
jointed enp. 1st and 2nd joints hairless. 3rd 2, distal 4 each. No lateral
kknob on abdomen, but 2 long dorsal hiairs on 1st somite.  Size of all ab-
dominal somites similar, wider than Tong. Telson G-type, resembling
that of Crangon norvegicus (fig. 2, 5) or Taxea nocturna (6). Short
but strong tooth present on corner and lower margin concave. 4 pairs
of spines of same length, plumose. Middle depression fairly deep.

2. Parahomola japonica Parrst,  1st zoea. Fig. 4.

Characters:  All similar to Latreillia phalangivm, except hair formula 5-1, 6-2
(8), 5-2-1-1.
Rostrum 0.55 mm, carapace 0.79 mm; abdomen 0.98 mm long. 0.22
mm wide, telson 0.30 mm.

Fig. 4. Parahomola japonica PARISL. 1lst zoca.
(A) lateral view x40, (B) 2nd mx. x 213. () enp. of 2nd mxp. x 213,
(D) enp. of 2ud ant. x213. (E) abdomen x 38, (¥) 2nd ant. X 87.
(G) enp. of 1st mx. x 213.
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This zoea resembles in every respect that of Lafreillia phalangiwm.
Carapace also double, although upper lap not so expanded as in Lat.
phal., toothed along their margins. 2nd ant. has no tooth on tip of exp.,
but in other points same as that of Laf. phal. Enp. of 1st mx. also
similar to Lat. pheal., while enp. of 2nd mx. differs in mode of serration,
6-2 (8), from Laf. phal. Scaphognathite has only 3 lateral hairs,
being 1 less than Lal. phal. Eup. of 2nd mxp. has also 4 joints.
Both Ist and 2nd joints with 1 hair cach, 3rad 2, distal 5. No lateral
knob on abdominal somite. Lateral ends of 4th and 5th somites slightly
pointed. 4 pairs of inner spines, middle depression slightly deeper in
this larva than in Lat. phal.

3. Homola sp. 4th zoca to megalopa. Fig. 5.

Chavacters:  Only rvostrum present, but very short; in addition a single median
horn and paired sublateral ones in frontal region, 2nd ani. B-lype,
telson G-type, hair formula 5-1, 2-4 (6), 5-3-1-3-0.

Liarge zocas of 4th stage and a megalopa were collected in
Sagami Bay on September 12, 1933. Rostrum short, thick, pointed.
Lateral and median horns also short, thieck, branched. Laieral horns
projecting in direction perpendicular 1o median horn. Carapace large
and double lapped as seen in Latreillic and Parahomola. DBoth laps
toothed along their lower margins. Many thick hairs on middle dorsal
part, some tubercles on postero-dorsal part. 1Ist ant. usual form.
At 4th zoeal stage, basal part 2-jointed, enp. single, exp. imcompletely
H-jointed. 2nd ant. E-type. Peduncle much shorter than observed in
larvae of Parafiomola and Latreillia. Exyp. slender. bearing 12 long
plumose hairs along inner side, 7 along outer, but no tooth on tip. Enp.
nearly same length as exp., but not yet segmented at last stage. Com-
parison of antennae of these 3 species shows 2nd ant. of Homola sp.
most  primitive in character, although distinguished from usual
macruran antenna by fairly long spine on basal part. Mandible has
wide chewing surface, haired along outer margin. Palp single joint.
Enp. of 1st mx. has 2 joints; lst joint has 1 bair on distal edge, the
2nd 1 lateral and 4 terminal hairs., (Coxo- and basipodites of 2nd mx.
deeply bifurcated, all lobes dc‘néely serrated. Enp. has 2 joints. 1st
joint has 1 hair, 2nd has 4 each. Scaphognathite fairly large, closely
serrated all avound its margin. Expds. of both 1st and 2nd mxpds.
has only 6 swimming hairs at last zoeal stage. Enp. of 2nd mxp. has
5 joints. 1st joint hairless, 2nd, 3, 8rd only 1, 4th 4, last 5. 3rd mxp.
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Fig. 5. Homola sp. Last zoea and megalop:.

(B) lateral view (zoea) x14. (C) mandible
(zoea) x40. (D) daetylus of last leg (magalopa) X 39. (E) 1st ant. (zoea) x43.
(F) 1st ant. (megal.) x35. (G) 2nd ant. (zoea) X 43. (I1) 2nd ant. (zoca) x 2L
(I) 1st mxp. (zoea) X 34. (3) 2nd mxp. (zoca) x 34. (K) 3rd mxp. (zoeu) x G1.
(L) 1st mxp. (megal.) x 26. (M) 2nd mxp. (megal.) x 26. (X) 3rd mxp. (megal.)
%26, (0) 1st mx. (zoca) x 63. (P) 2nd mx. (zoea) x 63. (Q) abdomen (zoea x 14
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well developed. Enp. has 4 joints, exp. 2. Exp. has 8 swimming hairs.
Cheliped fairly well developed, but other 4 feet only incompletely
segmented. Abdomen composed of 6 somites and telson. Lateral
kuobs on 4th and 5th somites. Lateral ends of Hth and 6th somites
very prominent, but those of 3rd and 4th somites only slightly pro-
jected. Single bands of stiff hairs on 1st and 3rd to 5th somites, 2
bands on 2ud somite. Telson (-type, trapezoidal, with long spine and
small denticle on lateral corner. Lower margin with 14 long plumose
hairs close together. Uropod of last somite has 2 terminal hairs.

Megalopa. Carapace longer in megalopa than in zoea, narrowing
anteriorly. Armatures of carapace similar to those of zoca. Lateral
horns markedly elongated (though broken in this specimen). Rostrum
and median horn show no noticeable change in shape. Small tubercle
on lateral side behind eye. Cheliped and 4 legs markedly long and
slender. 1st ant. 2-branched and long. Basal part 3-jointed, enp. 2-
jointed, exp. 5-jointed. Sensory tubes on distal edge of 2nd to 4th
joints and basal part of 5th joint. 5th joint very slender, ends in 2
unequal hairs. 2nd ant. single, slender, separable into 3 parts. Basal
part has 3 thick joints, middle part 5 joints. 4th joint very small,
but other 4 long, slender. Distal part has 4 joints. Ring of 4 long
stiff hairs on distal edge of 6th, 8th, 10th, and 11th joints. Distal joint
has 2 terminal hairs. Mandible with palp of single joint, its chewing
surface roughly tuberculed, its outer margin serrated. Enpds. of hoth
mxls. markedly reduced. Enp. of 2nd mx. ends in short hair, has 3 long
smooth hairs along outer side, 1 on inner. Epipodite (Epip.) of 1st
mxp. flattened, triangular. Enp. hammer-shaped process, 2-jointed.
Enp. of 2nd mxp. has 5 joints, exp. 2. The epip., which is long,
flatteued, is a peduncular process, with serrations all around it. Enp.
of 3rd mxp. has 5 joints, basal 1st joint provided with toothed ridge
along its inner side. EKEpip. resembles that of 2nd mxp. Propodite
{(prp.) of 2nd and 3rd legs widened distally. Dactylopodite (daetyl.)
of last leg short, slender, bearing 2 terminal and 1 lateral curly feelers.
Abdomen composed of 6 somites and telson. All somites smooth.
Uropod of last somite has 2 terminal hairs. Lateral side of last somite
prominent ventrally.

4. Dorippe granulata pE I1aaN. 1st zoea. Fig. 6.

Characters: Dorsum and rostrum present, 2nd ant. Astype, telson C-type, no
stable hrown chromatophores present in abdomen and in mxpds,
hair formula 4-0, 4, 2-1--0.
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Dovsum 3.10 mm, rostrum 4.50 mm, perpendicunlar distance be-
tween their tips 8.44 mm, cavapace 0.84 mm long; abdomen 1.88 mm

long, .12 mm wide; telson 0.74 mm.
! ?

~

Tig. 6. Dorippe granulate v, H. 1st zoen.
(A) lateral view x 21, (B) 2nd ant. x87. (V) 1st mx. x177. (D) 2nd mx. ¥ 177.
(E) enp. of 2nd mxp. x 177, (F) telson x 61, (G) abdomen x 33,

Larva very large alrcady at 1st stage; rostrum, dorsum, and
abdomen markedly long and slender. 1st ant. usual form, slender. 2nd
ant. Ag-type. Peduncle and exp. nearly same length, slender, long,
armed with fine teeth on hoth sides. Exp. bears 2 large spinules on
middle part. Enp. of Ist mx. of single joint with 4 long hairs on tip.
Coxopodite of 1st mx. far apart from other 2. Ounly the basipodite of
2nd mx. bifurcated, other 2 single. Coxopodite with 2 hairs, enp. with
4. DBasipodite has 5 hairs on inner lobe, 4 on outer. Secaphognathite
with 2 hairs near its upper corner. Enp. of 2nd mxp. has 3 joints;
1st joint hairless, 2nd 1 on its distal edge, 3rd 2 on its tip. Small
rudiments of 3rd mxp. and 5 pairs of pereiopods present behind 2nd
mxp. Abdomen composed of 5 somites and telson. All somites long,
similar in shape. Lateral kuobs only on 2nd somite. Telson C-type.
Telson-fork covered all over with fine serrations. Large spine on each
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side of telson. Pair of inner spines thick, nearly 1/3 of telson-fork.

5. Dorippe sp. A 2nd zoea. Iig. 7.
Characters:  Doysum and rostrum present, 2nd ant. Astype, telson C-type, no
brown chromatophore present, hair formula 4-0, 4, 3-1-0.
Many zoeas from the 2nd 1o the last stage were collected among
sardine larvae off Watanoha, Miyagi Pref. in August, 1935.
At 2nd stage, dorsum 6.55 mm, rostrum 5.40 mm, perpendicular
distance between their tips 13.2 mm, carapace 1.25 mm, abdomen 3.03
mm long, 0.14 mm wide, telson 1.08 mm.

'

4

A

Fig. 7. Dorippe sp. A, 2nd zocu.
(A) Iateval view x 21, (B) total view x 9. () enp. of 2nd mxp.x180. (D) cup.
of 1st mx, ¥ 180, (E) 2nd mx, x 180. (F) telson x39.  (() 2nd ant, » 61,

Dorsum and rostrum unusually long,  Carapace oval laterally. Its
lower margin coarsely serrated. Ist and 2nd ants. long, slender, re-
sembling that of Dorippe granulata. Enp. of 2nd ant. not yet in ap-
pearance at 2nd stage. Enp. of 1st mx. has 2 joints, only distal 2nd
joint tipped with 4 hairs. 2nd mx. exactly the same as that of Dor.
gran. Scaphognathite has 4 long plumose hairs near upper corner,
2 on lower lateral margin. Exp. of mxpds. 2 jointed, with 6 swimming,
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2 accessory hairs. Enp. of 2nd mxp. has 3 joints; 1st joint hairless,
2nd 1 on its distal edge, 3rd 3 on tip. 3rd mxp. and 5 pairs of pereio-
pods not yet in eviednce at 2nd stage. Abdomen composed of 5 somites
and telson, as 6th somite not yet separated from telson. Lateral knobs
on 2nd somite, 2 dorsal hairs on 1st. Telson resembles much that of
Dor. gran., although more densely chitinized than that of latter.

6. Dorippe sp. B. Fig. 8. Last zoea.
Characters:  Similar in every respect to the preceding, except the hair formula 4-0,
4, 4-1-0,

Dorsum and rostrum very prominent. Both antennae and maxillae
similar to those of Dor. gran. and Dor. sp. A. Enp. of 2nd mxp. has 3
joints, mode of serration here expressed by 4-1-0, thus differing from
other 2 larvae. Abdomen very long, slender. Lateral knob wholly
absent. Telson also resembles that of Dor. grum.

Iig. 8. Dorippe sp. B. Last zoea.
(A) 2nd ant, ¥ 43. (B) 2nd mx, x 61, (C) 1Ist mx. x 72, (D) enp. of 2nd mxp.
x 72, (E) telson x 26.

7. Caluppa lophos (HerpsT) 1st zoea. Fig. 9.

Characters:  All kinds of carapaciual spines present, 2ud ant, Bu-type, telson As-type,
no stahle brown chromatophores present, hair formula 6-0, 2-5 (7),
4-~1-1.

Zoea medinum size. Dorsum 0.45 mm, rostrom 0.11 mm, perpendi-

cular distance between tips 1.18 mm; earapace 0.50 mm long, 0.36 mm
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wide, lateral spine 0.18 mm; abdomen 1.05 mm long, 0.12mm wide,
telson 0.37 mm.

Fig. 9. Calappa lophos (HERBST). 1st zoca.
(A) lateral view x43. (B) 2nd ant. x233. () 1st mx. x287. (D) 2nd mx. x 287.
(E) enp. of 2nd mxp. x377. (¥F) abdomen x61. (G) telson x 72.

Dorsum and rostrum thick, fairly long, pointed. Rostrum has
denticles on dorsal side of distal part. ILateral spine rather slender.
pointed. Eye large. 1st ant. usual form. 2nd ant. B.-type; peduncle
thick at base, pointed at end, armed with fine teeth at distal half. Exp.
small, ending in very long stiff hair, with a hair on basal part.
Mandible has large teeth on chewing surface. Enp. of 1st mx. has 2
joints; Ist joint hairless, but 2nd has 4 terminal hairs and 1 lateral.
All podites of 2nd mx. slightly bifurcated. Outer lobe of enp. smaller
than inner; former with 2 stiff hairs, latter with 5. Scaphognathite
rather small, tapering, with 4 lateral plumose hair. Enp. of 2nd mxp.
has 3 joints; both 1st and 2nd joints with 1 hair each, 3rd with 4
terminal hairs. 3rd mxp. and 5 pairs of pereiopods not yet in evidence.
Abdomen composed of 5 somites and telson. Lateral knobs on 2nd and
3rd somites. Lateral ends. of 3rd to 5th somites more or less projected.
All abdominal somites of same size. Teslon As-type, with 1 lateral
and 1 dorsal denticle on middle part of telson-fork; last named long
and slender. Lengths of 3 pairs inner spines unequal, 2nd pair being
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longest and 3rd shortest. 3rd pair has 2 long hairs among the short
ones on inner side and 1 long one on outer side. Middle depression
shallow but wide.

The zoea of Calappidae is easily distinguished from other larvae
of Doromiidea and Oxystomata. The Calappid zoea greatly resembles
the usual brachyuran zoea, except that no stable brown chromatophore
is present.  Of the Oxystomata, the Calappid zoea alone has the B-type
of 2nd ant. [Its phylogenic position may be the highest among fhe
Oxystomata.

8. Ebalia longipedata OrTaanN.  1st zoca. Fig. 10.

Characters:  Only short lateral spines present, 2ud aut. D-type, telson B-type, hair
formula 4, 3, 3.

Lateral spine 0.05 mm, ecarapace 0.51 mm; abdomen 0.78 mm long,
(.14 mm wide, telson 0.18 mm.

N 1y T
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Fig. 10.  Ebalia longipedata ()I{T‘\IANN 1st zoea.
(A) Tateral view x 39, (B) Ist mx. x 233, (() 2nd mx. x 233, (D) 2nd ant.. x 233,
(1) enp. of 2nd mxp. x 467, (F) abdomen x 72, (G) lateral corner of telson x 233,

Laleral spines present on postero-lateral part of carapace. st ant.
usual form, 2nd ant. much reduced, D-type, with a short hair near its
side. Tnp. of 1st mx. ouly of singel joint, tipped with 4 hairs. Enp.
of 2nd mx. also single with 2 terminal hairs and 1 lateral. Enp. of
2nd mxp. also of single joint with 1 long and stout hair and 2 short
ones on tip. Lateral knobs on 2nd and 3rd somites; that on 2nd somite
usually absent in Leucosiid zoea, whereas in 1his zoea, they are very
'l‘

small and triangular. hose on 3rd somite very large and semicireular,

[ 104 ]



In other respects all abdominal somites similar other. Telson K-type,
almost semicircuwlar, with large tooth on lateral corner, also 2 small
denticles above and 1 below it. 3 pairs of inner spines clogely arranged
on middle part of lower margin.

9. Pleistacantha sancti-johannis Migrs., Prezoea. Fig. 11.

Chavacters: Only lateral spines absent, 2nd ant. As-type, telson Au-type, hair
formula 6-1, 5, 4-1-0,

Larva, being in prezoeal stage, difficult to measure, but rather
large compared with those of the Inachidae. Abdomen about 1.43 mm
long. Dorsum long, pointed, bends backwards. Rostrum rather
straight. 2nd ant. As-type. Peduncle and exp. almost same length;
both smooth, except 2 spinules on middle part of exp. Tnp. on 2nd
ant. not yet observable at this pre-zoeal stage, but small mditents of
3rd mxp. and perciopods present. Kup. of st mx. 2-articulate. 1st
joint has 1 hair on distal edge, 2nd 6 on tip. Enp. of 2nd mx. single,
tipped with 6 terminal bairs. Enp. of 2nd mxp. has 3 joints; Ist joint
hairless, 2nd 1 bair, 3rd 4. Lateral knobs only on 2nd somite; lateral
ends of 3rd to 5th somites slightly prominent. Telson As-type. 3 pairs

\
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Fig. 11.  Pleistacantha sancti-johannis MIERS, Prezoca.
(A) abdomen x39. (B) 2nd ant, x83. (C) 2nd mx. x233. (D) enp. of 1st mx.
x 233. (E) enp. of 2nd mxp. x 233.  (F) telson-fork x 72,

A

7

of inner spines arranged so closely that middle depression cannot be
recoginzed. Telson-fork thick at base, pointed at end, covered with
longitndinal rows of fine serrations.
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10. Paratymolus pubescens MiErs. 1st zoea. Fig. 12,

Characters: Dorsum and rostrum present, 2nd unt. Butype, mxpdal chrom. absent,
1 large longitudinal chrom. involves the 1st and 2nd somites and one
also with 5th and telson (probably with 5th and Gth somites in Iater
stage), and a pair in 3rd and 4th somites each, telson Ai-type, hair
formula 6-1, 3-5 (8), 2-0-0.

Dorsum 0.62 mm, rostrum 0.39 mm, perpendicular distance between

tips 1.30 mm ; carapace 0.42 mm long, 0.39 mm wide; abdomen 0.83 mm

long, 0.13 mm wide, telson 0.27 mm.

Fig. 12, Paratymolus pubescens Mirrs Ist zoea.
(A) lateral view x 39, (B) abdomen x 61 mm. (C) 1st mx. x 287. (D) enp. of
2ud mxp. x 420, (K) telson x 83, (F) 1st mx. x 180,
(G) enp. of 2nd mx. x420. (H) 2nd ant, x 180,

Zoea rather small at 1st stage. Dorsum thick, long ; rostrum rather
slender. DBoth projecting almost straight. Large carapacial chrom.
present in lower part of carapace. 1st ant. usual form, long. 2nd
ant. Ba-type. Peduncle slender, toothed on both sides at distal half.
Exp. only slightly shorter than peduncle with tooth on middle part,
where it becomes abruptly slender to end. Mandible densely pigmented.
Enp. of 1st mx. has 2 joints, 1st joint has 1 hair on distal edge, 2nd
tipped with 4 hairs in addition to 2 lateral hairs. All podites of 2nd
mx. moderately bifurcated. Enp. provided with 3 hairs on inner lobe
with 5 on outer. Enp. of 2nd mxp. has 3 joints, its distal joint bearing
2 stiff hairs. 3rd mxp. and 5 pairs of pereiopods not vet developed.
Abdomen composed of 5 somites and telson. Lateral knobs present
only on 2nd somite. Telson crescent-shaped. Telson-fork thick at
base, pointed at end. 3 pairs of inner spines of different lengths, 1st

[ 106 ]



outer pair shortest, 3rd inner longest. Middle depression thickly
chitinized.

11. Achaeus sp. A. 1Ist zoea. Fig. 13.

Characters: Only dorsum present, 2nd ant, Astype, telson A:«-type, hair formula
4-0, 4, 4-0-0.

Dorsum 0.59 mm, carapace 0.64 mm, abdomen 1.50 mm long, 0.19
mm wide, telson 0.54 mm.

Fig. 13. Achacus sp. A. 1st zoeca.
(A) lateral view x33. (B) enp. of 1st mx. x233. (C) 2nd mx. x 233.
(D) 2nd ant. x 72, (E) enp. of 2nd mxp. x233. (E) abdomen x 41,

Dorsum long, pointed, curved posteriorly. 1st ant. usual form;
2nd ant. Ay-type, very large. Peduncle and exp. almost same length,
both closely toothed on two sides at their distal halves. Hxp. has in
addition 2 spinules on middle part. Enp. already 14 of peduncle at
this 1st stage. Enp. of 1st mx. 2-articulate, mode of serration here ex-
pressed by 4-0. Enp. of 2nd mx. single, but other podites bifurcated.
Enp. tipped with 4 long hairs, that of 2nd mxp. has 3 joints, distal
3rd joint provided with 4 hairs, but others with none. Rudiments
of 3rd mxp. and pereiopods large. TLateral knobs present only on 2nd
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abdominal somites; lateral ends of 3rd to 5th somites very prominent.
Telson A-type, with denticle on dorsal side of telson-fork, which long,
slender. Middle depression wide but shallow. 3 pairs on inner spines
short.
13, Achaeus sp. B, 1st zoea. Wig. 14.

Charaeters:  Similar to Achacus sp. A., except hair formula 3-0, F, 4+-0-0,

Dorsum 0.52 mm, earapace 0.66 mm ; abdomen 1.47 mm long, (.19 mm
wide, telson 0.47 mm. ’

AT
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Fig. 14, Achacus sp. B. 1st zoea.
(A) lateral view x 33. (B) enp. of Ist mx, x233. () telson-fork 72
(D) abdomen x 39, (E) enp, of 2nd mxp. x 233, (F) enp. of 2nd
mx, X233, (G) 2nd ant, x 83.

T

Dorsum slender, pointed, curved backwards. Carapace so small
that extremities remain uncovered. Ist and 2nd ants. similar to those
of Achaeus sp. A. Enp. of Ist mx. has also 2 joints, but its distal joints
bears only 3 hairs, being less by 1 than those of Achaeus sp. A, 2nd
mx., mxpds., abdomen also nearly similar to those of Achaecus sp. A.
Telson-fork more slender, attaining to nearly 34 the total length of the
telson, being covered all over with fine hairs.

13.  Huenia proteus v Haan.  1st zoea. Fie. 15,

Characters:  Dorsum and rostrum present, 2nd ant. As-type, telson Ar-type, primary
chrom, present in 2nd mxp. and 1 abdominal c¢hrom. involving Ist

and 2nd somites, hair formula 5-0, 4, 4-1-0.

Dorsum 0.18 mm, rostrum 0.10 mm, perpendicular distance be-
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tween tips 0.77 mm, carapace 0.66 mm, abdomen 1.00 mm long, 0.14 mm
wide, telson 0.43 mm.
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Wig. 15, Huenia proteus . Haan. 1st zoea.
(A) lateral view x 40.  (B) 2nd ant. x83.  (C) 2nd mx, x 233, (D) enp. of
Ist mx. x 233, (E) enp. of 2nd mxp, x233. (F) telson x 72,

Zoea rather small. Both dorsum and rostrum short, pointed.
Carapace nearly spherical. 2nd ant. As-type. Both peduncle and exp.
long, thick. Kxp. bears 2 spinules on middle part. Enp. atiains nearly
14 of pedunecle length. Enp. of 1st mx. has 2 joiuts, mode of serration
here expressed by 5-0. Enp. of 2nd mx. similar to that of Achaeus.
Enp. of 2ud mxyp. has 3 joints. Distal 3rd joint with 4 hairs, 2nd with
1, but Ist with none, Small rudiments of 3rd mxp. and pereiopods
observed. Primary chrom. present only in protopodite of 2nd mxp.

Lateral knobs only on 2nd abdominal somite. Lateral ends of all
somites rather rounded. Telson Aj-type, with denticle laterally near
base of telson-fork. Telson-fork thick at base, pointed at end, being
covered all over with fine hairs. As 3 pairs of inner hairs closely
arranged, middle depression hardly recognizable.

14, Nawxia hystrix Migrs.,  1st zoea. Fig. 16.
Characters:  Dorsum and rostrum present, 2nd ant. As-type, telson As-type, haiv
formula 6-1, 5, 4-1-0.

Dorsum 0.48 mm, rostrum 0.12 mm, perpendicular distanee between
tips 0.82 mm, carapace 0.55 mm, abdomen 1.07 mm long, 0.17 mm wide,
telson 0.38 mn.

Dorsum pointed, curved backwards. Rostrum short, straight. 2nd
ant. A,-type. Both peduncle and exp. thick, smooth, except 2 spinules
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Fig. 16. Naxia hystric MIErs. Ist zocea.
(A) Iateral view x33. (B) 2nd ant. x83. (C) cnp. of 2nd mx, »233. (D) cnp.
of 1st mx, x 233.  (E) enp. of 2nd mxp. x 233, (F) telson x61.

on middle part of exp. Hnp. very small, that of 1st mx. 2-articulate,
mode of serration here expressed by 6-1. Enp. of 2nd mx. single,
tipped with 5 hairs, that of 2nd mxp. similar to that of Huenia proteus.
Small rudiments of 3rd mxp. and pereiopods observed.

Lateral knobs only on 2nd abdominal somite, lateral ends of 3rd
to dth somites slightly projected. Telson A;-type, denticle dorsally on
middle part of telson-fork, which is long, pointed, covered all over with
fine hairs. 3 pairs of inner hairs so closely arranged that middle
depression hardly recognizable.

15, Chioneeeles optlio Fapricius., Prezoea. Fig. 17.
Characters: All carapacial spines present, 2nd ant. Betype, telson As-type, hair
formula 5-1, 2-3 (5), 5=

The writer, in his previcus paper (Amkawa, 1), reported that some-
times lateral spines may or may not be present, which however was an
error. All extremities, including the carapacial spines, are usually not
fully developed in the larva, seeing that the larva is obtained as a rule
only at the prezoeal stage. There really occur 3 kinds of ecarapacial
spines.
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Fig, 17. Chionecetes opilio (PABRICIUS). Prezoca.
(A) 2nd ant. x 72, (B) lateral view x40. () telson x 39,

K. Stepuensen (1935)  deseribed  the later zoeal stage of
Chiomecetes opilio, which he obtained among plankton samples collected
near Greenland, but it differs in important respects from that obtained
by the present writer from berried crabs.

Carapacial spines coarsely toothed, although smooth in zoca
deseribed by SteEPHENSEN. 2nd ant. Be-type. Peduncle long, with
small denticles all over it. Exp. attains to only 14 of peduncle, ending
in 3 soft hairs. Enp. not yet in evidence at this prezoeal stage. 2nd
ant. in STEPHENSEN’S zoca differs greatly from that just mentioned.
ixp. nearly 24 of peduncle, ending in 2 unequal hairs. It is exactly
of By-type.

Enp. of 1st mx. 2-jointed, mode of serratlion here expressed by 5-1.
Enp. of 2nd mx. biramous, mode of serration here 2-3(5). Enp. of 2nd
mxp. has 3 joints; dis‘tal 3rd joint with 5 hairs, but serration on 1st
and 2nd joints not ascertainable af prezoeal stage. Rudiments of 3rd
mxp. and perciopods alrcady observable. Lateral knobs present only on
2nd somite, lateral ends of 3rd to 5th somites prominent. Telson A.-
type, since it has 2 denticles dorsally on middle part of telson-fork.
Middle depression fairly deep. Whereas in STEPITENSEN'S zoea, enp. of
2nd mxp. has 5 joints notwithstanding that all zoeas of Inachidae and
Majidae have enp. of 1 or 3 joints. Lateral knobs present on both
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2nd and 3rd abdominal somites. although occurring only on 2nd somite
in the zoeas of both Inachidae and Majidae. Telson also As-type; only
1 spinule present dorsally on middle part of telson-fork, but the
other, attaining to nearly same length as telson-fork, present laterally
near base of telson-tfork. Therefore telson resembles that of Erimacrus
einsenbeckii (Fie. 23, (), which has enp. of 3 joints in 2nd mxp.
Thus the differences in their detailed structures, such as the mode of
serration, type of 2nd ant., and abdominal structure, are many. The
zoea described by Stepnexsex may not belong to Chionecetes opilio.
At the same time the genus or family of this zoea cannol be determined
owing to the fact that Grapsizoeas provided with B-type of 2nd ant.
and A-type of telson are tound in several families.

16, Tiarinde cornigera (M.-Epwarps) 1st zoea. Wig. 18,

Characters:  Rostrum and dorsum present, 2nd ant. As-type, telson Astype, hair
formula 6-1, 3-5 (8), 6-1-1.

Dorsum 0.29 mam, rostrum 0.12 mm, perpendicular distance between
tips 0.82 mm, carapace (.00 mm; abdomen 1.07 mm long, 0.17 nm wide,

telson 0.38 mm.
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Fig. 18. Tiarinia cornigera (M.-Epwarpg) lst zoea,
(A) lateral view x 37.  (B) enp. of 2nd mxp. x 233, () telson x 72,
(D) 1st mx. x233. (E) 2nd mx. x 233, (F) 2nd ant. x 121,

This zoea differs from those of the Majidae in several respects.
Rostrum short, pointed. Dorsum curves markedly backwards. HKye
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depressed. 2nd ant. As-type, longer than rostrum. Exp. also longer
than peduncle, has 2 spinules on middle part. Both peduncle and exp.
have small teeth at distal half. Knp. of 1st mx. very small, mode of
serration 6-1. Knp. of 2nd mx. biramous, mode of serration 3-5 (8).
Enp. of 2nd mxp. has 3 joints, both Ist and 2nd joints with 1 hair
each, 3rd with 6 on tip, although in zoeas of both Inachidae and Majidae
Ist joint hairless.

Lateral knobs only on 2nd somite, lateral ends of 3rd to 5th somites
slightly projected. Telson Az-type, 2 lateral and 1 dorsal denticles on
telson-fork, which is slender and covered all over with fine hairs. 3
pairs of inner spineg of same length, inner 3rd pair has 6 long hairs
among shorl ones on inner side, 2 or 3 ones on outer side. Middle
depression narrow but fairly deep.

17.  Lambrus validus pE 11aax. st zoea. Fig. 19.
Characters: Al kinds of enrapaecial spines present, 2nd ant. By-type, telson Ai-type,
no mxpdal. ehrom. present, hair formula 6-1, 2-5 (7), 3-1-1.
Dorsum 0.31 mm, rostram .30 mm, perpendicular distance between
tips 0.99 mm, lateral spine 0.13 mm; carapace 0.49 mm. long, (.29 mm
wide; abdomen 0.65 mm long, 0.14 mm wide, telson 0.21 mm.
Dorsum thick, pointed, eurved backwards. Rostrum shorter than

Fig. 19. Lambrus validus ». Haax. Ist zoe:.
(A) lateral view x 61.  (B) 2nd ant, x 287.  (C) 1st mx. x 287. (D) 2nd mx, x 287.
(E) enp. of 2nd mxp. x420. (F) abdomen x 87.
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dorsum, curves concavely. Lateral spine shiort, curved. FKine haiv
between dorsum and lateral spine, small tubercle on frontal region.
Ist ant. usual form, few sensory hairs on tip. 2nd ant. B,-tyvpe, shorter
than rostrum. Pedunecle straight, pointed, armed with fine teeth along
hoth sides of distal half. Exp. nearly half the length of peduncle,
tipped with 2 unequal stiff hairs.  1st mx. has 2-jointed enp.. Ist joint
bears 1 hair on distal edge, 2nd with 4 long hairs on tip, with 2 a
little below them. All podites of 2nd wx. fairly bifurcated. 2 Tobes
of enp. unequal in size, smaller outer lobe with 2 hairs, larger inner
with 5. Scaphognathite medium size, 4 long plumose hairs laterally,
ending in pointed horn. Exp. of mxp. slightly segmented at this Ist
stage. Enp. of 2nd mxp. has 3 joints, both 1st and 2nd joints with
1 hair each, 3rd with 3 on tip. Abdomen of 5 somites and telson,
Lateral knobs present on 2nd and 3rd somites, fairly large. TLateral
ends of 3rd and 4th somites somewhat prominent. Telson Aj-type,
dorsal denticle on middle part of telson fork. 3 pairs of inner spines
of same length, inner 3rd pair has 4 long hairs among short ones on
inner side, T loug hair on outer side. Middle depression wide but
shallow. Telson-forks converge towards their ends.

18, Charybdis 6-dentata Herpsr,  1st zoea. Fig. 20.
Charuacters:  All kinds of earapacial spines present, 2nd ant, De-type, telson Axtype,
secondary chrom, present in st mxp, abdominal ones in all somites
except telson, hair formula 6-1, 2—4 (6), 4--1-1.

Dorsum 0.44 mm, rostrum 0.35 mm, perpendicular distance between
tips 1.16 mm, lateral spine 0.14 mm, carapace 0.48 mm; abdomen 0.75
mm Jong, 0.10 mm wide, telson 0.34 mm.

Liarva rather small. Dorsum curves backwards, hooked at end.
Rostrum rather straight. Lateral spine short, thick at base, pointed at
end. 2nd ant. Bo-type. Peduncle same length as rostrum. armed with
fine denticles along both sides in distal half. Exp. short, ends in 2
unequal hairs. Enp. of 1st mx. 2-articulate, mode of serration here
expressed by 6-1. All podites of 2nd mx. bifurcated, although enp.
only slightly, its mner lobe has 4 hairs, outer only 2. 1st mxp. has
sceondary chrom. In its protopodite. Enp. of 2nd mxp. has 3 joints.
3oth Ist and 2nd somites bear 1 bair each, 3rd 4 on tip. Rudiments
of 3rd mxp. and 5 pairs of pereiopods present at this Ist stage, as seen
in 1st zoea of both Inachidae and Majidae. Lateral knobs present only
on 2nd somite. Abdomen slender, lateral ends of both 3rd and 4th
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Fig. 20. Charybdis 6-dentata HErnsT. 1st zoea.
(A) lateral view x39. (B) eup. of 2nd mxp. x 233. () 1st mx. x233. (D) 2nd
mx. X 233, (F) abdomen x72. (F) 2nd ant, x233.  (G) enp. of 2nd ant. ¥ 467.

somites slightly prominent. Telson-forks diverge, very slender. 2 outer
denticles present dorsally on telson-fork. Middle depression shallow.
3 pairs of inner spines of same length, inner 3rd pair has 6 long hairs
among short ones on inner side,

19.  Charybdis bimacnlala Miers. 4th zoea to megalopa. Kigs. 21, 22.
Characters: All kinds of carapacial spines present, 2nd ant, Be-type, telson "Artpr,
hair formula 6-1, 2-4 (6), 5-1-1.

At a station (123°-48’ E.L., 31°-00" N.L.) in the Chinese Hastern Sea,
later zoeas, megalops, and young erabs were collected during Septem-
ber and October on hoard M.S. ‘‘Hizyun-maru’’. These larvae, which
probably formed a swarm mnear the botiom, were found to belong to
Charybdis bimaculata Miers, resemble in zoeal stage that of Charybdis
6-dentata deseribed above.

Rostrum 0.67 mm, dorsum broken, carapace 1.02 mm, lateral spine
(.13 mm ; abdomen 1.73 mm long, 0.29 mm wide, telson 0.52 mm.

Rostrum nearly straight, pointed, but dorsum probably curves
backwards. Lateral spine short. 2nd ant. By-type. Exp. longer than
14 of pedunele, becomes abruptly slender at 14 of distal part. Peduncle
provided with fine teeth at 14 of distal part. Enp. only 14 of peduncle
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Fig. 1. Charybdis bimaculata MiERs. Later zocas and megalopa,
(A) lateral view (V zoea) x26.  (B) dorsal view (I megalopa) x17. () dorsal view
(IT megal.) x 13, (D) dorsal view (youug erab) x13.  (E) frontal margin (crab)
x13. (F) dorsal view (erah) x13. (G) 2nd ant. (I megul.) x42. (H) 2nd ant.
(young crab) x21. (1) 2nd ant. (V zoen) x72. (J) abdomen (IV zoew) %41
(K) enp. of 2nd ant. (V zoea) x 233. (1) abdomen (V zoea) x 26. (M) abdomen
(T megnl.) x40,
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at this last stage. Rudiments of 3rd mxp. and pereiopods also very
small. Enp. of 1st mx. similar to that of Chary. 6-dent. Enp. of
2nd mx. of only slightly bifurcated, mode of serration here also similar
to Chary. 6-dent. Enp. of 2und mxp. has 3 joints; both 1st and 2nd
joints provided with 1 hair each, 3rd with 5. Abdomen composed
of 6 somites and telson. Lateral knobs present on both 2nd and 3vd
somites, lateral ends of 3rd to 5th somites slightly projected. Telson
Astype, 1 denticle laterally mear base of telson-fork, 1 dorsally on
middle part. 3 pairs of inner spines of same length, 3 or 4 acecessory
hairs present.

Megalopa. Megalopa ehanges to young erab after passing through
2 stages as assumed from the occurrence of 2 modes In the width of
carapace and the length of the abdomen.

I | Carapace : Abdomen

j . T
‘ Stage length ‘ width \ length width

‘ mm | mm 1 mm mm ]
{ I 216 | 113 1 1.27 0.42

‘ II 3.57 , 1.17 1 2.04 0.73

Carapace usually quadrate. Rostrum long, slender. No other
spine present on carapace. Viewed dorvsally, 1st ant. covered under
carapace and eye-stalk. 1st ant. 2-branched. Basal portion 3-arti-
culate, triangular at young crab stage, although undergoes no change.
Exp. single at I megalopa stage, 2-articulate at 1l megalopa stage
and in young crab. 2ud ant. simpler in structure in megalopa stage
than in zoea, and consists of 3 parts. Terminal part only 2-articulate,
articulation does not increase in voung crab stage. Middle part 5-
articulate at I megalopa, but 7-articulate in [T megalopa and in young
crab. 1st mx. greatly simplified in strueture. Both coxo- and basi-
podites remain unchanged except increase in serration. Enp. becomes
rather rudimentary, only scaphognathite well developed. Both mxls.
show adult structure already at [ megalopa. 1st mxp. has 3-arti-
culated basal portion, on which epip. present, being thin, hammer-
shaped, and serrated around it. Exp. 2-articulate, both joints connected
rectangularly to each other. Distal joint smaller than basal, tipped
with 4 long hairs in addition to 1 lateral hair. Enp. thin, twisted
along its long axis, expanded 1o its end. 1st mxp. shows no remarkable
change in young crab stage. 2nd mxp. has unsegmented basal portion.
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Fig. 22, Charybdis bimaculata MIERS, Zoea and megalopa.

(A) 1st ant. (zoea) x72. (B) 1st ant. (megalopa) x41. (') 1st ant, (young crah)

x 39, (D) enp. of 1st mx. (zoea) x233. (E) 1st mx, (megalopan) x72. (F) enp.

of 2ud mx. (zoea) x233. (G) 2und mx. (megalopa) x 72, (II) eup. of 2ud mxp.

(zoea) x72. (1) 1st mxp. (megalopa) x120. (J) 2nd mxp. (megalopa) x72.

(K) 2nd mxp. (young erab) x33. (L) 3rd mxp. (megalopa) x72. (M) 3rd mxp.

(voung erah) x 33, (XN) cheliped (megalopa) x26. (0O) last leg (megalopa) x 21,
() last leg (young crabh) x 13.
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Exp. 2-articulate, bears 4 terminal hairs. Enp. 4 articulate, distal 2
joints densely serrated, although basal joints smooth. 2nd mxp. also
shows 10 change in later stages. 3rd mxp. becomes functional at first
at 1 megalopa stage. Basal part unsegmented, epip. very slender.
ending in 4 hairs. Enp. of 5 articulations. All joints only coarsely
serrated at 1st stage, but very densely at 2nd stage and at young crab
stage. Iixp. Z-articulate, small projection on distal part of 1st joint.
All mxpds. take adult form precociously at I megalopa.

Cheliped has no longitudinal ridge, rather rounded at T megalopa.
Basipodite more or Jess swollen at its distal part, has no spine. First
3 ambulatory legs show usual structure, dactylus more or less pointed.
Last leg differs from preceding ones. Dactylus paddle-shaped. bears
4 curly feelers near tip, with fine hairs all around it. Carpus curves
distinetly. Coxopodite has large spinule on ventral side. Daetylus to
propodus gradually flattened, resembling those of voung crab already
at Il megalopa. Abdomen composed of 6 somites and telson. 1st
somite largest, last one smallest. Lepour noted that the number of
terminal hairs on the uropod tip of the last somite is peculiar to each
species, while m the case of Chary. bimac., the number of hairs
gradually inereases with development.

The characters of Chary. bimac. are as follows: (1) 2nd ant. com-
posed of 2-articulate distal, 3-articulate basal, and 5 articulate middle
parts at 1 megalopa, although middle part is T-articulate at later
stages, (2) paddle-shaped dactylus of last leg bears 4 curly feelers,
(3) rostrum present throughout all megalopa stages, (4) abdomen
composed of 6 somites, 1st somite largest, the last smallest, (5) lateral
end of Hth somite very prominent.

20.  Portunus trituberculatus Miers. 1st zoea. Fig. 23.
Characters: All kinds of carapacial spines present, 2nd ant. B-type, secondary
c¢hrom. only in 1st mxp. abdominal chrom, in 1st and 3rd to 5th

somites eich, telson Ao-type, hair formula 6-1, 2-4 (6), 4-1-1.

Dorsum 0.45 mm, rostrum 0.39 mm, perpendicular distance between
tips 1.13 mm, carapace 0.47 mm, lateral spine 0.07 mm; abdomen 0.93
mm long, 0.17 mm wide, telson 0.42 mm.

Lateral spine very short, although present writer reported in his
previous paper (Amawa, 1929) that the lateral spine is absent.
Rostrum nearly straight, but dorsnm curves backwards. 2nd ant. By-
type. Length of exp. nearly 24 of peduncle, thick at base. abruptly
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Fig. 23,  Portunus trituberculatus Mirrs., 1st zoea.
(A) lateral view x37. (B) 2nd ant. x 121, ((!) eup. of 2nd ant, x233. (D) enp.
of 2ud mxp. x 233, (E) telson x 72, (F) Ist mx. x233. (G 2nd mx. x233.

slender to end. Teduncle furnished with fine teeth along one side.
Enp. of 1st mx. has 2 joints, mode of serration here expressed by 6-1.
All podites of 2nd mx. well bifurcated, mode of serration 2-4 (6) as
usually seen in portunid larvae. Secondary chrom. present only in
protopodite of Ist mxp. Enp. of 2nd mxp. has 3 joints. Ist and 2nd
joints with 1 hair each on their distal edges, 3rd joint with 4 on tip.
Abdominal ¢hronis. present in 1Ist and in 3rd to Hth somites. Lateral
knobs present on both 2nd and 3rd somites, lateral ends of all somites
rather rounded. Telson Ao-type, 2 dorsal denticles on telson-tfork.
Telson-fork long, slender, smooth. 3 pairs of inner spines of same
~

{
inner side.  Middle depression fairly deep.

length, inmer 3red pair with 6 or 7 long hairs among short ones on

21, Portunus pelagicus Lanxi, st zoea and megalopa. Fig. 24.

Charactevs:  All kinds of carapacial spines present, 2nd ant. Bi-type, sccoudary
chrom. present only in Ist mxp., 1 abdominal ¢hroms, involving 1st and
2ud somites and in 3rd to 5th somites each, telson Aus-type, hair formula
6-1, 24 (6), 5-1-1.
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Dorsum 0.48 mm, rostrum 0.36 mm, perpendicular distance between
tips 1.24 mm, lateral spine 0.04 mm, carapace 0.56 mm; abdomen 1.06
mm long, 0.11 mm wide, telson 0.40 mm.

Fig. 24.  Portunus pelagicus L. 1st zoea and megulopi.
(A) lateral view (st zoea) x 39, (B) dorsal view (wegalopa) x 10, () coxu of
the last Ieg (megalopa) x 21, (D) 2nd mx, (zoca) x 233. (E) 2nd ant, (zoca) x163.
(F) 2nd ant. (megalopa) x14.  (G) telson (zoen) x 61,

Dorsum thick, bends backwards. Rostrum rather straight. Lateral
spine very short, slender. 1st ant. bears ouly 2 aesthetes and a hair
on tip. 2nd ant. By-type. Length of exp. only 14 of peduncle, with
2 unequal hairs on tip. Peduncle long, slender, with fine teeth on
both sides. Both mxls. similar to those of Port. trit. Secondary chrom.
present in portopodite of 1st mxp. Enp. of 2nd mxp. has 3 joints.
Both Ist and 2nd joints provided with 1 hair each, 3rd with 5 on tip.
Lateral knobs present on both 2nd and 3rd abdominal gomites, lateral
ends of 3rd to Hth somites very prominent. 1 abdowinal chrom. in-
volving 1st and 2nd somites, and paired one in each somite from J3rd
to Hth.  Telson As-type, a denticle laterally near base of telson-fork,
one more dorsally on it. 3 pairs of inner spines of nearly same length,
inner 3rd pair with 6 long hairs among short ones on its inner side.
Middle depression wide, but shallow.
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Megalopa. Carapace rather rounded, frontal margin with long
rostrum, becoming wider. 2nd ant. of 3 parts. Basal part 3-articulate,
1st joint longest, 3rd provided with ring of fine hairs near distal
edge. Middle part H-articulate, 8th joint with long stiff hair on outer
distal edge, shorter hair on inner. Terminal part has 3 joints, all
very small.  Terminal joint tipped with 2 shovt stiff hairs. A very
large spinous projection on coxa of last leg, and 1 hook on coxa of
cheliped.  Abdomen of 6 somites and telson. 2nd somite largest,
narrowing to preceding and following somites. [liateral end of 5Hth
somite prominent. Paddle-shaped daectylus of last lew with 4 long
curly feelers on tip, 4 shorter ones on lateral side.

22, Portunus sp.  Last zoea and megalopa. Figs. 25, 26,
Characters:  All kinds of carapacial spines present, 2nd ant. Ii-type, secondary
chrom. present in lst mxp. abdominal chrom. distributed similarly as
in zoea of Port. pel. 1., hair formula 6-1, 2-4 (6), 5-1-1,
At last zoeal stage, dorsum measures 0.67 mm, rostrum 0.56 mm,
perpendicular distance hetween tips 210 mm; lateral spine 0.06 mm,

Fig, 25,  Portunus sp. Last zoea,
(A) lateral view x21. (B) abdomen x17. (C) enp. of 2nd mx. x 180. (D) 2nd
ant. x43.  (B) enp. of 2nd mxp, x 180, (F) cnp. of 2nd ant. x 180,
(G) teison x 43,  (I) enp. of 1st mx, x 180,
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carapace (.99 mm; abdomen 2.86 mm long, 0.44 mm wide, telson
0.84 mm.

Dorsum curves fairly backwards, but rostrum straight. Both
pointed at end. Lateral spine very short. 2nd ant. By-type. Peduncle
pointed, straight, armed with fine teeth on both sides of distal half.
Length of exp. 14 of pedunele, with long spinule and hair on tip.
Length of enp. nearly same as that of peduncle at this last stage.
Mandible densely pigmented. Eunp. of 1st mx. has 2 joints and enp. of
2nd mx. only shightly bifurcated. DModes of serration on these enpds.
similar to those of Port. frit. and P. pel. Secondary chrom. ouly in
protopodite of Ist mxp. Segmentation and mode of serration on enp.

Fig. 26, Portunus sp. Megalopa,
(A) 2nd mx, x61, (B) 1st mxp. x43, () 3rd mxp. x43. (D) 2nd mxp. x43. (H)
dorsal view x17. (F) 2nd ant. x43, (G) dactylus of last leg x87. (H) 1st ant, x43.
(I) mandible x 61.  (J) coxa of last leg x33. (K) abdomen x 72,
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of 2nd mxp. also similar to those of Port. pel. 3rd mxp. and 5 pairs
of pereiopods well developed at this last stage. Abdomen composed of
6 somites and telson. Lateral knobs present on 2nd and 3rd somifes,
lateral ends of 3rd to 5th somites prominent. Telson A.-type, with 1
denticle laterally near base of telson-fork, 1 dorsally on middle part.
3 pairs of inner spines and a pair of extra-hairs. Telson-fork slender,
pointed.

Megalopa. Carapace mnearly quadrate, but narrowing slightly
towards front. Long pointed rosirum presenti, bul neither dorsal nor
lateral spines present. Spine on coxa of last leg very large. Tst ant.
2-branched. The basal part has 3 joints, enp. 2 and exp. 5. Sensory
hairs on all segments of exp., its terminal joint with 2 long hairs on
tip, 1 on lateral side. 2nd ant. single, composed of 11 joints. DBasal
part ol 3 joints all very large. DMiddle part has 5 joints. DBasal 4th
joint smallest among antennal joints, 8th joint with 1 long stiff hair
and 1 short on distal edge. Terminal part of 3-joinls tapers. Last
joint tipped with 4 stiff hairs. Mandible has palp of 2 joints. Enpds.
of mxls. much reduced. KEpip. of Ist mxp. has 4 terminal hairs. Knp.
of 2und mxp. has 5 joints. Enp. of 3vd mxp. also of 5 joints, its epip.
tipped with 2 hairs. Basi-ischiopodite of cheliped bears small hook.
Dactylus of last leg not paddle-shaped, without feelers. Abdomen of
G somites and telson. Abdominal chrom. present in similar way to that
observed in zoea of Port. pel. Uropod of last somite bears 4 terminal
hairs.

23, Evrimacrus cisenbeekhii (BranpT)., V zoea. FKig. 27,
Characters:  All kinds of carapacial spines present, 2nd ant. Bi-type, telson As
type, hair formula 6-1, 3-5 (&), 5-1-1.

Marusawa, I (1933). Rakusui Kai Si., vol. 28, p. 499, pls. 1-3.

At this last stage, dorsum 1.30 mm, rostrum 0.89 mm, perpen-
dicalar distance between their tips 3.36 mm, lateral spine (.33 mm,
carapace 1.47 mm; abdomen 211 mm long, 0.28 mm wide, telson 0.74
mm.

2nd ant. shorter than rostrum. Pedunecle thick at base, slender at
distal part, where it is armed with fine teeth on both sides. Exp. very
small, only Y} of peduncle, ending i 2 unequal hairs. Enp. of 1st mx.
2-articulate, mode of serration here expressed by 6-1. Eup. of 2nd mx,
only shightly bifurcated, mode of serration 3-5 (8). Enp. of 2nd mxp.
has 3 joints. Both 1st and 2nd joints with 1 hair on each distal edge.
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Fig. 27.  Erimacrus cisenbeckii (BRANDT). Last zoea.
(A) lateral view x 39,  (B) 2nd ant. ¥ 61.  (C) enp. of 2nd ant, x 377. (D) enp. of
Ist mx. x 72, (E) enp. of 2nd mx. x72. (F) cup, of 2nd mxp, »72. (G) telson x43.

drd with 5 hairs. Lateral knobs on 2nd and 3rd somites, lateral ends
of 3rd to 5th somites very prominent. Telson As-type, 3 outer denti-
culations all along lateral side. Uppermost denticulation largest, nearly
equal to telson-fork, which is thick at base, pointed at end, covered
with fine hairs all over distal half. 3 pairs of inner spines and 1 pair
of extra-hairs. Middle depression narrow, but deep.

6th somite separated from telson at 2nd zoeal stage. Enp. of 2nd
ant. first appears at 2nd stage, attaining only V, of peduncle at 3rd
stage, 24 at 4th stage, equal to peduncle at last stage. Swimming hairs
8 in all al 2nd stage, 10 with 2 accessory hairs at 3rd stage, 12 with
4 accessory ones at 4th stage, 14 with 4 accessory ones at last stage.
Rudiments of 3rd mxp. and pereiopods appear at 2nd stage.

Megalopa stage divisible into 2 substages. Important features
however show no marked changes. At I megalopa stage, long thick
rostrum, short spine on antero-lateral corner, 2 spines on postero-lateral
portion, 2 on median dorsal portion. At 2nd stage all these projections
except those on both antero-lateral corner entirely disappear. 2nd ant.
separable into 3-articulate basal portions, 2-articulate middle portion,
and 2-articulate terminal portion. Number of joints in each portion
do not inerease in later megalopa stage. Uropods of last somite bears
4 terminal hairs.
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24.  Cancer gibbosulus (pE HAAN) 1st zoea. Fig. 28
Characters:  All kinds of carapacial gpines present, 2nd ant. Bi-type, telson Ax-type,
hair formula 6-1, 3-3 (6), 5-1-1.
Rostrum 0.29 mm, dorsum 0.46 mm, perpendicular distance be-
tween their tips 1.07 mm, lateral spine 0.18 mm, carapace 041 mm;
abdomen 0.72 mm long, 0.11 mm wide, {elson .27 mm.

N
w /

=]
—

Fig. 28, Cancer gibbosulus (pr HAAN). 1st zocen,
(A) lateral view x 61, (B) Ist mx. x 233, (O) 2nd mx., x 233, (D) enp. of 20d
mxp X377, (F) abdomen-x 720 (F) cnp. of 2od ant, x 467. (G} 2nd ant. x 377,

Rostrom straight, but dorsnm bends backwards. Lateral spine
fairly long. 2nd ant. Bs-type. Peduncle shorter than rostrum; thick
at base, but pointed at end, armed with small teeth at its distal part.
Exp. nearly 14 of peduncle with 2 unequal hairs on its rounded tip.
Enp. of 1st mx. 2-articulate, mode of serration here 6-1. All podites
of enp. of 2nd mx. deeply bifureated, mode of serration on enp. 3-3 (6).
Eup. of 2nd mxp. has 3 joints, mode of serration here expressed by
2—-1-1. Zoea of Cancer gibbosulus greatly resembles those of Portunidae.
Lateral knobs only on 2nd somite, lateral ends of 3rd to 5th somites
slightly prominent. Telson As-type, 2 dentieles on dorsal part of telson-
fork, which is well developed and converges to end. Middle depression

[ 126 |



shallow, but so wide that 3 lnner spines are arranged considerably
apart from each other on each side. 3rd pair has 5 long hairs among
short ones on inner side, 2 long hairs on its outer side.

25, Grapsizoea rutila Aixawa (Atelecyclid zoea)
3rd zoea to megalopa. Fig. 29,
Characters:  All kinds of carapacial spines present, 2nd ant. Bi-type, telson Asrtype,
hair formula 6-1, 3-5 (8), 5-1-1.

At 3rd zoeal stage, dorsum 0.83 mm, rostrum 0.75 mm, perpendi-
cular distance between their tips 2.50 mm, lateral spine 0.19 mm, cara-
pace 1.04 mm; abdomen 1.91 mm long, 0.28-0.42 mm wide, and telson
0.69 mm.

Total of 8 swimming hairs on exp. of mxpds. at 3rd zoeal stage, 10
at 4th stage, 12 at last stage. Carapace fairly large. Dorsum curves
backwards, pointed. Rostrum straight, lateral spine very short. In
ihese points, this zoea closely resembles that of Portunidae. 1st ant.
usual form, small projection of enp. already al 3rd stage. 2nd ant.
By-type. Peduncle slender, armed with fine teeth on both sides of its
distal haltf. Exp. 14 of length of peduncle at 3rd stage, more than
24 at last stage. Hxp. tipped with 2 long smooth hairs. Mandible has
broad chewing surface, densely pigmented. 1st mx. has 2-jointed enp.,
mode of serration here expressed by 6-1. All podites of 2nd mx.
slightly bifurcated. Enp. bears 5 hairs on inner lobe, 3 on outer. Enp.
of 2nd mxp. has 3 joints. Both 1st and 2nd joints with 1 hair cach,
3rd with 5. 3rd mxp. and 5 pairs of pereiopods well developed at Jrd
stage. Abdomen composed of 6 somites and telson, widest at 2nd
somite, narrowing to preceding and following somites. Large lateral
knobs present on 2nd and 3rd somites. Telson Aj-type, 2 lateral denti-
cles near base of telson-fork, 1 on dorsal part. Telsou-fork nearly
straight, smooth; 3 pairs of inuer spines, 2 pairs of extra-hairs.

At final stage, enp. of 2nd ant. becomes nearly of same length as
peduncle. Enp. of 1st ant. increases in length, incompletely 2-jointed.
Both 1st and 2nd mxpds. have very rudimentary epipds. 3rd mxp. 2-
branched, but only incompletely segmented. Cheliped larger than
following legs, chela very robust. All other features virtually un-
changed.

Megalopa. Carapace nearly quadrate. Its frontal margin re-
sembles that of zoea. Rostrum shorter than at zoeal stage. 1st ant.
2-branched. Basal part 3-jointed, 1st joint almost spherical, but other
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Fig. 29.  Grapsizoca rutila. Last zoea and megalopa.
(A) 2nd mxp, (megulopa) x 48 (B) 1st mx, (IIT zoea) x 87. (C) megalopu x 13.
(D) mandible (V zoca) x61.  (E) 1st mxp. (megal.) x48. (¥) abdomen{I11 zoen)
X 26. (@) rostrum (V zoeca) x26. (1L) cheliped (V zocu) x39. (1) 2nd ant. {V
zoea) x 61.  (J) enp. of 2nd mxp. (11T zoca) x180.  (K) V zoea x 21. (1)) 2nd ant.
(megal.) x48. (M) 1st ant, (megal.) x 48, (N) duactylus of last leg (megnl.) ¥ 48,
(0) 1st mx. (megal.) x48. (P) cheliped (megal.) x21. (Q) 2nd mx. (III zoca)
x 87, (R) 3rd mxp. (megal.) x48. (8) telson (III zoea) x 43.
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2 elongated. Enp. 2-jointed, tapering, distal joint tipped with 3 hairs.
Exp. has 5 joints; last joint with 2 terminal, 1 lateral hairs. 2nd ant.
single, tapering, divisible into 3 portions. Basal portion has 3 joints,
drd joint with 2 long stiff ‘hairs on its distal edge. Middle portion
jointed. 4th joint smallest among antennal joints, 8th joint with
long and 2 short stiff hairs on its edge. Terminal portion is Jlast
joints, each joint with 4 stiff hairs. Mandible with palp of single joint.
Enpds. of both mxls. much reduced; that of 1st mx. with 3 long hairs

(VI SV

on its lateral side, 2 short ones on its tip. 3rd mxp. usunal form. Epip.
of 1st mxp. has 2 ferminal hairs besides long hairs around it. Dasi-
ischiopodite has small hook. Dactylus of last leg rather paddle-shaped,
pointed at end, bears 5 curly feelers, Abdomen composed of 6 somites
and small telson. Lateral ends of 3rd to Hth somites prominent as also
cbserved in zoea.

Zoea and megalopa have many features in common with those of
Portunidae. The hair formula differs from the latter group and the
spinous projection is absent on the coxa of the last leg. In view of
these characteristies, these larva may belong either to the family
Atelecyclidae or to one of its allied families (for example Caneridae).

26.  Actumnus setifer (vn Haax) st z0ea. Fig. 30,
Characters: All kinds of carapacial spines present, 2nd ant. Astype, telson Ax-type,
hair formula 6-1, 3-5 (&), 5-1-1.

Dorsum 0.40 mm, rostrum 0.19 mm, perpendicular distance between
their tips 1.15 mm, lateral spine 0.12 mm; carapace .66 mun long, 0.44
mm wide; abdomen 1.20 mm long, 0.17 mm wide, telson 0.44 mm.

Dorsum thick, hooked at its end. Rostrum and lateral spines
rather short. 2nd ant. Ao-type. Peduncle and exp. nearly of same
length, armed with fine teeth on both sides at their distal halves. In
addition, exp. bears stout spinule on its middle part. Enp. of 1st mx.
has 2 joints, mode of serration here expressed by 6-1. All podites of
2nd mx. well bifurcated. Enp. bears 5 hairs on inner lobe, 3 on outer.
Expds. of mxpds. slightly segmented. HEnp. of 2nd mxp. has 3 joints.
Both 1st and 2nd joints with 1 hair each, 3rd with 5. Small buds of 3rd
mxp. and 5 pairs of pereiopods already noticeable at this Ist zoeal
stage. Abdomen composed of 5 somites and telson. Lateral knobs on
2nd and 3rd somites, lateral ends of 3rd to 5th somites more or less
prominent. Telson As-type, with denticle and one hair laterally near
base of telson-fork, one dentiele on its dorsal side. Telson-fork long,
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Fig. 30.  Actuwmnus sctifer (bR HaaN). Ist zoea.
(A) lateral view x43.  (B) 2nd ant. x87.  (C) Ist mx. x 180, (D) 2nd mx. x 270,
(E) enp. of 2nd mxp. x180. (F) abdomen x43. () telson x 87.

pointed, covered all over with fine hairs. 3 pairs of inner spines ot
like length. Middle depression narrow, but fairly deep. Longest 3rd
pair with 4 long hairs among short ones on its inner side. 1 long hair
on outer side,

Zoea of Actumnus setifer (v. II.) resembles those of the genus
Pilumnus and is included with the latter in the prunitive zoeal group
of the family Menippidae.

27, Grapsus grapsus LINNE.  1Ist zoea. Fig. 31.
Characters:  Only lateral spines abgent but dorsum and rostrum present, 2nd ant.
Bi-type, secondary chrom. in 1st mxp., abdominal ones in each somite
except telson, telson B-type, hair formula 5-1, 2-3 (5), 5-1-0.

Dorsum 0.30 mm, rostrum 0.25 mm, perpendicular distance between
their tips 1.05 mm, carapace 0.61 mm; abdomen 0.73 mm Jong, 0.13 mm
wide, telson 0.25 mm.

Larva fairly large. Dorsum and rostrum rather short. Rostrum
straight, but dorsum slightly enrved. 1st ant. bears 3 aesthetes, 2
short hairs on tip. 2nd ant. By-type. Peduncle thick, toothed coarsely
at its distal half. F¥xp. V4 of length of peduncle, with 1 long hair and
3 short stiff hairs. Enp. of 1st mx. has 2 joints. mode of serration here
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Fig. 31. Grapsus grapsus L. 1st zocu.
(A) Iateral view x40,  (B) enp. of 1st mx, x377. (C) enp. of 2nd mx. x 467,
(D) enp. of 2nd mxp, x377. (E) 1st and 2nd ant. x 233,
(F) enp. of 2nd ant. x 467. () abdomen x 72,

expressed by 5-1. Enp. of 2nd mx. deeply bifurcated, bears 2 hairs on
its outer lobe, 3 on its inner. HEnp. of 2nd mxp. has 3 joints. st joint
hairless, but 2nd 1 hair, 3rd 5 on tip. Secondary chrom. in 1st mxp.
Lateral knobs on 2nd and 3rd somites, Abdominal chroms. in all
somites exeept telson. Telson-fork pointed, covered with fine hairs.
3 pairs of inner spines of same length, middle depression fairly deep.

28, (Juetice depressus (pm Haan). Last zoea and megalopa.
Figs. 32, 33.
=Platygrapsus depressus pr 1HaaN, Aixkawa, 1929, p. 47.

At last zoeal stage, dorsum 0.94 mm, rostrum 1.02 mm, perpendi-
cular distance between their tips 2.41 mm, carapace 1.24 mm; abdomen
2.94 mm long, 0.10 mmm wide, telson (.62 mm.

Dorsum and rostrum medium size, pointed. Iiateral spine absent.
(Carapace fairly large. 2nd ant. Bu-type. Peduncle slender, armed
with fine teeth along outer side at its distal two-thirds. Exp. long, with
1 spinule on middie part, slendering abruptly from this spinule to end.
Enp. only 14 of peduncle at this last stage. Enp. of Ist mx. shows
5-1 as mode of serration. All podites of 2nd mx. slightly bifurcated,
2 hairs on cach lobe. Expds. of mxpds. have 12 swimming hairs. Enp.



Fig. 32. Guetice depressus (DB Haax). Last zoea.
(A) lateral view x 21, (B) enp. of 1st mx. X 180. () enp. of 2nd mx. » 180,
(D) enp. of 2nd mxp. x 180, (E) enp. of 2nd ant. x 180,
(F) 2nd ant, x87. ((G) nbdomen x 43.

of 2nd mxp. has 3 joints. Distal 3rd joint with 3 terminal, 2 lateral
hairs, 2nd with 1, but Ist with none. 3rd mxp. and 5 pairs of perciopods
very small. Abdomen composed of 6 somites and telson. Lateral knobs
on 2nd and 3rd somites, lateral end of 5th somite slightly prominent.
Telson B-type. 4 pairs of inner spines of same length. 3rd pair with
4 or 5 long hairs among short ones on outer side, 5 or 6 long hairs on
inner side.  Telson-fork slender, pointed at end, finely serrated along
its inner side.

Megalopa (Fig. 33). Carapace nearly quadrate. Rostral spine
absent.

Middle depression on frontal margin of carapace wide. Neither
dorsal nor lateral spines present. 1Ist ant. 2-branched. Basal part
3-jointed. 1st joint large, spherical, but 2nd and 3vd elongated. Eup.
3-articulate, tipped with 3 hairs. Exp. only 3-jointed. some sensory
hairs on each joint. 2nd joint with 1 lateral hair, 3rd with 3 terminal
hairs. 2nd ant. composed of 10 joints, very thick. DBasal part 3-arti-
culate, no serration on joints. 4th to 8th joints very small, closely
jointed. 6th joint has ring of fine hairs around its distal edge. Last
joint very small, tipped with a stiff hair. Sensory hairs present on
7th to 9th joints. Epip. of 1st mxp. has 1 terminal hair. Enp. of 1st
mxp. flattened, 2 small teeth on its inner corner. Exp. 2-jointed, its
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Fig. 33. Gactice depressus (DE HAAN), Megalopa.
(A) 3rd mxp, x40, (B) 2nd mxp. x40, (C) 1st mxp. x40. (D) 2nd mx. x40
(E) cheliped x 43, (F) uropod of last somites x 87. (G) 1st ant. x61.  (II) 2nd
ant, x 39, (I) coxa of last leg x33. (J) dorsal view x13. (K) abdomen » 43,
(L) lst mx, x 61,

distal joint has 4 hairs. Enp. of 2nd mxp. has 4 joints, 3rd and 4th
joints thickly serrated. 2nd joint has only 1 hair, but Ist none. 1st
joint of exp. has small tubercle, 2nd joint 4 terminal hairs. Epip.
small, ending in 1 terminal hair. 3rd mxp. has 5-jointed enp. 1st to
4tht joints rather cylindrical with stiff hairs along their inner sides.
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Terminal joint becomes small stout hook, thickly chitinized, with a fine
hair. Epip. large, densely serrated, with a terminal hair, Abdomen
composed of 6 somites and telson. No lateral knob observed, but
lateral end of 5th somite somewhat projected as noticed in zoea.
Uropod of last somite bears 3 terminal hairs. Telson semicireular,
3 fine hairs on middle part of lower margin. No hook present on basi-
ischipodite of cheliped, but knife-blade of chela (propodus and
dactylus) densely chitinized, furnished with many short stiff hairs.
Dactylus of last leg bears 4 feelers.

Enp. of 1st mx. of single joint, with 3 hairs on its inner side, 2 on
outer.  Enp. of 2nd mx. becomes completely rudimentary.

29, Sesorma picta ve Haax,  1st zoea. Fig. 34

Characters:  Only lateral spines absent, 2ud ant, Bi-type, telson B-type, secondary
chrom. only in 1st mxp. abdominal ones in all somites except telson,
hair formula 5-1, 2-3 (5) 6-1-0.

Dorsum 0.17 mm, rostrum 0.1) mm, perpendicular distance between
tips 0.63 mm, carapace 0.35 mm ; abdomen 0.84 mm long, 0.20 mm wide,

\J\LU l{ 1l
W\/ Y

F

7 .

Wiy v,
j

\%\_/ . /
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Fig. 34, Scsarma picta bpE HaaN. 1st zoeu,

(A) lateral view x61. (B) enp. of 2nd mxp. x 377. (C) telson x121. (D) 2nd
ant. x 233, (E) enp. of 2nd ant. x467. (F) 1st mx. x 233, (0) 2nd mx. x 233.

telson 0.25 mm.
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Larva medium size. Both carapacial spines thick at base, pointed
at end. 2nd ant. longer than rostrum, Bstype. Peduncle slighily
curved, armed with teeth on distal part. Exp. only 14 of length of
pedunele, ends in a long hair and a short one. Enp. of 1st mx. 2-arti-
culate, mode of serration here expressed by 5-1. All podites of 2nd
mx. deeply bifurcated, mode of serration here 2-3 (5). Enp. of 2nd.
mxp. has 3 joints. 1st joint hairless, but 2nd 1 hair on its distal edge,
3rd 6 on tip. Secondary chrom. only in Ist mxp. Lateral knobs on
2nd and 3rd somites. All abdominal somites have chromatophores.
Telson-forks long, slender, parallel to each other, covered over with {ine
hairs. 3 pairs of inner spines present, middle depression fairly deep.

30. Playusia dentipes pe Ilaax, 1st zoea and megalopa.
Kigs. 35, 36.

Characters:  All kinds of c¢arvapacial spines present, 2nd ant. B,-type, telson B-type,
primary c¢hrom. in both mxpds., ahdominal ones in all somites and in
telson, hair formula 5-1, 2-3 (5), H-1-~1.

Dorsum 0.42 mm, rostrum 0.45 mm, perpendicular distance between
their tips 1.25 mm, lateral spine 0.21 mm, carapace 0.42 mm, abdomen

1.15 mm, telson 0.37 mm.

Fig. 35. Plagusia dentipes pr HAAN, 1st zocu.
(A) lateval view x40. (B) enp. of 2nd mxp. x 213. () enp. of 1st mx. x320.
(D) enp. of 2nd mx. x320. (E) 2nd ant. x213. (F) abdomen x 61.

Dorsum thick at base, pointed at end. Rostrum nearly straight.
Lateral spine straight, coarsely toothed. 1st ant. usual form, 2nd ant.
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B,-type. Peduncle curved, armed with teeth. Exp. short, only V4 of
pedunecle; tipped with long spinule and a short hair. Enp. of 1st mx.
2-articulate, mode of serration here expressed by 5~1. Enp. of 2nd
mx. biramous, 2 hairs on its small outer lobe, 3 on large inner lobe.
Primary c¢hroms. in both mxpds. Tnp. of 2nd mxp. has 3 joints. 1st
and 2nd joints with 1 hair on each distal edge, 3rd with 3 on tip and
with 1 on each lateral side.

Lateral knobs present on 2nd to 4th somites. Abdominal chroms.
present in all somites and in telson. Telson B-type. 3 pairs of inner
spines of same length. Middle depression wide, but shallow. Telson-
fork thick at base, pointed at end.

Megalopa (Fig. 36). The megalops of 1 stage usually form swarms
in the open seas from late winter to spring. Those of Il stage live in
great abundance on floating weeds and timbers from spring to early
summer. Megalops are carrvied to the coast with weeds and timbers
and dammed up there. 1 megalops are almost transparent, pale
eoreenish, but [l megalops become rather brownish, of colour similar
to floating weeds. Megalops change to young crab through 2 stages,

i

although they show 3 modes in their body lengths. 11 megalop,

! Carapace ' Abdomen !

! Megalopa ‘ T T ‘ i

| Stage length ‘ width length width |

| | mm ‘ mm mm mm :

| Stage I 5.1 ‘ 3.5 ; 2.7 f 1.0 5
L, IIn 75 7.1 | 4.3 2.6 Q
., II 9.0 6.2 ] 5.0 ; 3.0

Youug craly 10.1 9.0

which 1s of remarkable size, are called ‘‘Saba-gani’’. Fishermen
expect a good ecateh wherever these Saba-gami are found in great
numbers. At the megalopa stage, both mxls, and 1st to 3rd mxpds.
have already acquired their adult forms. Carapace nearly quadrate
and slightly narrows towards its anterior end. Rostrum present at
I megalopa stage, but disappears at 11 stage. 2nd ant. composed of
terminal, middle, and basal parts. Terminal part 3-articulate, slender,
Basal part also 3-articulate, 3rd joint has ring of short hairs around
its distal edge. Middle part H-articulate at T stage, 8 at 11 stage and
in young crab. Last joint bears 3 sensory hairs on its tip at 1 stage,
o at Tl stage and in young crab. All joints of cheliped smooth at |
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stage, but at 11 stage its merus and propodus become thick where the
beaded ridge develops in the young erab. Ischium of cheliped has
large hooked spine at I stage. Spine becomes smaller and straight
at TI stage, finally in young erab hardly distinguishable from the hairs
around it. Abdominal somites wider than long, ridged along median
line at each somite. Short tooth on middle end of 5th somite. Lateral
ends of 1st to 5th somites more or less projected.

Fig. 36. Plagusia dentipes DE HaaN, Megalopa and young crah,

(A) dorsal view (I megalopa) x7. (B) dorsal view (IT megal.) x3. (C) froutal

margin of carapace (IT megal.) x5. (D) dorsal view (young erab) x 3. (E) 2nd

ant. (I megal.) x24. (F) cheliped (I meganl.) x9. (G) cheliped (IT megal.) x 9.
(1) cheliped (young crab) x 9.
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Part III. Larval characteristics of some important
families

The writer attempts here to deseribe the larval characters of some
important families, refering to zoeas deseribed in Japan and abroad.
As listed in Table [-IV, they total about 70 genera and 150 species.

(1)  Family Dromiidae (Table I, 1).

Zoea of Dromia vulgaris has no stable brown chromatophores.
the colour pattern of its hody being very similay to those of both
Macrura and Anomura. 2nd antenna F-type, telson G-type. Except-
ing the fairly large spinous process on the basal part of the 2nd antenna
it is almost impossible to separate dromiid zoea from those of Macrura
and Anomura. Endopodite of 2nd maxilla single, but endopodite of
1st maxilla 2-articudate. In these points, dromiid larva can be distin-

guished from homolid zoea.

Table 1. List of larval characters

‘} Carapacial

| No. ‘} Species Reference shnes
i Ros. Dor.  Lat.:
} 1 Dromia vulgaris M.-Epws. i LErour(53), p. 241, pls. 1-5 ! 0 X
| 2. | Latreillia phlangium b. . Tig. 3. "o X X
L8| Paraliomola japonica PAg. ‘ Fig. 4. I 0 X X
4. | Homola sp. P WILLIAMSON (2), p. 543, (0 X X
1D | Homola sp. | Fig. 5. 0 X X
{ 6. | Ethusa macerone Roux ! Wirniasson (2), p. 361, 0 0 0
7. | Dorippe sp. GurNEY (1), p. 194, 0 0 0
8. | Dorippe granulata v, H, Fig. 6. 0 0
9. ( Dorippe sp. A. Fig. 7. 0 0
10. | Dorippe sp. B. Fig. ¥, 0 0
1L, | Calappa toplos(HERBST) Fig. 9, 0 0 0
' 12, | Ebalia tuberosa (PEN.) WILLTAMSON (2), p. 537, 0 X 0
| Leour(3), p. 539.
13, K. longipedata Orm. | Fig. 10, i} X 0
1 14. | E. eranchii LeAact / LEBOUR(3), p. 540, | 0 X X
‘ 15. | K. sp. JOorGENSEN (1), p. 157, . ox X 0
‘ 16. | Leucosia signata Liacin [ JURNEY (3), p. 284, 0 X 0
| 17. | ttia sp. (aN0(2), p. 527. — U
| 18. Philyra pisum . H. i Amawa(l), p. 34 U x
[ 19. | P. tubereulata STIMPSON ’ ibid. p. 35, 0 X ‘k
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(2)  Family Homolidae (Table I, 2-5).

Zocas of Latredlia phalangium, Parahomola japonica, and 2 un-
known species of G. Homola described. These zoeas possess the F-type
of 2nd antenna and G-type of telson. The spinous process on the basal
part of 2nd antenna is fairly large. It is also noteworthy that in this
family the endopodite of the 2nd maxilla is 2-articulate, and its
terminal joint furnished with more hairs than its basal joint. [In
addition, the endopodite of the 2nd maxilliped has 4 or 5 joints. In
these respects, zoeas of the IHomolidae can be determined, although
they can be grouped into Lithozoea together with dromiid larva. The
cephalothorax of G. Homola bears many spinous processes large or
small. Carapace is 2-lapped. each lap being finely toothed along its
lower margin in the Homolidae.

(3) Family Dorippidae (Table I, 6-10).

Zoeas of Ethusa macerone, Dorippe gronulata, and 3 unknown

of the Dromiidea and the Oxystomata.

| mxp.-chrom. i Hair Formula
o T T T

; an;i'll(}na Telson 1 . o ‘ 1st 2nd ond

: st mxp. i 2ud mxp. % nx. . mxp.
1 B e x x| 4 7 g
2 ‘ B G % ® 51 3-4(7) F-2-0-0

K G x x| 5 2 6(8) 5-2-1-1

4 E G \ x x|
5 E 1 G | x x o el D—4(6) 5-3-1-3-0
6 A | C - -
7 A, C - -
8 A, ¢ X i x —— 4 3-1-0
9 A, Loe x 1 % 40 4 2-1-0
10 Ay ¢ x | x40 | 4 4-1-0
11 B: A. X ‘? % L 40 25D | 4-1-1
12 D I X | X
13 D B - - 4 3 3
14 D B X X )
15 D 3 - =
16 p . E 0, y‘ 0, ‘
17 D ‘ R - =
18 D E o 0, 4-0 3 1-0
19 D | E 0 0, 40 3 2-0




species of Dorippe are deseribed.  In the remarkable length of both
dorsum and rostriun, these zocas resemble Porcellana larva. Stable
brown chromatophores are also absent. lere, 2nd antenna is aiso F-
type, but its spinous process on the basal portion also well developed.
Telson is a peculiar C-type. These larvae, which are grouped into
Ethusozoea, are casily distinguished from other Brachyura larvae, The
species can be determined only by the presence or absence of carapacial
spines and other detailed structures, of which it is difficult to be sure
in the previous papers. All kinds of carapacial spines are present in
the larva of FKthuse, while the lateral spines alone are absent in
Dorippe. The endopodite of 1st maxilla is 2-articulate, but its basal
joint is hairless. The endopodite of 2nd maxilla is usually single.
Endopodite of 2nd maxilliped has 3 Joints, its basal joint hairless.
Ethusozocas resemble the usual Brachyura larvae rather than those
ol the Dromiidae and the ITomolidae.

(4) FKamily Calappidae (Table 1, 11).

The calappid zoea has already attained typical brachyuran form,
differing from any zoeas of the Oxystomata. 2nd anfenna is B-type,
telson A-type, hence grouped into Grapsizoea. 1t is easily distinguished
from other members of Grapsizoea merely by absence of the stable
brown chromatophores in both maxillipedes and in abdomen. Endo-
podite of Ist maxilla has 2 joints, its basal joinl hairless. IEndopodite of
2nd maxilla bifurcated. Endopodite of 2nd maxilliped has 3 joints, all
with hair each. Colour pattern of body almost same as those of
both Dromiidae and Homolidae.

(d) Family Leucosiidae (Table I, 12-19).

Zoeas of only a few genera are known from this large family.
The presence and absence of carapacial spines is irregular, while all
have the D-type of 2nd antenna, which is regarded as a deviation.
Telson of E-type resembles the Pasiphaé-lelson and retains the primi-
tive features. Kndopodite of 2nd maxilla generally single, endopodite
of 2nd maxilliped only 1 or 2 articwlate, never 3. Maxillipedal chro-
matophores are of primary character. The zoeas of this family. which
are always called Leucozoea, are easily distinguishable from other
brachyuran larvae. The species may be determined by the grouping
of chromatophores in maxillipedes and in abdomen, and by the presence
or absence of carapacial spines. The Lewcozoea 1s at all events a
deviated group of brachyuran zoeas.

OrTMany assumed that the Raninidae and the Leucosiidae together
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form a particular group, and the Matutidae, the Calappidae, and the
Orythyidac another group. The Dorippidae differs from either,
although it is closer to the latter group than the former. Considering
the relationship between these groups based on their larval characters,
the zoeas of the Calappidae and the Dorippidae differ greatly from the
Leucosiilae, showing besides elose affinity with the usual brachyuran
gronp. In this way, the zoeas of the Oxystomata can be separated
into 3 groups, namely, Leucozoea, Ethusozoca, and Grapsizoea. Lewco-
zoeq may be related to the Lithozoea of the Homolidae and the
Dromiidae on one hand, and to the Grapsizoea of the Calappidae with
the usual brachyvuran zoea on the other.

(6) Family Corystidae (Table II, 1),

The Jarva of Corystes cassivelanus is well known among this
family. All kinds of earapacial spines are present. 2nd antenma B,-
type, telson also Aj-type. Secondary chromatophores present in both
maxillipedes. Endopodite of 2nd maxilla probably single (WILLIAMSON,
2, p. 545, fig. 468), the lateral knobs occuring only on 2nd abdo-
minal somite (Lmpour, 3, p. 525). Tn addition, the zoea is rather
more advanced in development than in most like stage of the Brachy-
rhyncha group (LEsour, 3, p. 527). The rudiments of the 3rd
maxilliped and 5 pairs of pereiopods may therefore be present already
at the 1st larval stage. In these respects, the zoea of Corystes cassiv.
greatly resembles the larvae of Majidae, especially the group repre-
sented by G. Maic and certain others, OrTmMaNN placed this family
with the Inachidae and the Majidae in the Majoidea. The zoea of the
Corystidae clearly differ from the larvae of Cancroidea.

(7) Family Hymenosomidae (Table II, 2-4).

The zoea of this family is the Hymenozoea, being characterized by
the D-type of 2nd antenna and telson. Rostrum alone is present, its
shape being very peculiar. Primary chromatophores are present in
both maxillipedes. Endopodite of 1st maxilla has 2 joints, its basal
joint with a hair. Endopodite of 2nd maxilla is single. Endopodite
of 2nd maxilliped has 3 joints. TLiateral knobs absent on abdomen. The
Hymenosomidae, which may be a deviated group, seems to be related
to the Lieucosiidae rather than to the Cancroidea.

(8) Family Inachidae (Table 11, 5-22).

Zoeas of the Inachidae generally have the Aj-type of 2nd antenna.
Telson generally Aj-type, but less frequently A, or As-type. The
zoeas are separable into 2 groups, the one with only a rostrum, the
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Table 11.

List of larval

No. Species

1. Corystes cassivelanus (PrENN,)
2, | Rliynchoplax messor STIMPSON
3. | Trigonoplax unguiformis n, H,

Halicarcinus septentrionalis Y.

5.1 Stenorhynchus unguif.M.-Edws,
G.| Paratymolus pubescens b, .,
7.1 Achacus sp. A
8. Achacus sp. B
9. | Inachus dorscttensis (PENN.)
10. | 1. rostratus (1.)

11.1 1. cranchii (Lraci)

12,0 1. dorlynchus (LEACH)

13.1 L. leptocheirus LEACTT

14. [ 1. scorpio

15.} Macropodia egyptia M.-15.

16. 1 M. rostratus (1..)

170 M. longirostris (FaBR.)

18, Inachus sp.

19, Pleistacantha san.-jol. M1ERS
20.: Huecnia proteus p, I,

21. | Pugettie quadridens . H.

S Acanthonyx sp.
3. Hyas arancus (1..)

I coaretatus LlEacn

Maia squinado ITERBST

M. verracosa M.-Epws.
LML osp.

L Chioneeetes opilio FABR.
S erbstia sp.

o Pisa bidculeata MONTAGU

Naxia hystriz M1ERS

A Burynome aspere (PEXNANT)
3. Burynome sp.

Tiarinia cornigera LATR,
Lissa sp.

Reference

WILLIAMSON (2), p. 544,
Lesour (3). p. H26.
Arkawa(1), p. 36.

ibid., p. 37.

ibid., p.37.

Caxo(2), p. 527,

Fig. 12,

Fig. 13.

Fig. 14.

WILLIAMSON (2), p. 530.
LrBour(3), p. H46.
WILLIAMSON (2), p. 532,
ihid., p. H30.

LEBOUR(3), p. 747.

thid., p. 548,
Cano(2), p. H27.
LEBOUR(3), p. 550,

fibid., p. 550,
ibid., p. 549. .

Cano(2), p. 527,

Fig. 11.

Tig. 15.

Akawa (1), p. 38.

Cano(2), p. H27.
WiLL1AMSON (2), p. 521,
LEBoUr{4), p. 93.
WiLiiaMson (2), p. 526,
Lrrour(3), p. 542,
WinriaMsoN (2), p. H38.
ibid., p. 739.

Fig. 17.

CaNo(2), p. 327,

Lrsour(3), p. 544, (4), p. 94.
Fig. 16.

LEBOUR(3), p. 543.

Cano(2), . 527, WILLIAMSON
(2),p. 534,

Fig. 18,

Caxo(2), p. H27.

Note:

0=prescnce,

x =ahsence,
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characters of the Majoidea.

|,
No. 2nd

antenna Telson

[— o
U Y

! 2 l D D
L3 D D
4 D D
5 A:s -A1
6 B. B
7 A, A,
8 A, A,
9 A, A,
10 A, ’ A,
11 A, A,
12 A, A,
13 | A, A,
14 Aq A,y
15 A, Ay
16 A, A
17 A, Ay
18 A, A,
19 Ay A,
20 A, A
ol | A, A
22 | A, A
23 B, A
24 By | A
25 B, Ag
26 | Be A,
27 B Ay
28 Bs A,
29 A, A,
30 A, A,
31 A, A,
32 By A,
33 B, A,
34 A, As
35 A, Ay

—=not ascertuined.

Mxp.-chrom, |

1st

mxp. | 2nd mxp.
0. |0 ‘
0, \ 0,

0, ‘ 0

0y “ 0,

— | _ :
X ‘ X ‘
X 0,

0, 0,

X 0,

|

- | -

0, 0,

X 0,

0y 0,

X 0,

0, 0

0, 0,

0, 0,

0 0.

0, 0,
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Hair Formula I

Ist
mx.

4-1
41

6-1
3-0
3-0

6-1

6-1

2nd “nd
mx. mxp. ‘
Single 4-1-1 i
|
5 51-1
5 5-1-1 ‘

5 5-1-1
3-5(8) 2-0-0 |
4 4-0-0
1 1-0-0 ‘
L
1
5 4-1-0 }
4 4+-1-0
4 3-1-0 ‘
|
|
|
|

2-3(5) ’ FeX =%
J

5 4-1-0
3-5(8) 6-1-1 )




other with both rostrum and dorsum. Endopodite of 2nd maxilla is
always single. Primary chromatophores are present in both maxilli-
pedes or in one of them. Lateral knobs are present on 2nd somite aloe.
A characteristic of this group 1s that the rudiments of the 3rd
maxilliped and 5 pairs of pereiopods are present already at 1st larval
stage. The zoeas of Stenorhynchus, Achaeus, Inachus, and Macropodia
belong to the Ist group. The 2nd group eomprises the larvae of
Pugettia, Huewia, Pletstacantha, and Acanthonyx. The zoea of
Acanthonyr has both dorsum and rostrum, although the latter is minute
and rudimentary. The zoea of Acanlhonyr is therefore a transition
form between these 2 groups. The division based on the larval charac-
ters Is not in entire agreement with the classification of the adult form,
but the Ist group undoubtedly corresponds to the subfamily Inachinae
and the 2nd group to the Acanthonychinae.

(9) Family Majidae (Table 11, 23-33).

The larvae of the Majidae are not so uniform in character as
those of the Inachidae. They are as a whole separable into 3 groups.
The 1st group being composed of the larvae of Pise, Naxwa, and
Herbstia, the 2nd group of Maia and Furynome, and the Srd of Iyas
and Chivnecetes.  In the 1st group, both dorsum and rostrum are
present, but the laterals either absent or very rudimentary (Ierbstia).
As assumed so far from the larval characters of Pisa, the maxillipedal
chromatophores are of secondary character, the endopodite of the 2nd
maxilla being single. Rudiments of the 3rd maxilliped and pereiopods
are present in the 1st stage, the lateral knobs occurring only on the 2nd
somite. The larval characters of the 1lst group are therefore similar
to those of the 2nd group of the Inachidae, except the character of
its maxillipedal chromatophores. Both 2nd and 3rd group, which have
B-type 2nd antenna and A-type telson, are grouped in the Grapsizoen.
In the 2nd group, the lateral knobs occeur on the 2nd abdominal somite
alone, while in the 3rd group they oceur on both 2nd and 3rd somites.
So far as assumed from the larval characters of Chionecetes, the endo-
podite of the 2nd maxilla is bifureated in 3rd group, while probably
single in 2nd group. In addition, the lateral spines of the 2nd group
are much shorter than those of the 3rd group. Both 2nd and 3rd
groups are easily distinguishable from other Grapsizoeas by the presence
of primary chromatophores in the maxillipedes. Lepour suggested the
advisability of keeping the subfamily Pisinae for Pisa, together with
certain foreign crabs, including Lissa, which according to Caxo, closely
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resembles Pisa in development, and of placing Hyas in a new subfamily
(Lzpour, 4, p. 96), with all of whieh the present writer agrees except
his treatment of Lissa.

(10)  Family Periceridae (Table [1, 34, 35).

The larvae of Lissa sp. and Tiarinia cornigera are deseribed. Doth
2nd antenna and telson are of A-type. Lisse has only the dorsum,
whereas Tiarinte has both dorsum and rostrum. The larva of Lissa
strongly resembles those of the 2nd group of I[nachidae. The writer
has regarded here the larva of Tiarinia as representative of this family.
Endopodite of 2nd maxilla biramous. Rudiments of 3rd maxilliped
and pereiopods absent at 1st stage, whence the larva of the Periceridae
retains to a considerable extent the primitive features, being related
to the Ist group of Majidae more closely than to etther the 2nd or
3rd eroups.

The zoeas of the Majoidea may be related in the manner shown in

the following scheme :

Ard group. ... Hyas, Chioneeetes
(Hyasteninae)

2ud group. ... Maia, Furynome
(Majinae)
Lissa, Tiarinia 4
Periceridac ~—-1Ist group....Pis«, naria, Herbstia.
(Pisinae)

Majidae
1
2nd group. .. Jluewia, Pugettia, Acanthonye
(Acanthonychinae)
1st group. ... Stenorliynchus, Achacus, Inachus,

Hacropodia
(Tnachinae)
Inachidace

The st group of Inachidae (Inachinae) is the most primitive. The
pericerid group and the 2nd group of the Majidae (Majinae) may have
originated from the 1st group of the Majidae (Pisinae). The 3rd group
of the Majidae (llyasteninae) may be the most highly developed of
the Majoidea. The 2nd group of the Inachidae (Acanthonychinae)
and the Ist group of the Majidae (Pisinae) are very closely related.
(11) Families Polybiidae (Table I[II, 1), Portunidae (2-14),
Thalamitidae (15, 16), Parthenopidae (17, 18), Atele-
evelidae (19, 20), (farcinidae (21, 22), Cancridae (23-20)
and Thiidae (26).

All zoeas of these families have the B-type of 2nd antenna and
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the A-type of telson, and are inciuded in Grapsizoea. 3 kinds of cara-
pacial spines nearly always present, the maxillipedal c¢hromatophores
being of secondary character. They are separable into 3 groups, the
Ist of which comprises the Portunidae and its allied families, the mode
of serration on the endopodite of the 2nd maxilla being 2-4 (6). The
Atelecyelidae and its allied families are comprised in the 2nd group,
the mode of serration on the endopodite of the 2nd maxilla being
usually 3-5 (8). The larvae of the Parthenopidae is placed in the
3rd group, the mode of serration on the endopodite of the 2nd maxilla
bheing 2-5> (7).

The zoeas of the portunid geroup. Dorsal and rvostral spines
nsually very long, but the lateral very short. The ouier lobe of
endopodite of 2nd maxilla vusually smaller than the inner. Lateral
knobs present on both 2nd and 3rd abdominal somites.

The characters of the portunid megalopa ave, (1) there is a simple
pointed rostrum, but no other spines on carapace, (2) fairly long
antenna, (3) chela neither particularly large nor thick, (4) eve large,
{(H) voxa of last leg has a very large hook-like spine, coxae of 2und to
3rd legs a small hook-like spine, and (6) the ischia of the 1st leg also
a stnall hook.

Characters of the ateleeyelid zoeas.  Lateral spines somefimes
absent. Lateral knobs on 3rd somite also sometimes either absent or
all on both somites wholly disappear. Endopodite of 2nd maxilla more
sharply bifurcated than that of the portunid zoeas.

Characters of the parthenopid zoeas. All kinds of carapacial
spinies present, lalerals fairly long, compared with those of the iwo
groups just mentioned. Lateral knobs present on hoth 2nd and 3rd
abdominal somites.  According to Lizpour, the larvae of the Partheno-
pidae, which does not agree with those of the Majidae, is an exception
to the Oxystomata, for which reason the Parthenopidae had better be
regarded as an allied group of the Portunidae, or at least as a member
of the Cancroidea.

(12) Family Menippidae (Table 111, 27-35).

The larvae of Menippe mercenaria, Actumnus setifer, IHetero-
panope globula, Sphaerozius nitidus, and 6 species of G, Pilumnus are
described. The larval characters are not unitform in the foregoing.
These zoeas are separable into 2 groups, the 1st of which comprises
Menippe and Sphaerozius, have the B-type of 2nd antenna and the A-
fype of telson, as observed in the larvae of the atelecyelid group. The
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2nd group, to which belong Pilwnnus, Actwinnus, and Hetleropunope,
has the A-type of 2nd antenna and telson. The maxillipedal chromato-
phores are of secondary character in the Ist group and primary n the
2nd. The latter, which seems to retain the primitive characters,
resembles the members of the Inachidae or of the Majidae, although it
is distinguished from the two by the mode of serration on the endopodite
of the 2nd maxilla and by the grouping of the carapacial spines. On
the other hand, it is also closely related to zoeas of the Carcinoplacidae,
as OrTMaNYN had assumed. The 1st eroup of the Menippidae can also
be distinguished from the atelecyclid group ol zoea by the mode of
serration on the endopodite of the 2nd maxilla (4-1 or 5-1, but never
6-1 in the menippid zoeas) and the absence of hair on the basal joint
of the endopodite of the 2nd maxilliped.

(13) Family Xanthidae (Table I11, 36-10).

6 zoeas of G. Xuntho are described. Larval characters of this
family very uniform. All kinds of carapacial spines present, all fairly
long. 2nd antenna C.-type, telson A-type. Secondary chromatophores
present in both maxillipedes or only in one of them. Endopodite of
2nd maxilla bifurcated, mode of serration here expressed by 3-H (8).

(14) Family Oziidae (Table 111, 41-47).

The zoeas of subfamily Panopaeinac clearly differ from those of
the subfamily HEriphiinae, resembling rather those of the Xanthidae.
2nd antenna Co-type, lelson A-type. Al carapacial spines present.
fairly long. Panopaeus herbstiv and  Lophopanopeus bellus have
sceondary chromatophores in both wmaxillipedes, but Eurypunopeus
depressus and Neopanope terana sayt have both primary and secondary
chromotophores simultaneously in both maxillipedes. Hexapanopeus
angustifrons has only secondary chromatophore in the 1st maxilliped.
but both primary and secondary chromatophores in the 2nd maxilliped.
Mode of serration on endopodite of 2nd maxilla similar to that of the
Xanthidae. Zoeas of the Panopaeinae can be distinguished from those
of the Xanthidae by the former having 2 kinds of chromatophores in
the maxillipedes. The 2nd group, to which belongs Eriphia spinifrons,
resembles zoeas of the Ist group of Menippidae by having the B-type
of 2nd antenna and A-type of telson. All carapacial spines are also
present. The zoca of Eriphia are scarcely distinguishable from those
of the 1st gronp of Menippidae.

(15) Family Trapeziidae (Table 111, 48).

Trapezia sp., which alone is known for its larval form, resembles
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in important features those of the Menippidae (1st group) and of the
Eriphiinae, all scarcely distinguishable [rom one another.

Upon comparing the larval features of Menippidae, Xanthidae,
Oziidae, and Trapeziidae, they are separable into 3 main groups
aceording to differences in the structure of the 2nd antenna. Telson
always of A-tvpe.

Group A. The zoeas, which have the A-type of 2nd antenna, as
observed in Pidwimenus, Actumnus, and Heteropanope, secm to retain
the primitive characters. This group can be conmected direetly with
the zocas of Carcinoplacidae and Gonoplacidae, followed by the
Grapsini.

Group B. Zoeas have the B-type of 2nd antenna.  lere we have
zoeas of Sphacrozius, Mewippe, Eviphia, and Trapezia, This group may
be related to the atelecyelid group through the zoca of the Thiidae,
all being member of the large Grapsizoca group.

Group (. Zoeas have the C-type of antenna. Zocas of the
Xanthidae and the subfamily Panopaeinae of the Oziidae belong to this
eroup. Group A is the most primitive and group (' the most highly
developed. The relationship between these groups are shown in the
scheme on p. 92, Hywman noted that, when arranged in a series, the
zoea of Panopaeus 1s found to be most highly specialized, while that of
Pilumnus 18 least so (Ilvaax, 1925). Ratimwon and others have placed
all these genera in the family Xanthidae without dividing them into
subfamilies. Neverthless, considering their larval features, there are
certainly 3 clearly distinet groups among them. Aeccording to Luporg,
the Tarvae of the Xanthidae natwrally divide themselves into 3 groups,
the one which belongs Xantho, with a rudimentary anteunal scale
(Co-type), and the other, to which belong Pilumaus, with a well
developed exopodite (A-type). (ano, in describing Eriphia, showed
the 3rd group with antenna like the Portunus (B-tvpe). Therefore, as
suggested by differences in the larval featurves, it may be better to keep
some subfamilies or families for each of them.

(16) Families Carcinoplacidae and Gonoplacidae (Table TV, 1).

The zoeas of Gonoplux riiombordes and Geryon affinis are described,
although the writer is unahle to refer directly to description of the
latter. Both zoeas, which have the A-type of 2nd antenna and telson,
scem closely related to the Menippidae (2nd group), as ORTMANN
assumed. They are yet distinguishable from the member of the Menip-
pidae, seeing that they have secondary chromatophores in the maxilli-
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pedes.  Since the endopodite of the 2nd maxilla is bifurcated, the zoeas
also differ from those of members of the Inachidae.

(17)  Family Pinnotheridace (Table TV, 2-11).

The zocas of this family are separaled into 2 groups, Pinnozeeca
and Dissodactylozoca.  Pinnira chactopterana and some zoeas of (.
Pinnolheres which belong to Pinnozoea, have the D-type of 2nd antenna
and F-type of telson. Dissodactylozoea, which comprises Dissodact ylus
mellitae and Pinnirea sayana, have the D-type of 2nd antenna and 13-
type of telson. Both Pinnezoco and Dissodactylozoea belong to the
Pinnotheridae.  The following are additional characteristies: (1) endo-
podite of 2nd maxilla single, (2) endopodite of 2nd maxilliped 1- or
2-articulate, (3) maxillipedal c¢hromatophores generally primary in
character, exeept Piuntea chactopterana, which has secondary maxilli-
pedal chromatophores. Mivaxu (1935) divided the F-type telson into
2 subtypes. K- and Fa-types. The former type is peculiar to
Pinnotheres and the latter to Pinnira, the two having different telson-
forks. Ile noted also that the zoea may be regarded as belonging to
Pinnotheres if it has a D-1ype of 2nd antenna and Fi-type of telson,
in which case the mode of serration on the endopodite of the 2nd
maxilla and the presence or absence of carapacial spines serve to de-
termine species in the Pinnotheres (Mivaks, 1935, p. 201).

The zoeas raised from berried crabs are mostly Pinnozocas, wherecas
Dissodactylozoeas are more frequently observed among plankton than
Pinnozoeas. The writer would define the D-type of telson in the
Hymenosomidae as one with a telson-fork that is smaller or at least
nearly equal to the inner spines in length. There are some telson
intermediate between this D-type and the B-type of the Pinnotheridae.
The IHymenozoea of the Hymenosomidae Jlook very much like
Dissodactylozoea of the Pinnotheridae. Miegs placed these two families
in the Pinnotheridae. In other respects, Hyinenozoea vesembles the
nmember of the Inachidae as already mentioned. The classification of
these crabs must be examined again.

(18)  Family Grapsidae (Table 1V, 12-28).

Several larvae of this family are described. They are not uniform
in larval characters, contrary to Hywan’s conclusion (Hywan, 1924),
and are separable into 3 groups, although this division is not in com-
plete accord with the adult classification. The endopodite of the 2nd
maxilla is always biturcated, the mode of serration being here usually
2-2 (4) or in less frequent cases 2-3 (5) or 3-5 (8). The endopodite



Table V. List of larval

! ) ‘ ;
E | Curupiteial

No.! Npecies | Reference j spines
} :‘ \ Ros. Dor. Lat.
1. ‘ Gonoplar riiomboides (1..) i Lepour{(3), p. 734, 1 0 0 0
2.1 Piuniza sayana (STIMPSON) Myman (2), p. 6. ] 0 0
3. I‘ Pinnotheres maculatus SAY 1 ibid., p. 5. ; 0 0 0
4. | Pinnix chactpterana (Stime.)  ibid,, p. 5. L0 0 0
5.\ Pinnotheres veterum Bose ‘ ibid., p. 3, LEBOUR(3), p. 537 ‘ 0. 0 0
6. \ P. pisum (PENNAXNT) } ihid., p. 4, ibid., p. 536. | 0 X 0
TP, ostrum Say ribid., p. 3. % X X
8. ‘ P. pholothurias SEMPER J ihid., p. 4. 0 0 X
9. P. taylori RATHBUN ‘ Hare(1), p. 192, I x X X
10. 1 P. latissimus BURGER 1 MIYAKF)\(I ), . 192, ) 0 X
11 ‘ Dissodactylus mellitae RA'[‘IIBL‘N‘ Hvarax(2), p. 5. ] 0 0
12} Plancs minutus L. PHyaax(4), p. 5. Co 0 X
13,0 Pachgrapsus marmoratus Fasr, ' WiLniamsox (2), p. 518, 0 0 X
14. | [ emigrapsus oregoniensis Hawr(1), p. 430. 0 0 0
- (Dana)
15,1 H, nudus (DANA) ibid., p. 424, 0 U 0
16. ‘ H. sanguineus (. 11.) Axawa(l), p. 45. 0 0 0
17.VH. penicillatus (p. I1.) ibid., p. 46. 0 0 0
18. ! H, longitarsis (M1rs) ibtd., p. 45, 0 0 0
19.| Eriocheir japonicus p. 1. Jibid,, p.4T. 0 0 0
20.| E. sinensis M.-Epws. Prrers (1), p. 157. 0 0 0
21. ;\‘ Platygrapsus depressus (b, 1) AI%KAWA,(I ), .47, Figs. 32, 0 0 X
'35,
2. ‘\ Grapsus grapsus L. | Fig. 31 0 0 X
23. ( Sesarma incise Bose ‘ Hyman(4), p. 6. ’ 0 0 has
24, ‘w 8. reticulata SAY “ibid., p. 6. 0 0 X
3. 8. sinerea (Bos ‘ ihid., p. 6. 0 (} X
26.18. pictanp, H. ‘ Fig. 34. 0 0 X
9. [ 8. sp. | Arkawa(l), p. 4%, 0 0 X
28. f Plagusia dentipes . H. | Figs. 35, 36. -0 0 0
99. | Cardisoma guanhumi LATx.  Moxerra (1), p. 155. X 0 X
30.1 ¢ armatum HErkLots Canxon(1),p. 11, 0 0 0
31. j Macrophthabmus dilatatus . H, | ATkawa (1), p. 50, | 0 0 X
RN 1 M. depressus RUPPELL | ibid., p. 50, ‘ 0 0 X
33. ‘ M. japowicus p. 1. ) \ ibid., p. 50, 0 0 X
34. Tympanomerus pusillus [ ihid., p. 30 [0 0 0
RaTurux [\ 3
35, Seopimera globosa n. 1. [ ibid., p. 50, Lo 0 0
36.| Uca pugilator (Bosc) Hyaan (1), p. 485, L0 0 X
37. i U. pugnar (SMITH) vibid., p. 485, ‘ 0 0 b
38 U, minaxr (Le CoNTE) I ibid., p. 485, "o 0 X

Note: 0=presence, x - absence,
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characters of the Grapsini.
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of the 2nd maxilliped has 3 joints, its basal joint being hairless.

The 1st group, to which belongs Plagusic dentipes, has B-type of
both 2nd antenna and telson.  Maxillipedal ehromatophores of primary
character.  2nd group, to which belong most species of Grapsidae, has
B-type of both 2nd antenna and telson.  JMaxillipedal chromatophores
of  secondary  character. Hewdgrapsus,  Platygrapsus,  Eriocheir,
Nesarma, Grapsus, and Hetergrapsus belong to this group.  Only
Helerograpsus longttarsis shows the mode of serration 3-5 (8) on the
endopodite of the 2nd maxilla, mn this differing from its allied specles.
Eriocheir juponicus has the A-type of telson, and £, sinensis the usual
B-type telson. It is rather unusual to find zoeas of the same genus
having different types of telson. The 3rd group, which comprises
Planes minutus and Pachygrapsus, has the C-type of 2nd anfenna and
A-type of telson,  Maxillipedal ¢hromatophores are of primary charae-
ter. The 3rd group of Planes and Pachygrapsus is therefore the mogst
highly developed group among the (rapsidae, as assumed in other
“ises.

(19)  Family Gecarcinidae (Table 1V, 29-30).

The zoeas of Curdisoma guanhwme and (. armatum ave described.
Both 2nd antenna and telson are B-type. (. guanhwmi has dorsum
atone, while C. armatwm has all kinds of carapacial spines.  Secondary
chromatophore present in 1st maxilliped (7. armatum). BEndopodite
of 2nd maxilla bifurcated and mode of serration here 1s 2-3 (5H) as
seen in Sesarma and Plagusia.  The zoeas of this family resemble those
of the Grapsidae rather than those of the Ocypodidae.

(20)  Family Ocypodidae (Table 1V, 31-38).

The zoeas of Macrophthalmus, Tympanomerus, Scopimera, and Ueca
are deseribed,  These zocas are separable into 3 groups as in the case
ol their adult forms.

The 1st group, to which belongs Hacrophthalmus, has the following
characters: (1) lateral spines absent, (2) 2nd antenna B-tyvpe, (3)
telson B-type, (4) secondary ¢hromatophores in both maxillipedes, (5)
endopodite of 2nd wmaxilla bifurcated, mode of serration 2-2 (4) as
seen in the larvae of the Grapsidae, and (6) 2nd maxilliped has 3-
jointed endopodite, its basal joint having a hair, differing from the
Joint in the Grapsidae.

The 2ud ¢roup, which comprises Tympanomerus and Scopimera,
and which corresponds to the subfamily Mictyrinae, has the following
characteristics: (1) all kinds of carapacial spines present, (2) 2nd
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antenna Cy-type, (3) telson Aj-type. (4) no chromatophores present
m maxillipedes, (3) endopodite of 2nd maxilla bifurcated, mode of
serration 2-3 (0), and (6) 3rd joints of endopodite of 2nd maxilliped
hairless.  The larvae of the subfamily Mictyrinae are thus easily
distinguishable from members of the Xanthidae, Panopaeinae, and
Planes and Pachygrapsus of Grapsidae,

The 3rd group. to which belong Uca and Ocypoda of the subfamily
Ocypodinae, has both 2nd antenna and telson of B-type.  Lateral spines
absent, maxillipedal chromatophores of secondary character, endopodiie
of 2nd maxilla single, with 3 hairs on tip. This member of the
Ocypodinae resembles that of the Macrophthalminae (1st group). The
two differ in the mode of serration on the endopodite of the 2nd maxilia
and in the grouping of chromatophores in the maxillipedes.  Of the
Ocypodidae, the Mictyrinae is most highly developed, while the lst
aroup (Macropthalminae) is the most primitive. The relationship
between these groups, as OrTyMANX had assumed, is shown in the
following scheme :

Mictyrinae “«—— Ocypodiniae  =«——= Macrophthalminae
2ud ant, O telson BY (2nd ant. B, tel, B) (2nd ant. B, tel, B)

Gecareinidae A

(2nd ant. B, telson 13) Gonoplacidae

(2nd ant. A, telson A)
Pachygrapsus — _ | *
aud Planes T~ Grapsidae = = - Cuareinoplacidae
(2nd ant. C) telson A) (2nd ant. B, telson B) (2nd ant. A, telson A)

Part 1V. Key to families based on larval characters,
and its application to undetermined zoeas

1. Key of families

Ay 2nd antenna E-type

By Telson Gtype ..o Lithozoea
(! No brown chromatophores present in body
D; Enp. of 2nd mx. single . ............ Dromiidae (Dromia)
Dy Enp. of 2nd mx. 2-articulate or bifurcated

E; Enp. of 2nd mxp. 4-articulate . ... Homolidae (Latreillia,
Parahomola)
E. Enp. of 2nd mxp. d-articulate ... .. Homolidae (Homola)

As 2nd antenna D-type
By Telson Baype oo Leucozoea



'y Primary chroms. present or abseut in mxpds. ......... ... ...
................ Lieucosiidae (Ebalia Tllia, Lewcosia, Philyra)
Do Telson D-type ... o Hymenozoea
(Yy Primary chroms. in both mxpds. . ... ... oo i
... Hymenosomidae (Trigonoplac, Ilalicarcinus, Rhynchoplar)
By Telson B-type ..o Dissodactylozoea
(' Secondary chroms. absent or present in mxpds. .............
.................... Pinnotheridae (Pinnira, Dissodactylus)
By Telson FAype ..o Pinnozoea
(; Primary or secondary chroms. present or absent in mxpds. . ..
...................... Pinnotheridae (Pinnotheres, Pinnira)
Ay 2nd antenna A-type.

By Telson C-type ..o Ethusozoea

('y No brown chroms. present in mxpds.

D; Enp. of 2nd mx. single

E; Enp. of 2nd mxp. 3-articulate ...... .. ... .. Dorippidae
1, all kinds of carapaeial spines present. .. Ethusa, Dorippe
Iy Lateral spines absent ... .. ... ... ... ... ..., Dorippe
By Telson AAYpe ..o Inachizoea
('; Primary chroms. present in mxpds.
Dy Enp.of 2nd mx.single ... oo oo Inachidae
E; Only dorsum present .......... Stenorhynchus, Achaeus,
Acanthonyr, Macropodia, Inachus
K. Only lateral spines absent. .. .. ... Pleistucantha, Hueniu,
Pugelliv
D, Enp. of 2nd mx. bifurcated
E; 2nd ant. A-type ... Menippidae
1y All carapacial spines present .. ... Actumnus, Pilumnus
F. Dorsum alone present .................. Heteropanope
(', Secondary chroms. present in mxpds.
Dy Enp. of 2nd mx. single ... . o oo Majidae
E; Only lateral spines absent .. ... . ... .. .. Pisu, Nauxia
K. All spines present ... ... . oL Herbstia

D, Eup. of 2nd mx. bifurcated. . . Carcinoplacidae, Gonoplacidae
('; Primary or secondary chroms. present in mxpds.
D¢ Enp. of 2nd mx. bifurcated

Ei 2nd ant. A-type ... Periceridae
¥y Lateral spines absent ... ... ... ... ... .. ... Tiarinia
F. Only dorsum present . ......... ... ... ... ... ... Lissa
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Ay Znd ant. Btype oo Grapsizoea
By Telson A-type
!y Primary chroms. in mxpds.
Dy All earapacial spines present .................... Majidae
E; Lateral knobs only on 2nd abdominal somite....... .. ...
e e e Mata, Eurynome
E. Lateral knobs on both 2nd and 3rd somites..............
.................................... Hyas, Chionecetes
(" Secondary chroms. in mxpds.
Dy Mode of serration on enp. of 2nd mx. 2-4 (6),
and lateral knobs on both 2nd and 3rd somites. ......... ..
................................ Portunid group of zocas
D, Mode of serration 3—5 (8), and lateral knobs on
both somites or only on 2nd or wholly absent ... ..., ... ..
.............................. Atelecyelid group of zoeas
E; Mode of serration on enp. of Ist mx. 6-1................
................... Atelecyclidae, Carcinidae, Cancridae
E, Mode of serration 4-1 or 5-1........ Oziidae, Trapeziidae
Dy Mode of serration on enp. of 2nd mx. 3-3 (6)............
Cancridae (Cancer), Menippidae (Menippe, Sphacrozius),
Oziidae (Hriphia).
D, Mode of serration oun eup. of 2nd mx. 2-5 (7)....... ... ..
......................................... Parthenopidae
('; No mxpdal. c¢hrom. present, and the wmode of
serration on enp. of 2nd mx, 2-5 (7) and that on
Ist mx. 4-0 . . Calappidae
BB, Telson B-type.
¢y Primary chroms. in mxpds.
D, Enp. of 2nd mx. single
K, All carapacial spines present. . .Gecarcinidae (Cardisoma)
E. Lateral spines absent ................ Ocypodidae (Uea)
D, Enp. of 2nd mx. hifurecated
E; All carapacial spines present
F; Mode of serration on enp, of 2nd mx. 2-2 (4)........
............ Grapsidae (Hemigrapsus, Heterograpsius)
Iy Mode of serration 3-5 (8) ...
................. Grapsidae (HHemigrapsus, Eriocheir)
K. Lateral spines absent
F; Mode of serration on enp. of 2nd mx. 2-2 (4)
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Gy Ist joint of enp. of 2nd mxp. has no hair. ... .00
........................ Grapsidac (Pletygrapsus)
G Tst joint bears a hair. . Ocypodidae (Hacrophthalnius)
1 Mode of serration 2-3 (D). ... .. . oL
...................... Grapsidac (Nesarima, Grapsus)
As 2nd ant. CAype oo o PP Xanthozoea
By Telson A-tvpe

'y Mode of serration on enp. of 2nd mx. 2-2 (4) ... ... .. ...

s Mode of serration 3-5 (8)
Dy Dentiele on the telson-fork only 1 (Ay-type). ... ... ...
................ Oziidae (Rhithropanopeus, Ewrypanopeus,
Neopanope, Lophopanope, Herapanope)
Do Denticles on telson-fork 3 (Ag-type). ... ... ... ..
............... Xanthidae (XNantho), Oziidae (Panopacius)
Cy Mode of serration 2-3 (D). ... ..

.................. Ocypodidae (Tympanomerus, Scopluiera)

2. Application of this key to undetermined zoeas

(1)  Zoea pelagica Bose (Winniavsox, 1915, p. 563, fie. 216).
This zoea has the E-type of telson (gegabelt oder halbmondtérinig und
in seinen Innern sind einige kurze Stacheln) and D-type of 2nd antenna
{zweite Antennen ist einfach). It is undoubtedly a Lewcozoca, belong-
ing to the Leucosiidae. although lLavngrpsore thought it belonged to
Q. Hyus.

(2) Zoea sp. J. V. Tromrson (Winniamson, 1915, p. 564, fie.
a18). This zoea has the B-type of 2nd antenna and telson, and in
addition, has 3 kinds of carapacial spines. This is a typical Grapsizoea,
probably belonging to the Grapsidae.

(3) Zoea sp. . Ratuxke (WiLniamson, 1915, p. 565, fig. 519).
2nd antenva is B-type and telson A-type. Lateral spines absent.
Wniniamsox regarded it as the zoea of Porlunus maenus.  Although
the zoeas of P. plicatus and Carcinus macnus arve also similar to it.
[t is therefore impossible to determine this zoea without referring {o
the hair formula and the grouping of chromatophores in the maxilli-
pedes and in the abdomen.

(4)  Zoea sp. Dourn (WinLiavsoN, 1915, p. 566, fig. 521) and
Zoca boscit GueriNn-MenNgvinLe (ibid., p. 964, figs. 516). It beine
impossible to be certain ol their features from deseriptions, they have
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to remain undetermined.

(5)  Zoea sp. Cravs (Winniasson, 1915, p. 566, figs. 522, 523)
Liateral spines absent. 2nd antenna of D-type (einfach, auf conischen
Hoeker reduzierte Antennen) and telson D-type (fig. 523). This un-
doubtedly is a Dissodeet ylozoea, belonging to the family Pinnotheridae.

(6) Xanthid zoea (Lmeour, 1934, p. 15, fig. 13) LeBoUr regarded
it as a member of the Xanthidae, resembling greatly the latter, except
the absenee of the lateral spines. The telson of this zoea is clearly of
B-type (fig. 13, 1). In the Xanthidae, zoeas with B-type of telson are
members of the Menippidae, or Eriphiinae, or Trapeziidace, although
they all have all kinds of carapacial spines. The writer therefore
regards the Xanthid zoea of Lesotr as a member of the Grapsidae,
especially the allied form of G. Pachygrapsus, although this cannot be
said with certainty as the mode of serration on the endopodites of hoth
Ist and 2nd maxillae and of the 2nd maxilliped are not known.

(7) DBrachyura, incertae sedis (Gurxuy, 1924, fig. 78). This zoea
has the D-type of both 2nd antenna and telson. Rostral spine alone
present.  IHair formula 4-1, 4, 2. This is certainly a Hymenozoea and
belongs to the Hymenosomidae.

(8) Imuchizoea (Arkawa, 1933, figs. 1-4, 30). The zoea with the
A-ype of 2nd antenna and telson is an Inachizoed, and found only
rather rarely among plankton. Tnachizoca genkaiensis (fig. 1), 1. biden-
tata (fig. 2), and I. puneclate (fig. 4) are members of the 2nd group of
Inachidae. which comprises Huenia, Pugettic, and Pleistacantha.
Although I. minuta (fiz. 3) and I. macrosphaera (fig. 30) have features
similar to the Inachidae, both differ from the latter. since the rostral
spine alone is present. These two zoeas may belong the unknown group
ol Inachidae.

(9)  Grapsizoca (Awmcawa, 1933, fig. 5-38).  Grapsizoeas arve
always provided with the B-type of 2nd antenna, of which those with
the A-type of telson are very difficult to determine so far as our present
knowledge goes. In the matter of hair formula and the character of
maxillipedal chromatophores, the writer has determined some of then
as Tollows :

I. Members of the Majidae.
(rapsizoea tusimaensis (fig. 6), . hukwiensis (fig. 8), (. sagami-
ensis (g, 12). G sphaerophthalma (fie. 13), G. regularis (fig.
18), (. olawaensis (fig. 30) and G. bucephalis (fig. 30).

I1.  Members of the Portunid group. ‘
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(. toyamaensis (fig. 9), G. vomoriensis (fig. 10), G. akitaensis
(fig. 11), . pelagice (fig. 30), (. elegans (fig. 31), and (.
sumalraensts (fig, 32).

It1. Members of the Atelecyelid eroup.
(. hukuokaensis (fig. 7). G. macrophthalma (fig. 15), and (.
spinifera (fig. 17).

[V. Members of the Grapsidac.
G. globosa (fig. 5), . longicauda (fig. 14), (. longifurca (fig.
19), G. servate (fig. 25), G latifrons (fig. 27), (. orbitalis (fig
28), and . tropica (fig. 32).

V. Members of the Trapeziidae or Kriphiinae or Menippidae.

toy
-

q. japonica (fig. 16).
1V. Members of the Macrophthalminae.
4. brevispinosa (fig. 26).

Grapsizoea mysis (ig. 16). (. acutirostrata (fig. 23), G. monazuru-
ensiy (fig. 24), and 7. misakiensis (fig. 31) have not yet been deter-
mined.

(10)  Xanthozoeca (Aigawa, 1933, fies. 33-38). The zoeas with
C-type of 2nd antenna is Xanthozoea: 1t is determined niore easily
than Grapsizoea.

I. Members of the Xanthidae or Panopaeinae (Oziidae).
Xanlhozoea pilumniformis (fig. 35) and X. {ropica (fig. 38).
I1. Members of the Mictyrinae (()cy])o(iidae).
X, lakutoensis (fig. 33), X. ocypoda (fig. 36), X. clongata (fig.
38).
ITL. Members of the Grapsidae (allied form to Pachygrapsus).
X. longiclavata (fig. 37).

NXanthozoea hyaling, yet nndetermined.

(11)  Dissodactylozoea (Atkawa, 1933, figs. 39-44) . Dissodact ylo-
zoeq 1s a member of the Pinnotheridae, and has the D-type of 2nd
antenna and B-type of telson. More Pinnozoea of the Pinnotheridae is
obtained by rearing berried erabs than Dissodatylozeea, while in
contrast to it, the former Is found less among plankton than the latter.
In most Dissodactylozoeas, it is impossible to determine the species or
even the genera to which they belong.

(12)  Ethusozoew (ATkawaA, 1933, figs. 45, 46) Ethusozoea has A-
type of 2nd antenna and C-type of telson. FEthusozoea lineata may
belong to G. Dorippe, the lateral spines being absent. FE. koreana may
belong to G. Ethusa, all kinds of carapacial spines being present.
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(13)  Hymenozoea (Atkawa, 1935 figs. 47, 48). This group of
zoed, which is a member of the family Ilymenosomidae, is provided with
D-type of both 2nd antenna and telson.

(14)  Leucozoen (Aikawa, 1933, figs. 40-506).  Lewcozoea, with
D-type of 2nd antenna and E-type of telson, is a member of the family
Leucosiidae,

(15)  Lithozoed (Aikawa, 1933, figs. 58-60). It is a question
whether the Lithozoea is always a member of both Dromiidae and
Homolidae or not. They can be determined with safety after the larvac
of the families Albuneidae, Hippidae and their allied groups have been
carefully studied. ™The larva of the Raninidae may be comprised in
this. group. Lithozoea kagosimeensis (fig. 58) and L. maultispinesa
(fig. 59) are not yet determined. L. serruleta (fig. 60) may belong to
the Homolidae, especially to (. Homola.

(16)  Pinnozoea (Amkawa, 1933, fig. 7). 8. Mivake (1935H)
regarded Pinnozoce ostrea as the zoca of Pinnotheres latissimus

JURGER.
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