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CHAPRER I,
INTRODUCTION.

By W. K. BROOKS.

No great group of animals is more favorable than the Crustacea for the study of the history
and significance and origin of larval forms, for these animals possess a number of peeculiarities
which serve to render the piroblem of their life history both unusnally interesting and significant,
and at the same time nnusually intelligible; nor are these peculiar features exhibited, to the
same degree, by any other great group of animals.

The body of an arthropod is completely covered, down to the tip of each mieroscopie hair,
by a continuous shell of exereted matter, and as this ehitinous shell is not cellular it can not grow
by the interpolation of new eells, nor can it, like the exereted shell of a mollusk grow by the dep-
osition of new matter around its edges, for there are no such growing cdges, except in a few
execeptional cases, sueh as the barnaeles. Once formed and hardened the eutiele of an arthropod
admits no inerease in size, and as soon as it is outgrown it must be disearded and replaced by a
new and larger one. The new shell is gradually excreted, iu a soft eondition, nnder the old one,
and as soon as this is thrown off the new one quiekly becomes fully distended and solid. Asa
result, from the very nature of the ehitinons shell and the method of renewal whieh its structure
entails, the growth of an arthropod, from infaney to the adult eondition, takes place by a series of
well-marked steps or stages, cach one charaeterized by the formation of a unew enticle and by a
sudden inecrease in size.

In most arthropods the newly-born young are very different in strueture from the adults, and
growth is accompanied by metamorphosis. As the chauges of strueture are necessarily confined
to the monlting periods, the stages of growth eoineide with the stages of change in organization, and
there is none of the indefiniteness whieh often eharacterizes the different larval stages of animals
with a more continunons metamorphosis. On the contrary the nature of each ehange is as sharply
defined and as charaeteristic as the strueture of the adult itselt. As the moulting period is fre-
quently a time of inaetivity the animal may theun nndergo protonnd ehanges withont inconvenienee,
and the suceessive steps in the metamorphosis of an arthropod are not only well marked, bnt often
very profound as well.

In these features all the other arthropods are like the Crustacea, but another consideration,
the faet that, with few exceptions, the higher Crustacea are marine, renders the problem of their
life history mueh more intelligible than that of any other class of animals.

So far as the ontogenetic history of the metamorphosis of a larva is a recapitulation of ances-
tral stages in the evolution of the species its reteution at the present day must depend to a great
degree npon the persistency of those external conditions to which the larval stages were originally
adapted.

This is trne at least of all free larvee, which have their owu battle to fight and their own living
to get, and while a larva inside au egg or within a brood pouch may possibly recapitnlate obsolete
ancestral stages, the survival of a free larva depends upon its adaptatiou to its preseut environ-
ment.

As eompared with the ocean the inorganie environment of terrestrial or fresh-water animals
i8 extremely variable, and ehanges in climate, elevation, and continental configuration are accom-
panied by corresponding changes in enemies, competitors, and food, so that the eonditions which
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snrronnd a modern terrestrial larva mnst, in nearly every ease, be very different from those under
which the remote aneestors of the species passed their life, but while this is also true, to some
degree. of marine animals their inorganie environment is eomparatively stable, and the persistence
ot so mauy ancient marine types shows that the changes in the organie surroundings ot marine
animals take place muech more slowly than eorresponding changes on land.

This faet, joined to the definite charaeter of the ehauges whieh make up the life history of a
marine crustacean, renders these animals of exeeptional valne for the study ot the laws of larval
development, and for the analysis of the effect of secondary adaptations, as distingnished from the
influence of aneestry ; for while Clans has clearly proved that adaptive larval forms are mmech
more common among the Deeapods than had beeu supposed, his writings and those of Fritz Muller
show tliat no other group of the animal kingdom presents an eqnal diversity ot orders, lamilies,
genera, and speeies in whieh the relation between ontogeny and phylogeny is so well displayed,
but, while proving this so elearly, Clans’ well known monograph also shows with eqnal elearness
that this ancestral history is by no means unmodified, and that the trne significanee of the
larval history of the higher Crnstaeea ean be understood only atter carvetul and minnte and exhaus-
tive eomparison and analysis.

Greatly impressed by this fact, I began nearly ten years ago to improve the opportunities
that were offered by the marine laboratory of the Johns Hopkins University, for obtaining more
complete and detailed knowledge of the larval stages of a number of Maeronra, and this work has
been prosecuted at every opportunity np to the present tume,  Some of my results have heen pab.
lished in my mounograph on Lucifer, in the Phil. Trans, Royal Soc. tor 1852, and others are incor-
porated in my report on the Stomatopoda eollected by 11. M. 8. Challenger.

This memoir eontains the life histories ot a uwuwmber ot additional speeies based in part
upon my own studies at Beaufort, North Carolina, and at Green Turtle Key and New Providenee
in the Bahama Islands, but chiefly upon the researches which oue of my students, Mr, I, H. Her-
rick, has earried on nuder wmy geueral supervision.  1n 1886 he nudertook, at my suggestion, the
stndy of the embryology and metamorphosis of the Macroura, and devoted three years to this sub-
ject under my direction, and the resnlts which follow are almost entirely due to lus zeal and
energy. He has completed the study of several subjects npon which T had previonsly made a
beginuing, so that my own unfinished notes have beeu mcorporated with his rescarches, and onr
respective shares in the work ave as follows: The chapter on Gonodactylns is entirely ased upon
my own researches; the chapter entitled * Alpheus, a study in the development of the Crnstacea,”
is entirely the work of Mr. Herrick ; the oue on the metamorphosis of Alpheus is based upon our
combined studies, and that npon Stenopns is almost entirely the work of Mr. Herrick, as my owu
eontributions to this life history are of minor value except so far as they supplement his work,

I shall now give a brief ontline or summary ot the ehief resnlts which are deseribed in detail
in each chapter.

TIIE LIFE HISTORY OF STENOPUS HISPIDIIS.

Durving the six seasons which I spent at Beanfort, North Carolina, I eaptnred in the tow-net,
at ditferent times, some six or seven speeimens of a remarkable pelagie erustacean larva, all of
them well-advanced and in nearly the same stage of development.

Nothing was learned of the eatlier larval life nor of the adnlt form of the animal, althongh
enough was made ont to show that it is one of the few Miecronra which, like Peneuns and the Ser-
gestida, have retained the primitive or aucestral metamorphosis, and that its seeondary modifica-
tions are very slight as eompared with those of ordinary maerouran larvie, and also that the
Beaufort larvie are new to seience. (See Pls. I1X and X.)

These larvie have the full namber of adult somites and appendages, and in side view they are
very snggestive of the Sergestidie. They arve very mueh larger than ordinary pelagie larve and
are quite different from any known forms of Macroura.

The chief locomotor orgauns are the last pair of thoracie legs, whieh are extremely slender, as
long as the entire body of the larva, ending in flattened elliptical paddles, which are used as
sweeps for rowing throngh the water. They are stretelied out in frout of the body near the
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middle line and are then swept backwards and outwards, deseribing at each stroke w circle equal
in diameter to about twice the length of the body. By the vigorons use of these oars the larva
skims rapidly throngh the water, and its movements are not unlike those of a Gerris upou the
surface of a fresh-water pond.

Notwithstanding the importanee of a eomplete knowledge of the life history of the animal to
which tlis sergestid-like larva belongs, T was unable to eomplete the standy at Beanfort, although
I made careful drawings of two stages and filed them away for future nse.

Immediately upon our arrival at Greeu Tartle Key, in the Bahama Islands, early in June,
1886, our attention was at onee attracted to a small, graeeful, brilliantly eolored prawn which was
found in abundance among the coral. (See I’ v.) 1t proved to be Stenopus hispidus, a species
whieh is ehiefly known te natnralists throngh specimens from the Indian and South Pacific oceans.
It has been recorded as oecurring in the tropieal Atlantie, bnt our knowledge of the adult has been
very seanty and imperfect, and nothing whatever tas been known regarding its life history until
Mr. Herrick devoted himself to its thorongh investigation.

It is an aetive, timid animal, and 1s one of the most brilliantly eolored of the ernstacea. As
it is also one of the most widely distributed, it 1s noteworthy that while its eolor markings are so
prominent and eonspienous they are extremely well fixed and eonstant; so muach so that the speci-
mens from the Indian Ocean and the South Pacifie agree with those from the West Indies down
to the most minute markings.

The adults are found in pairs, a male and a female swimming together side by side and exhib-
iting evidenee of strong conjugal attachment to each other.

The most noteworthy faet in its history is its world-wide distribution, and the question whether
this ean be a result of any pecunliarity in its strneture or habits at once suggests itself.

We should expect, on general priuciples, to find the least specialized species the most widely
diffused; and one whieh holds its gronnd in so many parts of the world, and without any change
of strueture finds a safe and congenial home in seas so widely separated, might be expeeted to be
of indefinite or slightly specialized habits, but this is not the ease. In strncture, in habits, in eolor,
and in external appearance, and also in its metamorphosis, Stenopus is one of the most highly
specialized of the crnstacea; and it owes its ability to survive 1 many seas to the accuracy and
delicaey of its adjustment to a narrow range of eonditions, rather than to indefinite and vague
adaptation to many eonditions.

Its antenne are unusnally long and slender, and the aenteness of its seuses, togethér with its
very remarkable alertness; the ¢unickness with which it perceives danger, and the rapidity with
w hieh it eseapes; have nndoubtedly aided 1t in holding its own wherever it has gained a foothold
in a snitable loeality, and no ernstacean, with the exception, possibly, of Gonodactylus ehiagra,is
better adapted for life in a coral reef,

It is well protected from enemies by a thorny armor of hooked spines, which eover all the
upper surface of its body and limbs, and as all the hooks point forward the attempt of an enemy
to swallow a Stenopns must be diffienlt and painfnl.

These faets no doubt account for its snrvival, and the length of its pelagic larval life is beyond
question an aid to its wide dispersal and to the discovery of new homes.

While we eannot state that the adult will not at some time be fonnd upou the Atlantic coast of
our Sonthern States, there is no evidence that this is the case, and the larve which were obtained
at Beanfort, North Carolina, were undoubtedly hatehed from eggs which were earried npon the
abdominal appendages of parents in the West Indies or on the Florida I{eys; and these larve
had therefore wandered more than six handred miles from their birthplace. The speeies might
theretore be diffused through a chain of eoral islands six hnudred miles apart, from a single start-
ing point, in a very small nnmber of generations.

The eggs, which are very small, are laid at night, and the segmentation, which Professor
Herrick has thoroughly studied by sections, is entively confined to the nnelei, the yolk remaining
nudivided ; Stenopus therefore presents a most prononneed type of centrolyeethic segmentation.

The great mass of the egg consists of a homogeneons mass of' yolk” granules, which takes no
part in the proeess of segmentation and probably eontaius no protoplasm. This yolk is aggre-
gated around a eentral nunelens, which divides, probably indireetly, into two, four, eight, sixteen
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nuelei, and so on until the number is very great. As this proeess of division goes on the nuelei,
cach with an investing layer of protoplasm, gradually migrate to the snrface of the yolk, and at
last form a superficial investing layer aronnd a eentral yolk, ont of whiel all the protoplasm has
been withdrawn. 2

The yolk does not divide up into typieal yolk pyramids, althongh the outlines of the blasto-
meres are sharply iudicated by transitory superlieial farrows.

The embryonie area is soon marked out as a region where the nuelei are densely erowded, and
the point of invagination is indieated by a solid ingrowth whieh penetrates the yolk to form the
inner layers of the embryo. The subsequent stages of embryonic development were not followed

in detail.
The larva hatehes in the afternoon, and during the following night the parent moults and lays

another brood of eggs. P

At the time of its eseape the larva is a Protozoea, and its later history is of great interest, sinee
it unites features of resemblance to Lucifer, Sergestes, Peneas, aud to the prawns in general, with
individual peenliarities in which it ditters Irom all of them.

At the time of batching (Pl viI and PL x1, Fig. 25) it has sessile eyes, locomotor antennge,
an enormous mandible, a deeply forked telson, @ long rostrum, and a complete series of append-
ages as far as the first pereiopads, which are essentially like the third maxillipeds. The long
hind body has no appendages and is only vaguely divided into sowites.

Five or six hours after hatehing it changes into a true zoea, much like that of an orvdinary
maerouran (Pl. vitr). The earapaee becomes much enlarged ; the rostrum is shortened to less than
halt its former length, the mandible becomes small, the forks disappear from the telson, the eyes
become stalked, the antennwe are shortened like those of a zoea, and the maxillipeds become the
chicf locomotor organs.

As these larvie conld not be reared in eaptivity the later stages were studied from eaptive
speeimens, but Professor Herrick has proved that the Beaufort larvee are either young Stenopi or
else the larvz of some elosely allied species whieh is at present nnknown.

A specimen a little older than the oldest Beaufort specimen was eaptured at Nassau (Pl. xn).
It isin the Mastigopus stage, with greatly elongated eyes, and with antenn® whieh are gradually
approximating to those of the adult. The third maxillipeds are now extremely long and are the
largest of all the limbs, while the huge, oar-like fifth pereiopod of the preceding stage is now
redueed to a rudimentary bud, and the fourth is also redueed to a two-jointed rudiment.

It thns appears that, as in the Sergestidie, the last two pairs of “walking legs” are shed atter
the Mysis stage, to be again reconstrueted in the Mastigopus stage.  After several monlts the
Mastigopus larva gradually assumes the adult form, the prineipal changes being the shortening
of the eyes and the reaeguisition of the fourth and fifth pereiopods.

ALPHEUS.

The genus Alpbeus includes a large nnmber of small, brilliantly colored ecrayfish-like Cru-
stacea, which are widely distributed, althongh all are essentially tropical. Two speeies range
as far northward as the eoast ot Virgimia, but the true home of the genus is the warm water
between tide-marks or near the shore in eoral seas, and they occnr in the greatest abundance
and variety in all the sonnds and inlets among eoral islands. They are well adapted, in structure
as well as in habits, for a life among the coral, and of all the Crustacea which abound upon the
coral reefs the genns Alpheus is one of the most common and most thoronghly characteristie (Pl
I, 11, and 1V).

Nearly every mass of sponge or alga or of coral roek or living coral which is fished np from
the bottom and hroken fo pieces eontains speeimens of one or more species ol’ Alphens, and pieees
are often found which fairly swarm with these little animals.

A few of the species wander over the bottom, and wandering individuals of other specics are
found oeeasionally, but their true home is in the tubes of sponges and the holes and crannies in
the porous eoral limestone, or under the broken shells and fragments of limestone whieh lie npon
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thie bottem in shallow water. Oecasionally they inhabit short, vertical burrows, whicli they con
struet for themselves in the sandy mnd, bnt most of the species pass their life hidden in the shelter
which they tind upon thie reef.

The most conspicnous eharacteristie of the genus is the great enlargement ot the claws of the
first pair of walking legs. Both elaws are large, but one of them is enormons, and it serves as a
most formidable weapon of offense and defense. In some species this large claw nearly equals
the body in size, and it is usually earried stretehed out in front of the body, but one species earries
it folded down under the body and hidden, ready to be instantly pushed out to make a rapid thrast
at any enemy.

In nearly all the speeies the large elaw terminates in hard, powerful foreeps. The elaw or

daetyle is provided with a plug, whiel fits into a well or socket in the other joint and probably

serves to prevent dislocation. When the foreeps are opened the daetyle is raised so that the plug
just rests in the month of the socket. As soon as the ¢law is released it is suddeunly and violently
elosed, as if by a spring, aud the solid stony points striking together prodnce a sharp metallic
report, something like the click ol a water hammer, and so mueh like the noise of breaking glass
that I have often, when awakened at night by the elick of a little Alpheus less than an inch long,
hastened down to the laboratory in fear that a large aquarinm had been broken. Iu the open
water the report is not so lond as it is when the animals are confined in small aquaria, but Al-

pheus is so abundant in all the Bahama Sonnds that a constant fusilade is kept np at low water all -

along the shove. The animals are remarkably pugnacious and they will even attack batliers. They
are known to the inbabitauts of the ont islands as “secorpions,” and are mueh dreaded, althongh
their attacks are harmless to man. The snapping propensity is exhibited both in the water and
out by both sexes, and if two males or two females, either ot the same or different species, are
placed together in an aquarium, a most violent combat at once takes place, and quickly ends by
the destrnetion of omne or botl.  Some speeies appear to pineh with the large c¢law, but it is more
trequently used like a saber for entting a slashing blow. The edge of the movable joiut is sharp
and rounded, and the animal advances warily to the attaek with the claw widely opened and
stretched ont to its full length. Watehing its opportunity it springs snddenly upoun its enemy,
instantly closing its claw with a violent snap and a loud report, and entting a vertical sweep with
its sharp edge. I have often seen Alpheus heterochelis ent another completely in two by a single
blow, aud the vietim is then quickly dismembered and literally torn to fragments.

The abundanee of these animals in eoval seas is well shown by the faet that of the twenty
species which are known to inhabit the shores of the North American continent we fonnd twelve,
or move than half, npon a little reef at Dix Point, a few rods to the eastward of our laboratory at
New Providence, in the Bahama Islands.

Of the thirteen species whieh we found in the islands several are new, and as noue of them
have ever been adequately described, an illustrated, systematic description of all the species 1s
now in preparation by Mr. Herriek. The present mewoir deals only with the embryology and
metamorphosis of the genus. This is a new field, for nothing whatever has as yet been pnblished
upon the embryology of any species of the genus, and all our knowledge of the metamorplosis is
contained in two short abstraets withont illustrations on the metamorphosis of a single species,
Alpheus heterochelis. 1iggs have now been obtained from all thirteen ol the Bahama species, and
the first larval stages of most of them have been reared from the eggs in aqnaria in the labovatory,
and the metamorphosis has been traced from aetual mounlts.

THE METAMORPHOSIS OF ALPHEUS.

One of tbe most remarkable vesults of our study of the various species of the genns Alplheus
is the discovery that, while theve is sueh a general similarity as we might expect hetween the
larval stages of the different specics, the individuals of a single species sometimes differ more from
each other, as regards their metamorphosis, than the individnals of two very distinct species.
This phenomenon has been observed by ns and carefully studied in two species—Alpheus hetero-
chelis and Alpheus sauleyi—and it is deseribed in detail, with ample illustrations, in the ehapter on
the metamorphosis of Alpheus. 1lu the case of the first speeies the difference seems to be geo-
graphieal, for while all the individuals whieb live in the same locality pass throngh the same series
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of larval stages, the life history of those which are founnd at Key West is very different from that
of those which live on the coast of North Carolina, while those whieh we studied in the Bahama
Islands present still another life history. In the case of the second species—Alpheus sauleyi—the
difference stands in direet relation to the conditions of life. The individnals of this species inhabit
the tubes and chambers of two species of sponges which are often found growing on the same
reef, and the metamorphosis of those whieh live in one of these sponges is sometimes different
from thav of those which inhabit the other. In this species the adults also are different from
each other, but as we found a perfect series of transitional forms there is no good reason for
regarding them as specifically distinet, and in the case of the other species—Alpheus heterochelis—
we were nnable, after the most thorongh and minute comparison, to find any difference whatever
between adults from North Carolina and those from the Bahawa Islands, althongh their life histories
exhibit a most snrprising lack of agreement. In fact, the early stages in the life of Alpheus hete-
rochelis in the Bahama Islands differ mnch less from those of Alpheus minor or Alpheus normani
than they do from those of the North Carolina Alpheus heterochelis, and, according to Packard, the
Key West leteroehelis presents still another life history.

In the summer of 1881 I received the American Naturalist with Packard’s very brief abstract
of his observations at Key West npon the development.of Alpheus heterochelis, and read with great
surprise his statement that this species has no metamorphosis, since, while still inside the egg, it
has all the essential characteristics of the adult. As T had under my microscope at Beanfort on
the very day when I read his acconnt a newly hatehed larva of the same species and was engaged
in making drawings to illustrate the metamorphosis of which he denies the existence, and as my
experience in the stidy of other Cranstacea had tanght me that all the larve of a species at the
same age are apparently facsimiles ot each other down to the smallest hair, Packard’s account
seemed absolutely incredible, and T hastily decided that, inasmnch as it was without illnstra-
tions and was written from notes made many years before, it involved some serions error and was
unworthy of acceptance. This hasty verdict I now believe to have been unjust, since my wider
acquaintance with the genus has bronght to my notice other instances of' eqnally great diversity
between the larvie of different specimens of a single species.

The phenomenon is, however, a highly remarkable one and worthy the most thorough exami-
nation, for it is a most surprising departnre from one of the established laws of embryology—the
law that the embryonic and larval stages of animals best exhibit their fnndamental affinities and
general resemblances, while their specific characteristics and individual pecunliarities make their
appearance later.

As in most animals the adnit life is most important, the adults have a more diversified envi-
ronment than the young, and the divergent modification which is continually taking place to
perfeet the adjustment between such organism and 1ts conditions of life chiefly afiects the adults,
so that specific characters and the slight difterences between varieties or races are usnally con-
fined to the adults, while the embryos and larve are, as a rule, more generalized.

This is true to a marked degree of those animals whose young are nursed or protected or cared
for in any way by their parents, and while it is less trne of those animals whose independent life
begins very early, yet the same Jaw holds with them also; and the chief scientific valne of embry-
ology lies in the fact that a knowledge of the early stages in the life of animals enables us fo trace
their broad affinities and to distingnish them from more recently acquired differences; for the
early stages of two related forms of life share in common their more fundamental characteristics
and are essentially alike, while the adults difter from each other and exhibit the divergent speciali-
zations which are of more recent acqnisition.

1t sometimes happens, however, that the carly stages of two closely related species differ
greatly. This may occur when the larvae of the one speeies lead a free, independent, life, while the
yonng of the other species are protected in some way by the parent. IFor example, the compli
cated metamorphosis which is so eharacteristic of starfishes is almost totally absent in those star-
fishes which are provided with brood-pouches. The same relation may also be exhibited when the
larvie of one species of a genus have become adapted to a mode of life very different from that of
the larva: of the other species of the genus. Thus those species of Eginidwe whose larve are para-
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sitie multiply asexually doring the larval life and build up complex communities, while nothing ot
the sort oceurs in those species with free larve.

Many similar eases might be given, but we must bear in mind that they are all very different
from the one now under examination. In ali such eases the diflerence is hetween the larva of two
distinct species, while in Alpheus we have a similar differenee between the Iarvie of individuals of
a single species.

Among other animals it is not very unusnal for certain individuals which are plaeed nnder
eonditions exeeptionally favorable for embryonie development to be born in a more advaneed stage
than the normal for the species, and in sneh eases the larval metamorphosis is abbreviated by the
omission of the carlier stages.

This abridgment of the larval life is not common, but many eases are known, and if the his-
tory of Alphens were simply another illustration of this proeess of abbreviation it would not be at
all anomalons, although the existence of three well marked and fixed grades of abridgment in
Alplieus heterochelis, in three widely-separated localities, would still be remarkable and interesting.

The lite Listory of the North Carolina form of this species is more abbreviated than that of
the Bahama form, and the metamorphosis of the Key West form is still more shortened, bat, in
addition to the abridgment, the different forms also present most important ditferenees in strncture
and in the order in which the appendages ave developed; differenees which are mueh more funda-
mental and profound than the mere length of the larval life.

The varions larval forms are deseribed with so mueh detail in the chapter on the metamor-
phosis of Alpheus that it is not necessary to-repeat them here, but the following very briet outline
will serve to eall attention to a few of the most conspicuous featnres :

As several distinet species of the genus Alpheus pass throngh a long metamorphosis, each
stage ot which is almost exactly the same in all the species, we may safely assmine that this is the
primitive or ancestral metamorphosis whieh was originally eommon to all the species. It has been
traeed in Alplheus minor by me at Beaufort, North Carolina, and by Mr. Herrick in a similar species
at New Providence. Mr. lerrick has also traced it at New Providence for Alpheus normani and
Alpheus heterochelis.  Tn all these forms the larva hatehes from the egg in a lorm whicl is very
similar to Fig. 2 of Pl. xv1, and very shortly after hatehing it monlts and passes into the second
larval stage, which is the one from which Fig. 2 was drawn. This tarva has all its appendages
fully developed and funetional as tar backwards as the third pair of maxillipeds. TFollowing these
are three bud like rudiments, to represent the first, second, and fifih thoraeic limbs, and posterior
to these a long, tapering, imperfectly-segmmented abdomen, ending in a flat triangular telson.

The loeomotor organs are the plnmose antenn:ae and the exopodites of the three pairs of max-
illipeds.

After the second monlt the larva passes into the third stage, which is shown in L xvI, Fig. 1,
and PL xvir, Fig. 1. The first and fifth thoracic limbs are now {nnctional; all the abdominal
sowites are distinet and movable, and the nropod, or sixth abdominal appendage, has appeared,
and its exopedite is functional and fringed with plnmose hairs, while its endopodite is rudimentary,
The five abdominal appendages have not yet appeared.

The first thoracic leg, which was represented by w bond in the preceding stages, has now
acquired a flat, basal joint and a swimming exopodite like those of the maxillipeds, but. its ¢endo-
podite is rudimentary.

The fifth thoracie limb is fully developed and is the most conspicnous peealiarity of the larva
at this stage ol development. 1f has no exopodite; its basal joint is not enlarged nor Hattened,
and its long, cylindrical, slender shaft is pro]dnged at its tip into a long lanee-like hair, which
projects beyond the tips of the antennze.,

After its third moult the Iarva passes into the tonrth stage, which is shown in D1 xvi, Fig. 3.

The carapace now begins to extend over the eyes, and the ears mike their appearanee in the
basal joints of the antennules. There are now five pairs of’ plumose locomotor exopodites, belong-
ing to the first, second, and third maxillipeds, and the first and second thoracie limbs,  Between
the latter and the elongated fifth thoraeic limb are buds to represent the third and foarth, The
telson has beeome narrow and elongated, and the nropods are tully developed, although there is
as yet no trace ol the other abdominal appendages.
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After thie fourth monlt the larva passes into the fifth larval stage, when it resembles Fig. 1 of
Pl. xXI, so far as concerns the anterior end of the body, from which it differs greatly as regards
the telson and uropods. The eyes are now well covered by the earapaece, and the swimming
organs are the seven pairs of exopodites belonging to the three maxillipeds, and the first four
thoraeic limbs.  The first five pairs of abdominal appendages are now represented by buds, like
those shown in Pl xxI1, Fig. 1, bnt the telson and nropods are nearly like those of Fig. 3, in P1.
XX. The telson is narrow and much elongated, and its marginal spines are very small.

During the monlts which follow, the abdominal appendages become fully developed, the eyes
become eompletely covered by the earapace, the antennule develops a scale, the antennwe elon-
cate, the swimming appendages of the midbody disappear, these appendages assnme their adult
form, and the animal gradnally becomes like the yonng Alphens shown in Pl. xx, IFig, 2.

This life-history is common to Alpheus minor at Beaufort and New Providence and Alpheus
normant and Alpheus heterochelis at New Providence, althongh the latter species presents a totally
different life-history at Beanfort. DBefore it hatehes, this form, as shown in Pl. xx, Fig. 1, reaches
a degree of development whieh bears a general resemblanee to stages two and three ot the Bahama
form, with eertain ditferences which are pointed out in the seqnel.

Dinwediately after hatehing it assumes the form which is shown in Pl XIx, Fig. 2, and Fig. 1.
The animal bas now all the somites and appendages of the adult, hut all behind the maxillipeds
are radimentary, and there is little power of locomotion. The first moult ocenrs in a few honrs,
and the larva assnmes the form shown in PL xX, Fig. 3, when it is no longer a larva but a yonng
Alphens. The eyes are almost ecompletely eovered by the earapace, the ear is well developed, the
flagellum of the antenna has elongated, and the other appendages have assumed the adnlt form.
An older speeimen is shown in PL XX, Fig. 2/ and a still older one in L. xviI1, Fig. 3. Carefnl com-
parison will show that no exaet parallel ean be drawn between any larval stage of this form and a
stage of the first form, and that we have to do with something more profound than simple aecele-
ration of development. The Babhama heterochelis has, at first, three, then fonr, then five, and then
seven [ully developed and funetional exopodites, while the North Carolina form never has more
than three. As regards the thoraecie region and the first five ahdominal appendages the Beanfort
larva, at the time of hatching, is more advaneed than the fourth larval stage of the Bahama form,
while the uropods are like those of the Bahama form at the time of hatehing.

In the latter the first and fifth thoraeie limbs are the oldest, and the others appear in suecees-
sion, while all five pairs appear together in the Beaufort form. In the Bahama form the uropods
appear before and in the Beaufort forin after the others, and many minor differenees show that we
have to do with profound modification of the life history rather than with simple aceeleratioun.

Packard’s short aceonnt of the development of those specimens of this speeies which oeenp
at Key West shows that these differ from the Beanfort specimens about as these latter differ from
the Bahama speecimens.

The seeond speeies is probably A. sawleyi, althongh Gnérin’s figure and description of this
torm are not in aceord with it in some important points. [t is found in the Bahama Islands, living
in the tnbes and ehambers of two speeies ol sponge, a green one and a brown one. Those found
in the green sponges have many small eggs, while those found in the brown sponges have only a
few large eggs. The eggs from the green sponge hateh in the stage shown in Pl xx1, Fig. 1. It~
has rudimentary gills, the eyes are imperfectly covered, the antennules and antenns are beginning
to assume their adult form, and the exopodites of the three pairs of maxillipeds are the chief organs
of locomoiion, although all the appendages are represented. The abdominal feet are rndimentary,
however, and the uropods are covered by the eaticle of the telson.

Very soon after hatehing the larva moults and assnmes the form shown in Pl xx1, Fig. 2. The
eyes are more completely eovered, the antennules and antennwe are elongated, the thoracic limbs
have the adult form and the pleopods are all funetional.

In twenty-five or thirty hours after hatehing it moults for the second time and passes into
the third stage, which is shown in Fig. S, It is no longer a larva, but & young Alphens, with all
the structnral charaeteristies and pngnacions instinets of the adult.

In a few eases the development of this species is still more aceelerated, and a few eggs fromn
animals taken trom the brown sponge hatched in the stage shown in Fig. 8, instead of the stage
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shown in Fig. 1. The following notes on the variations in the eoloration and habits in Alphens,
partienlarly in A. sauleyi, are taken from a paper by Mr. Herrick published iu the Johns Hopkins
University eireulars.

VARIATIONS IN THE HABITS AND COLORATION OF ALPHEUS.

Some of the speeies of Alpheus are usnally or even universally found living as parasites within
the water tubes of spouges, and it is extremely interesting to find that individuals of the same
speeies, living in different speeies of sponges, may thewmselves ilitter greatly in color and in habits.

A large brown sponge, Hircinic arcuta, which is not to be mistaken, grows on the shallow
reefs and off the shores of many if not all the Bahama Islands. This is called the ¢ loggerhead
sponge” by the fishermen, and is found from just below low tide mark out to one-half a tathom
or more of water, where its great size and sooly brown color distinguish it at once on the
white bottom. If a sponge colony of this kind be palled and torn apart, one is certain to find it
swarming with a small species ol Alpheus, which qouarter themselves in the intiicately winding
pores of the sponge. Hundreds, or even thousands of individuals might be collected from a single
large speeimen. These animals vary tfrom one-eighth to three-fourths of an ineh in length. They are
nearly eolorless, excepting the large chelie, which are tipped with brown, reddish orange, or bright
blue. The females are so swollen with their eggs or burdened with the weight of those attached
to the abdomen that they can erawl only with great difficulty if taken trom the water. The eggs
are few in number and of unnsually large size, their diameter varying from one twenty-seeond to
one twenty-fifth of an inch, and their number from six to twenty. These are most commonly yellow,
bnt may be either bright green, olive, flesh color, brown, or dull white.

Another qnite different sponge grows on all the reefs in from one to two fathows or more of
water. There are several varieties of this, whieh may be told by their olive-green color, yellow
flesh, and clumpy, irregular shape, as well as by the putrescent moeus whieh some of them pour
ont when broken open. In nearly nine out ot ten of these sponges one will find a single pair of
Alphei whieh resemble those living in the brown sponge in most partienlars, althongh they ditter from
them in several important points. They are distingnished by their large size, and by their peculiar
and very uniform color. They vary in length from two-thirds to one and two-thirds inches. The
females exeeed the males greatly in bulk owing to the great size and number of their eggs.

Both sexes are nearly transparent and eolorless exeepting the large elaws, which are bright
vermilion-orange (Pl. 1v). The female is praetieally inert during the breeding season (whieh lasted
dnring onr stay, March to July), and at sneh times is well proteeted in her sponge, or against any
green surface, by the bright green ovaries which fill the whole upper part of the body, and by the
mass of similary colored eggs attached to the abdomen below. Only two pairs, ov four individuals,
out of a hundred or more whieh were examined showed any variation from these colors. 1n these
the eggs were yellow, and the pigment on the elaws more orange than red. The table whieh fol-
lows shows the variations between two large females taken respeetively from the brown and green
sponges, and between the size, number, and color of the eggs.

Habitat of Alpheus. | Length of ¢ ' Nu:;l;esr of Diameter. Color. ’ Color of aduit,
: Inches. | Inches.
Brown sponge.... % 19 25 Yellow (variable). Large chel, red, blue,
or brown.
Green sponge . ... 14 347 s Usually green; in this | Large chelie, always
‘ case yellow. orange-red.

These two forms, apparently distinet, are seen however, by eloser examination, to belong
to the same speeies, although they show very interesting variations. The Alphens living in the
brown sponges tends to vary in several ways, ehiefly in size and in the eolor of the body and eggs.
The rostrum usnally has three spiunes, but oecasionally only two are present, the median one being
lost. It is evident that these animals are perteetly proteeted froin outside enemies while within
the tortuous mazes of the sponge, as their numbers would show. Parasites sueh as Isopods, how-
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ever, are not uneommou. There has thus been no chanee or need for natural seleetion to aet along
the line of color. On the other hand, possibly, the Alpheus of the green sponge does require color
protection, since the females are very slunggish during the breeding season, which extends over a
good part of the year. This auimal is eertainly well protected against any green surface, as already
stated. DBut as will be shown, natural selection has probably nothing to do with it. The bright eol-
oring of the tips of the claws, which only wre protraded from the place of concealment, recall the
similarly colored heads ol boring annelids which abonud on the reef, and may have a protective
significance. This evidenee, however, is not very reliable.

The colors of certain crustacea, amd also the color of their eggs, are known to vary greatly
with the surroundings. In the Alphens parasites in the brown sponges these colors vary eousid-
erably where the surronuding conditions are the same, However, the eolor ot the ovarian eggs is
always the same as that of those already laid, and although these animals were kept for several days
at a timein differently colored dishes, we never observed any very marked change in the color of the
eggs, but these experiments were not continued long enough or carefully enongh to be conclusive.
The eggs of Alpheus hecterochelis arve almost invariably of a dull olive color, while as iu the ecase of
the parasite of the green sponge, abont one in a hiundred has bright yellow eggs.  1n the first cuse
at least this is possibly an instance ot reversion to one of the original colors from which the green
was derived by natural selection.  Tn most species oft Alphens the eolor of the eges is tixed and
uniform, and as already suggested may have a protective significance, but in a few other cases
where this is not true, the eolor is not only vartable in ditferent individuals, but probably also in
the same individual.

Tn order to explain the variations which we find in these two forms, we must assume cither (1)
that the parasites ol the green spouge are a fixed variety with distinet habits, or (2) that they vepre-
sent individuals which have wigrated from the brown sponges and adapted themselves to their
new surroundings, or turther (3) that only those elhance individuals with orange-red c¢laws and
bright-grecn eggs, which occasionally ocenr in the brown sponge, tind their way to the smaller
green species, where they acquire great vigor and size.  This last snpposition is evidently untens-
ble. It moreover the two torms, which were at first supposed to be specifieally distinct, represent
fixed varicties, we ought to find the yonng or at least adults of all sizes in both sponges, whereas it is
only in the large brown variety that any small or undersized individuals ocenr, while a single pair, of
large and tolerably uniform size, is invariably fouud in the exhalent chambers ot the green sponges.

These and other considerations render it probable that the second (2) proposition above stated
is the correct one, viz, that the parasites of the green sponges werve born in the brown variety, and
after attaining considerable size migrated thither, where they adapted themselves at ouee to their
slightly ditferent surroundings, growing to three or four times their former size, and the femates
acquiring bright green eggs, which become a source of protection in their uew habitat.  This view
implies the greatest variability in color and in size of the individual, and iu the color ot the egg,
whiel is more remarkable from the fact that it is quite nnusnal in this genns.

THE EMBRYOLOGY OF ALPHEUS,

At my snggestion Mr. Herrick undertook, in 1886, the study of the embryology of Alphens,
and devoted a considerable part of his time for three years to this snbjeet. and while Le carried on
the work under mmy general supervision the results which he has reached are entirely his own, and
my share in the ehapter whiel is devoted to this division of the subjeet is only that of an instrnetor.
I must call attention, however, to the fact that Mr. Herrick’s studies were begun at a time when
onr knowledge of the embryology of the higher Crustacea was far less complete than it is at the
present time.  From time to time brief abstraets of the progress ot the rescarch have been written
by Mr. Herriek and published in the Johus Hopkins University eirculars, and the following cor-
reeted summary of his results eontains the substanee of these preliminary reports.

The work was begun at Beaufort, North Carolina, and the eggs of the two species of Alphens
which occur there were carefully examined and preserved for laboratory research, but mueh better
and simpler material was afterwards obtained at the Bahama Islands, the early stages were mueh
more thoroughly studied, and the developmeunt of the animals was traced in detail, step by step,
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from the first nueleus of the fertilized egg, through ali the embryounic and larval stages, up to the
adult condition. The eggs of each of the thirteen species whieh oecur in the Bahamas were ob
tained and studied safficiently to ascertain what are the speeifie ditferences in development, and
four species were studied exhaustively, in detail. These four are dlpheus heterochelis, Say ; /. mi-
nus, Say; A. saulcyi, and the Bahama keterochelis. Uunless otherwise stated the following notes
on the early stages refer to the last species.  The development in the egg is the same for all, exeept-
ing A. minor, which will be referred to separately.

This prawn has proved to be a good subject in whieh to study the origin and role of certain
much disputed bodies, which are met with in several Crustacea, the “secondary mesoderm celils.”

SEGMENTATION OF THE NUCLEUS AND OF THE YOLK.

The egg when laid, is enveloped by a single membrane, the chorion or shell, to which is added
the secondary membrane of attachment. [If the nueleus is unfertilized, it is not able to initiate the
proecess of segmentation. The fertile nucleus divides, and its produets pass towards the surtace,
until a syneytinm of eight nuclei is formed. Either just before or after the division of these,
the yolk undergoes segmentation simultancously over the whole surface into a similar number of
partial pyramids. Iach yolk pyramid bas a large nucleus at its base, while its'apex fuses with
the comwmon yolk mass in the interior of the egg.  The process is now a regular one until 128 to 256
small segments are formed. The rate of cell multiplication is then retarded over one-half ot the
egg, while it still continues and perhaps is accelerated over the remaining portion of it. The egg
thns loses its radial symmetry and becomes two-sided. It is important to notice that no products
of the segmentation nnecleus are left in the interior of the yolk. The superficial pyramidal
structure is lost; the primitive blastoderm is established, and there now takes place a general
migration of nuclei from the snrface to the yolk within, bnt principally, as wonld be expected,
from that part of the egg where the blastoderm celis are most numerons, corresponding to the
future embryo. This is followed by a partial secondary segmentation of the food-yolk into balils.
The yolk-ball is apparently formed about the migrating nucleus, but as the latter is moving, this
segentation is irregnlar.

Mr. Herrick has been able to follow very closely the entire process of segmentation in Stenopus,
where it is substantially the same as that just described, exeept that there is no general migration ot
cells from the surface, prior to invagination. This is also true of Poutouia domestiea, and it is quite
probable that the majority of maeroura pass through the same phases in their early development.

Alpheus minor is anomalous from the fact that the products of the first nuelens instead of
multiplying by regular binary division, multiply indirectly, and give rise to numerous buclei,
many of which degenerate, before the blastoderm is formed.

THE INVAGINATION STAGE. -

A slight invaginatiou oceurs where the superficial cells are thickest, and the egg hecomes
what has been generalily regarded as a modified gastrnla. The depression is shallow, and does
not form an inclosed chamber within the yolk. The ineluded cells multiply rapidly, and form a
mass of nearly similar elements, some of whieh pass into the yolk. The protoplasn’snrrounding the
nuclei of these eells is prolonged into a retieulum, which eneloses myriads of small yolk frag-
ments, and probably digests them by an intracellular process, after the manuer ot feeding ama:bie.
The thickening in frount of aud surrounding the pit, which is now obscured, is the rudiment of’ the
abdomen. Anteriorly the ¢ procephalie lobes” or more properly the optic disks make their appear-
ance on either side of the long axis of the embryo, as eireular patches ot ectoderm. Meauntime
nnelei wander from the ceil mass below the abdominal plate to all parts of the egg. Some pass to
the opposite side, and take up a position beside the flattened epithelial eclls, of what was the prim-
itive blastoderm. The majority, however, pass forward aul upward in divergent lines from the
sides of the abdominal plate, and eventually large numbers of these wandering cells settle down
over the dorsal surface of the embryo.
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PRODUCTS OF CELL DEGENERATION.

At the beginning of the egg-nauplins period, when numerons wandering eells have passed
forward and joined the inner surface of the embryonic ectoderm, certain new bodies begin to appear
in great numbers. They vary in size from small refringent particles to bodies nearly as large
as ordinary nnclei. The latter stain deeply and unearly uniformly, but with high powers it is
often possible to demonstrate a clearer zone about thein, which might be mistalken for a layer of
cell protoplasm. How do these bodies, the so-called ¢ secontdary mesoderm cells,” originate and
what is their function? As to their origin there ean be mno doubt whatever. They arise by a
process of degeneration from the embryonic cells or nnelei, chiefly from those wandering cells just
deseribed. Many of the latter may be seen to be swollen out and their chromatin divided into
coarse graius and balls of various sizes. The wall of the cell breaks down and thus sets the ehro-
matin grannles free, or, more correctly, the products of the degenerating chromatin.

These degenerating bodies are most marked in the fully developed egg-nauplius, wlere there
is a large acenmnlation of them aronnd the msophagus and at the bases of the rudimentary
appendages. After this stage they generally disappear from these regious. Somewhat later,
however, when there is a well developed nervous system and six pairs of post-nanpliar appeu-
dages, a patch of eetoderm cells on the surface of the egg opposite the embryo proper becomes
noticeable. It reminds one of a median unpaired ‘“dorsal organ.” A slight invagination appar-
ently takes place at this point, but at any rate a number of cells pass into the snrrounding yolk,
and these give rvise in the way described, to a swarm of minute particles of ehromatin products.

Before any pigment is deposited in the eyes, it is easy to demonstrate the presence of blood
eorpuscles in the stream of plasma which bathes the nervous system. They have the adult
eharaeteristics, that is, they possess a deeply staining nuelens and a clear irregular body. 1n the
nanplius stage, moreover, some of the larger ¢ geeondary mesoderm cells” have a similar appear-
ance, but there is no evidence that they ever become blood cells. Mr. Herriek’s study of these
bodies has shown that Reichenbach’s views on the function of secondary mesodern: cells of Astacus
are probably erroneous. Aceording to this naturalist they arise from the nnclei of the endotderm
cells, forming the ventral wall of the primitive stomaeh, and are converted into mesoderm.

THE GERMINAL LAYERS.

The apparent plasticity of the embryonie eells and layers and the comparative tardiness with
which they are clearly differentiated can not fail to impress anyone who follows closely the early
stages of developmment. The cell mass developed around the invaginate area, forming the thoracie-
abdominal process, ean not be artificially divided into layers. It certainly represents very largely
the primitive mesoderm, but some of its elements pass to the opposite pole of the egg and become
almost indistinguishable from the superficial ectoderm, aithough it will be shown that they do not
pertain to this layer. A part of this mass remains as the mesoderm ot the rudimentary abdomen,
while many of the cells which migrate from it degenerate and perform a nutritive function.

The endoderm does not appear as a definite layer until the egg-nanplius stage. It arises from
wandering eells which assume a peripheral position, and, joining the eells of the hindgut, form the
walls of the mesenteron. i

THE EYE,

The optic dises appear as patches of eetoderm, one eell thiek on either side of the long axis of
the embryo in front of the rndimentary abdomen. Before the appendages are definitely formed,
these have become thickened ectodermic dises. This thiekening is due (1) to delamination, or to
a division of cells in a plane parallel with the surface; (2) to emigration of cells from the surface,
due to erowding or to a division of superficial eells in a plane at right angles to the surface. A dise
of cells is thus formed which gives rise chiefly to the eye and its ganglia. The cord of cells nniting
the two optic dises represents mainly the future brain. The eye proper is due to the differentiation
of the outer layer ot the cells of this dise, while the ganglion is developed from the inner layer.
For fuller vesults of later studies not represented by these partial and preliminary notes, reference
mmust be made to Mr. Herrick’s completed paper and to the summary of the whole history of the
development in the egg given at the end.
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GONODACTYLUS CHIRAGRA.

“There are few orders ot animals of which we are more ignorant than we are of the Stomato-
pods. They are well known as museum specimens, and every natnral-history cabinet contains one
or two, which have been brought home as rare enviosities from distant seas; but we know hardly
anything of the habits ot the living animals. They are abundant and widely distributed, but like
most rapacions animals they are very alert, taking alarn at the slightest disturbanee and retreat-
ing to the depthsof their burrows at the bottom of the ocean, where they are so completely hidden
tiom observation that their capture is diffienlt, and any attempt to stndy them in their homes is
almost out of the question.

The habits of Squillae are tolerably well known, and in my report on the Stomatopoda, collected
by L. M. S. Challenger, I have given an account of the habits of Lysiosquilla based upon observa-
tions made at Beaufort, North Carolina; but, except for afew scattered and fragmentary notes in
the various deseriptive papers, this is the whole of our kuowledge of the order. During the sea-
sons of 1886 and 1887 1 was so fortunate as to find in the Bahama Islands Gonodactylus chiragra
living in localities whieh were peculiarly favorable for observing its habits, and I am now able to
supplement my report upon the Challenger collections by an aceount of this interesting species, of
which little had hitherto beeu known, except the fact that it is the most cosmopolitan of the
Macroma abounding on the shores and islands of all tropieal and subtropieal seas.

I also obtained its eggs in abundanee and snceceded -in rearing the young from them in
aquaria, and am now able to make a coufribution to a subjeet upon whieh there were hitherto no
direet observations, for it is a noteworthy fact that while the older larvze of Stomatopoda have
long been known, and while many genera and species of them were earefully fignred and deseribed
and named by the older naturalists before their relationship to the adult Stomatopoda was sus-
pected, not a single speecies in the whole order has, so far as I am aware, been reared from the
egg and in this way identificd with its speeific adult.

While the adults usunally inbabit bnrrows in the bottom the larvie swim at the surface of the
ocean, and as none of the animals whieh are ecaptured in the snrface net exceed them in beauty
and grace, their glass-like pelagie larve are familiar to all naturalists who have had an oppor-
tunity to study the surface fauna of the ocean. Their perfect transpareney, which permits the
wlhole of their eomplicated struetare to be studied in the living animal, their great size and
rapacity, the graceful beauty of their eonstant and rapid movements, can not fail to fascinate the
naturalist. Unfortunately they are as difficult to study as they are beautiful and interesting, and
notwithstanding their great abundance and varicty, only two or three of them have been traced
to their adult form. )

Unlike most Malacostraca the Stomatopoda, instead of earrying their developing eggs abont
with them, deposit them in their deep and inaccessible burrows under the water, where they are
aérated by the currents prodnced by the abdominal leet of their parents. The eggs quickly
perish when deprived of this constant ¢urrent, and as itis very difficult to obtain them at all, [ know
of no Stomatopod which has ever been reared from an egg under observation. The older larvie
are hardy and are easily reared, bunt they are seldom found near shore, and niicroscopic research
is so diffieult at sea that I know of only two eases in which they have been kept until they assumed
the adult form. As I have stated in my report on the Challenger Stomatopoda, 1 have reared a
yonng Lysiosqnilla exeavatrix from an old larva which was eaptured at the surface, and Faxon
has in the same way obfained the young Squnilla empusa. The young larve are common near
shore, but as they seldom survive a moult in captivity they ean not be identified in this way.

The growth of the larve is slow and the larval life long, and as they are as independent and
as much exposed to changes in their environment and to the struggle lor existence as the adnlts
they have undergone seeondary modificatious whieh have no reference to the life of the aduit, and
are therefore unrepresented in the adnlt organismm. The larvie have been arranged in genera and
species, but their generic charaeteristies are gnite different from those npon which the adnlt genera
are based, aud thisis true in a still greater degree of their specific characteristies. As they
undergo great changes dnring their growth different stages have been deseribed as distinet speeies
or even genera, and it is not ecasy to seclect from the rich gatherings which are brought home by

S. Mis. 94 22
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collectors the successive stages in the history of a single species. Like the adults, they are widely
distributed, and a gap in a series from the North Atlantic may be filled by a specimen from the
coast of Anstralia or the Sandwich Islands, and the eollection from a single loeality may contain
the larva of several widely-separated species of adults in all stages ot growth as well as the larva
of deep-water species whieh are as yet entirely unkunown.

The attempt to unravel the tangled thread of the larval history of the Stomatopods is there-
fore attended with very exceptional difficalties, and the earvlier writers were content to rest after
the bestowal of generie and specific names upon the larvee.  As I found after the Challenger collee-
tion was placed in my hands that it was very rich in larvee, I attempted to determine, by eompari-
son, the larval series for each genus, aud the methods which L employed for making the comparison
are fully stated in my report. As one of the results of this comparison 1 ventu.ed to describe the
general characteristics of the larva of the genus Gonodactylus (p. 113), and in PIl. x11, Fig. 5, of
that report I fignred a larva which 1 ventured to call the larva of Gonodactylus. A comparison of
that figure with PL xv, Fig. 11 of this memoir will show that this determination was eorrect, for
the larva of Gonodactylus chiragra whicl is here described is so mnch like the one figured in the
Challenger report that they belong, in all probability, to the same species.



CHAPTER TI.

THE LIFE HISTORY OF STENOPUS.

By Franois H. HERRICK.

This paper is the resnit of observations made at Beautort, North Carolina, in 1881 and 1885,
and at Nassau, New Providence, in 1887. Thie marine iaboratory of the Johns Hopkins University
was stationed at the latter point in the Bahama fslands trom Mareh until July ot that year, and
with the means thus generounsly afforded, T was able to considerably extend my studies upon the
Crastacea of these coral islands. )

Professor Brooks tound a number of peenliar pelagic larvee at Beaufort, and it is very probabie
that they represeut a part ot the life listory of Stenopus hispidus. Plates 1X and X, illustrating
two important stages of these very interesting larvie, are contribnted by Professor Brooks, and
the descriptions of these stages are based entirely upon his observations

While the materiai gathered in a sojourn of a tew months at the seashore is in many instances
ineomplete, it seems worth while to bring ont this sketeh of the Stenopus, inasmuch as nothing
was previousiy known ot its development, and indeed but very little concerning the adnlt form.
Stenopus hispidus is, in fact, generally known to naturalists as oceunrring only in the indian and
South Pacific oceans. 1t was at first quoted from the Atlantic (Cuba) by Vou Martens (7) in 1872,
aund it has not since been reported trom the Western Continent, so far as we are aware, until we
rediscovered it at Abaco, Bahama, in 1886, but any assiduous coliector on West Tudian coral reefs
must somewhere have hit npon it (v. Appendix 1).

As the eggs are (quite small, as is the case in all Crustacea with a protozoa stage, they are not
particnlarty well suited for study by means of sections, and no special attempt has been made 1o
trace out the history of the germinal layers, a subject which ean he dealt with to better advantage
in other species. The Stenopi breed readily in aquaria, and several series of eggs, iilustrating
fully the segmentation, and some early phases of development were prepared, and the sections
were afterwards made in Baltimore. These are given on Pl vi. They are especially interesting,
smee the segmentation is like that of Penweas studied by Tlaeckel, who relied wholly upon surface
observations.

The ova were immersed in Kleinenberg’s picrosulpharie acid and afterwards hardened in
alcohol. This answered sufticicntly well for the purpose in hand, although it rendered the eggs
more resistant than is desirable.

I..—THE NATURAL HISTORY OF STENOPUS.

The Bahaman Stenopus (Pl v) measures from 11 to 13 inches in length, All the appendages
are long and generally quite slender and delicate, especially the antenn:v, which give to this form
a very characteristic appearance in the sea. These are snow-white. They are carvied widespread
and arch outwards in graceful eurves. The flagella of the second or outer antennw are two and a
halt times the length of the body. 1In the act of swimming these are bent backward and outward,
while the outer division of the first or inner antenn:e is carried npward, and their inner braunch is
directed forward.

The body is pure white or nearly so, excepting three broad transverse bands of reddish scariet.
The first or most anterior of these color bands covers the front of the animal, involving the eyes

and bases of the anteun:w, and in sowe cases it extends behind the rostrum as far as the mandib-
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ular or “cervical ™ groove. The second is nearly confined to the broad tergal snrface of the third
abdominal segment, while the third zone crosses the last abdominal somite and impiuges on the
tail fin.  The appendages ave all colorless excepting the third pair of legs which earry the large
pincers.  These are similarly marked with fonr bands of the same bright color.  As shown by the
colored plate two ol them encircle the great claws, a third belongs to the carpus, and the fourth
to the meros or fourth segment of the limb. The bases of the third and sometimes of the fou..h
and fifth thoracic legs are tinged with bright blne. The ovaries often give te the dorsal surface
ot the females a light-greenish cast.

There is but little variation in the size and character ot these markings in the same sex or m
difierent sexes, but 1t is most remarkable to observe how eonstant these colors are in individuals
of the species from different parts of the world. We possess two colored drawings of this spe-
cies* (which will be referred to again), one by Adams (5), from a living specimen taken in
the China Sea, and the drawing of Dana (6), who found the species on the coral reef of Raraka,
one of the Panmotu Islands, and at Balabac Passage, north of Borneo. Both of these, and especially
the Samerang plate, essentially agree with onr Bahaman specimens, which in color seems to be
the more faithful copy of nature. Here the basal joints ol the thoracic legs are colored blue as in
the Nassan form.  Why should Stenopus, coming trom different seas, retain the same colors and
markings, to a nicety of shade and pattern, while & cosmopolite like Gonodactylus chiragra (a Stoma-
topod) presents such wide color variations as to be as unlike as possible, so that scarcely any two
tuken from the same place have a similar color pattern ¥ To this question we can not at present
give a satisfactory answer.

Aleohiol soon removes all trace of color from the body, but the spots on the legs vemain for a
longer time as light orange red. Both sexes are of nearly the same size, and, as already stated,
alike in color.

Being thus brilliantly decorated with the American colors, our crustacean soon acquired with
us the name of the ¢ Bandanna Prawn.” As we sce this animal swimming deliberately in the
water we are reminded of some strange and fantastically colored insect. 1t is by far the most
showy, and lor its size the wost attractive, member of that giant tamily, the Crustacea, which
have their dwelling on the reef.  One day, when out upon a wading and diving expedition, a pair
of these prawns was discovered by turning over a plate of loose coral, and was easily captured by
slowly raising the slab from the water into the boat; tor this species, unlike some shrimps, is quite
helpless when once out of its element. More frequently, however, they led us to a long chase.

There seems to be considerable attachment between the sexes, since they we invariably found
in pairs, the male and female swimming side by side.  On a still day they may be found clinging
to the mosaic of sponges and living coral, which form the reet bottom, but if distnrbed they sud-
denly become very active, and, darting backward by sudden jerks, dive into some chink, out of
reach of the hand net.

Several females both hatched and laid eggs in agnaria in the month of June, but the breeding
season, as inferred from the captare of locomotor larvie, probably extends thronghout the spring
and sninmer months, if not throughout the entire year.

The eggs are very numerous. They are nearly spherical and measure one-fiftieth of an inch
in diameter. They were always of the same light opalescent-green color. The ova are laid at
night, but the process was not observed.

Three different females hatehed their broods on the afternoouns of Juune 4, 14, and 24, respec-
tively, and moulted and laid eggs during the following nights. As these animals iuvariably moult
Just before laying their eggs, the latter are probably fertilized at the time they are laid. The
hatching of one Lrood lasted about 9 hours, from 2 o’clock in the afterncon nntil well into the fol-
towing night. By 10 o’clock the same evening some of the larvie had monlted for the tirst time.
The eggs are closely felted to the abdomen, and, as in all Decapods, they are cemented together
by a seeretion which possibly comes from the oviducts during ovulation. They are fastened by
the same substanee to the hairs which fringe the bases of the pleopods, chiefly to those of the first
and second pairs. :

" Besides Milue-Edwards figure (4), evidently made from a specimen in which the natural colors had heen removed
by alcobol. (See remarks, etc., under Section 1v.)



MEMOIRS OF THE NATIONAL ACADEMY OF SCILNCES. 341

After a moult the colors are, as is usual, very bright, and the moulted skin, as it stands intact
supported by the antennee, may easily be mistaken for the living animal.  These prawns make no
sonnds and appear to be very timid. The surface of the whole anterior body and of the large
claws is thickly beset with tooth-like spines, the points of which are bent forward, and these
may be regarded as an admirable protection against being swallowed head first by an enemy. 1t
is also interesting to notice that the spines of the hinder part of the body project hackward, and
may thus be of service to Stenopns when attacked from the rear. Their long sensitive antenn or
“feclers” and well-developed eyes doubtless warn them of appreaching enemies, which, by their
rapid angnlar movements, they may easily escape. The extraordinary development of the eyes in
the older larvee (Pl II) is remarkable.

The geographical distribution of Stenopus hispidus is very interesting.* H. Milne T wards,
in his “ Histoire natnrelle des Crustacés” (3), gives the habitat of Stenopus hispidus (Latreille) as
the “Indian Ocean,” following Olivier (1) and the older writers. In the *Regne Animal” of
Cuvier, third edition, * Les Crustacés,” p. 137, he says: “ We know of only onc¢ species, reported
from the Anstralian seas by Peron and Lesncur.” The Samarang natnralists (5) met with it on
the coasts of Borneo and at the Philippines in {843-46. Dana, in 183842, on the Wilkes Bxpe-
dition (6), fonnd it in the South Pacific at the points already noticed. In 1872 K. von Martens (7)
describes the species for the first time from the Atlantie, in a collection of Cnban ernstacea made
by Dr. J. Gnndlach, and de Man in 1888 (9) quotes it from Amboina in his monograph on the
Decapoda and Stomatepoda cellected in the Indian Archipelago by Dr. J. Brock.

We can now add te this list the Bahama Islands (Abaco and New Providence). We have
also the interesting fact that the larva was taken en onr coast at Beaunfort, N. C., whither it had
probably been carried by the warm waters of the Gulf Stream. We may therefore expect to find
the adntt Stenopns on the Florida Keys, but not mnch farther nortlh, since this is essentially a
tropical form.

We thns have in Stenopus hispidus anether instance of not only the same genns, but also the
identical species, occurring on the eastern shores of two continents. It seems net impossible that
the prolonged larval period which this animal possesses may have played an important part in its
geographical distribution. This may be also true of Gonodactylus chiragra, but on the other hand
it can not be asserted of Limulns. In the last case the Asiatic and American forms are specifically
distinet.

1I. SEGMENTATION AND EARLY PHASES OF THE EGG.

The prawn, which hatched her zoéa brood on the 4th of June, laid eggs the next morning prob-
ably at about 6 o’cleck, and as seon as discovered some of these ova were hardened at intervals of
a few honrs during the next two days. In this way a complete history of the segmentation was
obtained.

First stage.—The first eggs preserved (probably 5 to 6 hours after ovnlation) are perfectly
opaque, nothing but the light-green yollk corpuscles showing throngh the shell or egg-envelopes.
Thin sections prove that the segmentation nuclens has divided, and that its twe products lie remote
from each other. Physiologically speaking, we noew have two cells, each consisting of a deeply
staining nnclens and perinuclear protoplasm. The first segmentation is evidently central. What
takes place is briefly as follows: Primitively we have a central nncleus, abont which protoplasm
is gathered. Aronnd this again is the great mass of yolk, and the whole is encapsuled by the
protective chorion and the secondary membrane of attachment. The first division involves only
the nneleus and surrennding protoplasm. The preducts as independent. bodies now leave their
central position and seek the surface of the egg. In onc instance one of these has reached the
surface (shown in PL vI, Fig. 1), while the other is only halfway there on the opposite side. The
superficial cell, as seen by the fignre, has the same characters as when bnriéd in the yolk. In

* The reason for considering the Bahaman form identical with the Hispidus of Olivier, Latreille, Milne-Edwards,
Adams, Dana, and othors are given on page 351.
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another egg of the same phase neither eell is qnite at the surfaee, so that the example given in
Fig. 1 may be taken to illnstrate a tendeney, not a rnle.* The yolk (Fig. 1, Y. C.) cousists here,
as in subsequent stages, of homogeneons and tolorably uniform green ¢orpunseles. No vacuolar
cavities are to be seen.

Second stage.—Four and one-halt hours later the seeond segmentation is going on or is already
ecompleted. The egg from whieh Fig. 2 was taken eontains four nuelei with perinuclear protoplasn.
It was cut into a series of 50 seetions, of which the second represented is the twenty-first.  Nuelei
oecur in seetions 21, 25, 29, and 35, none being as yet snperticial. A portion of section 21 (TFig. 2)
is shown under a higher power in Fig. 3.

Third stage—Atter three honrs and twenty-five minntes have passed the third phase is reached
and we have eight cells, around whieb the yolk is snpertieially constricted inte eight corresponding
lobes or segments. A surface view of this entire egg and also a section throngh it are shown in PL
VI, igs. 5 and 6, and a tangential seetion of one of the nnelei and lobes is given with more detail in
Tig. 4. The constriction [urrows appear to be eonsiderably deeper than they actnally arve, and we
might predicate a total segmentation of this egg without the knowledge which the section affords.
We have hiere a merely superficial indentation of the yolk, the great central mass ot which is nndi-
vided. It is a close approach to the yolk pyramid stage seen in Astacus, Alphens, Hippa, Palie-
monetes, and many other Decapods. The dividing planes, Figs. 7 and 8 (nnless artificially pro-
duced), do not penetrate into the egg.  The furrows extend inward to a plane just below or on a
level with the nucleus.

Baeh uneleus with its outer protoplasm may be spoken ot as the cell, and it is hardly probable
that there is any protoplasm like that snrronnding the nucleus in the other parts of the exg. The
mnclei inerease gradually in size, as seen by comparing the tigures ot snecessive stages, and the
surrounding plasm, which they manufacture out of the yolk, is also of greater bulk. lach is a
flattened, oval dise, shown well in transverse section in Tig. 5 at «a, and tangentially in Fig. 4.
It contains eoarse grains and granules of chromatin, and the enveloping protoplasm radiates visibly
hut a short distance between the yolk spbernles, The long axis of each nuelens lies in a plane
parallel with the surface. Cell multiplication is in all eases indirect, as my observations show to
be the ease with several other related torms, and this is undoubtedly the rule not only with the seg-
menting eges of the Decapod Crastaeea, but with those ot all the Metazoa. There seems to be an
exception in the ease of Alpheus minor.

Fowrth stage.—After another interval of an bour and tive minutes there are sixteen eells re-
sulting from the tourth segmentation. The blastomeres are less sharply marked at the surface and
more distinetly polygonal.  Six nnelei are cat by the seetion given in Fig, 7. They are nearer to
the surtaee than in the former stage.

ifth stage—The egg represented by Fig. S is three hours older than the last and has thirty-
two cells and the same number ot superficial segments. Up to this time the egg has exhibited
radial symmetry. The nuelei are quite near the snrface of the egg.  They are more spherieal and
the investing protoplasm is less conspicnons than formerly. The fissures between eontiguons
blastomeres are beeoming less and less prominent.

Nixth stuge.—After a longer period, nine hours and forty-five minutes, the proeess of regular
division into smaller and smaller superfieial segments has proeeeded nntil 125-256 of these bodies
are formed. The eells lie at the surface, jnst under the eliorion, and form a eontinnons envelope, the
primitive Iastoderm about the central yolk. This yolk mass is not segmented, nor does it include
any nnelei whieh have not participated in forming the blastoderm. In oune or two instances a eell
was observed just helow the serviee. This may be interpreted as either having never reached the
surfaee or as having been there and moved below it towards the interior. Dnt the general state-
ment is donbtless trne that all eells reaeh the surfaece, and that there is no exteasive migration to
the interior, as there is in Alphens, before invagination.

* It now seems proiwble to me that this superficial cell represents the male and the central cell the female pro-
pucleus. A small, deeply staining body, which I interpret as an nndoubted polar cell (not shown in Fig. 1), lies
undorneath the chorion, not far from the superficial cell.
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Seventh stage.—1In three honrs and three-gnarters from the last phase the blastodermic eells have
spread more rapidly at a given point on the egg, which loses its radial symmetry in consequence.
There is thus formed the embryonie area or first trace of the embryo proper.

Eighth or invagination stage.—Three and a half honrs later a portion of the blastoderm in the em-
bryonic area is invaginated, that is to say, some of its cells pass below the surface in a bady, and
the invagination stage is reached. The invagination is solid, or nearly so, as is the case with
nearly all Decapods. Fig, 9 represents an obligne section of one end of an egg, throngh tire area
of invagination, Ig. The epiblastic cells contain small oval nuclei. There are no yolk cells in the
interior of the egg. The vitellus is here segmented into large, irregular fragments, each of which
is composed of yolk corpnscles similar to those seen in Fig. 4. It is just possible that this fractnre
of the yolk, which is commonly seen in the eggs of other Crustacea, is artificially prodnced at
least to some extent, at this stage.

Ninth stage.—After another period of three and a half hours, while the external change is not
marked, the invaginated cells have rapully multiplied and given rise to a considerable cell-mass
below the surface at that point.

Tenth stage.—In thirteen and a half honrs from the last stage, or when the embryo is fifty-two
hours old, important changes have been eftected. In surface view the embryo presents a heart-
shaped or somewhat, three-sided area. The optic dises appear as widely separated patches of
ectoderm, nuited to the thoracic-abdominal plate, a mass of cells which forms aronnd, but chiefly
in front of, the point of ingrowth. Sections throngh this egg show a considerable thickening in the
optic dises, and an accumulation of large grannlar cells in the abdominal arca. These latter un-
doubtedly represent some of the primitive mesoderm and endoderm,

The phenomena just recorded are given in a more condensed form in the following table,
which shows the age and corresponding growth of the embryos at the sncecessive stages. The age
of the first stage is assumed to be-6 honrs, which is probably not far from the trnth. !

In the above aceonnt we are constantly dealing with different eggs, and assnme of course that
they are all at any given time in the same phase of development. While this is not strictly true,
it is very nearly so. The eggs are at first about on a par, and it is only later that some become
handicapped, producing those slight differences which may be seen in embryos from the same
female.®

Time of hatching June 4, a.m., early. Temperature 80° F. Diameter of egg s inch.

Stage. Age of egg. i State of developmeut,
11 o | T8I F e, S ! 2 cells.
ORI hrREC .=, .. 4 cells.
3 | 14 brs. 55 min.....| 8 blastomeres.
ARIRTG hTs;. P97, 1850 16 blastomeres. \
5119.hrsi............. 32 blastomeres. ¢
6 [ 28 hrs. 45 min. ... 125-256 blastomeres.
Th| BT L R First trace of embryo.
S SN oot Invagination stage.
ORI ARhrs s S5 00 S Pit obscured.
TONRoRZhTsl 2. 80 os . Optic discs and abdominal plate formed.

We thns have in Stenopns a type of the so-called ¢ eentro-lecythal” segmentation, exactly
comparable to that of Penwens, and essentially like that which is probably characteristic of a
large number of the Decapod Crustacea. The fact that all the protoplasm of the egg enters into
the blastoderm and that no yolk cells are now formed, is of some interest, and this subject, will
be considered more fully in a paper on the development of Alpheus.

* This is not true of the American lobster, Homarus americanus, in which I have made a very complete study of
the segmentation process. In a batch of segmenting lobster’s egas, there is a decided lack of uniformity. Some ova
which afterwards continne to develop, remain with yolk unsegmented until the third or fourth day after fertilization.
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1L METAMORPHOSIS, OR PERIOD FROM THE TIME OF HATCHING TO THE ADULT STATE.

A. Protozoiw or first larva (length=4"m),—Stenopus leaves the egg us a protozoéa, which may
be compared to one of the early larvie of Penaens or Sergestes, but 1t is unlike either of them.
This first larva,whieh is very long and slender, is 50 eoiled upon itself in the egg that the tail fin
overlaps the posterior end of the carapace. 1t regnires eonsiderable time after easting oftf' the
shell to uneoil and straighten its appendages, especially the antenna and the long rostronm which
was bent under its body.

The figure on PL X1 exhibits some of the grotesqneness of this larva. This drawing was made
from an animal which had just wiggled out of its egg shell and was uncoiling its appendages.
The hnge antenn:e are partially unfolded, while the rostrum R., is searcely visible. Drawings of
parts of this immatnre protozoca are seen in Pl vii, Figs. 11-16, and the larva itself as it finally
appears, about two hounrs after hatehing, in Fig. 11. [f we eompare with this the younger form in
Fig. 25, we notice some details, ehiefly of a quantitative kind, in which they differ. Immediately
after leaving the egg the epidermie struetnres grow rapidly ; hairs or seta: are developed on all the
appendages, and the tail-fin acquires some new eharacters. The first larva does not swim well
until several hours after hatching. .

The Stenopus protozoéa (Pl. vir, Fig. 11) is 4™ long, the rostrnm alone being 14™®. It is color-
less, excepting the dark eyes and a few seattered blotehes of brownish pigment npon the sides of the
body or on the tail-tin, Tt swims chiefly by aid of its largely developed antenna, which are directed
forward as shown in the plate. These, with the rostrum, add eonsiderably to the apparent length
of the body and serve to distinguish it, withont the aid of a lens, from the seeond larva (Pl. vii,
Fig.17), whieh soon follows and swims abont in the agnarium with the others. Itis further character-
1zed by the very large size of its mandibles (Pl. x1, Fig. 25, Md.) and by its forked telson-plate,
adapted for swimming. The forked locomotor tail-tin and large hairy antenna® mark the protozoia
stage in Crustacea generally. The carapaceis only feebly developed, not nearly reaching to the bases
of the appendages. 1t is prolonged in front into a huge tapering ¢one, the rostrum, which is nearly
half the length of the body. This is beset with short spines and reaches considerably beyond the
antenna®. About four segments of the abdomen are distingnishable from betore baeckwards (Fig. 25).
The first and seeond, which latter is the largest, earry lateral spines, and the upper surface of the
seeond segment is also prolonged posteriorly into a median spine. The tail-fin at the time of hateh-
ing is sharply forked (Fig. 13) and is furnished with 6 pairs of rudimentary seta, of whieh the
median paiv is the shortest, besides a pair ot outer non-plumose bristles (Figs. 11, d, and 13, a.). In
the conrse of a few hours this organ has become funetional and appears as shown in Fig. 11. The
hairs grow out and aeqnire thick lateral fringes; the outer pair (next to «) become rudimentary,
and three additional pairs of toothlike bristles make their appearance on the sides of the telson-
plate.

The eyes are sessile. The inner or first antennea (Fig. 25, AI) are jointed, unbranehed append-
ages. Each is tipped with a buneh of abont four long sensory filaments and with a single seta. A
single plnmose hair also springs from the distal end of the penultimate joint on its inner side.
The outer antenne are biramouns. The inner branch eonsists of a simple stem, tipped with at
least two long hairs. The outer division is segmented at its extremity, and is garnished with
plumose setwe, chietly on the inner margin, there being one or two to each segment. The gland at
the base of the antennal peduncle is eonspieuouns.

The mandibles are of enormons size in comparison with the other appendages. A view of the
labrum and right mandible is given in Pl vii, Fig. 15. They are simple blades with rounded
cdges, covered with minnte horny teeth. There is no palpus. The first maxilla (Fig. 12) consists
of two stout branehes tipped with bristles, and in the case figured they are spotted with pigment.
The second maxilla is a broad lobnlated plate (Fig. 10). Each lobe is provided with hairs,
excepting the outermost which corresponds, in part certainly, to the scaphognathite.  Only o
single bristle was detected on this lobe in the specimen from whiceh the drawing was made.

The three maxillipeds have each an exopodite, which is eonsiderably larger than the other
branch, and which is furnished near the tip with not less than three pairs of locomotor hairs. The
undeveloped condition of these latter in an embryo just hateched but unable to swim, is well shown by
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Figs. 14 and 16, which represent the first and third maxillipeds of the right side, as seen from
below. Thbe endopodites ot the second and third pairs possess fonr joints, of which the terminal
one carries setae. There is one pair of thoracie limbs eonsisting of a stout locomotive exopodite,
similar to that of the second and third maxillipeds just described, and of a very short, indistinetly
segmented endopodite. The latter is armed with two terminal and three lateral plumeose hairs on
the inner side.

B. First zoéa or second larva (length, a=5"").—Five or six honrs after hafching the pro-
tozota moults into a form which superficially resembles the maeronran larval type. (PL vi,
Fig. 17.) Tbhe carapace of this larva has grown down so as to cover the basal joints of all the
appendages, anil it ualso extends Dehind them. The rostruni is redanced to from one-half to two-
thirds its former size, and does not surpass the antennal hairs.

There is still pat one thoracic segment with its appendages. All the abdominal segments are
formed, but none show any traces of limbs. The lateral spines of the first and second somites are
missing, but the median unpaired spine of the latter is greatly developed, and extends to nearly
the end of the third somite. The sixth somite, which carries the zoéal telson, is equal in length to
the third, fourth, and fitth combined. The fan shaped telson, viewed from helow, is represented
in Fig.20. Comparing this with Fig. 11, we observe that it is no longer conspicuously forked.
The median notch has a short unpaired spine. There are six pairs of feathered hairs, the onter
ones still being rudiments exactly as in the first larva, and a non-plumose spine which ends the
series; the three rudimentary spurs seen in Fig. 11 being wanting. The eyes, whiell have acquired
sbort stalks, protrude slightly.

The antenn® arc shorter and are now no longer so important as organs of locomotion. The
terminal joint of the inner antenua is reduced, but otherwise this appendage is but little changed.
The outer antenna ends in a stout book, whieh is succeeded, on the indented margin of the inner
side, by a series of eight feathered hairs. The second joint of this appendage also bears a serrated
hooked spine at its outer extremity. The mandible is without a palp. It has a serrated edge,
and a prominent, inferior, componnd tooth (Fig. 18).

The inner branch (coxopodite) of the first maxille (Fig. 19) carries three simple and three com-
pound spines, while the onter division consists of three segments with stout, plumose hairs, as shown
in the figure, 'I'he second maxilla (Fig. 21) are considerably altered from the form shown in Fig. 10.
There is an outer lobe (secaphognathite), bearing one large hair directed backwards and at least
four others which point in the opposite direction. The inner portion is lobulated into six or more
parts, all of which are well provided with stift hairs.*

The tirst maxilliped is shown greatly enlarged in Fig. 22. Examining this in connection with
Fig. 14, we find that the exopodite consists of one segmment and bears a limited nnmber of hairs
(bere two) at its apex. The endopodite is segmented and carries numerous hatrs, which are
continued in small tufts along the inner margin to the base of the limb. The chief swimming
organs are the first and second maxillipeds and the first pair of thoracic legs. The inner branch
of the latter is econsiderably developed, and nearly equals the expodite in length.

There is a large irregular spot of red pigment on each side of the anterior half of the bLody
just above the base ol the third maxilliped. The lobes of the liver (L) begin now to show dis-
tinetly threugh the carapace. The food yolk, which is present in small quantities in the sfomaeh
of the protozota (Fig. 23), is finally absorbed. It was probably owing to this and to the fact that
I gave the larvae ne food that suited their taste that they never reached the second monlt, althongh
they passed a number of days in this condition. In course of several trials the animals at this
stage always became greatly crippled by particles of organic matter adhering to their body and
invariably starved. For later stages, therefore, conneeting this zoéa with the adnlt, we have to
rely upon larvae eollected at the surface of the ocean.

. DMysis or Schizopod stage—It is evident that the zoéa of the stage B passes into a mysis-
like form through the intervention of one or more moalts, and we have two larvae already neticed
belonging to the elose of this period. They were collected by at Beanfort, N. C., July 14 and 15,

* Tbe distal or terminal lobe represents the endopodite; the lobes next this stand for the basipodite, while the
second (1) proximal division at the base of the appendage cerrespend to the coxepedite.
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1883. In the Beanfort specimen (PL 1X) all the segments and appendages of the hody are present,
and all of the latter are fnpctional, excepting the first five pairs of abdominal feet, whieh are
rndimentary buds. The carapace is well developed, and terminates in front in a slender serrated
rostum, which is mmch shorter than in previons stages. The eyes are now large and prominent,
being monntcd on long stalks. These organs, which are sessile in the protozoéa, nndergo marked
changes in both size and form in the course of development. They reach a maximum in a later
stage, and are correspondingly rednced during the passage from the latter to the adult.

The iuner antennce are biramous; the outer are reduced to a long narrow scale, armed with
bristles. The third pair of maxillipeds and first, second, third, and fourth pairs of thoracic legs bear
prominent swimming exopodites. The {ifth pair of pereiopods characterize this larva by their
great length, and by the huge, paddle-shaped segment. whieh bears the small, terminal claw,
There 1s no exopodite to this appendage. The endopodites of the first, second, and fonrth pereio-
pods are nearly equnal; the third longer. The first tive abdominal segments are of equal sizo
and, as stated, carry rudimentary feet. The sixth segment, however, is long and narrow, and has
the nropods well developed.

D. Mysis stage.—The larva of stage ¢ monlted into a form (Pl X) resembling the last, with the
addition of several important features. The inner antenne coustst, as before, of a segmented stem
with two terminal appendages. The first and thira segments of the antennular stalk are short,
while the second is very long; spine nearly equal to length of basal segment; inner lagellum
very slender, shorter than the onter branch; the proximal, thickened portion of which carries
several (three) bunches of sensory filaments.

The antennal scale is as long as the antennular pednunele. The fagellam of the antennse now.
appears as a slender filament, nearly twice the length of the seale. Possibly it is formed, as in
Penaus, from a bnd-like remnant of the inner ramus of this appendage in the protozoi¢a. The
third pair of maxillipeds and first to fourth pairs of thoraeie legs are as in the previous stage, with
conspienous exopodites fringed with setie.  The endopodite of the fonrth pair is longer than that
of the third; the fifth pair are twice as long as the fourth; and the breadth of the penultimate
segment i1s mueh rednced.

The tirst, second, and third abdominal segments are eqnal; the sixth is narrow, equal to length
of fourth and fitth. The telson is narrow, tapering, three times as broad at base as at apex; the
nropods are one-fourth larger than telson. Pigment is found as before, in the extremities of the
se«rment\ of the appendages. Large spots also appear on the abdomen and eyes.

5. Mastigopus stage.—On Jnne 15 an older larva than the one just described was nhmmod 1
t]m ocean outside the rarbor at Nassau. It agrees in the main with the mastigopus ot Sergestes,
The earapace ends anteriorly in a short spine or rostrium, whieh is bent up at an angle of abont 40
degrees with the hody., The eyes are monnted on very long naked pednneles. Both pairs of
antenna are biramons. The onter flagellnm of the first or inner pair of antennw is the longest (Pl
X1, Fig. 26), and it bears fonr or five hunches, containing in all abont a dozen sensory filaments.
The inner branch is 2 bnd. The second antenna extend as far forward as the joint of the first
pair, where the inner tlagellnm is given off. The tlagellum of the second pair is wound into a
short spiral coil.

The exopodites of the seeond pair of maxillipeds are rudimentary (Pl x1, Fig. 31). The third
maxillipeds are now the stontest appendages, and equal in length che third pair of thoracie limbs.
The first and second thoracie legs are slender; the third pair is the longest and the terminal seg-
ment is bifid; the fourth is a short two-jointed rondiment; the fifth, corresponding to the huge
oar-like appendage of stage O, is reduced to a bud. It thus appears that, as in the Sergestids, the
last two paivs of walking leqs ave shed after the mysis period, to be reeonstructed again in the masti-
gopus stage.

All the abdominal appendages are functional. (Pl x1, [Mg. 27.) The last segment of the abdo-
men is nearly eqnal in length to the three preceding. It is laterally compressed, and more nearly
resembles the adult form. In the act o swimming this larva carries the abdomen hent at nearty
aright angle to the rest of the body. It is eolorless, exeepting areas of red pigment at the bases
of the abdominal feet, and spots on the lower portions of the antenna: and eye-stalks. There is
also a transverse band of the same color on the anterior part of the carapace.
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F. Mastigopus stage.—After it had been kept three days this larva passed through a monlt,
by which only slight ¢hanges were introdneced, The fourth pair of walking legs is now distinetly
jointed, the fifth remaining as a bud. The flagellum (endopodite) of the second pair of antenn:we
nneoils and speedily lengthens. The terga of the first and seeond abdominal somites bear on the
lower lateral margins of each side a short tooth. The larva lived four days without further ecdysis.
Figs. 26, 27, 30, and 31 are from this stage. ,

G. Mastigopus stage [Pl x1, Figs, 28, 29, 32-34, Pl x11|, (Length = 9m),—An older larva,
ecanght in the net on May 7, is shown on PL x11. The most striking features of this form are the
long trailing antennw (tlagella of the outer pair), the actnal length ot which is about 1 incli, which
is more than twice the length of the larva. The remarkable eyes which this animal possesses give
it & very odd appearance. They are placed at the extremity of e¢lnb-shaped stalks, each of which
is nearly 2™ Jong. The distance between the eyes is 4.7 In passing to the adult stage the
eye-stalks are mueh reduced. The outer antenne have a short peduncle; along secale, armed
with stiff’ hairs on the inner margin, and a long flagellum, all very mueh as in the adult prawn,
(PL x11, and Pl x111, Figs. 40, 41.) The first pair of antenna are much less like the adult torm. (Pl
x11 and 1'ig. 40). The stalk is longer and more slender than in the full-grown condition. The
flagella are short, the inner one still rudimentary, and the sensory hairs are retained,

The carapace has developed on 1t a lateral furrow, which is surmonnted by a conspicuons
spine placed on either side at a point one-third the distanee from the rostrum to the posterior end
of the carapace, « The rostrum is short and stout, bent upward, and does not reach heyond a line
passing thronglh the vesicula anditoria. The front of the carapace bears also a short dentiform
process on each side below the rostrum. These are the only indications of the future spinous
armatwre of this region of the body. The abdomen and abdominal appendages are about as repre-
sented in Ifig. 27. The telson is a short trianguluar plate, garnished with short hristles, and is
terminated by a pair of very small spines. The nropods are provided with a close fringe of inter-
locking, plimnose hairs, whieh are longest on the inner margin. The onter lamella is one-third
longer than the inner and three timmes as long as the telson.

The first and second maxilke of this larva are represented in Figs. 28 and 20, In Figs. 12, 19,
29, and 38 we have tour stages in the evolution of the first maxilla, and we see that it undergoes
comparatively little ehange. No trace of a palpns (endopodite) was seen in the specimen exam-
ined (Fig. 29), the appendage consisting ot”a small inner (coxopodite) and a larger onter kuob-
shaped branch (basipodite), each armed with short tooth-like spines. The second maxilla has also
the adult eharacter. (Tigs. 28, 42.) It consists of an elongated onter plate (scaphognathite),
fringed with & single row of plumose hairs; a palp-like endopod:te, and an innermost lobunlated
division (basipodite and eoxopodite), each part earrying a few bristles.

The first maxilliped of stage F is given in Fig. 30. It-consists of a hasal portion (coxopodite),
which bears an inner and larger lobe (basipodite), having bristles on its proximal horder; an exo-
podite tipped with a pair of bristles, and of an intermediate bud (endopaodite) hearing a single
bristle. Part of the second maxillipeds is shown in PL x1 and also in Ifig. 31 (St. F.). The
exopodite is rudimentary. The outer segments are covered with spinons bristles.  We see already
a resemblance between these appendages and their adult forms. (Figs. 43, 45.) The third pair of
maxillipeds are still the largest mbs. (Pl x1, Mxp. 111.) The terminal joint bears several long
spines. Compare with the adult limb seen in Fig. 46.

The perciopods are slender appendages, of which the third pair are longest, as in the adunl;
the second are longer than the first; the fonrth and filth are rudimentary. One of the first pair
of pereiopods is vepresented in Fig. 33.  This appendage is nonchelate, unlike the adnlt stage; all
its segments are armed with long spines, and there is a eluster of serrate bristles on the inner side
of the proximal end of the terminal segment, and near it a similar cluster on the next. Similar
tults of hair are foand on the adult appendage. (Pl xri1, Ilig. 47.) The terminal joint of the see-
ond thoracie limb 1s shown in Fig. 325 the basal extremity ot the third, the fourth, and fifth are
given in Iig. 34, The seeond and third pair ave chelate; the fourth is rndimentary; the fifth is
still a bud. The abdominal appendages, excepting the sixth pair described above, are all unira-
mous. (Fig. 27.)
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This larva is coloriess, exeepting large spots of reddish pigment, distributed mueb as in the
previous stage. There is a spot near the extremity of the eye-stallc and similar ones on the abdo-
men. Some of the appendages are also tipped with brownish red. The attainment of the adnlt
characters is now mainly a question of the further growth of parts already present.

The above ontline gives us a prefty complete history of the metamorphosis of Stenopus.
Between stages B and C a lacuna oceurs, but it is not diffieult to bridge over this gap. The
development of Stenopus is especially interesting, inasmnch as it combines eertain features of the
metamorphosis of Penaus, Sergestes, Lucifer, and the Prawns in general, but it differs essentially
from any of them. Detailed comparisons are purposely omitted in this paper, but we will call
atlention to the apparent similarity of the second larva of Stenopus (Pl. vimx, Fig. 17) to the zoéa
of Callianassa subterranca, fignred by Clans.* The length in each case is 5", He says, p. 54:

Die jungen Callianassa larven besitzen beim Verlassen der Iaihiillen eine ansehnliche Grosse, sind sehr lang-
gestreckt nnd tragen drei spaltiistige Fiisspaare, von denen sich das Vordere sehon wesentlich der Formgestaltung
des spiiteren Maxillarfusses niiherf. Der lange Stirnschnabel, sowie die Bestachelung des Abdomens, dessen zweites
Segment mit einem besonders langen Riickendorn bewafinet ist errinern an die oben beschriebeno larve.
whiely applies perfectly to the Stenopus zoéa, exeept that the latter has the first thoraeie segment
with its appendages, while, according to Clans, the first zoia of Callianassa has not, althongh his
tigure is not clear on this point. The rostrnm, eyes, antenne, seeond maxilke, and maxillipeds
are nearly identieal in the two forms. The differences are in the shape ot the telson and in the
condition of the thoraecic appendages. The tail fin has a convex posterior edge, a median and two
lateral, short spines, and eleven intermediate pairs. The rudiments ot the sixth pair of abilomi-
nal appendages show throngh the integument.  Behind the maxillipeds, already ¢“die kurzen,
schlauchformigen Anlagen simmtlicher Thoraealfiisse nnter dem Integnment bemiirkbar sind.”

Among the Prawns, Penens has apparently preserved most completely the aneestral history
of the Decapod Crustaecea, aud for this reason a thorough knowledge of the development of related
species is very desirable.

1V. THE ADULT.

STENOPUS (Latreille).
Cancer (erbst).
Palemon (Olivier).
Stenopus (Latreille) Léach, Desmarest, Roux, Milne, Edwards, Adams, Dana, ete.

¥

Diagnosis of Stenopus hispidus (Liatreille).—Body nearly cylindrical. Carapace with prominent rostrum and
distinct transverse groove. Outer antennse with long, bristle-bordered scale bent under the inner antennze
toward the middle line. Second maxillipeds with epipodite and long exopodite. Third maxillipeds very
long and appendicular, with a rndimentary exopodite at base. First, second, and third pairs of pereiopods
chelate. The first and second pairs quite slender, ending in small shears. Third pair longest, bearing the
large claws. Fourth and fifth pairs of pereiopods slender and nonchelate. Carpus and propodus of the same
articulated into numerous rings. First pair of pleopods uniramous in both sexes, all the others biramous.

Special deseription.—Length, 37-44== (13-1% inches). Thereis little diflerenee in size between
the sexes, but the females are usnally a trifle the larger.

Color: Body invariably white, erossed by three bands of reddish erimson. Appendages col-
orless, excepting the third pair of pereiopods, whieh are eneireled by four wide zones of the same
color. These markings are not of uniform tint, but vary from bright scarlet to mottled orange red.
The basal joints of at least the third and fourth pairs of thoraeie legs sky blue. Antenne snow
white. For further particnlars under this heading, see PL v, and See. 1.

The carapace (Fig. 37) presents a marked transverse [ossa. It is covered with short dentiform
‘spines, largest ou the front. The rostrnuris elevated, extending hardly beyond the basil joint of
the inner antennwe. It ends in a sharp terminal spine and earries six to seven stont. curved teeth
on the dorsal median hue, besides a single spinale projecting downwards near the tip. From the
single dorsal row of teeth two similar rows diverge, eitending back to the transverse furrow. The

*C. Claus : * Untersncbungen zur Erforsehnng der gencalogischen Grundlage des Crustaceen-Systems.” Wien,
1=76. Taf. vnr, Fig. 1; also Figs. 2-7.
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rostrum also bears on each side a single row of abont four teeth projecting forward. The under
side is nnarmed. Several large spines oceur in the angle behind the eye and on the basal joints of
the antennc.

The epidermie spines, which are eharacteristie of the Hispidus, thongh ot confined to this
species, are found npon the dorsal surtace of the eatire body, on the third pair of pereiopods and
o1 the bases of the appendages generally. The first, second, fourth, and fifth pairs of thoracie
legs are destitute of eonspicuous spines. The spines of the carapuce and anterior abdominal terga
are bent forward ; those of the fourtl, fifth, and sixth abdominal somites and of the tail tin are
appressed, stonter, nondentiiate, and point baekwards.

The telson 1s arrowhead-shaped; its free edges are garnished with short, dobel_y set bairs; it
has a median groove, bordered on either side by a longitudinal elevated ridge, bearing spines; it
hardly surpasses the uropodal lamellse. The eyes projeet at right angles to the long axis of the
body. They have dark brownish black pigment and are mounted upon short, stont stalks, coverad
with small prickles. The labrum consists of a semicireular bar, the eonvex surface ot which points
forward and bears two nearly median spines projecting downward. From its coneave border is
suspended a lingulate appendage, which is supported by a thin, median, and vertical plate. The
inper anteuna (Fig. 40) bear very long tlagella, the disposition of whieh has already been noticed
(See. 1). The segments ot the stallk are armed with stont denticles, and each division of the
proximal portion of the onter tlagellum or exopodite bears externally a sharp spine.

The outer antenna (Fig. 41) possess at their base a long, narrow seale (exopodite),"which is
traversed by longitndinal grooves. Their inner borders, which meet in the middle line, are fringed
with closely set hairs. The stalk or protopodite is spiny, and the flagellum or endopodite is two
and a half times the length of the body of the animal. The mandibles (Fig. 39) bear very large
palpi, and bave blunt interloeking teeth; a transverse furrow divides the cutting surfaces of each.
The first pair of maxillie (Fig. 38) consist of an inner (eoxopodite) aud onter branch (basipodite),
with a slender endopodite. The onter division or eoxopodite is thickly beset with strong spines.
The seeoud pair of maxille (Fig. 42) are furnished with an elongated plate, the “bailer” or
seapbognathite, whieh is fringed with hairs, an inner lobnlated portion (basipodite and coxopo-
dite), and an intermediate cndopodite, which bears several plumose liairs at its distal end.

The first pair of maxillipeds (Fig. 43) consist of an inner lobulated portion (coxopodite and
basipodite), thickly stndded with short bristles, an onter triangunlar plate (epipodite), and two
iutermediate appendages. The innermost of the latter (endopodite) terminates in a stont spine,
It eonsists of two segments armed without by a row of long plumose hairs. The whip-like,
appendage exopodite next this is twiee as long and is bordered with short hairs. In the sceond
pair of maxillipeds the basil portion consists of several lobules, tnfted with hairs, and o small,
external epipodite. There is a stout incurved endopodite, with hirsute terminal joints, and a loug
slender exopodite. A transparent lamella springs from the outer side of the proximal half of the
the endopedite, and bears plumose hairs on its free margin.

The third pair of maxillipeds (Fig. 46) aie long and eonspienous, somewhat less slender
than the first or seeond pairs of thoracic legs. The inner and outer borders are fringed with
long hairs. The oater border is denticnlated; the distal extremities of the segments, as of the
ischiopodite, produeed into a sharp spine. The basipodite is small, bearing the persistent and ragdi.
mentary exopodite, which is a slender palp eqnal in length to the isehiopodite. The first pair of
dereciopods (Fig. 47) are small, slender, and ehelate. The second pair of pereiopods are similar to
the tirst pair, but longer.

The third pair of pereiopods, the ¢ great ehel®,” differ someswhat in size, the right being some-
times larger and sometimes smaller than the left. The ehela is compressed and slightly twisted.
There is a single row of stout regular dentieles, forming a saw-tooth edge on either margin of the
** palm,” and several rows of lesser spines on the broad sides. There is also a longitudinal groove
extending to the base of the daetyle. The earpus is prismatie and bears about five rows of large
teeth. The isehinmn is more cylindrical, but similar. The dactyle and propodus possess each a
prominent tooth, whieh fits into a eorresponding depression.
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The tonrth pair of pereiopods (Fig. 48) end in short bifid daetyles, the terminal claw bearing
a shorter proximal one below. The propodus is superficially segmented into from five to seven
rings, which vary in size. The right propodus may have five rings, the left seven. The carpus is

artienlated into ten to twelve segments, commonly twelve, of variable or equal size, The fifth
pair of pereiopods is similar to the fonrth, bat shorter. The propodus bears from six to seven seg-
ments, the carpus from eight to twelve. In the fourth and fifth thoracie legs the nnmber of
rings into which the propodus and carpus are divided differ within the above limits in diflerent
individuals of either sex and ou the right and left sides of the same individnal. The pleopods are
all biramous, excepting the first pair, in whieh the endopodite is snppressed as shown in Fig. 44.
This pair of appemlages is mueh smaller in the male. In the female the Livst swimmerets are
nearly as long as the following pairs and are [vinged with long seta,

Measurements (in millimeters).

[ Locality: Nassan, New Providence, Bahama Islands. ]

Lengih from tip of rostrnm to end of telson ................
Length of carapax, inclnding rostram.....ooooeoeiieaat...
Greatest breadth, including spines
Greatest depth, inchiding spines ...,
Length ot rostrnm
Distance between transverse furrow and tip of rosfrum ... .
Length of tivst abdominal tergum ..o oo ooiiiiaaiiiiaL
Lengih of second abdominal tergum.... oo ool
Length of third abdominal tergum oo .o oo oolL
Length of fourth abdominal tergum
Length of fifih abdominal tergum
Length of sixth abdominal tergnm ... ..o ...

Bength of telson oo oeenoomm oo e i ieeiacei e,
Gratest hreadth of telson . ... . ..o oo,
Length of eve-stalk. .. ... ... . .oiiiiiao....
(Frcatestidiametior offeye® - oo DTl TSt DR R et
Breadth hetween e¥yes . ... o ocenaoaeieraooanccesccacaann
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Length of terminal segment of the same... ... ... ...
Leugth of inner tlagellum of thesame... ... . .. ... .....
Length of outer flagellum of thesame.... ... ... ..........
Length of scale of onter antenn:e
Greatest breadth of the same. ... ...
Length of stalk of outer antenowe
Breadth of stalk of onter antennwe ... ... S oo,
Length of tlagellum of outer antennie ... oo oeae oo aao.
Breadth of flagellnm of same at innerend ... ... ...,
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Mceasurements (in millimeters)—Contimied.
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REMARKS.—The earliest figure of Stenopus hispidus with which I am acquainted is that of
Olivier, published in ISIT under the name of Palwmon hispidus (1, Pl 19, Fig. 2). In this drawing
the third thoracie leg of the right side is represented as rudimentary. In explanation of this he
says: “La pince ganche manquoit et paroissoit repousser. Dans uun autre, ¢’étoit la droite qui
mauquoit et paroissoit repousser de méme.” The next drawing appcears in Milne ldwards’s Atlas
(3, PL. 25, Fig. 13) of 1837. Like Olivier’s plate this is crude and faulty.

A second and very much better likeness of the Hispidus by Milne Edwards eame out in
Cuvier’s Le Régne Auimal (4, PL. 50, Fig. 20). This is represented as pale straw color aud was
evidently made from au old alcoholic specimen. Some of the parts are also figured. Adams’s
figure (5, Tab. x11, Fig. 6), already noticed, and his brief description agree essentially with the
Nassan form. The antenu@® are not in their natural position, and should probably be more
than twiee as long as represented. Of the habits of the species he says: “The Stenopus, Sicy-
onia, and Penwus, usnally swim in a slow, deliberate manner forwards, and occasionally with
a sudden jerk propel themselves backward. They keep at a considerable distance from the shore
and seem to love deep still water, never appearing when the surface of the sea is ruffled.”
The drawing by Dana (6, P1. 40, Fig. 8) represents the antennw: of this animal for the first, time
in a natural position. The antennal and antennular stalks are, however, much too slender, com-
pared either with Adams’s figure or with the Nassau form. The length is given as 3 juches, while
the Stenopus on the plate mcasures about 24 inclies.  So far as it goes his description agrees in the
main with my own. He says: ‘“The legs of the first and second pairs and of the fourth and fifth
are colorless, and they are extremely slender, much more so than in the drawings hitherto giving
ot the Hispidus; third pair is about one-fourth longer than body, fourth joiut of second pair nearly
twice as-long as hand; fonrth joint of fourth pair 12-jointed, and fifth joint 7-jointed; tarsus
minute (p. 606).”

This extreme slenderness does not appear in the specimens examined by me, nor is it apparent
in Adams’s figure, which is one of the previous drawings referred to by Dana.  In making the
drawing of the Nassau Stenopus (Pl V) great pains were taken to represent all the appendages
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in their natnral positions, and in their trne relative proportions. In Adams’s plate the fourth
joint of the fourth thovacic leg has 16-17 rings, the fifth joint 8 vings. In the Nassau form the
carpus has 10-12, the propodus 5-7 rings. in details like this, wherve the right and lefs sides of
the same imdividnal are often unlike, it wounld be surprising to find agreement. Von Martens’s
short notice ot the Cuban oceurrence does not give us mneh additional knowledge, but theve is no
doubt that the aleoholic specimens examined by him belong to the same species as that deseribed
in this paper. He says: ‘ Ich weiss keinen erheblichen Unterschied zwischen diesen cubanischen
Exemplaren und den indischen anzugeben, weleh letztere ich bei Amboina gesammelt habe. *
* *  Nur erscheinen die indischen im Leben bunt roth gezeichnet, in Spiritus blass orange und
mehr hartsehiilig, endlich scheint Carpus und Hand des dritten Fusspaars bei ihnen minder vier-
seitig, doch ist dieser letztere Untersehied gering und fliessend.” He then adds tkat he wonld
not be surprised if it shounld turn out that the West Indian form was specifically different from the
East Indian.

So far then as we can judge from the figures aud meager deseriptions in our possession, the
Asiatic Stenopus hispidus can not be regavded as speeifically distinet from the American form.
Perhaps @ point of difference worthy of remark is the length of the body from rostrum to end ot
telson, whiech is given as 24 and 3 inches by Adams and Dana respectively. None of the Nassau
specimens which I have measured were more than 13 inches long.  The data upon this point are not
conclusive, and, in view of our knowledge of local variations in this respect, can not be regarded
as of much importance. It is hoped that the descriptions and measnrements whicl are here given
will atford a basis for future comparisons with the Pacitic Stenopus hispidns.

List of species.
So tar as I can learn, only five species of the genus Stenopus (Latreille) have been described, viz:

(1) Stenopus hispidus (Latr.):
Distrihntion : (¢) Indian Ocean, Borneo, and Philippines (Adams).
(b) Paumotu Islands and Balabac Passage, north of Borneo (Dana).
(¢) Amboyna, Cuba (Von Martens).
(d) Abaco and New Providenee, Bahama Islands.
(¢) “Red Sea, Indian Ocean, Indian Archipolago, New Guinea” (de Man).
(2) Stenopus spinosus (Risso) :
Mediterrancan (1leller), teste Von Martens and do Man.
(3) Steuopus ensiferus (Nana):
1Miji Islands.
(4) Stenopus semilevis (Fon Martens) :
(Ono specimen in the Berlin Zotlogical Musenm, purporting to have come from the West Indies. Length 120m,
Von Martens.)
(D) Stenopus tenunirostris (de Man) :
Awmboyna: Length 24@=.  (More closely allied to Stenopus spinosus of the Mediteranean than to Stenopuy
hispidus, and is the representative of the former in the Indian Ocean ; de Man.)
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CHAPTER IILI
THE HABITS AND METAMORPHOSIS OF GONODACTYLUS CHIRAGRA.

' By W. K. BROOKS.

(With PL 1, m1, x1v, and xXv.)
Toe STRUCTURE AND HABITS OF THE ADULT.

This well-known species is tound along the shores and islands of all tropieal and subtropical
seas, and our collections contain specimens from the Atlantie, the Pacific, and the Indian Oceans.
Among the many localities where its presence has been recorded the following may be named:
Bermuda, Florida Keys, Bahama Islands, Cuba, St. Thomas, Brazil, Mediterranean, Cape St.
Roque, Samboanga, Samboanga Banks, Nicobars, Red Sea, Amboina, Indian Ocean, New Gninea.
It is subject to but little variation, notwithstanding its very wide distribntion, and also notwith-
standing the lact that there are several other distinet species of Gonodactylns extremely similar
to chiragra, and distinguishable from it by only very minute differences. There is a well-marked
chiragra-like group of species all so close to each other that their divergence from each other must
have been comparatively recent, and in view of this fact it seems remarkable that one of these
species should so persistently vetain its identity when exposed to such a wide diversity of
conditions. ;

The species may be thus characterized : Stomatopoda with the sixth abdominal somite sepa-
rated from the telson by @ wovable joint; the hind hody convex; and the daetyle of the raptorial
claw withont spines and cnlarged at the base ; rostrim consisting of a transverse proximal portion
more than twice as wide as long, with subacute antero lateral angles and a slender, aente median
spine wlhich does not quite reach to the bases of the eyes; carapace nearly rectangular, three-fifths
as long as wide, leaving the dorsal surface of the second thoracie somite completely exposed ; an-
tero-lateral angles semicireular and projecting beyond the median gastric area, which is nearly flat,
and bounded by two nearly parallel gastrie sutures, which are continued to the posterior edge of the
carapace, which is nearly transverse with rounded postero-lateral angles; the transverse cervieal
suture is faintly marked, distang from the anterior margin abont two-thirds of the length of the
carapace; second thoracic somite, somewhat narrower than the carapace, with acute lateral angles;
the eight following somites equal in width and wider than the carapace; the third, fourth, and
fitth thoracic somites about equal in length; the lateral marging of the third are straight, with
ronnded angles, and as wide as the dorsal portion; the fourth is narrowed a little towards the
tateral cdge, and the fitth still more so; dorsal surfaces of tlie frev thoracic somites and of the first
live abdominal somites smootl ; hind boilly convex; all the abdominal somites have marginal lateral
carina, wlich are nearly linear, with the anterior end only a little wider than the posterior end;
postero-lateral angies rounded in the first four abdominal somites, rectangular in the fifth, and
acutely pointed in the sixth; there are no dorsal earine on the first five abdominal somites, and
no median dorsal carina on the sixth, which carries three pairs of swollen convex lateral carina,
which are equal in length and end posteriorly in acute spines, which are occasionally wanting
oun the submedian pair; the external carina is much less swollen than the others, and it unites
at its posterior end with the laterial marginal carina; the spines of all the earina project beyond
the posterior edge of the somite and lie in the same transverse plane.

S. Mis. 94——23
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The fifth abdominal somite 1s somewhat longer than those iu front of it, and about twice as
loug as the sixth. The telson sometimes presents slight variatious, but most of its characteristics
are well marked, so that there is usnally no difficulty in distinguishing the species by examining it.
It is cousiderably wider thau long, and its median portion is oceupied by a vounded prominence,
which consists of three broad, eonvex rounded earina, none of them ending in spines; the median one
ts longer than the others and spatulate at its posterior end, while the otliers have both ends obtusely
reunded and alike ; external to the proximal end of each lateral earina, and almeost direetly under the
tip of the second, or intermediate dorsal earina of the sixth abdominal somite theve is a small polished
hemispherical tuberele.  The edge of the telson is folded into six teeth, of which the submedians
are largest and project farthest backwards; the tips of the intermediates are distinet and veuch
about half way to the tips of the submedians; the laterals are obsolete on the dorsal surface, al-
though thin, small tips are distiuetly visible on the lat ventral swrtaee of the telson ; eacl of these
six teeth carries a dorsal eavinaj that of the lateral is marginal and nearly linear, while the otliers
lie in the dorsal axes of the teeth and are thick and convex; that which lies above the submedian
tooth is short, and lies in the same longitudinal plane as the external earina ot the median promi-
nence of the telson, while that which lies above the intermediate tooth runs nearly to the antevior
edge of the telson; the median edges of the submedian teeth are minutely serrated, slightly con-
cave, and meeting at an acute angle. There is a minute, nearly obsolete, tooth in the angle be-
tween the submedian and the intermediate, and the tips of the snbwmedians are oceasionally, but
exceptioually, tipped by movable acute spines.  The dorsal surface of the basal joint of the nropod -
ends posteriorly in an aeute spine with a small lobe on the outer side of the base; its ventral sur-
face ends posteriorly in a curved proeess divided into two acute envved spines, of which the outer
is much the stouter and ﬁsually cousiderably longer than the inner, although they are occasioually
nearly equal; the onter one has no marginal tooth. The paddle of the exopodite is abont halt” as
long as the second joiut, which carries a central terminal immovable spine, and usually eloven—
rarely twelve, and still more rarely ten—movable spines, of which nine ave marginal and the tenth
and eleventh terminal, largest, and central to the paddle. The eyes are cylindrical, with rounded
cornex:; and the first and second antennae are about equal in length, and more than half’ of the
second joint of the shatt of the first antenna is exposed in tront ot the eye.

In the Bahama Islauds this species presents two well-marked color variations, which oceur
side by side, specuiaens of both sorts beiug often found in burrows less than au ineh apart.  1n the
one form the color is a uniform dull-olive without spots or markings of any sort, as shown in PL ui;
while the other form, which is copied in PL 1, Fig. 2, is more transparent aud is delicately mottled
over the entire dorsal surface in an intricate but constant pattern of greyish-green pigment so
distributed as to torm three transverse bands across the carapaee and the large joints of the
raptovial elaws and fine transverse bands across the telson, while over the rest ol the dorsal
surface it forms a complicated reticnlum. This diflerence is not sexual, for I tound both males
and females of each color; nor is it distinetive of age, for, while all the largest speeimens were of
the uniform green color, I found specimens of eaeh eolor of all sizes except the largest. 1t s not
probable that there are two eonstant eolor varieties living side by side tu the Bahama lslands,
and T am disposed to think that the mottled trausparent speeimens are those which have recently
moulted, and that the color becomes more uniform as the cuticle hardens.

In the Bahama 1slands this speeies inhabits burrows which it constructs in the eoral rock or
In masses ot coral in shallow water, amld, as nearly all the loealities where its presence has been
re¢orded are in the coral areq, it is probable that this habit is pretty generally retained by the
species all over its habitat. 1 have tound it most abundant in lagoons and sonnds on shelving
beaches which are bare or nearly bare at low tide; and when a beaeh of this deseription i1s over-
llung by a hmestone eliff, from which fragments tall into the water, each fragment is honeycombed
by their burrows. A crack or natural depression iu the rock seems to be selected by the animal
when about to coustruct a new burrow, for most ot the burrows opened into such cracks. The
mouth of the burrow is nearly eireular and only a little larger than the body of its inhabitant, but
just within it wideus out into a flask-shaped cave (1. 1), with smooth, even walls and regular
curvatuare, and large enongh for the ammal to coil up or turn around inside it. Most of the burrows
are horizoutal, but many are vertical with the opening below, and a few are vertieal with the
opeuing above.
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The animals nsnalty rest coiled up, with the eyes and antennie directed ontwards, just within
the mouth of the burrow. They are always on the alevt and reach out and snap at every small
animal which approaches, even when it is two or three tumes larger than the Gonodactyhus,  They
rarely pursne their prey, at least in the day time, and while a bait held near the mouth of the bur-
trow will nsnally tempt them as far out as the body ean be stretehed withont leaving the burrow
they seldom go any further. In aquaria they are much more active at night than in the daytime,
and they may possibly wandermore in scareh of prey at night than I have ever seen them do in the
daytime. They are solitary in their habits, and t have uever found two in the same burrow. They
are pugnacious to an astonishing degree, and their fighting habits, as 1 have observed them in
aquaria, are so lixed and constant that they must be constantly exercised by the animals when at
home. When two specimens are placed together in an aquarinm they at first appear to be nn-
conscious of each other, but more careful examination will show that their eye stalks are in cou-
stant motion following cach movement of the enemy. They soon assume a position in which they
are face to face, although they may be on opposite sicdes of the aquarinm, and the eonstant wotion
of their eye stalks shows how intently cach movement is watched. Soon one attempts to get be-
hind the other, but each such attempt is trustrated, until finally they are brought close together,
face to face, and soon one springs suddenty upon the other and attempts to pinch sone unprotected
part. They then spring apart and eye cach other again to repeat the attack at short intervals
until one is disabled ; the other then springs upon him and soon tears him limb from limb, dis-
jointing all the free somites of the body and tearing out and devouring the flesh.

1 was not able to learn how the burrows are made, for none whieh I kept in captivity made
bnrrows. The regularity and smoothness of the burrows aund their adaptation to the shape and
size of the body indicate that they are constructed by the animals themselves. The habit of bu-
rowing in hard rock instead of soft mud is a fortunate one for the naturalist ; for, while it is almost
impossible to obtain the eggs of an ordinary Stomatopod without using a steam dredging machine;
it is easy to get those of Gonodactytus by breaking up the rock in which it lives.

While adult Stomatopods are abundant and widely distributed, their eggs are almost nnknown,
for most of them inhabit deep burrows under the water, where it is no easy matter to capture the
adnlts, and even when these are eanght they do not carry eggs even in the breeding season, for
the eggs are not fastenced to the appendages as they are in most Crustacea, but arve deposited at
the bottoms of the inaccessible burrows. As they are dependent upon the acration which is pro-
duced by the current of water which the pavent pumps throngh the burrow by means of the valve-
like paddles of the abdominal teet, they die when deprived of this carrent.  The eggs are sometimes
obtained, bnt unless they are tound in an advanced stage of development it is difficult to rear
them, and 1 know of no Stomatopod which has been reared from the ege under observation except
the Bahama Gonodactylus chiragra. As the pelagic larva are large and conspicuous they are
often captured at the surface of the ocean in the tow net, and the number of genera and species of
Stomatopod larvee which have been described is nearly equal to the nnmber of adnlt species which
are known, and the opportunity to identify even one of these larvie by actually rearing it from the
egg is a most noteworthy and important occasion.

The habits of the Babhama Gonodactylus afford this opportunity ; for the nature of the rock
which it inhabits prevents the construction ot a deep burrow, and as the fragments ot rock may
easily be carried ashore and broken up the eggs can be obtained without difficulty. At the time
of my first visit to the Bahamas I was engaged in correcting the proofs of my report on the Chal-
lenger Stomatopods, and one of the motives ot the expedition was the hope that T might possibly
obtain Stomatepod eggs. A day or two after onr arrival Dr. 15, A. Andrews brought me o Gono-
dactylus and a buneh of yellow eggs, which he had picked out ot a rock which he had broken to
pieces while searching for Aunelids. The eggs were newly laid, and, while they were obviously
those of some crustacean, there was no evidence that they belonged to Gonedactylus except the
tact that they were found among the fragments of" a rock which also contained this antmal, As
soon as I saw the eggs and heard how they had been obtained I ostarted for a point where the
beach was covered with fragments of coral vock. Tt was then late in the afternoon and growiug
dark, but I waded into the water and carried ashore as large a rock as I could lift.,  After I had
thrown this on to a larger rock aud broken it to pieces there was just daylight enough to show me
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the Gonodactyli scatlering in all directions, and the masses of yellow eggs which were spattered
over the large rock which 1 had used as an anvil; but the problem was solved, aud 1 went home
and to bed, confident that [ should next day get all the embryological material I needed.

As shown in PL 111, the animal molds or shapes the mass ol eggs into a hemispherieal cap,
which fits over the convexity ol the hind body and lies between it and the stoue wall ot the bur-
row. The parent reaches ont to snateh at passing prey, but so long as she is undisturbed she
remains in the burrow. When the burrow is broken open she quickly rolls the eggs into a ball,
folds them under her body in a big armful, between the large joints ol her raptorial elaws, and
cudeavors to eseape with them to o place of safety. The promptness with whieh this action is per-
tormed would seem to indicate that it is an instinet which has been aequired to meet some danger
which frequently presents itself. [t would seem as if a eave in a solid rock were a pretty safe
refuge from all enemies except a naturalist with a geological hammer, and it is ditiieult to say
what the accident is which has thus been provided against. The larger beads of growing coral
are olten broken oft’ by the waves, and loose [ragments ot rock are overturued by severo stortus,
and it is possible that, when alarmed by a violent shoclk, it flees from its cave to escape the
daunger of being crushed when the rock is torn from its place and turned over. At any rate its
habit is the ceverse of that of most burrowing animals, for they nsually retreat to the depths of
the burrow when alarmed. This is true of all the Stomatopods which 1 have had an opportunity
to observe exeept this species, and the chief use ot the burrow of Nqwilla empuse is for refuge in
danger, while Lysiosquille excavatriv darts down its burrow at the least alarm and can not be
driven out even when the saud has been dug up on all sides of it.

TOE METAMORPHOSIS OF (GONODACTYLUS CHIRAGRA.

That feature of the life of Stomatopods npon which new data are most to be desired is the
history of the early larval stages, and an abundant supply of the eggs of Gonodactylus cliiragra
rendered it an easy matter to obtain this history for that species. 1 also obtained a complete series
of eggs for studying the embryology, but, as a tew preliminary sections showed that this was of
slight interest and that there is no essential difference from other Macroura as regards the egg
cmbryology, this subject was not studied.

Most of our knowledge ol the metamorphosis of Stomatopods is based upon the comparative
study of collections ol aleoholie speeimens, and the direct observations on living larvie are very
seanty.  In 1852 Faxen published an account (Seleetions {rom Jibryological Monographs com-
piled by Alexander Agassiz, Walter Faxon, and B. L. Mark, 1 Crustaeea, Cambridge, 1582, Bull.
Mus. Comp. Zoil., Vol. 1x, No. 1, Pl. viu1, Figs. 2 and 3) of observations made three years betore
upon a young Nquille empuse which he bad reaved from an Alima larva; and in a paper which
was published in [S70 [ deseribed (Oun the larval stages of Squille empusa) a series of simitar Tarvie
which 1 bad studied while they were alive, and which was sufficiently complete to warrant the
statement that they were the young of Squilic empuse, and that this species probably hatches from
the egg in the Alima stage. Loy report on the Challenger Stomatopods (Report of the Seientifie
Results of the Voyage of 11, M. S. Challenger during the years i375-76, Xvi, part XLV, 1556) 1
have given an account of the metamorphosis of Lysiosquilla excavatrie whieh 1 had reared at
Beautort, N. C.: but except for these observatious our knowledge of Stomatopod metamorphosis
rests upon the comparative study of preserved specimens, aud, while the series which are picked
out from miscellaneous collections sometimes present pretty satistactory evidence as to the adults
which they represent, this sort of indirect evidenee can not be conclusive.

Large and varied collections ol larvie have been compared for the purpose of selecting those
which form stages in the same series, and of ascertaining as accurately as possible the adult aftini-
ties ot theoldest larvie, by Clans (Die Metamorphosen der Squilliden, Ablandl. d. k. Gesellsch. d.
Wiss., Gattingen, Bd. xvi, pp. 1-55, Pls. 1-vI11, 1871) and wyselt (Challenger Rep., pp. S1-114). My
own report was, so far as this subjeet goes, a supplement to Claus’s worlk, for in its preparation [
availed myself of his methods and results, amplifying and completing many of his observations,
and confirming some of bis results and correcting others.  Combining his work with my own, I
devoted o chapter of my report to the diseussiou of the larvie, and gave a scheme or outline of
the probable metaworphosis of each genns of adult Stomatopods.
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Stomatopod Larvie or Erichithida, as they were named betore their larval nature was suspected,
liave been divided into four genera, Erichthoidina, Erichthus, Sqeillerichthus, and Alima.  Of these
four the fivst, Hrichthoidina, is simply a younger stage in the life of the frichthus, and the thivd,
Squilleyichthus, a fully-growu larva of the Erichthus type, so that the genera become redueed to
two, Hrichthus and Alima. Of these two genera, one, Alima, is mueh more sharply defined than
the other, Erichthus, which contains a number of divergent types, of whieh I have shown that
five may be clearly distingnished, and T have proposed, for these five, names which indicate the
adnlt genus to which each eorresponds. [ have shown that there are niany reasons for betieving
that all Alimi are Squilla larvie; Alimerichthus, the larvie of Clloridella ; Hrichthalima, the Larvie
of Coronida; Lysicrichthus, the larve of Lystosquilla, and Pseuderichthus, the larvie of Psewdo-
squille.  The remaining larval type may be distingnished from the Lysierichthus by the shallow-
ness of its earapace, which is not at all infolded, and by the position of its postero lateral
spines, which arise very close to the dorsal middle line; while it may be distinguished from the
Pseuderichthus larve by the length of the posterolateral spines, which are at least halt as long as
the carapace, and also by the faet that the telson is svider than long and longer than the long
outer spine of the uropod. Tor this larval type, which was represented in the Challenger collec-
tion by many speeimens, I proposed the name Gonevichthus, giving, at the same time, many
reasons for regarding it as the larva of the genus Gonodaetylus. Several of these larvie were
selected and shown in Pl, X11, Fig. 5, P1. x111, INig. 9, and PL xv, Ifigs. 1 and 5, of my report; and
1 pointed out that in all of these larvie, as in the young Gonodaetylus, the sixth abdominal somite
has a pair of submedian spines near its posterior edge, and its posterolateral angles are produced
into acnte spines. The telson is slightly wider than long, and its snbmedian spiues are long and
slender, bnt shorter than they are in Pseuderichthus. The telson is notched on the middle line,
and there arve from fourteen to twenty small secondary spinules on its posterior edge, hetween the
submedians. There is one small secondary spinnle internal to the base of the lateral marginal
spine, another internal to the base of the intermediate, and a third midway between this and the
submedian.

In Pl xv, Figs. 5 and 6, of my report, as in the yonng Gonodaetylns, the outer edge ol the
nrroximal joint of the exopodite of the nropod is fringed by nine margiual spines, the terminal one
longest, and the outer spine of the basal prolongation is mueh longer than the inner, hut not so
long as it is in Pseuderichthus. A comparison of the telson of the young Gonodaetylus with that
ot the other larval types will show that the one now under diseussion is the ouly one whieli exhibits
this vesemblance, and as this Larva never exhibits any traces of marginal spines on the daetyle of
thie raptorial elaw it must pertain to some known adult with an unarmed dactyle or else to a new
genus. 1t is not probable that a larval type whicl is so common pertains to an pnkuown adnlt
genns.  The larvee are not Protosquillie, as this genus has the telson fused with the sixth abdom-
inal somite, while it is free in the older larvee; norare they Pseudosquillie, for they have 1o movable
spinnles on the tips of the submedian spines ot the telson; and as all the other genera of Stoma-
topods exeept Gonodaetylus have the daetyle armed, the only remaining genus is Gonodaetylus,
and the struetural characteristies of the oldest larva indieate that they are the yonng ot species
in this genus.

Led by these considerations I did not hesitate to speak of these larvee, in the Clallenger
report, as Goneriehthi, or yonng Gonodaetyli, and to give this larval form as one of the diagnostic
characteristics of the genns. This determination rests, however, npon eirenmstautial ot iudirect
evidenee; and, while the evidence is quite eonelusive, I was nevertheless pleased to obtain more
positive proof from the larva: which [ reared from the eggs of Gonodactylus chiragra,

Like many other Crustacea which inhabit the coral reefs, this species has its metamorphosis
abbreviated and it hatehes iromn the egg in an advaneed condition. It is shown just before hatehing,
seen from behind in PL x1v, Fig. 1, and from in front in Fig. 2. The large yolk eovers the dorsal
surface, and the larva is donbled on itself, so that the telson and the tip of the abdomen are visible
in a tront view. The first five abdominal somites are indicated before it leaves the egg, and the
first five pairs of ahdominal appendages are fully developed, although the other appendages, with
the exception of the mandibles and the large raptorial second maxillipeds, ave either absent or rudi-
mentary. The eyes are large, and even before hatching they are movable, althongh they are
nearly sessile.
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The larva, immediately after batehing, is shown in side view in Pl x1v, Fig. 3; in ventral view
in PL xv, Fig. 8, and in dorsal view in Ifig. 7 of the same plate. The carapace is nearly half as
long as the entire animal, and its posterior border, whieh is deeply emarginated, erosses the midde
line over the posterior edge of the tenth somite; the somite whieh earries the appendages which
are usually called, in the decapod Crostacean, the second pair of legs. There is a short, rather
stout vostrmm, und the anterior end of the carapace, wlieh covers about half the eyes, is nearly
semicirenlar.  The posterolateral spines are short and enrved ontwards; there are no secondary
spines external to thewr bases, but therve 1s a small median dorsal spine on the posterior edge of the
carapace, while the anterolaterals are absent.  The antennule consists of a two-jointed shalt with
two flagella, one terminal and the other arising from the dorsal surface of the distai joint of the
shaft, The antenna consists of a rndimentary exopodite, which 1s eylindrieal and ends in five
swimming hairs, although it is of little nse in locomotion. The large eyes are subspherieal,
nearly sessile, and they touch eaeh other on the middle line dorsal to the antennnles. The man-
dibles ave enormous and the two pairs of maxillic rudimentary, as are also the fivst pair of maxil-
lipeds, while the second pair, the large raptorial limbs ol the adnlt, are well developed, although
the dactyle is not folded backwards npon the penultimate joint or propodite. The third, fourth,
and ifth maxillipeds, corresponding to the third maxillipeds and first and second ambulatory
linibs of decapods, are rndimentary, and the three following appendages are absent, although all
the corresponding somites are indicated as well as their ganglia. The abdomen 18 about twiee as
wide as the thoracic region and somewhat more than half as wide as the earapace. The first five
somites are distinet and all end in acute posterolateral angles. The snture which separates the fifth
from the unsegmented region, which represents the sixth and the telson, is obscnre, and this
vegion is longer than wide,

The abdominal appendages gradually deerease in size from the first and largest to the fifth
pair, but all have their adult stroetnre, except that they carry no gills and all are fuuctional.
The telson has fonr marginal spines on cach side.  1ts posterior edge is slightly notched and car-
ries seven or eight pairs of minute movable spines.  The newly hatehed larvie swim aetively abont
by meuns of their abdominal feet, not by tlexing and extending the abdomen, and notwithstand-
ing the presenece of a great mass of food yolk 1 the walls of the stomach they eat voraciously.
By a lucky chanee I found their proper food at ouee. Several bunches of the eggs of someo
unknown Nndibranch were in the aquarinm in which the first brood liatehed, and the larva, nearly
a thonsaud in all, soon settled down upon them, covering them completely, and at once began
tearing them off and cating them. When washed away fronf them by ineans of a jet of water they
swam about the aquarimn for a short time, but soon settled down nupon the eggs again.  As these
egas are not very abundant they can havdly he the only tood of the yonng larvie, althongh I conld
tind nothing else that they would touneh, and they refnsed the egas of all other Nadibranehs. At
this stage the heart consists of a large anterior chamber in the vegion of the second maxillipeds
and a large dorsal vessel xunning as far as the Gitth abdominal somite, with a pair of ostia in eaeh
somite, -
After about sixty hours they moulted and assnmed the form which is shown in side view in P,
X1V, Fig. 4. The rostram and the spines on the posterior border of the carapace have lengthened,
but its shape and relative size are about as hetore.  The seeond antennae are more clearly divided
than befgre into a shatt and a scale, which has lost its liairs and is more flattened.  The first pair
of maxillipeds have made their appearance 1 the adlult torm, and the seeond pair are much larger
than before, and the dactyle is now folded back onto the edge of the flattened penultimate joint. 1n
all other respeets the larvais like the yonuger one, but a little longer and with less food yolk. In
about a week after hatching they molted again and passed into the third (Erichthus) stage, which
is shown trom above in PL xv, Fig. 9, and in side view in PL x1v, Fig. 5. The rostinm is now greatly
clongated and reaches to the tips of the antennules.  Small anterolateral spines have made their
appearance, as well as a small spine external to the base of each posterolateral.  These latter are
greatly elongated and very slightly divergent. A great change in the shape of the carapace has
taken plaee, as will be scen by comparing Fig. 7 of PL XV with Fig. 9. Tts lateral margins are
nearly parallel, and its greatest width only a little exceeds that ot the abdomen. Its posterior
border is now nearly transverse and ecrosses the middle line above the last thoraciec somite. The
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sixth abdominal somite has separated from the telson, but its appeundages are not yet developed.
The scale ol the antenna is now fringed with hairs, and the eyes are divergent, with well devel-
oped stalks.  The raptorial elaws have greatly increased in size and are beginning to approximate
to the adult form, while at the earlier stage they eclosely resembled the ehelie of the third, fourth,
and fifth pairs of maxillipeds of an adult Stomatopod. From this time on to the end of its larval
life the young Erichthus of Gorodactylus chiragra presents the eharaeteristics of that larval type
for wliich I have proposed the provisional name Goneriehthus; and, while the resemblance grows
stronger as the larva grows older, it is unmistakable even now, and still elearer after the next molt,
when it assumes the form shown in L. x1v, Ilig. 6, from above, and obliquely from below in PL Xv,
Fig. 10.

The antennulary flagella are now beginning to elongate, and that of the antenna is now rep-
resented by a bnd, but there are no new appendages, althongh the sixth abdomwinal somite is now
indicated. Althongh it is very mueh younger than ghe Gonerichthi shown in my Challenger report
in PL xv, I'igs. 1, 5, 6, and 11, it resembles these larvee in the tollowing features as well as in
many minor points: The rostrum is long and reaches beyond the tips of the antennules, and it has
four or five median teeth on its ventral surlace. The anterolateral angles of the ecarapace end in
acute spines pointing forwards, and the anterior edges are inclined towards each other, so as to make
at the base of the rostrum an angle a little greater than a right angle. The lateral horders of the
carapace are nearly parallel; and the posterolateral spines long, slightly divergent, and with a
small aeute spine external to the base of eaech. The carapace eovers all the five thoracic somites
and all or nearly all of the first abdominal, and its posterior border is transverse. The wedian
dorsal spine, which was earried on the posterior edge of the carapace of the younger larve (Figs. 3,
4, and 5 of PL X1V), has disappeared, although it persists until a much later stage in the larva
shown in Figs. 1, 6, and 11.of the Challenger report. The hind body is now nearly three-fourths
as wide as the carapace.

The Iateral margins of the telson still earry, as they did during the earlier stages, four nearly
equal marginal spines on each side; of these the most anterior is the external, the next the inter-
mediate, the third a seeondary spinule, and the fourth, whieh, at the stage shown in Fig. 6, PL x1v,
forms the posterolateral angle of the telson, is the submedian. The posterior horder hetween the
submedians is very slightly notched and nearly transverse. All the Challenger Goneriehthi are
very much older than this larva, and their telsons are more developed. The spines especially are
nineh more elongated ; but in Figs. 5 and 6 of Pl XV of the report the secondary spine can be
clearly recognized abont halfway bhetween the submedian and the intermediate.

With the assumption of the torm shown in PL xXv, Fig. 10, the habits of the larva undergo a
sudden change. Up to this time, while able to swim briskly about by the use of their abdom-
inal appendages, they spent most ot their time near the bottom of the aqnarium, seldom going
up more than an inch or two, although they are quite able to reach the top of the water, which
was about 10 inelies deep, and when masses of Nudibranch eggs were suspended near the surface
ot the water they quickly discovered and fastened npon them.

Up to this time, also, they were peacetul and did not attack each other. Several hundred sur-
vived the molt whieh precedes the beginning of their pelagie life, hut all ot them soon died and uone
passed this stage, which is the one shown in Iig. 10. They now left the bottom, and beeame rest-
less, swimming eontinnally at all levels in the water. They refused to tonch the eggs of which up to
this time they bad been so fond, and I could find nothing else which sunited their appetites, but their
proper food is, beyond question, small swimming animals of some sort, for they now began fighting
among themselves, and when two met they would seize eaeh other with their raptorial elaws, and
then tumble over and over together, until they struck the bottom, when both died. The survivors
would not toneh the dead bodies, although most of them soon shared the sawme fate, and the rest
became weak and soon died. '

At the same time that T was studying the growth of the captive larvee I captured several older
ones in the surface net, and one of them somewhat older than Fig. 10 is shown in Figs. 11 and 12.
The third, fourth, and fitth maxillipeds are now developed and are like those of the adult; and
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the three pairs of free thoracic legs, and the uropods are represented by buds. An nmber of monlts
and probably an interval of many weeks intervenes between this stage and the one shown in Pl. xv,
TFig. 11 of the Challenger report.

The life history of this species of Gonodactylus, in the Bahama Islands at least, is thus seen
to be extremnely simple. 1t hatches as an Erichthns and remains an Erichthns until it assumes its
adnlt form ; and as the snceessive appendages make their appearanee they have trom the first the
strnetare which they are to retain throngh life. The statement which I made in wmy Challenger
report (p. 55), that Gonodactylns hatches from the egg in the Erichthoidina stage and subsequently
changes into an Erichthus, is an error, at least so fur as Gonodactylus cehiragra is eoucerned,
although it is possible, in view of the great variation whiclh we have observed in a single species
of Alpheus, that in other regions, where the adnlts have dillerent habits, the larva may bateh in a
younger stage. Coral-dwelling crnstacea seem to exhibit a tendeney towards the abridgment ot
their metamorphosis, and it is not at all improbable that other species of Gonodaetylus may have
an Erichthoidina stage.

The Challenger colleetion eontains a bottle of very minnte and young larvie in the Eriehthoi-
dina stage, and one of these is shown in Fig. 3 of PL x11 ot my rveport,  Comparison between this
and the newly hatehed Lrichthus of onr species, Pl x1v, IMig. 3, will show many peints of resem-
blance, and futnre researeh may possibly prove that it is the larva of Gionodactytus, althongh the
statement that all Gonodaetyli hateh as Irichthoidin:e is an error,
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THE METAMORPHOSIS OF ALPHEUS.

By W. K. Broox anD F. H. HERRICK.

(With Pls. 1, I, 1V, XVI to XXIV.)
SECTION [.THE METAMORPHOSIS OF ALPHEUS MINOR FROM BEAUFORT, NORTH CAROLINA.

This small species is fonnd in abundance at Beanfort, North Carolina, and in the Bahama Islands,
and it is no doubt widely distributed along our southern coast. At Beanfortitis found in shallow
vertieal burrows in the sandy mnd whieh forms the bottom of most of the land-locked sounds
between tide mwarks. It is also met occasionally in shells, and under loose stones and oyster
shells.

Daring its development, between the time when it-hatehes from the egg and the time when it
acquires the adult form, it passes through a long wetamorphosis, divided into many stages. [ts
life history has been traced by one of the anuthors at Deanfort, and by the other at Nassan, and the
individnals from both these localities pass tlivongh exactly the same series of changes.  As we
also find that other species, such as A lpheus normani, pass throngh the same metamorphosis, the
lite history of Alpheus minor may be regarded at the primitive or ancestral life history of the
genus, which originally characterized all the species; althonghi it is now retained in its perfect form
by only a few, and has nndergone secondary or recent modifications in the others.

THFE FIRST AND SECOND LARVAL STAGES.

The stage in which the larva hatches from the egg is of very short duration, as it molts and
passes into the second stage within a few hours after hatching. No drawings of it were made
before the ehange, but this is very slight, and the deseription of the second stage holds trne in all
essentials of the first stage, exeept that the tips of the exopodites of the three pairs of maxillipeds,
and the plumose hairs on the antennules and antenn:e are not fully extended nntil after the change.

The second larval stage is shown in Pl xvi, Fig. 2, and in Pl. xvit, Fig. 2, and various organs of
the larva during the first stage are shown in Pl xvi, Figs. 4,6, 7, and 8, and Pl xviii, Fig. 4. In
Pl. xvi, Fig. 4, is the antenna of the first larval stage, Ilig. 6, the first maxilla, Fig. 7, the second
maxilla, Fig. §, the mandible, and Fig. 4 of PL. xviri, the first maxilliped. As shown in Pl xvrr,
Fig. 2, and in Pl xvi, Fig. 2, the locomotor organs of the larva during the first and second stage
are the plninose exopodites of the antenme and ol the three pairs of maxillipeds. There are no
functional appendages posterior to the maxillipeds, and the large eyes are freely movable and
entirely uneovered.

The larva has all its appendages fully developed and functional as far haek as the third pair of
maxillipeds. Following these are three bud-like rudiments of the first, second, and titth ila,irs of
thoracic lhnbs, and posterior to these a fong tapering abhdomen, divided into six segments, there
being at this time no joint between the telson and the sixth abdominal segment. Dnring the first
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stage there are no traces of any abdominal appendages, but in the second stage, the outlines of
the sixth pair are faintly visible under the caticle of the telson, as shown in Pl xvi, Fig. 2.
The stomaclh is almost completely free from yolk, and the surface of the body is marked by
red and yellow pigment spots, whieh are very constant in position and number, and are well shown
in the fignres.

As shown in PL xv1, Fig. 2, the antennnle consists of a stont shaft composed of a long basal
portion with no trace of an ear and a mueh shorter distal joint, which carries externally a mneh
shorter and smaller joint with fonr sensory hairs, and internally a long slender pinmose hair, which
is not fully extended until after the first monlt. At this stage this haiv is almost sessile upon the
shaft, although its base is destined to give rise to the long flabellnm of the antennule of the
adnlt.

The antenna has a large exopodite, which is fringed with plnmose hairs, and is an efficient
organ of locomotion. During the first larval stage this exopodite, which is destined to become
the tlat seale of the adnit antenna, is eylindrieal and distinetly anunnlated, as shown in PI. xvr, Fig-
4. At this stage it 15 divided into a basal portion and five movable joints, about eqnal in total
length to the basal portion.  After the first molt the annulations become less distinet, although
the “scale” 1s still eylindrical, as shown in PL xvi, Fig. 2. The basal joint of the antenna is abont
equal in length to the “secale,” undivided, and it carries npou the inner edge of its distal extremity
a simall, short, movable joint, with a single, long, plumose hair, which is “telescoped” before the
first moult, but fully extended afterwards. This short joint is the radimentary antennal fla-
gellnm, which mn the adunlt is equal in length to the entire body of the animal.

The mandible 1s shown in Fig. 8. Tt is deeply eleft into two branches, the onter one with two
rows of large, strongly marked dentations, and the inuer one with a radimentary palpns, two rows
of hairs, and a tinely serrated entting edge.  The first maxilla is very small, but it does not appear
to be rudimentary. It is shown mn PL xvI, Fig. 6. No exopodite eonld be made out. There is
a small endopodite, with one long, plumose hair, and two basal joints, one with two sharp cutting
hairs and the other with one. The second maxilla is shown in Pl xvi, Fig. 7. The two basal
joints ave feebly indicated, and each earries three slender, simple hairs.  The endopodite carries
two terminal hairs, and the flat exopodite is fringed by seven. 1 could not determine whether
these hairs are plumose or not. The three pairs of maxillipeds are functional and they present
features which are characteristie of the genus Alphens (see Pl xvr1, Fig. 2). Each has a large,
flattened. polygonal, hasal joint, which carries npon its inner edge a few short, sharp teeth, and
npon its outer edge a long, flat exopedite, with plumose swimming hairs, and an endopodite
whieh presents several peculiar features.

The endopodite of the first maxilliped is very short and two-jointed, that of the second is
somewhat longer and five-jointed, while that of the third is very greatly elongated, without traces
of joints, and ending in a long, simple hair which, as shown in PL Xviri, Fig. 4, is telescoped hefore
the first moult, but immediately afterwards becomes lengthened, as shown in Pl xv1, Fig. 2, until
it reaches forward beyond the fips of the antennules and antenne. Following the maxillipeds are
three pairs of buds to represent the first, second, and fifth pairs of thoraecic mbs. The first bud
consists of a single braneh, which is shown by its sabseqnent history to be the exopodite. The
second has two branches, a short exopodite, and an extremely short endopodite, while the third
consists of a somewhat longer, but still rudinentary, shaft, whieh represents the endopochte of
the titth thoracic limb, and has no trace of an exopodite.

The hind body is divided by joints into five abdominal somites, behind whieh is a long undi-
vided region to represent the sixth abdommal somite and the telson. Before the first moult none _
of the abdominal appendages are present, but. after thus molt the sixth pair are faintly indicated
under the integument of the telson, as shown in PL xvi, Fig. 2, The telson itseli is broad. snb-
triangnlar, with 1ts posterior border nearly straight and transverse. 1t earries eight pairs of stout
plumose hairs, of whieh three pairs are much longer than any of the others and nearly equal.
This set of three spines 1s placed at the angle ot the posterior edge on a lobe or elongation, which,
while it is so slightly marked as to scarcely interrupt the triangular outline, is still very distinet.
and easily recognizable.  Of the remaining tive spines on cach side of the middle iine, one 1s on
the external border, and the other fonr on the posterior edge hetween the group of three and the
middle line. The internal one is very small and might ecasily be overlooked.
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THE THIRD LARVAL STAGE.
(Pl. xvI, Fig. 1.)

After molting the second time the larva assnmes the form shown in Pl xvr, Fig. 1. It is also
shown, much less enlarged, in side view in PL xvir, Fig. 1. The first and fifth thoracic limbs are
now funetional, the second is represented by a bud, all the abdominal somites arve distiuet, and
the sixth abdominal appendage has made its appearance. The first ive abdominal appendages
are still unrepresented, and the eudopodite of the sixth is rndimentary, althongh its exopodite is
fully developed and functional.

Those appendages which were presentin stage two have undergone little change, The external
branch of the anteunule has, in place of the fonr sense-hairs of the earlier stage, only two, which
are much longer than before.  The long terminal hair of the inner branch has lost the marginal
hairs of' the earher stage angl 1s now simple, winle two plumose hairs have made themwr appearance
on the lower snrface of the distal joint of the shaft. The seale ot the antenna 1s still eylindrical,
but the annulations which marked it dnring the earlier stage have disappeared. The flagellum
still consists of only one short joint, and the long terminal hair which it carvied at the earher stage
has disappeared. The mandibles, maxille, and maxillipeds are abont as they were hefore, but the
endopodite of the third maxilliped has almost completely lost the long terminal hair of stage
two, and has also beeome relatively shorter, and is now divided into four joints.

The first thoracic leg, whieh was rudimentary in stage two, has now acquired a tlat basal
joint and a plumose exopodite, like those of the preceding appendages, bnt the endopodite is
represented only by a rndimeuntary knob or bud upon the antervior edge of the basal joint, The
second thoracic limb is, as it was at the earlier stage, a two-lobed bud. No bnds have as yet
appeared between it and the base of the fifth thoracic appendage, whielh is now fully developed
and forms the most conspicuous peenhiarity of this stage in the devetopment of Alpheus. 1t has
no exopodite, its basal joint is not enlarged nor flattened, and its long, slender, ¢cyhndrical shaft,
made up at this stage of tour joints, is prolonged at its tip into a loug, slender, tapering, simple
hair, the end of which reaches beyond the tips of the antenna when the appendage is in the posi-
tion shewn in the tigure PL xv1, Fig. 1. The appendage seems to have little power ot wotion and
it seldom deviates mnch trom the position shown in the drawing, being usually carried closely
pressed against the ventral surface of the body between the bases of the other appendages, with
its tip directed forward. All six abdominal somites are distinct and movable, but the tirst tive
have as yet no traces of appendages. The first fonr somites are short and eqnal, the fifth 18 nearly
as long as the first four together, and the sixth is very narrow and almost twice as long as the
fifth. The endopodite of the sixth abdominal appendage is present and ot considerable size, but
it is not as yet funetional, although the exopodite, which is not very much l:l‘r;’:vr, 18 fringed by
six long, plumose, swimnnng hairs and is nused in locomotion. The two spines which are carried
upon the lateral margins ot the telson at an earlier stage have disappeared, and there is less dit-
terence than before in the relative sizes ot the others, bnt the general form is the same.

FOURTH LARVAL STAGE.

The subsequent history ot Alpheus minor was traeed by one of the anthors at Beaufort and
by the other at Nassan, but as the stages which follow were found to be almost exactly like the
corresponding stage of’ other spectes whieh had already been drawn, 1t did not seem to be advisa-
ble to make new tigures, and in the remainder of the deseription the illnstrations which are
reterred to actunally represent the larvie of other species.  After its third molt the larva of
Alpheus manor passes into its tourth stage, wheu it becomes almost exactly like the fourth larval
stage of dlpheus hetevochelis, shown i Pl xviy, Ifig. 3. There 1s hittle change at the anterior end
ol the body, exeept that the carapace now begins to extend over the eyes, and the cars have made
their appearance in the basal joints of the antennules.  The mandible has lost its onter branch,
and the basal joint ot the second maxilla, L xvi, IMg. 5, carries on 1ts inner edge three hairy lobes.
Tlhiere are now five pairs ot swimming appendages in place ot the three ot stages one and two, and
the four of stage three, ‘These five are the exopaodites of the first, second, and third maxilipeds
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and those of the first and second thoracie legs. The endopodites of the maxillipeds are as befcre.
The endopodite of the tirst thoracic leg, which was vepresented in stage three by a rudimentary
bud, now appears to be entirely wanting. The second thoracic limb, which in stage three was
represented by a bilobed bud, now cousists of a basal joint, with a large, functional, plumose
exopodite and a rndimentary, bnd-like endopodite, Between this appendage and the base of the
fully developed filth thoracic limb there is a row of buds to represent the third and fourth thoraeie
limbhs, whieh became developed atter the next molt, The fifth is abont as it was in the preceding
stage, and it earries no trace of an exopodite. The abdomen is abont as before, except that the
cndopaodite of the sixth abdominal appendage, the only one yet represented, is now fully devel-
oped and fringed like the exopodite by long, plnmose, swimming hairs. The telson has beeome
elongated and narrow, and the spines upon its posterior end arc mnch smaller than before.

THE FIFTH LARVAL STAGE.

None of the figures of the larva of other species exactly represent the larva of Alpheus minor
after the next molt. The eyes are now partially covered by the carapace, and the swimming
organs are the seven pairs of fully developed exopodites belonging to the thiree pairs of maxillipeds
and the first fonr paivs of thoraele legs. At this stage these fonr pairs of appendages reacqnire
their endopodites, and the anterior end of the body is similar to that of the larva shown in Pl xx1,
Tig. 1, from which, however, it dilfers greatly as regards the telson and the sixth abdominal ap-
pendage. The first five abdominal appendages are now represented by buds like those shown in
Pl xxi1, Fig. 1, and in PL xix, Figs. 1 and 2, but the terminal portion of the abdomen is nearly like
that of Fig. 3 in Pl xx. The telson is greatly elongated, narrow, and its terminal spines are
very small.

TIIE OLDER LARVAL STAGES OF ALPHEUS MINOR.

Daring the sueeessive molts the abdominal appendages become fully developed, the eyes be-
come completely covered hy the anterior edge ol fhe earapace, the antenna beecome elongated, the
antennule develops a seale, the swimming exopodites ol the maxillipeds and thoracie legs disap-
pear, these appendages assnme their adnle form, and acqnive gills, and the animal gradnally be-
comes like the one shown in Pl xx, Tig. 2, which is a young Alphens of another species.

THE METAMORPIIOSIS OF ALPIIEUS HETEROCHELIS FROM THIS BAITAMA ISLANDS,

In the Bahama Islands this speeies passes through a series of stages which, execept for a few
mivor differenees of detail, are exaetly like those in the life history which has jnst been deseribed.

This fact is remarkable when it is known that the life history of the same species is very
different at Beanfort, North Carolina, and that Packard has deseribed still another life history
for specimens of the same species whieh he stndied at Key West.

FIRST LARVAL STAGE.

The Bahama specimens hateh trom the egg in the stage shown in side view in Fig. 1 of Pl xVIIL.
As this larva agrees in all details of its struetnre with the first stage of Alpheus minor shown in
PL xviIr, Fig. 2, already described, no further deseription is necessary.

THE SECOND LARVAL STAGE.

Like Alpheus minus the Bahama specimens ol Alpheus heterochelis molt within a few honrs
after hatching, but they undergo no essential change, and P’l. xvi, Fig. 2, exhibits all the essential
charaeteristics, althongh this figure was drawn from a specimen of Alpheus minor.

The most noteworthy specifie differenee is in the relative length of the marginal spines of the
telson. In the first and second larval stages of both speeies there are eight pairs of spines, one
pair on the onter edge and seven on the posterior edge, as shown for Alpheus minor in Pl XvI. Fig. 2,
awd {or Alpheus heterochelis in Pl xvI, Fig. 3. In both species the pair next the median line are
rudimeuntary and the next pair very small, but the three which arise from the rounded angle of the
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telson are much more nearly equal to the others in .Lipheus heterochelis than in Alpheus minor. 1f,
as seems probable, the triangular telson ot the macrowran zoéw is a secondary moditication of the
deeply furcated telson of a more ancient protozoea, then the first larval stages ol A Iphens minor
are in this respeect more primitive or protozoean than those ot Alpheus heterochelis.

THE THIRD LARVAL STAGE.

Thisis shown from below in PL xvi11, Fig. 2/ and a eommparison with Fig. 1 of Pl. xv1 will show its
very close resemblance to Aipheus minws at the same stage. The only essential ditference between
them relates to the rudimentary thoracie limbs. 1n both species the first thoracie limb has a
functional swimming exopodite and a rodimentary endopodite, and iu both the fitth thoraeie limb
has a greatly elongated jointed cylindrical endopodite and no exopodite, but between these limbs
Alpheus heterochelis has buds to represent the other three pairs of thoracic limbs, while Alpkeus
minor has buds for only one pair, and the other buds do not appear nntil after the next molt.

THE FOURTII LARVAL STAGE OF ALPHEUS ITETEROCHELIS,

This is shown from below in Pl xvi11, Fig. 3, and there are no noteworthy difterences between
it and Alpheus minor.

TIIE LATER STAGES OF THXE BAIIAMA ALPHEUS HETEROCIIELIS.

The transformation of the larva into the adult Alphens occupies a number ot molts, and the
general character of the changes will he understood by the study of Pl X1X and xX, although
these plates were drawn from Beanfort specimens of the species.

THE METAMORPIIOSIS OF ALPHEUS HETEROCHELIS FROM BEAUFORT, NORTIl CAROLINA.

As shown in Pl XX, Fig. 1, this, before it hatches from the egg, reaches a stage of develop-
ment which somewhat resembles stages two and three of the Bahama specimens.  There are many
important differences however, and the stage in which it hatches is not directly comparable with
any stage in the life of the Bahama form, nor in that of Apheus minor. Just before hatchiug it
has, like the Bahama form immediately after hatching, three pa‘irs‘of fully developed swimming
maxillipeds, but it also has buds to represent all five pairs of thoracic legs. The antennary scale
and flagellmn are mnch more advanced than they are at a muelr later stage in the Bahama form,
and the abdomen is mueh more distinctly segmented. The larva, immediately after hatching, 1s
shown in side view in I’ x1x; Fig. 2, and in ventral view in Fig. 1. The antennule and antenna
are shown on a larger seale in Figs. 3 and 4, and the mandible and first and sccond maxillie in
TFigs. 5, 6, and 7 of the same plate. The animal now has all the appendages which are present in
the adnlt, but all behind the maxillipeds are rudimentary, although they all become tunectional
after the first molt, as shown in Pl xX, Fig. 3.

The antennule, Pl. X1X, Fig. 3, has a long eylindrical shaft made up ol three joints fringed
with plumose hairs and terminating in an exopodite with sensory hairs aund aun endopodite or
flagellmn, which is short and rudimentary but much longer than it is in the younger stages of the
Babhama speeimens. The antenna, Fig. 4, presents even greafer diflerences. The flagellum is
abont as long as the scale, and two jointed, while the scale itself is flat, although its tip still pre-
sents traces of a primitive segmented condition. 1t is, however, of little use in swimining, and in
fact the larva has at this stage only very feeble locomotive power. The eyes are stalked and
movable and almost completely nncovered. The mandible 1s simple and without a palpus, as
shown in Tig. 5. The first maxilla, Fig. 6, is very small, but apparently it is not rudimentary as
its two lobes carry cntting hairs. The seeond maxilla, Fig. 7, is a broad flat plate, very much
more developed than that of the newly hatched Bahama specimen shown in PL xvr, Itig. 5.

The three pairs of maxillipeds (Pl. xIx, Fig. 1) are almost exaetly like those of the newly
hatched Bahama larva (Pl xvirr, Fig. 1) or those of the Alpheus minor at the same stage (Pl xvi,
Fig. 2), but the thoracic appendages (PL x1X, Ifig. 1) are entively difierent, and the ventral surface
of the body is covered by a mass of limbs closely crowded, all pretty well developed, bat all as yet
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funetionless.  Careful examination shows that there are tive pairs (the five pairs of thovacic limbs),
and that all but the last pair are biramous.  In all, the exopodites ave longer than the cudopodites,
which deerease in length trow in front backwards, while the endopodites inerease in length. The
later history of these limbs shows that the exopodites never become functional, as they do in the
Bahama torm.

All six abdominal somites are distinet, although the line separating the sixth from the telson
is faintly marked. The first five pairs ot abdominal feet are represented by five biramous buds
projecting beyond the outline of the body, while the sixth pair are on'ly taintly outtined under the
enticle of the telson, which itselt presents a wost important difference from that of the young
Babama larva, as it is not triangular, but spatulate ; and of the ¢ight pairs of seta the three pairs
which 1 Alpkeus minor hie ou the lobe at the angle of the telsou are not on a distinet lobe, nor do
they differ in size [vom the adjacent set:e.

This larva molts a few hours after hatehiug, and at once undergoes the most profound ehanges,
and assumes the form shown in Pl xx, Fig, 3. Itis no longer a larva, but a young Alpheus.
The eyes are ahnost covered by the carapace, the ear is well developed, and all the appendages are
present and funetional and essentially like those of the adult.  The antennule has two flagella, each
with several joints. The flagellum of the antenna is more than twice as long as the seale and is
composed of twenty-two joints, while the scale has its final form.

The tirst maxitla (Fig. 5) has a large elab-shaped lobe, fringed with short hairs, and a rudi-
mentary endopodite, while the second maxilla (IMig. 6) is a broad flat plate with cutting lobes and a
short, rod like endopodite. The three pairs of maxillipeds ( Figs. 7, S, and 9) have assuwed the char-
acteristic Macrouran form and are no longer coucerned iu locomotion, while the thoracie limbs have
elongated into the five pairs of ambulatory appendages ol the adult, although they still retain
their rudimentary exopodites.  The abdomen is now like that of the adult, and the telson (Rig.
4) is long and narrow.  An older specimen is shown in Fig. 2 and a still older one in Pl xvir, INe. 3.

Comparing the history of the Babama form with that ot the North Carolina form, the most
conspicunons peenliarity, and that which first attracts attention, is the great abbreviation of the
latter.  The Beaufort specimens hateh in a mueb more advauneed condition than the Baliama speei-
wens, and, while the latter pass through many larval stages, the former quickly assume the adult
form. This is uot all, nor is it even the most fundamental difference between them. The develop-
ment ot the Beaufort specimens is not simply accelerated ; it is profoundly modified, so that ne
exact parallel can be drawn between any larval stage of the one and a stage of the other. The
statement that the Beaufort specimens pass, befove leaving the egg, through stages which are
exhibited during the free life of the Bahama specimens would do violence to the taets; for the
ditference between them is very mueh more fundamental than this statewent would imply.  For
exawmple, the Babawa form has at first three, then four, then tive, and then seven sehizopod feet
with functional swimming exopodites, while the Beaufort form never has more than three. As
regards the thoracie region and the first five abdominal appendages the Beaufort larva, at the time
ol hatching (PL xr1x, INg. 1), is wore advanced than the fourth larval stage of the Bahama torm
(P xvarr, Ifig. 3), while the sixth pair of abdominal appenduages are like those ot the Bahama torm
at the time ot hatehing (PL xvi, Fig. 3).  In the Bahama form the first and fifth thoraeic limbs are
the oldest, and the others appear in suceession trom in front backwards ; all five pairs make their
appearance together in the Beaufort torm.  1n the Babama form the sixth pair of abdominal feet
appear before and in the Beauafort form alter the others. Many minor differences of the same
general character show that we have to do with protound moditicatiou ot the life history rather
than with simple aceeleration.

TUE DEVELOPMENT OF ALPHEUS HETEROCIIELIS FROM KEY WENT.

According to Packard’s aceonnt the specimens of ipheus heterochelis which occur at Key West
differ from those which oceur at Beaufort in about the same way that the latter ditfer from those
from the Bahawas, as the metamorphosis appears to be entirely absent in the Key West speci-
mens.  Packard states that, while still iuside the egg, they had all the appendages of the adult
in essentially the adnlt form. There were five pairs of thoracie legs and the first pair had large
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chelie, and the eyes were nearly sessile.  In this case also there seems to be moditication as well as
acceleration, as Packard says that there were only five pairs ol abdominal feet and that these were
well developed. [t may seew to some that the lact that these three forms present such great aund
constant differences in developwuent is & reason for regarding them as three distinet species, but,
whether we hold that they beloug to one, two, or three speeies, they will still furnish proof of the
existence ot profonnd modifications in the life histories ol adults which have remained almost
exactly alike.

Carefnl and minute eomparison between adult specimens from Beaufort and Nassau showed
the closest agreement in nearly all particulars (v. Chap. v, I’t. First, Section 11), and it has there-
fore seemed best for us to regard them as belonging to a single species; the niore so since onr
discovery that different individnals of another species fonnd at Nassan (Aipheus sauleyt) difter from
one another during their larval stages in somewhat the same way that tlic Beanfort speeimens of
heterochelis differ from the Bahama specimens.

Alpheus minor and Alpheus heterochelis are very distinet speeies. The adults have diverged
from one another so far that one eould not possibly be mistaken for the other; yet the lite history of
the Bahama heterochelis is so exaetly like that of Alpheus minor, both at Beaufort and in the
Bahamas, that the same ligures of the early stages will serve for both; for the larval stages of
heterochelis have nndergone local modifications, while the adults have remained almost absolutely
nuchanged, except as regards the reprodnetive elements and their produet.

A SECTION V.—LARVAL DEVELOPMENT OF ALPHEUS SAULCYI.

An egg of Alpheus sauleyi just ready to hatch is shown in Pl xx1, Fig. 5. The large claws are
plainly visible through the transparent shell. The antennwe are lolded back alongside the body,
while the abdominal and closely packed thoracie appendages are direeted forward. The telson
overlaps the head.

First larva (length, = %% inch).—Fig. 1 shows the larva as it is just hatched. 1t belongs to
the variety found in the brown sponges. The varions parts may be scen more highly maguitied in
Pl xxi, Figs. 4, 6, 7,9, and PL xx11, Figs. 1-8,12. In both varieties the animal hatched as a sehizo-
pod, loosely infolded in a larval skin, but not invariably, as I have noticed that in one or two cases,
where females of the longicarpns with very few, perbaps hall’ a dozen eggs, prodneed yonng, the
metamorphosis was completely lost, the larvie being in a stage corresponding to that usually at-
tained after the second molt and represented in Pl XX, Fig. 8 This is referred to again at
the end of the section.

To retnrn to the first larva (PL xx1, Fig. 1) ; this is fifteen one-hundredths of an inch long, 1t
is semi-transparent and colorless, except for spots of characteristic red and yellow pigment sprinkled
freely on thie abdomen, the telson, and appendages. Rudimentary gills are present and a remnant
of nuabsorbed green yolk is conspicnous in the stomach. The earapace covers the bases of all the
thoracic appendages but the last pair. It is produced forward into a short simple spine, the ros-
trum, which extends between the eyes. There is a rudiment, on either side, of the ocnlar spines
(PL. xx11, Fig. 6), which soon grow forward and give to the front the characteristic trident shape,
The eyes project forward, only the extreme base of the stalk being covered by the carapace. A
median eye or ocellus is present just below and between the bases ot the lateral eye stalks.

Both pairs of antennge are biramous and jointed. The antennules (Fig. 8) consist of a stont
pedunele, a short endopodite, and a shorter bud or duter branch, which bears several bnnehes of
sensory filaments. The pednncle is composed of three segments, as in the adult; the basal joint
being four times the length of either of the other two, and bearing ou its onter side a rundimentary
aural scale. The upper margin of each joint carries one or more plumose hairs. The antenne
(Pl xx11, Fig. 7) are formed on the adult plan. There is an inner antennal stalk cousisting of
two joints, bearing a rndimentary flagellum, and an outer scale or exopodite. The distal margin
of the exopodite is garnished with plumose bairs and carries a short outer spur.

The mandibles (Fig. 12,drawn from a larva alter thie first moult) are deeply cleft, as in the adult.
The outer branch is dentated at its distal end aud carvies a palpns.  The first maxille (1%g. 6,
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shown with more detail in Ifig. 3, L XX11) bave adult eharaeters, They are bivamous. The endo-
podite is stont and toothed at its apex. The more slender onter division hears a short spine
near the distal end. In the second maxille (Fig. 6, Pl XXI1) the seaphognathite or respiratory
plate is most prominent. This is now composed of an anterior portion, bordered with from six to
twelve long plumose hairs and a posterior, 1udiinentary, and hairless lobe. The inuer division
(endopodite) has the adult form, while the junermost lobes of the adunlt appendage (L xxi1v. Fig.
9) are unrepresented.

The maxillipeds are all biramous appendages, and their exopodites are the prineipal swim-
ming organs.  The endopodite of the first pair is short and stout aud divided at its tip. That of
the thivd pair is three-jointed and equal in length to the exopodite.  In the first pair of thoracie
legs ('L xXXI, ffigs, 4 and 7) the inequality of the chelie is very marked, and, as we have already
seen, it is so for some time before hatching., Individnals differ somewhat in this respect., The
articulations of the carpus and meros arve distinet.  The exopodites of this and of the three sue-
cecding pairs ol thoracie limbs wre tipped with rodiinentary invaginated hairs. The second pair ot *
pereiopods (PLoxxar, Fig. 1) are chelate, hut the articulations of the carpus are not distinet.  The
thivd pair of pereiopods (Ifig. 2) end in bidentated daectyles and have short exopodites, The
fifth pair are without swimming organs.

All the abdeminal appendages are preseut and functional, excepting the sixth pair. They
have only very shovt haivs nutil after the tirst monlt.  The first pair (Pl xx11, Ifig. 5) cousist
ol a larger outer and smaller inner Dlade.  This endopodite remains radimentary in the adnlt
mile, but nearty equals the exopodite in length in the female; as will be seen by retereuce to Pl
X1V, Figs. 4 and 5. This convenient sexual mark probably appears carly, but ecan not be velied
upon at this stage.  The second (PLoxxi1, Fig. 4) and three saeceeding pairs of pleopods have a
stout base, an onter blade like that of the first pair, and a shorter endopodite which bears on its
inner margin a lobule or palp. The sixth pair, or uropods (1. XX1, Fig. 9), are not yet tree.  The
inner and smaller divisions point forward, mieeting on the middie line.  The telson, which termi-
nates the bady, covering the onter uropodal limbs, is a ronnded, spatulate plate, with @ wedian noteh.
Its tree posterior edge is fringed with seven pairs of plumose spines, the first or median pair being
rudimentary, and the next four suceeeding pairs tong and nearly eqgnal.

Necond larva (length, 55 jueh).—The tirst moult takes plice either immedrately or very soon
atter hatehing,  The animal as it now appears is shown in PL xxi1, Fig. 2. The prineipal external
changes thus produced are the foltowing: (1] The rostrum and ocular arches extend farther over
the eyes.  (2) Both divisions of the antennules are considerably extended.  The flagetia of the
antenze ave trom three to four times their former size and are articulated iuto twenty to thirty
rings, the scale still not passing the peduncle.  (3) The thoracie appendages have more of the
adult characteristies.  The articulations ot the carpus of the second pair are distinet. The exo-
podites ol the fivst four pairs ave funetional, and the last pair has grown forward. (4) The
pleopods presently acgnive swinmmming haivs; the telson plate is free and the nropods arve funce-
tional for the first time. (5) The last thoracic segment is still uncovered and the eyes ave
incompletely. hooded.

Third lurva (length, abont b oineh).—The third larva as it appears after the second moult,
which takes place in twenty-five to thirty lours after hatehing, is represented in PL xxi, Fig,
S. 1t has now the general adult character, and ean not be cualled a larva in the strict sense. At
even this early age the pugnaecious instinet is strong, aud althongh only abont one-sixth of an
inch long, it snaps andibly the fingers of its large “ hand,” whieh is carvied extended forward, 1t
also swims ou the bottom of the jar in all respects like the adult. Only a tew g¢lobules of yolk
remain in the stomach. The gills are now quite prominent. They are evidently functional to
some degree, :nd were so, possibly, at an earlier date. The yellow and ved pigment cells have
nearly all disappeared or are temporarily withdrawn from view.

A most prominent change at the second monlt is the extension forward of the rostrum and
the ocular spines, which form a hood over cach eye. The antennal pedunele surpasses the scale,
and its flagelhim nearly equals the carapace in length.  As in the adult, the large chelie are very
prominent, The exopodites of the thoracic appendages have dwindled to rodiments.. The view
of the head of a four-days old Alpheus is shown in Pig. 3, Pl. XXI.



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 369

The fourth form (after third wmoult).—When six or seven days old the third moult is passed,
but only slight ehanges are introdueed. The small chela and the inner and onter antenuw ot this
phase are given in Figs. 9, 10, 16, P). xx11.  The inner branch of the antennules is still relatively
short; the basal or aural spine extends to nearly the eud of the first joint. The bristle-bordered
plate of the antenn:e has now developed a considerable spine near its oufer extremity, a rudiment
of which appears in the tirst larva (Fig. 7). This represents the squamal spine, to which the plate
is ordinarily atfached, in the adult. The spine is here developed from the plate. The latter may
disappear, as we shall see further on, to be finally regenerated from the base of the spine. The
small ehiela has the adnlt form.

The fifth form (after fourth monlt).—These animals moulted the fourth time ten days after
hatching. Very little change was apparent, exeept in size, and beyond this point we did not follow
them.

METAMORPHOSIS OF ALPHEUS SAULCYI FURTHER ABBREVIATED.

As was stated above, the metamorphosis of Alpheus sauleyi may be still further aceelerated
so as te practically disappear altogether. This fact is illustrated by a yonung Alpheus hatehed
in a glass dish April 25 (Fig. 17, PL xx11). The prawn (var. longicarpus) was taken from a brown
sponge. The eggs, half'a dozen in number, were slow in developing.  The small ehela is shown
in Fig. 15.

This phase corresponds with that usnally attained after the sceond monlt (shown in Fig. 8,
PL. xx1), with which it corresponds in size and color. All the thoracic and abdominal appendages
have nearly the adult form, the exopodites of the tormer being rudimentary, as in Fig. 8. The
large ehela is most prominent, heing nearly as large again as the smaller one.  The eyes are partly
hooded, but not so much as the four-day old prawn represented by Fig. 3. The Alpheus had to be
held in a compressorimm in order to be drawn, so that the parts are slightly distorted by pressure,
At the time of hatehing most of the hairs on the appendages generally are in a rndimentary
condition.

S. Mis. 94——=24
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Fourth stage: 'Thickening of optic disks. Ru- (1) Origin of the eptic disk.
diments of appendages. (2) Development of the retina and the
Fifth stage: Rudiments of three pairs of ap- optic ganglien.
pendages.  Optic disks closely united hy The eye underthe influence of light and dark-
transverse cord. Degenerative changes. ness.
Sixth stage: Tho cgg-nanplhius. X. Sumwary of Part Second.
Seventh sltage: Seven pairs of appendages XL References.
formed. l Explanation of figures (accompanying each plate).

[ With thirty-eight plates.]

INTRODUCTION.

The observations offered iu this memoir were undertaken at Beaufort, North Carolina, in
June, 1885, at the Marine Zoological Station of the Johms Hopkins University. DBut little was
accomplished, however, until the next and tollowing seasons, 183687, when I enjoyed the advan-
tages of this laboratory in the Bahama Islands.

A part of this memoir was aecepted as a thesis lor the degree of Ph. D. by the Doard of
University Studies of the Johus llopkins University in May, 1838.

I take this opportunity of thanking Professor Brooks for his invalnable ¢ounsel, aid, and
encouragement trom the beginning to the end of the worlk.

At Nassau, New Providence, during a sojourn of fonr months (Mareh to July, 1887), I had the
rare opportunity of a making a comparative study of a large number of Crustacea. At least thir-
teen speeies of Alpheus were discovered on the eoral reefs and shores of New Providence, and
in all these the eggs have been obtained, and in nearly all the larvee or lirst zoéas have been hatehed
in aquaria. Many of these forms are new or hut little known, and when the means of-publieation
is found it is hoped that their comparative and systematie zoilogy ean be fally illustrated.
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The majority ot the decapod Crustacea have a long and complicated metamorphosis.  That
in a few forms the early stages are jumped, so that the young hateh in praetically the adult condi-
tion, is a remarkable fact, and the discovery of a probable cause for this phienomenon in Alphens
is one of the most interesting results of that part of our work which deals with the metamorphosis
of the genus.

The development of Alphens has never, I believe, been previously studied, excepting the
metamorphosis of the two Beaufort species, so that there is no work ol others to reler to, which
bears directly upon our subjeet. But the literature of the Arthropods is very great, commensurate
indeed with the size of the group. During the progess of this work a number of important papers
have appeared which are referred to either in the text or in notes.  While mneli is kuown of the
Arthropods as a whole and of that large division of them included under the Crustacea, it is
probably true that a great deal of this knowledge is of a very fragmentary and unsatisfaetory
patnre. There is great need for detailed and tull accounts of the developmentand organogeny
of many forms in order that the velations of the various members ot the Arthropod type may be
elearly established.

The present work may be regarded as a contribution toward supplying the need just men-
tioned, but how imperfectly it is unnecessary to say.

The plan of making obscrvations npon other Crustacea [or comparison with the more detailed
stndies of Alpheus has been as yct ouly partially carried out.  The early stages ot Stenopus hispidus,
Homarus Amerieanus, aud Pontonia domestica have, however, been followed, and less completely
those of Hippa talpoides amd Palamonetes vulgaris.

Spenee Bate (3) states that the shortened development of Alpheus was first described in his
niemoir, with drawings, communicated to the Royal Soeiety in 1876, {rom a specimen proeured in
the Mauritins, He named his specimen Homaralpheus, ¢ trom the impression that species produeing
a Megalopa eould not be placed in same genus as those prodncing a Zoia.,” He says: “The orig-
inal of my drawing is 22 in length and was procured sfrom a specimen 142m long, resembling the
figure that I have given of Alpheus minus, Say.  Aninspeetion of this drawing (3, Pl oxxn, Iig. 1)
leaves some doubt as to whether there was not an error in reterring this torm to the genus. The
general shape is unlike that of Alpheus, the abdomen being three times as long as the carapace,
and there appear to be ouly three pairs of thoraecic appendages behiund the ehelipeds.

Packard (46) in 1SS1 was the first to describe a shortened metamorphosis for dlpheus heterochelis.
i some briet notes published in the American Naturalist ot that year, he states that both this and
the sinall green Alphens (A. minus) oceur in abundance at Key West, Florida,in the exeurrent opeu-
ings of large sponges. This tact is interesting, and probably sigunificant also, as will be later
shown. Packard deseribes the first larva ot this Florida form as mneh further advaneed toward
the adult state than is the first zota of the Beaufort species, according to the observations of
Brooks. Infactit more nearly agrees with the first larva ot a Bahaman Alpheus soon to he deseribed,
i which the metamorphosis is nearly lost.  The Nassau form ot Alpheas heterochelis has, as I have
recently aseertained, a complete metamorphosis.  The bearings of these facts will be discussed
further on.

The larval Wdevelopment of the Beautort Alphei was studied by Brooks (7) and a short
abstract of his results was published in 1832, This is all, 1 believe, that has been previously done
on the embryology ot these Crustacea. Several abstracts of the present work appeared in 1587-'S3
(20-22).

i METHODS OF WORK.

Several species of prawns, such as Stenopus and Poutonia, repeatedly laikl eggs while kept in
aquaria, and doubtless T should have succeeded equally well with Alphens, if suflicient pains had
been taken. As it was, only two or three individuals gratified me in this respeet, but in each case
the ova failed to develop. The animals were thereforve taken from the sea with eges in the carliest
pliases of development, and were kept wnder observation in an aquarinum for the length of time
vequired. The ova were then cavefully removed trom the pleopods,and were hardened at intervals of
thirty minutes or one hour or a longer time, according to the phase orage of the embryo. By obtain-
ing a number of series in this way the whole life history within the egg eould be followed, and by
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this means 1 was able to observe the peculiar movements of the wandering cells and the formation of
germ-layers, which are often very ditficult to interpret, when werely upon material taken by chance.

Iixperience with the use of Perenyi’s fluid in preparing the eggs led me to discard this reagent,
altogether, and to substitnte for it Kleinenberg’s picro-sulphurie acid, made up either with water
or 30 per cent aleohol.  The aleobolic solution works equally well and economizes time. The Pe-
renyiis too violent and nneven in its action. While it serves fairly well in some cases, it generally
swells out the membranes or shell by the rapid endosiosis, and distorts some part of the egg or
embryo in consequenee.  The egg is trequently deformed and the shell raptured.  The ova should
be transterred directly from the killing fluid to 70 per cent aleohol, and they will then generally
retain their normal shape, and can thence be removed to alcohel ot w higher grade for permanent
keeping. If, however, they are carried from the Kleinenherg flnid to a weaker alcohol (30 per
cent), distortion is sure to follow, the capsule bursting and the egg sometimes exploding.

Preparations of the entire embryo as well as sections were made, but very little was attempted
with the living ege. TFor surface preparations the hardened ova were first punctured to allow
the tluid to penetrate the sheil more easily and they were then stained entire, in Kleiuenberg’s
haemotoxylon.  They were afterwards shelled, when this was possible ; saturated with paraflin by
the turpentivne-paragin method, and were then monnted.  While the paraffin was congealing they
were carefully placed in position with a hand lens. This last important and often troublesome
proeess was rendered easy by the difterential property of the stain, whieh atfects only the embry-
onic cells, leaving the ylok, which in preserved eggs is of a light straw color, nnaltered. The
embryonic tissnes are thus made to appear nearly black on a light backgronnd. The embryo was
then cut away from the rest of the egg by the mierotome razor; attached to the slide by collodion
and mounted in balsam; or the egg was ent in two and both halves were similarly treated. Al
drawings which represent surface views exeepting Fig, 10 were made from objects thus preparved.

In general, Kleinenberg’s hiemotoxylon proved to be the best staining flnid, and it is especially
useful in this case, where the massive yolk conlains numerous elentents, the relations of whicli it is
important to determine.  The carmines are less serviceable, since the food yolk is also atteeted by
them. Soda carmines (Becearts formula) proves to be incapable of removing pigment from the
eyes, although it is specially recommended for this pnrpose.  This may be easily effected by soalk-
ing the entire tissues in very weak solutions of nitric acid for a considerable length of time.  Gaule’s
quadruple stain of lemotoxylon, eosin, saftranin, and nigrosin was also tried with excellent results,
but this method is very laborious, and since our inquirics do not extend in most cases, to cell
structure it is unneceessary.*

Perenyi’s fuid is sometimes available for swelling the chorion and thus aiding in its removal,
althongh the embryo is liable to injury. It is also helpful in studying the egg with low powers.
The food yolk, which is often dark green, is aflected less actively by this reagent than the embry-
onie tissue,  The latter is tnrned to a waxy whiteness and is thus clearly defined for a short time,
but the yolk is soon decolorized nnless the eggs are transterred to water, becoming pinlk, amld finally
light yellow after preservation in aicohol.

PArr FIRST. -
1.—THE HABITS AND COLOR VARIATION OF ALPHEUS.

Some facts of general interest have been gathered from a study of the Alpheus in its natural
envirenment on the coral shores and reefs of the Bahamas, and in giving these we will limit our-
selves mainly to the three speecies which have contributed the material for the history ot the em-
bryo, viz: Alpheus minus Say, from Beaufort, N. C., . heterochelis Say, from Beautort, N. O,
and Nassau, New Providence, and . sauwleyi, from Nassau, New Providence. The genus
Alphens comprises nnmerous species spread over a large part of the globe, many ol which are
closely conncceted by intermediate forms. From North America upwards of twenty species ol
Alphens have been deseribed ; five are known to inhabit the eastern coast of the United States,

*In studying the development of the lobster, which has also a large egg, I have tound it necessary to adopt new
methods, especially in the treatment of the eggs for surface proparations, 1n most cases the egg-membranes are best
removed by the aid of hot water.
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far nerth as Virginia. TFrom Ilorida and OCnba nine species are recorded. I have found twelve
species of this prolific genus, or about one-half the number deseribed for the whole American con-
tinent, inhabiting the beantitul little reef of growing coral called Dix Point to the eastward of
Nassau ITarbor and along the margins of the little bay whielr was just in tront of our laboratory.
Another species (A. websteri Kingsley), first reported from Florida, was also discovered on Green
Key reef, a few miles from Nassan,

From collections which T made at Abaco and Andros Islands, T am Ie(] to believe that the
different species are quite generally distributed in the Bahamas, and as these islands have prob-
ably been largely popnlated from the Sonth, we may expect the same forms to ocenr at Cnba and
at other West Indian Islands, This genns, however widely distribnted, is essentially tropical and
abounds in all eoral seas, Of the great family of the Crustacea which make their home on the
snhmerged reefs of growing coral, Alphens is perhaps the most prominent and thoronghly charac-
teristie. They pop ont of almost every rock whieh is bronght up from the hottom, and every loose
head or block of growing coral, with its clusters of algw, sponge, and sea fans, which you pnll
from the reef, resonnds with tlw click of their hittle hamners.

Some of. these animals tead a semi-parasitie life in sponges, or seelude themselves in the porons
limestone which forms the solid floor of the heach, and others, again, live under loose shells and
stones ir the white coral sand. Some are highly and beantifully colored, and with foew exceptions
the pigment is charvactervistic of the species for any locality. [In all cases the claws of the first
pair of walking legs are enormously eularged and serve as formidable weapons of defense so re-
markable in this genus, and in most there is the greatest disparity in the size ot these claws, one,
either the right or left, being the larger. One species, the habits of which ave peenliar, carries
the larger of these claws so {olded under the body as to he compietely concealed. Tt ean, however,
quickly withdraw this weapon and make a rapid thrust when an enemy comes near.® By the scis-
sor-like blades of the large claws a sharp metalliec reporf is produced.  This is trone of nearly all the -
species, and so abundant are many in these islands that a constant fusilade is kept np along some-

‘of the shoves at low tide. This snapping propensity is shared by hoth sexes whether in or ont of
the water, and it is undounbfedly correlated with their pugnacious habits, It two mmales or feinales
of the same or different species ave placed in thie samme aquarinm, they will dismember each other
in a very shorf time, and one is usnally literally torn to pieces.

The sounds emitted by Alpheus heterochelis ave the londest I have heard from any member of
this genns.  We frequently kept this species in glass dishes in onr room for several days uf a time,
ard sharp reports like the explosion of a small torpedo or pop gun were heard at infervals throngh
the day and night. Tt sometimes swims with its large elaw so widely opened as to snggest dislo-
cation. This weapon then reminds one of a cocked pistol, and the report apparently follows in
the same way that the click follows the impact of the hammer on the lock. T have given this
mattter no closer atfention, but find that Mr. Wood-Mason, who is ¢uoted in a notice on ““ Stridulating
Crustacea”t in “Nature,” (65) has offered another explanation. Aecording to this observer the
sound always accompanies a sudden opening of the ctaws to their fullest extent, aud may be caunsed
either by impact of the dactyle npon the joint to which it is articulated or ¢ by foreible withdrawal
of the hnge stopper-like tooth of the dactylopodite from its pit in the immovable arm in the claw.”
It seems most probable to me that the sound.is caused by impaet, and most likely by the vapid
closure of the hnger into its socket.

*This specics is ontlrely new. The lmnro cone nnl(d claw suggests a poison apparatus. The ¢ fingers” are ex-
ceedingly slender and sbarp at the points. Altbongh kept for aver a week in an aqnarinm it emitted uo sonnds.

t According to Wood-Masen sound-producing ergans in Crustacea wero first bronght to notice by Hilgenderf, in
V. der Decker’s “Reisen in Ost-Africa (Crustaceen),” and were afterwards observed by himself in his dredging ex-
pedition to the Andaman Islands. The stridnlating organs—scrapers and rasps—may be either on the carapace and
appendages or on the appendages alone.

tBoth Kent and Woad-Masen speak of the sounds emitted by the Alplei as if prodnced by the extension or
opening of the claw. As pointed ont above, it is just (iie other way, the sonnd following npon the impact of dactyle
and propedus, swhen the tooth of the daetyle is not pulled out of its socket but driven into it. Nena of the conditions
of piston movement are present. The walls and floor of the pit are relatively soft, while the tips of the elaw are
dense and stony. The “*click” can be artificially produced when the claws are clamped with rubber, whether the
‘“gtopper” is present or not.
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In Alpheus heterochelis the daetyle of the large pineers is a enrved blade which shuts down
into a groove on the oceludent margin of the “thnmb,” and closes over fhe latter like a pair of
shears. The huge stopper-like tooth is borne on the inner and proximal edge of the daetylopodite
and tits neatly into a corresponding pit in the  thumb,” in line with the groove just mentioned.
The objeet of this plug is evidently to steady the movable daetyle and to prevent lateral strain
and the dislocation which might resnlt, and thus to give it a strong grip on any object which it
has seized.  In aleoholie specimens in which the relations ot the parts are well preserved the stop-
per works freely in and out the well, and not hke a ¢« tightly packed piston from a cylinder closed
at one end.”

(The elaw is widely opened, before the sound is prodnced, but. the sennd is not produced while
the claw is open, but at the instant when it is violently and suddenly elosed. 1t is dne to the
impact of the “thumb” and ¢“finger,” and 1 have frequently seen specimens of 4. heterochelis,
when prepared for combat, facing eaeh other for several seconds with claws distended to the
ntmost.  In these cases the “snap” does nuot come until the elaw is closed. TIn fighting the
claw is not used as a elasper, but as a saber. The sharp external edge isa weapon of such efficieney
that 1 have seen individnals killed and almost cut in two by a single blow.— W, K. B.)

A large brown sponge, Hlireinia arcuta, which is not to be mistaken, grows on the shallow
reefs and oft the shores of all the Bahama Islands which t visited. Tt is found from jnst below
low tide mark out to one-half a fathom or more of water, where its great size and sooty brown color
distinguish it at once on the white bottom. These “loggerheads® are round and much flattened (the
smaller ones more vase-shaped), and of a eoriaceous textnre; they sometimes measure 1} feet in
diameter. There is commonly one, sometimes two, Iarge exhalent chimneys into which small fish,
young spring lobsters, and other Ornstacea, often beat a hasty retreat. Tt is easily broken open since
it has no consistent skeleton. It a sponge eolony of this kind is pulled and torn apart, one is certain
to find it swarming and erackling with a small species of Alphens, whieh quarter themselves in
the intricately winding pores of the sponge. The sonds enitted from every fragment of these
mutikated sponges remind one toreibly of ¢ those made when sparks are taken by the nnekles from
the prime condnetor ot a small eleetrieal machine,” as Wood-Mason remarks. Mundreds of indi-
viditals may be collected from a single large specimen.

These aniinals have an average length of about. 1222, They are nearly colorless, excepting
the farge ehelie, which are tipped with brown, reddish orange, or hright bine. The females are so
swollen with their egas or hurdened with the weight of those attached to the abdomen that they
can crawl only with great diftienlty, if taken from the water. The eges are few in number and of
unnsually large size, their diameter varying from one-twenty-segond ineh to one-twenty-fifth ineh,
and their number from six to twenty. These are most commonly yellow, but may he either bright
green, olive, greemish white, brown, brownish yellow, or dnll white. The ova and ovarian eggs
have always the same tint in the same individnal.  Althongh translucent and apparently colorless,
nupon elose inspeetion the body is seen to be sprinkled with eells of reddish and yellow pigment.

Another quite different sponge grows on all the reefs in from one to two fathoms or more of
water. There are several varieties of this, which may be told by their olive green color, yellow
flesh, and elumpy, irregnlar shape, as well as by the putrescent mucons which some ot them pour
ont when broken open.  In about nine out ot fen of these sponges one will tind a single pair of
Alpheus (rarely more than this), which resemble those living in the brown sponge, but ditfer from
them 1 several important points. -We are concerned at the present with the color variations only.
They are distingnished by their large size (averaging about 23" in length) and nuiform eolor.
The females exceed the males greatly in balk, owing to the large size and nnmber ot their eggs,
In both sexes the large claws are bright red (v. PL 1v, and for details seetion 1v).

The female is practically inert during the breeding season, and at such times is well protected
in her sponge or against any green sarface by the bright green ovaries which fill the whole npper
part of the body and by the mass of similarly eolored eggs attached fo the abdomen below. Only
two pairs, or fonr individnals, out of a hundred or more which were examined showed any variation
from these colors.  In these the eggs were yellow, and the pigment on the claws wis more orange
than red.  The tabte whieh follows shows the variations Letween two large females taken, respee-
tively, from the brown and green sponges, and between the size, number, and color of the eggs.
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Habitat of Alpheus. | Length of 9 ‘ N“:;z‘q" of | Diameter Color. Color of adult. (
| —_—— - — -
Inches, | Inches.
Brown spenge. .. 3 1) B Yellow (variable)....| Largechelwm,red (blue
or brown in othiers.)
Green sponge. ... 15 347 ¥ Usnally green; in | Large chelw,orange-
| this case yellow. red.
J i |

These two forms, although apparently distinct. are seen, however, by closer study to belong to
the same species; but besides the more superfieial variations just mentioned, there are others of a
more remarkable character, the morphological significance of whieh is considered in sections 1v
aml v.

Of this species, Alpheus sanlcyi, Gocrin, it is necessary, for deseriptive puarposes, to distin-
guish two varieties, viz:

Alpheus sauleyi, variety longicarpus (from brown sponges),
Alpheus sauleyi, variety brevicarpus (from green sponges).

These two varieties shade completely into each other by namerons intermediate forms. The
longicarpus varies greatly in size and in the color of the body and eggs (besiles the other more
profonnd variations mentioned in section v), while the breviewrpus type from the green sponges is
more nniform in size and stable in eolor and other eharaeters. The former variety is well pro-
tected from ontside enemies while in the tortuous mazes of ifs sponge, as its great nmmbers would
show, if any evidence nunder this head were needed. The enemies which invade them sucecessfally
seem to be parasites.*

Possibly the variety inhabiting the green sponge does require eolor-protection, especially since
the females are very inert dnring the breeding season. They are, indeed, admirably protected
when exposed on the green sarface of sponges, alg:e, ete.  The bright coloron the tips of the large
claws, which only are protruded [rom the places of concealment, recall the similarly colored heads
of boring aunelids, which abound on the reef, but this fact may have no signiticance.

1t seems quite probable that if we have in this Alphens a ease of protective coloring, it is due
very largely to individnal adaptibility. This view implies great individual plasticity, which does
not appear in any of the species of Alpheus kunown to me within a restricted area.

The colors of certain Crustacea, and also the colors of their eggs, are known to vary greatly
with the snrronndings. 1n the Alpheus, parasitie in the brown spouges, these colors vary consid-
erably where the surronnding conditions ire the same. Tlowever, the color of the ovarian eggs is
always the same as that of those already laid, and, althongh these animals were kept for several
days at a time in differently colored dishes, I never observed any very marked change in the color
of the ovary, but these experiinents were not continued long enongh or carefully enongh to be con-
clusive. The eggs of Alpheus hetevochelis are almost invariably of a dnll olive color, while, as in
the case of the parasite of the green sponge, abont one in a hnodred has Dright yellow eggs.  In
the first case at least this may possibly be an instanee of reversion to one ol the original colors
from which the green was selected. In most species of Alphens the color of the eggs is fixed and
nuiforn for any loeality, and, as already snggested, may have a protective significance; but in a
few other cases, where this is not trne, the color is not only variable in different individuals, ot
probably also in the same individnal.

Alplieus heterochelis from Deanfort, N. C., is nniformly of u dark olive-green color, with some
red and blue on the appendages. It lives in the beds of ov.\tm shells, whieli are more or less

* A parasitic Isopod, prebahly a Impv/)m is fnnml on both the vartaties, hut is most common WItll the (lwoller in
the brown sponge. Tt appears as a timid bunneh, firmly rooted iu the branchial cavity or to the nuder side of the
abdemen. Iu this connection 1 will mention another curions parasite which was fonnd infesting the eggs of a singlo
female taken from a brown sponge at Abaco. This is a large, spherieal, nnicellular organism in the encysted state.
The egg, with the embryo, is packed fnll of them. (v. Pig. 199 and section 1v, Part Second.)

In loeking over a collection of nnpublished drawings of Crnstacea, made hy the associates of Lonis Agassiz and
depesited in the library of the Mnsenm of Comparative Zoilogy of llarvard Collego, T find a sketch (by 11. J. Clark,
December 23, 1857) of a Bopyrus taken from the branchial cavity of Alpheus heterochelis,

()Y
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exposed at low tide. Alpheus minus has a similar environment and is similarly colored. Alpheus
heterochelis from Nassau, New Providence, on the other hand, lives nnder loose stones, amid the
white coral sands of the Deaeh, and is noticeably transparent, looking as it the color had been
bleached ont of it. The hody is sprinkled with dots of brown pigment. The claws and legs ave
pale greenish.  Yonng and old are invariably colored alike.

In a colleetion of adult Alpheus ol either sex of the same or of several speeies, where there is
a diflerence in size of the large claws, it 1s notieed that either the right or the left, indifferently,
may be the greater. As we will see, this diflerentiation of the chela hegins in one instance before
the animal is hatehed. Is this right and left handed eondition to be explained by inheritanee
from the parents? Inabont forty larve of a small brood of Alpheus sanleyi, alt invariably had the
left claw enlarged, and in a smaller number (all that were preserved), from another female of the
same species, the left chela was also in eaeh case the larger. This would indieate that the young
of the same mother have always the same claw, either right or left, the greater, and that this phe-
nomenon is one of direct heredity from the parents.  Bnt to prove this it is only necessary to trace
right and lelt handed broods to parents which are themselves right and left handed, respectively.
This, unfortunately, I have not done, as my attention was not ealled to the subjeet while at the
seashore.*

The breeding season of Alphens begins at Beaufort, N. €., abont April 1. 1t covered the
period of our stay at Nassan (Mareh to July), and probably began earlier and lasted eonsiderably
later.f There the temperatnre is high and remarkably constant, the annual range being abont 150
(temperature ot air 702 I', in March, 802 in June), and in consequence the early phases of devel-
opment are rapidly passed. Not one prawn in a hundred was found with eggs in an earlier stage
than that of yolk segmentation.

II.—VARIATIONS IN ALPHEUS HETEROCHELIS,

A renewed comparison of Alpheus heterochelis with the Nassan form lends support to the con-
clnsion already reached that we here have to do with two varieties of the same species. There are
certain differences, which systematie zoilogists might regard as of specific value, but they are no
greater than we have proved to exist among individnals ol the same species living in the same
sponge. (v. Section V.)

The Nassau specimens average smaller, but the chiet ditferenee lies in the shape of the small
chela. The propodus of this appendage in the Nassau form is relatively shorter and thieker in
both sexes. Botl tingers are nearly cylindrieal, and covered with hairs, which are distributed
either singly or in tufts. In the Beaufort keterochelis there is a striking variation in the small
chela which appears to have escaped detection.  Judging from the small eollection at my command
it is a sexval variation. In the temales the small chela is like that of the Nassan form, butis
nsnally longer and slenderer. The daetyle is abont one-half the length of the propodns. In
the males the dactyle is rvelatively mueh shorter, and has a median longitudinal earina which is
continued into the apex of the elaw. 1n transverse section the dactyle is trihedral, with two con-
cave sides, corresponding to the deep groove on either side of the keel. These grooves are fringed
witlt o row of stout plumose set:e.  Similar rows of set:c ocenr on the sides of the opposing
“thamb.”

Perhaps the most interesting variation which I have observed iu the Beanfort heterochelis has
reference to the size of the egg.  The eggs in this locality have an average diameter of about one

* Mr. . .J. Northrop, of Colmnbia College, while at Nassan in the winter and spring of 1390, kindly offered to
collect for me some specimens of Alphenssanicyi with young.  On February 10 he colleered six females, five from green
sponges, onc of which hiad a braod of sixfeen young, and one small female with three larvee from the ““loggerhead”
sponge. In the first instance the left eliela was the largest in the mother and in cach of the sicteen young. 1n the
latter, two had the right claw enlarged and one the left. The inference is suggested that when the elaw of the samo
sido is invariably the greater in all the young, this charaeter is doubly inherited from both father and mother, hut the
data are insnflietent to settle this point.

t Professor 1. V. Wilson fonnd this speciea breeding around Green Turtle Key from Tuly nntil December.  Mr.
Northrop fonud newly hatched yonng early in Febrnary. 1t thersfore breeds the year throngh, whieh is probably
true of many of the Crustacea.
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twenty-fourth ineh, but two females were fonud which carried a few bnnehes of very small eggs, nor-
mally glued to the anterior swimmerets.  These eggs measured only one titty-third to one sixty-fifth
inch in diameter, that is, the contents of the smaller was about one-twelfth that ot the larger egg.

This oceasional produnetion of very small eggs exhibits a tendeney, which is still present in
the species of this loculity to-day, to revert to its otd metamorphosis long since laid aside.

11I.—THE ABBREVIATED DEVELOPMENT OF ALPHEUS AND ITS RELAT1ON T0 T1I1: ENVIRONMENT.

Related species, as a rule, resemble each other more in their early stages ot development than
in their adult state. This is not, however, invariably true, since all animals, whether young or
adult, mnst adapt themselves to their eavironment or be destroyed. It is probable that animals
in all stages of growth are equnally plastic and tend to vary with the varying conditions of' lite.

The early lite in large classes of the aniinal kingdom; as fishes, birds, and mammals, is spent
either in the protecting membranes of the egg or within the body of the parent, and is thns but
slightly affected by external conditions, and snfiers little ehange in consequence. 1n other gronps,
on the contrary, and in the Crnstacea in particular, the case is very different. IIere the yonng
are nsnally hatched in a very immatnre condition, and lead a lite of their own at the snrfaee of
the ocean, wholly independent of their parents. They have accordingly adapted themselves to this
mode of life, and the variations thus entailed have led to the prodnetion of the zoéa, a locomotor
larva, fundamentalty different from the aduit. We may regard the zoida as a secondary, adaptive
form, directly descended trom an ancestral protozocéan type. After passing a longer or shorter
period (nsnally of several weeks) at the snrface of the sea, the adult state is gradually reached
through a complicated series ot changes, and the animal adapts itself to new conditions on the sea
bottom or on the shore.

Now, if the Liabits of the adnlt and larva should tend to converge, if the adults sliould adapt
themselves to an entirely new environment, which it is necessary for the yonug to become fitted
for at once as soon as hatched, we wounld expect that the zoial stages, tormally assumed to bridge
over a gap whieh no longer exists, wonld be dropped or shifted to the egg. This secins to have
aetnally taken place, and is iltnstrated in a remarkable manner in the genns Alpheus,

Most of the species, which are very nnmerous, inhabit the shores, in common with muny
related forms, and, as already stated, they abound on coral reefs. They all, as a rale, hatch as
zota-like and have a complicated metamorphosis. Two species have been discovered, however,
which have adopted a parasitic life, and in each the larval period is accelerated. In one, which is
semiparasitie, the metamorphosis is partially abbreviated ; in the other, which is completely pira-
sitic, the metamorphosis is completely lost. Still more interesting and significant is the taet that
one of the species in one locality is nonparasitic and has a eomplicated metamorplosis, while the same
species from another locality is parasitie und has the metamorphosis abridged.

We will now consider more partienlarly the history of these two forms, in order to make a
clearer comparison. The species are—

Alplheus heteroehelis, from Nassau, New Providence.
(1) & Alpheus heterochelis, from Beaufort, North Caralina.
© C Alpheus leterochelis, from Key West, Ilorida.
(2) Alpkeus sauleyi, from Nassau, New Providenee.

ALPHEUS INETEROCHELIS FROM THE BAHAMAS.
4

This species, fonnd at Nassau, exemplifies the development common to the genns, as seen, for
instance, in A. zormani (Kingsley), which is closely associated with it, 4. minus S.n‘y, and iu wany
other Bahaman forms It is one of the eommon species at Dix Point, and may Le found in abun-
danee on the shore of the little bay, in pools left by the ebb tide, under shells or loose fragments
ot coral.

First larva (length = J inch).—The three pairs of maxillipeds, ecach with long exopodites ending
in feathered hairs, are the principal locomotor organs. Two pairs ot rndimentary thoracic legs
are present. All the abdominal segments, but none of their appendages, are formed.
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The antennules consist of a stout jointed stalk, the terminal segment of which bears fonr
sensory filaments. A long plnmose spine springs from the extremity of the second joint on the
inner side.

The antenn:e are biramous, the two branches arising apparently out of & common basal segment.
The onter division is a seale-like plate. It bears on its extreme inner border a row of plumose hairs,
eight to ten in number, The endopodite is slender and shorter than the scale. 1t terminates in a
short spine or denticle, from near the base ot whicl springs a long plamose hair. The eyes are
large and nneovered. The mandibie is simple.

The telson is a broad triangular plate, the terminal side of which is garnished with the charae-
teristic zocal spines, the number, relative size, and position of which vary slightly in the different
speeies.  There are in this ease eight pairs of these spines. The first or median pair is radimen-
tary; the second is not half the length of the third. The lateral angles of the plate are each
prolonged into a short lobe, hearing three spines. There is no marked median notch, but there is
a slight median depression. The rudiments of the sixth pair of abdominal appendages are plainly
seen, ¥

Second larva.—With the first molt the endopodites of the maxillipeds lengthen. Three pairs
of rudimentary pereiopods are now present, the last of swhich are the longest. Of the pleopods
only the sixth pair are represented, whether free or not was not observed.

ALPHEUS ITETEROCTIELIS FROM BEAUFORT.

The peculiar metamorphosis of the Beanfort Heterochelis was deseribed in 1884 by Brooks, who
also showed thal in this respect it departs widely from the associated Alpheus minus.

The form in question is hatehed as a larva with preparations for the sehizopod stage. 1t has the
nsnal swimming organs, but all the thoracie legs are present in the condition of rudimentary buds.
The abdominal segments are formed, and the buds of the fitst five pairs of {eet belonging to them.
The eyes are not completely covered by the carapaee. At the first molt the radiments of the
sixth pair of abdominal feet are added, and the larva undergoes profound changes. All the ap-
pendages are now fanctional and the eyes are nearly hooded. With later molts the adalt char-
acters become more pronounced, but the marked difference of the great claws appears only after
several months.

ALPITEUS HETEROCIIELIS FROM FLORIDA.

The short deseription, given by Packard in 1831, of the first larval stage of this species from
Key West, where it inhabits sponges, has already been alluded to. If'rom this we infer that the
development is cousiderably more abridged than in the Beéaufort ease. This is also indicated by his
figure ot one of the abdominal appendages. Ile says: The eyes are pearly sessile, the yolk neatrly
absorbed, althongh the embryo (in the egg) was near the time of hatching., The antennie are ¢ well
developed.” All the thoracic legs are present, their joints distinet, ¢ the first pair abont twice
as thick as the others, the claws rather large, hnt not so disproportionately so as in the adult form,
bnt as mneh so as in the larva in the secoud stage of the lobster.  Abdomen broad and flat, spatu-
late at the end, mueh as in the adnlt. There were five pairs of abdominal feet or swimmerets, eaeh
with endopodite and exopodite, like those of the second larval stage of the lobster.”

ALPIIEUS SAULCYI FROM THE BAITAMAS.

In this form, the metamorphosis of which is fully deseribed in another paper, we have either
an abridged development in which the general adult characters, very marked in the first larva,
are all acquired in twenty fonr honrs after hatehing, or a case where the short metamorphosis is
done away with entirely, so that the animal leaves the ege in the full adnlt form.

Comparing the histories jnst given with the one before us, we find that” the first larva of
Alpheus sauleyi is about eqnivalent to the third larva of the [Heterochelis from Beautort, and rather
more advanced than the first larva of this species trom Florida.

The eggs ot the Alphei, with the development nnabridged, are invariably small and quite
numerons. Inthe two species, however, with shortened metamorphosis, the ova are fewer and many
times la‘rger.‘ Moreover, as would be expected, the degree of abbreviation is corvelated with the
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size and nnmber of the eggs. These and the other facts which we have been eonsidering are
given in tabalar view below :

| | .

Spacies. Habits. [ Metamorphosis. ‘ fjf“('{r':“;;' ~.1'(l)=(l_l.'_‘;‘:z"" r“lf"!"ﬁ:lll’(‘_"f |

P . Bl INE NS U N
Inch. ‘ Inches. |
Alpliens minns (frem Beanfort).| Non-parasitic . ......| Complete . ...... .. *H00 A 1-1
A. heterochelis (from Nassan) . ..|....do ..o.........._.|-cc.do (ool 300-500 s — 6l | ¥-1%
A. heterochelis (from Beanfort) .|....do ...............| Abridged.......... 150-300 de— 1-1%
A. heterochelis (from Flovida) ..| Semi-parasitic...._..|.... A . coteoc e | [EoBe oo B W rLIRINCEIN L. S N
A. sauleyi {var. brevircarpus) . ..| Completely parasitic.| Nearly lost .. _.... 100-350 & l 1-13
A. sauleyi (var. longicacpus)....|....d0 «coeoae oL Completely ahsent 5-20 Py—ole 1-¢
(in some cases). | ‘

* Nnmber not accurately determined.

The eggs of Alpheus are nsnalliy spherical when freshly laid, bnt they change their shape,
bacoming more elongate in eonrse of development and increase somewhat in size.®™  The eges ol
A. sauleyr are nsually oblong. They vary from one twenty-cighth to one twenty-third of an inch,
taking the mean of the long and short diametevrs. The extreme limits of the nnmher of eggs vary
somewhat from the nnmbers given above, which ave the average limits.

In the genns Alplicus we thus have several stages in {he abbreviation of the metamorphosis
between the maecronran zo¢a stage and the adult form. What is the eause of this gradnal snppres-
sion of the zota like form? The conelnsion seems to be unaveidable that in the Bahaman species
this shortened life of the larva is directly related to the conditions of life.  As the adults of the
species in gnestion became more and more dependent upon a semiparasitiet mode of life, it wonld
be clearly beneficial to rednce the larval period, in order that the yonng might be halched fitted to
live in an environment similar to that of the adnlts. Tt the zodéa hrood were swept ont to sea by the
tides, and were to spend several weeks in the larval condition at the snrface of the ocean, the
chanees for large numbers to find particular sponges along the shores, when the adult state was
reached, would be greatly lessened. 1tislikely that the larvie of this Alpheus arve ntever carried far
from the shores, but while they undonbtedly Jeave the sponge in which they are boru, they prob-
ably establish themselves very soon in a new one. (The yonng remain a short time after hatching,
attached to the swimmerets of the mother.)

This snpposition is strengthened by what we know of the peculiar history of Alpheus heterochelis.
The Nassan heteroehelis probably never changed its adnlt habits or adopted a parasitic mode of life
consequently it has retained nndisturbed its complex larval development. The Floridian form has
hecome a parasite, and its metamorphosis is aecelerated as the vesult. From this the Beaofort
Alpheuns with its less abridged development has donbtless been derived (the species extending north-
ward from the Gnlf of Mexico), and it is within the possible, at least, to snppose that in this form
the metamorphosis, once lost by parasitism, is now heing reéstablished.

No fewer than three species of macroura, together with the Alphens above deseribed, ocent in
the Iarge brown sponges (/lireinia arcuta) of the Bahama islands,  These (one of which is also an
Alpheus) live in the larger osenla, are less regular in their occurrence, and evidently have not
adopted a stationary parasitie life. In none of them is the metamorphosis of the larva abbreviated.
Alpheus minus is also reported as ocenrring in the large exhalent openings of sponges at IKey West,
bot in this case we do not know, first, whether this is a fixed or only a transient habit, and
secondly, we know nothing of its mmetamorphosis nnder these conditions.

Thns while in Alplens the abbreviated metamorphosis may be explained as an adaptation
to a parasitic mode of life, the qnestion is probably often complicated by conditions which are not
easy to determine. Tlere is a general tendeney among the higher (orms of certain groups, as in
the Cephalopods among the Mollnsea, to reach the adult eonditions rapidly by omitting some of
the early embryonie stages.

* An egy of A. sanlcyi var. longicarpus, just ready to hateh (Pl. xxi, Fig. 5), measures {15 by 4, inch.
t The Alphei which inhabit spenges are commensals rather than parasites in the strict senso. They derive pro-
teetion from the sponge colony, and receive the benefit of the circulating currents of water which are set np within it.

'
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An abridged larval development has been attributed to the following macroura: The lohster
Homarus americanus; the craytishes; Hippolyte polaris; Palcmonetes varians; Palaemon potiuna; Pu-
leemon adspersus and Eriphia spinifrons (as livst observed by Rathlke, according to Packard); Bytho-
caris leucopsis (observed by G. O. Sars, aceording to S. T, Smith) ; Alpheus heterochelis, and A. sauleyi.
To this list. we mnst probably add the names of many deep-sea decapoda, Munidopsis, Glypho-
crangon, Elasmonotus inermis, Sabinea princeps, Acanthephyra gracilis, and Pusiphaé princeps, as
inferved by S. 1. Smith, on aeccount of the extraordinarily large size of their eges. An cgg of
remarkable dimensions is that of ¢ the little shrimp (Parapasiphaé suleatifrons,) whiel carries only
fifteen to twenty eggs, each of which is more than 4 millimeters in diameter, and approximately
equal to 2 hundredth of the bulk ol the animal produeing it—a case in which the egg is relatively
nearly as large as in many birds!”  ¢“Althongh the great size of the eggs,” says Prol, Smith, “is
highly c¢haracteristic of many deep-water species, it is by no means characteristic ol all, and the
size of the eggs has no definite relation to the bathymetrieal habitat, and is often very different in
closely allied species, even where hoth are inhabitants of deep water (59).”

The larval life of hoth terrestrial and (resh-water Crustacea is generally short as compared
with that ot marine forms, and the case of the crayfish may find an explanation in the well-known
law that fresh-water life tends to shorten the development, as is shown in a remarkable manuer in
the Iresh-water variety of Palemonctes varians, described by Boas (4).  Why, on the other hand,
it is beneticial for the lobster to abbreviate its larval development is not plain, since its yonng at
the present time hatch apparvently nnder the same conditions as other pelagic larvee, and, like
them, swim at the surface of the ocean. 8. I. Smith (58) and Ryder (55) have given acconnts of
the larval history of the lohster. (Sinee this paper was written I have nndertaken a revision ot
this subject, and the vesnlts will be given in a lully illustrated report to the United States Com-
missioner of Fishvand Fisheries,) While this animal hatehes in a precocions state its life at the sor-
face is by no means short, since, acecording to Ryder, it ordinarily requires seven weeks to pass
through six molts. The first larva hatches in a schizopod stage, bnt there are no abdominal legs
and theantennie are somewhat rndimentary. The fivst eedysis, according to Ryder, does not oecur
nntil from three to six days after hatehing.* 1t is in the second stage that the second to fifth
pairs of abdominal appendages malke their appearance.

The third stage is preceded by a molt ten to fifteen days after hatehing, and now the append-
ages of the last abdominal segment are formed. After the fourth molt (fifth stage) the young
lobster, now 14m™ long, qnite closely resembles the adult. 1t swims more on the hottom. The
flagella of the antenna are equal to the cephalo-thorax in length. The exopodites of the thoracic
legs are reduced to bare rudiments. The chelipeds show adult eharacters.  The fivst pair of swim-
merets ave developed in the seventh stage, at the end of which there is a decided difterenee between
the great claws,

1t will be seen that the fifth stage in Ryder’s acconut, artained at the end of the third week,
nearly eorresponds with the third larva of Alpheus saunleyi (Fig. 8, Pl. XXT) as it appears twenty-four
honrs after hatching, bnt the latter has the more decided adult characters. The young Alphens
is further advanced than the lobster at the time of bhatehing and reaches maturity in a remark-
ably shorter period.

Boas calls attention to the fact that while the young of the salt and fresh water forms of
Paleemonctes varians ave very different, the adults of these two varieties resemble each other very
c¢losely.  Much more remarkable is the case of Alpheus heterochelis, even if we regard the Nassau
form as a distinet speecies, and that of Alpheus sauleyi, where we have the same species living in
the same sponge, hatching now as a larva and now as a form possessed of all the external adnult
characters. .

Both the long and short metamorphosis has been attribnted to the West Indian shore crab
Giegarcinus.  This highly colored crab (Gegareinus vuricola) is very abundant at Nassau, and from
its exceptionally large egg we way safely infer that the development has here been shortened.
Fritz Miiller (42) has fonnd abhireviated development in the Sonth American erabs, Trichodactylus
and . Fglea (““monntain erab”).

* A delicate monlted skin, which is easily overlooked, cither comes off with the egg membranes at the time of
hatehing or is shed shortly after, as my own observations have clearly shown,
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The habits ot the hermit erabs, thongh seeondarily aequired in comparatively recent times,
have had no tendeuney to shorten the larval period. This is also true of the Pinnotheres.  Simi-
larly the conmmensalism of such forms as Pontonia domestica, which lives in the mantle cavity ot
several species of Pinna, has in no way aftected its development.

IV.—THE ADULT.

The Alphens whose development has just been traced was provisionally named Alphens pie-
cox (22), in allusion te its greatly aecelerated metamorphosis. 1t has sinee been found to agree in
most particulars with the description and figure of Alpheus sauleyi given by Guérin in Ramon de
la Sagra’s History of Cuba (18). In~ Guérin’s drawings the long spine (squamal spiue) of the
autenn:e is represeunted as continuous throughout its length with the seale, and the carpns ot the
second pair ot thoraeie legs as divided into three segments.  The segmentation ot the carpns of this
appendage is one of the most constant of specific characters. 1If these figures are accurately
drawn, the two forms in question are certainly not speeifically identieal ; bnt though not at first able
to satisfy myselt on this point, or to decide from the short and imperfect description, it seecmed
best, after furtber study to adopt Gucrin’s nawe.

The systematic zoology ot the genns Alpheus is in a very unsatisfietory state, and in the
absence of adequate and well executed drawings, and too otten with ouly vague or general descrip-
tions, the attempt to identity the less known species is apt to be attended with most doubtful
suceess.

It is now necessary to eomplete the account of' the metamorphosis of this Alpheus by giving
a deseription of the adult forms. The Aipheus saunleyi resident in certain green sponges found oun
the Bahama reefs is regarded as the typical form of this speeies.

DIAGNOSIS.

Carapace ends anteriorly in three spines. The median spine or rostrum inclined, especially in the
female ; arises from the edges of the carapace, like the lateral or orbital spines; barely surpasses the latter
in length; without keel. Body and appendages generally smooth; large chela slightly twisted, smooth, no
transverse constrictions; small chela subcylindrical, short; dactyle nearly straight, slender, one-half as long
as propodus; carpus of this appendage short. Aural spine of inner antenna variable in length ; rarely sur-
passes the middle of the second segment. Basal segment of outer antenna is produced into an outer, inferior
spine, and an upper rudimentary spur; articulated with it is a squamal spine, on which is developed a con-
spicuous scale. Carpus of second pair of thoracic legs superficially segmented into five parts.

SPECIAL DESCRIPTION.

Leungth : Smallest foumd in green spouges, 9.5m™ & & largest, 42mm 9 average length, 25 to
30mm,  Kemales exceed the males a little in length, and greatly surpass the latter in size when
swollen with their eggs.

Color: The color of this form is shown in PL 1v. Large elaw vermillion above, fading out
towards proximal half, amd nearly colorless below. On npper face ot 2law,a transverse eolorvless
band is often seen. Small ehela often tinged with red, also the terminal segment of the third pair
of maxillipeds. Body, pale, translucent, with seattered cells of reddish or yellow pigment, subject
to quantitative variation, and visible to the naked eye on close inspeetion or by aid of a lens.

A young male which was kept for several days in an aquaritin molted and lost completely the
bright color of its elaws. Sexes are colored alike, excepting the eggs and ovaries of the female,
which are bright green.

In one or two instances a pair ot these Crustacea were found which exhibited a variation from
these tints. In these cases the male and female were of light-reddish orange and the claws deep
orange red, darkest on the “fingers”; eggs and ovaries of [emale golden yellow. Length of 9, 33mw,
Number of eggs attached to abdomen, 347, The male in this ease also, after a moult,was apparently
colorless, contrary to the rule that upon molting the colors are enhaneed.

The carapace is smooth, transineent, and, like the abdowmen, takes on more or less the hue of
the yellow or green ovaries. 1t ends anteriorly in a trident, formed by the median rostrum aml
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oenlar spines. The rostrnm is short, subacute, broader at base than long, feebly convex above,
without erest. The orbital spines are separated from the rostrum by a shallow superticial groove,
and the marginal noteh on cach side has a regular V-shaped outline.  Length of spines and width
of noteh are slightly variable.

The lateral compression of carapax is not marked. Froutal angle (angle made by middle line
above and below rostrum, greater in @ than in 8. In some females with the carapace bulged ont
by the ovaries the angle Is as great as 45°. In males withont conspicuons ¢forebhead” frontal
angle, 10°,

The telson ends Dluntly. It is two-thirds as broad as long, and twice as broad at base as at
apex. There is a single pair of short spines at the posterior extremity on cither side the middle
line, and two (or more) separate spines npon either side further forward. There is & wide and
shatlow median depression.

The compound eyes are conspienous, owing to their dark pigmeut and the transparency ot the
carapace, and in the largest adults they show no traces of degeneracy. There is a permanent
ocellus (PL xxa1, Ifig. 18), which occupies the same position and has the same characters as at birth.
1t consists of a pigmented body embedded in a short median papilla, situated below the componnd
eyes and between the bases of the antennules.

The autenmules (Fig. 4, PL XXIIT) cousist of a three-jointed stem or protopodite, an exopodite,
and cndopodite.  The first segment of the stem is largest and bears an external spine (aural spine),
which protects the anditory sac. The latter is large and conspicuous in this genus. 1t nsually
contains some pigment cells and grains of sand.  Second segment about half as loug as first;
third, tomr-fifths as long as second.  Endopodite one and one-half times the length of stalk, slender,
Lxopodite compound, a slender tlagellum branching from near the end of the stouter proximal
portion.  On the nuder side ot the latter the sensory filaments (olfactory setiv) are borne, distrib-
uted in seven to ten bunehes of two to three in a bunch.

Thevantenna (Fig. 8, PL xxur) are composed of three parts—a basal portion (protopodite),
which carries @ squamous spine (exopodite), and on its inner and lower side a long three-juinted
stem, which bears a flagellum (endopodite). :

The protopodite consists of a proximal segment (coxopodite) and a larger distal one (basipo-
dite). A prominent papillitorm process is seen on the inner side of the coxopodite at its point of
Junetion with the basipodite.  Upon it the duet of the green gland probably opens to the exterior.
The basipodite is continned into a prominent spine below and into one or more rndimentary spuis
above. To 1t is articulated a long, stont, scale-bearing spine.  The scale plate, usnally shorter
than the spine and attached to it forless than half its length, is fringed onits inner free edge with
plimose setie.  The antenual sten or pedunele consists of two short proximal segments and along
distal one, which carries the multartienlate flagellum.  The latter is olten hairy, aud is two to
three times the length of the pedunele.  The relative lengths of the different parts for an average
specimen is shown in Fig. 8, Pl xxin, and in PL 1v.

The mandibles (Itig. 3, PL xXX111) are strongly bifurcate, as is chaacteristie of the genus.  The
larger division is finely tuberenlated, while the masticatory surface of the slenderer branch is
raised into sharp teeth.  This bears a jointed palp (endopodite) on the inner side.  The mandibular
palpus is short; its terminal segment large and hairy. i

The first maxilta (Pl xx1v, fig. 7) consists of three divisions—a smaller branch (endopodite),
a larger branceh (basipodite), divided at the apex and terminated Ly several long spines, and a
larger spatula-shaped fork, the maxillary surface of which is beset with spines (coxopodite).  (v.
Description of figure.)

The second maxilla (PL xx1v, IMig. 9) is composed of three portions. (1) The long respiratory
plate; the “bailer” or scaphognathite, fringed with a row of setwe. (2) Au onter and lobulated
division (coxopodite aml basipodite), the inner edge of which are elosely set with bristles, and (3)
a median rudimentary endopodite.

The first pair of maxillipeds (Fig. 7, PL. xX111) are made np of a long, strap-shaped exopodite,
with jointed setiv av the extremity and a small setigerous plate at its base; a small, two-jointed
¢ndopodite, protopodite, and epipodite. The protopodite is divided by a fissure into two lobes, a
larger (basipodite), with dense rows of bristles on its maxillary surtace, and a smaller division
(coxopodite). The epipodite is an oblong plate, united by a short stalk to the protopodite.
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The second pair of maxillipeds (Fig. 6) has a long, strap-shaped exopodite, like that ot the
first pair. The endopodite is inearved, and segmeunted into at least four parts. The dactylopo-
dite or,terminal segment is the longest, and is thickly stadded witly serrate bristles and seta.
There is a smnall oval epipodite.

The third pair of maxillipeds (1%ig. 5) eounsist of a basal piece (coxopodite) aud a long two-
branched appeudage. The large braneh cousists of three distinet segments—a long proximal one
(basipodite (?) and ischiopodite), a shorter one (meropodite), and a long terminal segment (carpo-
podite, propodite, and dactylopodite). The exopodite springs from the base ot the fivst segment,
aud is about equal to it in length. The lower surface of the two terminal joints is covered by
numerons transverse rows of servated bristles, and the end of this appendage is armed with several
spines.

Tlhe first pair of perciopods or walking legs bear the great chela (‘“hands” or ¢“shears?).
The chele ave very unequal. Large claw (velatively larger in & ) smooth, slightly twisted; outer
and upper border sometimes marked by a linear crest; several spurs or tuberosities near the
articular surface of the dactyle; dactyle shaped like eud of pruning kuife, its concave iuner
margin and tooth-like point shatting into a groove of the opposing ¢ thumb.” This groove of the
propodus is continuous with the well, in which the stopper-like tooth of the dactyle fits. 1t is
bounded by a rectangunlar proeess above and a less prominent one below. Tips of tingers bavely
overlapping. Dactyle sometimes overreaches propodus. Thumb (or extremity of propodus from
joint of dactyle) one-third to one-half length *palmer portion” ot propodus. Dactyle works some-
what obliguely. Tips of fingers simple. Propodus sometimes hooked.

Swall claw (Fig. 3, PI. XX1V) usnally eamrried bent downward.  Fingers nearly equal; three-
fourths. as long as palmer portion of haund; beut slightly downward and outward; propodus sul-
eylindrical; half as broad as long; tip simple or slightly Lifid.  Small bunches of setw on tingers.

Seeond pair of pereiopods (Fig. 1, PL xx1i1): The characters of this appendage appear to
be vemarkably constant and of considerable specific valne. They end in a small elaw, the
tingers of which are provided with bunehes of long hairs. Carpns superficially constrieted into
five rings or segwents. First or proximal segment nearly equal to 24-54445.  Second, thind,
and fonrth of nearly equal length; fifth equals 24-3.

The third, fourth (Fig. 2, Pl xxr), and fitth pairs (Fig. 1, PL. Xxx1v) of walking legs are similar
to each other, the fifth pair being shortest. Eaeh euds iu a short, horny dactyle which is bifid at
apex, the primary claw bearing a smaller secondary tooth at base. 1’ropodus little shorter than
meros in the tifth pair, aud carries numerous bunehes of short seta: on its under side. There are
also found in this region of the propodus four to six stout appressed spurs.

The tirst pair of pleopods is speeially differentiated in the sexes, and forms one of the most
convevient marks of distinction. The first abdominal limb of the male is shown in Fig. 4, PL
XX1V, and the corresponding appeudage of the temale in IFig. 5, and the typical appendage in Fig.
6. 1n the unmodified limb the protopodite carries as usnal the two bhrauches—eundopodite and
exopodite—each fringed with long seta. The endopodite is a little louger than its fellow and
bears a rudimentary sccoudary brauch, which springs from near the middle of its inner edge.
In the male (Fig. 4) the appendage is considerably reduced. The exopodite is short and the
inner Inanch a small rudiment. In the female (Fig. 5) the modification has vot proceeded so far.
The endopodite is here the shorter and has no secondary bramech. In the very young forms
(first larvar) these appeudages appear to be nearly alike in both sexes (Pl xxr11, Tig. 5).

The uropods or sixth pair of pleopods hardly require speeial notice (PL 1v).  The endopodite,
mueh the smaller division, is an oval plate, aud on its upper side there is a roughened median
ridge. The free edges of the plates are fringed with long and elosely set plumose set:e,

V.—VARIATIONS FROM THE SPECIFIC TYIE.

We are now ready to consider the remarkable variations which this species nndergoes. The
form just described was taken as typieal, and the largest adults invariably belong to it.

(1) Varviety Longicarpus: This is the widest departure from the first form or type and is very
commonly met with in the brown spouges already noticed.  Probably more than 90 per cent ot the
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individaals found in them Dbelong to this variety. The color variations of this form have already
been given in section 1. 3

The rostrnm is sometimes wanting, as in the individual from which Fig. 11, Pl. xx11, was
drawn. This varnation has been noticed in other species and is interesting, since the absence of
the rostrum is a constant character in a closely relaled series ot forms, which are placed by Dana
in a separate genus (Betfwuas). These variations indicate that the nniform presence or absence of a
rostrum is a specific and 1ot a generic character, as has already been shown by Kingsley (29).
The structural points of difference between the longicarpus and the other form lie cliietly in the
antennae and first paiv of walking legs. These may be seen by a comparison of Figs. 11, 13, 1S,
PL xx11, and Fig. 2, Pl xxiv, with Figs. 4, 8, L xxour, and Fig. 3, PL. xx1v.

In the first pair of antennse the anral spine (¥ig. 11, PL XX11) is searcely more than half the
length of the first seginent of the stem. It is blunt and somewhat ovate in shape, as seen from
above.

(2) In the other form (var. brevicarpus) the aural spine (Fig. 4, Pl. XXIII) has a difterent shape,
and is relatively nearly twice as long. In this case it extends beyond the first segment to two-
thirds the length of the second. The second or ounter antenna of the longicarpus is armed with two
spines at its base (Ilig. 11, PL. Xx11) ; an inferior and outer basal spine, and a slightly longer one,
the squamous spine, articulated to the joint carrying the latter. *Thereis no scale.  The basal spine
is rather more than one-half the length of the antennal stalk. There may be present a small
tubercle on the npper surface of the segment bearing the basal spine, near the articnlation.

In variely brevicarpus (Fig. 8, Pl xxX11I) the squamons spine is stout and reaches nearly to the
end of the antennal stalk. There also springs from its inner and proximal margin an c¢longate
plate or scale, the inner free edge of which is fringed with plumose setar; scale not guite as long
agspine. The inferior basal spine not one-halt the length of the squamousspine. There is a rounded
or pointed tubercle over basal spine near the joint.

The swmall chela of the first pair ol thoraeic legs of the longiearpus (Fig. 2, L XX1V) is short
and broad. The tinger ends in two or three horny tecth or prongs, which interlock those of the
oppusing thumb. The dactyle bears on its outer surface a tuft of peculiar hairs. The latter are
finely serrate amd have bent or hooked tips. The carpus is relatively very long, quite as long as
the palmar portion of the propodus.

In the brevicarpus the small chela is long and somewhat narvower (Fig. 3, Pl xx1v). Tips
of tingers usnally simple, but sometimes noteched; the peeunliar tuft of hairs is wanting. Carpus
relatively short ; about one-third the length of the palin.

The large chela of the longicarpus may also difler noficeably from the brevicarpus type.  (Com-
pare Fig. 8, Pl xx1v with the figures on Pl 1v.) Ifig. S represents a common form of this append-
age. The propodus is long, e¢ylindrical, slightly twisted, very smooth, and polished ; ends above
dactyle in a short spine and below in a rudimentary thumb with claw-like tip. Dactyle overreaches
propodns, and its inner margin is not coneave, or but slightly so.

These two torms, diftering in the partieulars just mentioned, would doubtless be considered
as two distincet species if only these facts were known. A prolonged study, however, of' a large
number ot individuals, collected both in sponges and trom porvus rocks on a number of reefs, has
resulted in the discovery of a complete series ol intermediate-links, These connecting torins sug-
gest a number of important questions relating to the eauses and significance of’ variation.

By far the greater number of individnals of thix species have the characteristics of the two
varieties just deseribed, bat about tive per eent of the collection made at different points near Nassan
present intermediate eharacters.®

More fully stated, the noticeable points of variation are as follows: (1) The relative length of
the antennular stalle and aural spine; (2) the lengths of the antennal spines relative to cach
other and to the peduncle of the antenna; the prescence or absence of a squame or scale; (3)
the character of the dactyle and propodus of the small chela of the first pair of pereiopods; (4)
the length of the carpus of the small cheliped; (5) the general shape and character of the large

*While the species live, as a rale, in the interior of the grecn and brown sponges, a few undersized individuals
may be found, by carefal searching, among the loose blocks of porous coral which are scattered over the reef, and it~
frequently happens that these individuale possess intermediate characters between the two varieties just described.
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claw. (1) With vespeet to the first point, we meet with a perfectly graduated series hetween the
two extremes (Figs. 11, 18, Pl. xx11, Figs. 4, PL xx111).  (2) The same is tine ol the velative lengths
of the antennal spines, the scale, and pednnele (Figs. 11, 13, 14, Pl. xx11),  In Mg, 11 there is no
evident scale and the spines are nearly equal. In Fig, 14 the spines are markedly nneqnal, and
there is a rudimentary scale.  In Fig. 13 this scale is further deveioped. (3) Great variation is seen
in the small chela. The fingers of this claw may each end in two ar three prongs, or one in two,
the other in three, or the tips of the fingers may he simple or merely notched. The tuft of peenliar
sete on the dactyle may be reduced or wanting. () Various stages between the long and short
carpus are ohserved, and (5) slight variations not casily deseribed are constantly seen in the relative
size, shape, and other characters ot the large chela.

These variations are shown in a general way in Table L. (For detailed measnrement, v, Table
II.) The fifteen cases here recorded were selected [tom npward of seventy-five, in a large number
of which the variable parts were drawn for more eareful eomparisons.

TABLE L.—Showing rariations in Aipheus sauleyi and the intermediate stages between the varieties
breviearpus and longicarpus.

B | " |
No. | Sex. Habitat. Length. Anural spine. ‘ Sqaamons apine. |
nmm.
4 Green sponge........ . 0.7 | Extends § length 2d seg- | Extends nearly o end of antennu-
nment ot antennular sralk. lar stalk.
2 @ 1B L2 cooomon S 23035 a2 To 4 1. 2d segment......... Do.
3 d Brown sponge....... 9 D cooor coceosmepocoon Do.
4 4 GGreen sponge........ | 0.5 | R o _ % Do.
5 Q Roeks; Dix Pt. recf. . 17 | $L2d segmepnt............. Extends nearly to end of antennal
stalk.
6 Q 10.4 j.._--. (D (S8 b ook S E e aee Not nearly to end of antennal stalk.
7 Q 11.6 1. of 1st. segment........... Do.
& d Rocks; 1log ld.yeef. . 10 Over 1 Lol I1st segment ....{ * 1. antennal stalk.
&) o | |oce e D i S 10 Nearly to end 1st segment. .| More than * antenpal stalk,
10 < Ro(k?‘; Green Key W51 %], Istsegment... ... ...... | Nearly te end anteunal stalk.
reef.
11 4 Brown sponge ....__. I 17.5  Nearly to end I8t segment..| £ antennal stalk.
12 W e TORSY W .. TG o e U £baoore ABrc oted o More than 4 antennal stalk,
13 d Roeks; Dix Pt. reet.. 0.5 | 4 Ist segment. . ... ... Do.
‘ 14 B ropunisponge™ ... <. . b TH W M o ST UL o S % 1. antennal stalk.
l 15| @ Reet'rocks......_..... i1 Nearly to end 1st segmeut... ¢ 1, antennal stalk. P
| No. l Tnferior basal spine. Squame or scale. :';?,:i‘l"",'?l :1,(1‘ Fingers ot small chela. Remarks.
[ i = = “a .
1 | 4 length squamous | Seale as long as | Short ... Tipssimple; notuft | T'ype ot var. brevicarpns.
spine. squamous spine. on dactyle,
28 Bllessithandlisquas |.5..d0 ... ..........|...d0o ... Tipssimple;no tuft.| v.drawing, PL1v.
Dous spine, |
I |omecltlD) oottt boo.odhand Seale nearly as ‘ ot o d|ooos Al ool . ofolic Claws dnll red.
longassquamaus
spine, \
4RSS do)f. Y I . Scale somewhat .. .do .......... do | RS
shorter than |
squamous spine. !
5 | Nearly 3 1. squa- | Scale not quite 1. | Long...... | Tips simple; rudi | Combines characters of
mous spine, squamons spine. | mentary tuft. both varieties.
i g T e S Smallandrudimen- . __do ..___. | Prougs; tuft on
fary. daetyle.
7 | #l.squamonsspine-|-_..do .. .. |eceiiiecteiiaaen
8 | 4#1. squamousspine.| Rudiment ......... Short -.._. Tipssimple; no tuft.| v, Fig, 13, PL. xxn.
D lopsmer 2 Bemms bocss! Bn 0 caSegaaccsdad WA Pee b oo Prongs and tuft..._| v, Fig, 14, Pl xx11, (outer
| antenna from above).
10 | More than 1. squa- | Rudiment (hardly _..do ...... Propodus ends in | Dactyle missing.
mous spine. visible). prongs.
W Jloc&cobonscodneegonat eI TR eNebacd L0073 SE5S Prongs and tuft....| Claws reddish orange.
1o o sg@Bobtuobeg ot as Y SODLE S cogabataamad BRIt S8 F IOAMES  B o
IS || a8 58 Sad ogeio Sl BB ol oS W - wao comacood) BB sa0: Bt (i [T 0 5 s caan g = Type of var, longicarpus.
14 | Nearly as long as [....do ..o....cccaaifocdo ooanf.oo.. 4% cococboones Rostrum wanting.
squamous spine. i
15 {0 06010 10860 soailadsd lbaog dopi ot st s S dor cho o] Dot QLD o goesogtoscs: Clawsbright blue; dactyle
of small ehela extends
1mm hayond prepodus,
Rl PR ol SN0 P S|

S. Mis. 94—25
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In Nos. 1 to 4 we find little variation from the brevicarpus form, which we consider as nearest
to the type of the species. From No. 5 to No. 15 the departure from this type is increasingly
evident, and in Nos. 12 to 15 we recognize the widest divergence in the vavity longicarpus.

No. 5 is an interesting case, since it combines the characters ot both varieties. The aural
spine is rather blunt and extends to one third the length of the second segment of the antennlarstatk.
The inferior basil spine is vather less than one-half the length ol squamous spine; npper basal spine
a rudimentary knob. The squamous spine has a well-developed sqname; nearly equals length
of antenunal pednnele. The ‘“finger” and “thumb” of small ehela end in simple, sharply pointed
books. There is an inconspicuous taft of setee on the dactyle.  The carpus is long.  (See Table I1.)

No. 8 is also an interesting variation. The antennie are intermediate in character, between
the extremes of the table, while the small ebela is ol the brevicarpus type. There is a rndimentary
antennal scale. The tips of the small ehela are simple. There is no tuft, and the earpus is short.

In No. 9, which is of the same sex, the same length, and from the same loeality as No. 8, the
small e¢hela has the eharaeters of the variety longiearpus. Nos. 5 to12, in the middle of the table,
show in one way or another intermediate charaeters between the extremes, Nos. 1 to 4 and Nos.
12 to 15.

VI.—MEASUREMENTS IN MILLIMETERS.

TABLE 11.

[Loecality : Nassau, N. P., Babama Islands.]

Roulxsf Rocks: Rocks:

i l Green | Groen |31y yoe Iy : Brown!ykf’"k":
Uabitat....... - secesesreccecesecoccecccer cooe oo lanon g6, [SPODGC. “]lttgf.th ('“;E:‘e{{q G”Ig:!'eg_\e) sponge. | ]‘?M]:.""
S o B IS Zrn =3 e . — [~ |
SOX cecccacccaccacctotcoceacacaasccccccttsarrsocsantscossonnnn \ g e - @ d Q Q Q
' RRe 171 EIHE Hescomr omoomntee oo ooaooo0me shc aseacocceaad |2 1 ' 10 6
' Length (tip of rostrum to ond of telson).......... 42 2027016 0.5 10.1 | 11 2l
Length of earapax, ineluding vostrmmn.... ..o .... 15 11 Z, e R 4.4 I a6 || 4
I Greatest width of carapax WL sesea (% ' ......... | T8 || 5
(R dra a0 AR 5 cocc sp e oo odbaco oooc cooe Ml iocooos ' 4 E—— g DI || S
| Distance between ocular spines.. 2.4 1% TRl 50 | It L
| Breadth of second abdominal somite 16, |losesoc 1 ...... B CoP e oo B85 o L, e s
Depth of abdomen (with ova) . coeeeooiaaieio e 15 SRS [58ENG| (G0 0 0 o 3800 1B o s adth| R caco |80 o oco
Length of terga of abdominal somites in median | |
line:
First terguid ... cceeeceeeecconcacctoaaoc, R B a3 1 socao l ...............................
R o 5ol cocoaoceottoEe0oeoaBEEamOEsc GEO0C Gl e e oo o Hle o sB606a TR TN PR e
IS 0080 020860 6 staro gheEEs oo gboccd@ic oc G301 33 7 |legess offos aac cooe R (R P
TN 5o omeg aae 606 cocose coooct c 3066 0 ona ache M TR RS0 - Aeee N ot SRR | |58 ooo
3 ssmone aacoootooor o bootoc SE0ocaacccac L {0 [loc= 00 S L (S a E ota | Shd || sl 50
N 7 T T T T e sERLE B [lee ace- = oo band| anoe B sead|lodboeo| oo oBo4
Length of te)Son . ecvaee coccaeioieececaneannn ... iuf || |fecco o cllesas o cooo|poos oososcacascllos <254
Brondth of telsonat bage. ccccecvaeaa oo oo, 4 SH oo || L [ osthe ootz S
Breadth of telson at tip..ccceeeveeaaenaaaanaanaa. 2 el KT T et Tk | SR LSR8 & 00| [oo 4556
Length of antennular stalk .oooooooooiiaae oo 6 | 52| 2 1.8 W e | kel
t.ength of antennular segments : !
R4 bo oSeB5e Sano S00hEE 06 SEERCOTTTC e S o o | e @O (5] S8, S0 i 4
i S —coc a0 —co oaocas coomos comos = coos coooas B 82 o o|foo gt Booo||scosaesssl|foss sec B
{ TR o= coee « aosens ces caos cocs 50008000000 oad I ! ’ ...... oo ool cope o ooos| ool o aaase
Breadth of first antennular segment.... ... ...... 1.1 L N8E o6 |50 0 0 55000 facoo o oot locapooijoserpo
Length of antennular or anral spine.............. 1 701 0.7 0.7 | 0.7 | R.3
l Width'of Same at hasa oSSt B SE - SoeT m ot W el oo Bdmsnc | |c 36 o 9800l ancs 0 sa0k||56sack [cooss
| Length of exopodite of antennunle........... ... 6 7 ' |loooses 2 Camen| o [Gashl
| Length of endopodite of antennule........_....... 9 TN PO S0 TS . 27} || -3 s
| Length of antennal stalle. .. ... ... ... ... (i |t ™ lledece- 1.5 1S58 [ER1SGHIRNONS
Length of long segment of same ... ... ... PAG 1| o S B o | | M R
Greatest width of long segment. ..o coocaeoool| L2 L0 ool e ee [ ==
| Length of squanmons Spine. . ..o .oceceocaceeacnn-. 1.7 4 | Ld 1 3| L8y b
J ST Q@O I - obo o a0 scooe shos catites coce 5 A el 38680 || oaoo < ocoo (51| [ l 1Y
l Width of spine and scale at base....c.ccaeeanaan.| LO[ ET | 1| TR NS ey e
Tength of inferior basal spine.coec.ooceae ool SN ) 0.9 0.8 0.7 0.8 | ......
Length of superior basal spur...c.occeveeveceacee.l 0.3 0.2 (o .. BT B g LRt IEEEEE
{ Width of basal segment.....cococoviennaan ... Ho Tl |leccee [[#occos RPN [P IS lasooas
Length of same to artieulation of squamounsspine.| 2,0 |......|...... T B T T [ERE
YT G @53 N coo 3500 20 aooooo ooseoe coocos l 16 15 o 3+ I ......... 5.8 ‘ 7
>
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TABLE 1n1—Continued.

[Loeality : Nassau, N. I>., Bahama Islands.]

! |I:u«]xsl Ttocka: Rocks ’ 3 ‘i?nukn;

. | Gireen | Green ¢ b P . L h
[ R e San T ey, e . - . . - - =0 o ool B sponge sponge. I)lltzelf.t“u”i({‘:g;,{cy\('r‘i?ge[l'?“y "l"""ge"[)lltfa(};.th
|
oo b R T e e e R R | g | d " l + | Q g
NI AR ANE T oot oo o oo M A SRS, 2 1 ‘ 10 6 2 1l I
i -l
Length of propodus of large chela ... ... ... 13 16 ‘ ...... H.7 4.5 | 6 a7 l
Length of same to spine at basc of dactyle ... ... tl tt 5.1 | 4.4 A ST s e
(EGery 1 ST oy EN T S e o s et el Y jeecoce | L 2 2L I
Greatest depth of sme oo oo L. . I 4 URCH e | N . 1.4 2 $
Width of sanie at spine, at base of dactyle._...... (gl & wll . Ly i <) R L e |
Length of ““ thnmt.™ ot propodus. ........._..._.. T ‘ (bl feac 2 | O Bt 650 BB glioodoot b=k
RN thTGRG R CHYLOMNE SRS S50 S SN 0 1 t 2 2 M= [
Width ot same, over tooth . ... IR [ R | R 1 (PSS s T S,
Length of carpus of large cheliped, on npper ne-

A b seana o bl ot ieoo S e e I | 28] 24|21 | o8 0.6 |.onoe =
Length of meros of samo............. - ccihoo B 5.6 5.3) 3 | 65, ORON IR0 | S
Greatest width of merosof same...... .. ... .. ] 3 0 O PR e . - 6 8 o oo W) 1/
Length of propodus of small eheliped........._... ol 61 1 IR 21R3) 2 DL 20 L (PR
Length of siume to articulation of dactyle......_.. 4 Sl s 1.8 3.4 1380 Jl Bacss
Greatest width of same ... ... ... ... SRl 0.9 0.8 2 1) [
Greatest depthol'same ... ... o ... ) (=10 R - - AL it 4| S SR B .
Length of dactyle of same .......cccce.co........ T 3 | O Tl B S| sl e
Width of dactyleof same ... ............. ... .. 1 (IS T | S | o | M
Length of carpus of same .................. (... 2.3 1.9 1.5 (RG] I Hoeseas
Length ot meros of 8ame. ... -c..oceeeaneeeoao... 6 il N8 loaoc - cooe 2 2 (R
Greatest width of merosof same.................. D57 | QLGN OTRs| L oSSR Y | ———
Length of earpus of second pereiopod. ............| 7 B35 |l scoea 1.8 7 LY
Length of first segment of carpns of same ........ T O S 4 (O3 s [ o || o B S
Length of filth segment of carpns of same ... .... 1N = ot oo 4 B Yoo o cosoofjmescob|soos oo
Length of second, third, and fonrth segments of |

@ TR OGRS 05 o 50800 46 o 0 adtdh oot choo o ob DI el I b W | e S| oo oo o ||ooo et losB o on
Length of propodns of same.........o........... A R | cagBec 1 1 ] R A
Length of meros of 8ame . .. .cvneeeevemaaeean oo, S |lg-ses !

Length of propodns of third pereiopod ........... 5 4.
Length of carpus of same..._.... ..ot || R
Length of meros of 8ame. ...c.oocomee oot 6.2 | 5.
Length of yrotopodite of third pleopod........... (¥ t.
WD QAT FIG: e eeacancacbaaoat ol CoBEOac oo TN 11
Length of endopodite of same........ .. Gl oB b o 3.
Greatest breadth of endepodite of same ......._.. e t.
Length of exopodite of nropod...ooeo oo iooo. 581 4
BAEHG0 @F GRIIE 50 5 5 S00 om0 d oo e a0 et et S & 4320 3.
Length of endopodite of uropod .................. S 3.
BrewdthYofisauierteoeres o oc. oo Lot 3.5 ‘ 23

VII.—THE CAUSES AND SIGNIFICANCE OF VARIATION IN ALPHEUS SAULCYI.

If we consider Nos. 1 or 2 of Table I as representing the nearest approach to the mean of the
species, Nos. 5 to 15 must stand for individnals whieh have floctnated farthest from the mearn.

The individuals given in the table were chosen without refereunce to sex, yet it appears that
nearly two-thirls of the nummber are males. In examining a larger collection of these aberrant
forms 1 find a still greater percentage of males. There ean be little dopbt that in those eases tho
males are in the exeess, although I have not tested this point carefully. It is also evident from
observation and detailed measurements that the average size of these abnormal individunals is less
than one-half that of the brevicarpus type. The brown sponges teem with a population of under-
sized forms, nearly all of which are aberrant, and none of those which were examined exceeded
the length of 17.5m™, which is considerably less than the average for the type.

How far are these variations individnalistic and how far are they econfined to the race ov
species as a whole? In other words, is the individual plastie, departing from the standard of the
speeies and beeoming different at different periods of its life, or do individuals deviate from the

+ mean of the species, each along its own line? Further, are the variations congenital? While we
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are not prepared to answer these questions as folly as we conld wish, yet the facts are sufficient
to throw some light upon the subject. .

We have abundant evidence that there is eonsiderable thictnation in the life of tlie individnal,
as regards the number, eolor, and shape of pigmenteells for instanee.  Tn all larvie of these prawns
the external antenna have a well developed scale, and it is thns clear that this organ may degenerate
and apparently disappear, to be reconstructed again at alater peviod. The vaviety longicarpus (No.
13, Table 1) has no ¢ squame,” althongh it is present in the yonng (I'ig. 7, Il XX11), and the cases in
which the organ is seen in various stages of development ([figs. 13, 14, L. xXx11) support and illus-
trate this conclusion. This, however, is not a rule with the species as a whole, as it is in the some-
what analogous case of the loss and subsequent reconstruection of the last two pairs of thoracic
legs in the larvie of Stenopns and Sergestes.

The question as to how far the charaeters wlhich distingnish sneh forms as Nos. 1 and 13, Table
1, are congenital can only be answered by a carefnl study of their development. My attention was
not direeted to this subject while at the seashore, and in this connection some interesting experi-
ments remain to be performed. The evidence we have goes to show that the young in any given
case share the peenliarities of the mother, and this is probably true ot snch details as the right and
left handed eondition of the large chelipeds. The following examples illustrate this fact: (1) The
adnlt female in this ease has the eharacters of No. 15, Table . The antennnlar or anral spine is
nearly three-fonrths the length of the first antennular segment. The aural spine bas a eorvespond-
ing length in the larvie of this prawn at the time of hatching. In the adult the fingers of the
small ¢hela end in prongs; there is a tuft ot peenliar seta on the dactyle. In the first larva the
fingers of the small chela also end in prongs, and there is a tnft of rudimentary setw on the dac-
tyle. In the adult the earpus of the small cheliped is relatively very long. 1u the fivst larva the
carpis of this appendage is about one-third the length of the propodns (relatively a little shorter
than in the adnlt). Fig. 11, PL. XX11, may be taken to represent the mother (rostrnm here wanting),
and IYig. 17 the young. The small ebela ot the mother is shiown in Fig. 2, Pl. xx1v, that of the young
in Tig. 15, PL xx11.  Apother case exaetly like this was observed, where the embryo was taken
fiom the abdomen of the female. (2) The adult in this case has the characteristics of No. 2, Table
1 (var. brevicarpus) (Pl 1v, Figs. 1, 2).  The larve are shown in Lo xxi, Tigs. 1, 2, 3, 8. The aural
spine, at first short, is nearly as long as the first antenunlar segment when the larva is a week old
(Fig. 10, PL. xx11). In both the parent and yonng the carpus of the small cheliped is relatively
short. The fingers of the small chela end in simple tips; there is no tnft on the daetyle (see
Fig. 16, Pl. xx11). ’

These facts indicate that the young share the peenliarities of the parent, but exactly how tar the
individual may depart from this standard in its own life, or how strictly the law of inheritance
applies in all eases, my observations do not warrant a decisive answer. A few experiments conld be
casily made upon this Alpheus whieh wonld throw light on some 1interesting questions in heredity.
The females with ova are easily obtained; the young are readily hatehed and kept alive in glass
dishes antil they bave reached the adult state.

In this species the change of environment, due to the adoption of life in sponges, has probably
acted as a divect stimnlns to variation. These anninals tend to vary most along certain definite
ltnes, as, for instance, the relative lengths of the antennular segments and anral spine vary mnch,
while those of the segments of the earpus of the second pair of thoracic legs arve practically invari-
able. Homologons parts vary alike, nnless speeially differentinted in different ways, as in the
chelipeds. There is no diversity of life between males and females, and both sexes vary alike, bat
aberrant males are probably the more common.

The ocenrrence of large nnmbers of individnals showing variations of the same kind, bnt of
different degree, render it plausible at least that the same variations may occur in a large number
of individnals simultaneously, bnt the reason why this or that part has varied most is wholly
obscure.

The aberrant forms (variety longicarpus) which have adapted themselves to life in the brown
sponge thrive and produce young whieb, in the early stages certainly, share in the peenliarities of
the parent. The variety breviearpus is similarly adapted to its environment and its young resemble
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it. Has natural selection, then, acted so far as to difterentiate the species in more than one direc-
tion? There are some facts which favor the view that it has done so, but before the question ean
be definitely settled we must determine more precisely how far intermediate or aberrant forms
represent phases of the individual and of the race. 1t is not probable that we are bere dealing
with the hybrids between two originally distinet speecies.

PART SECOND.
THE DEVELOPMENT OF ALPHEUS.
I. STRUCTURE OF THE LARVA.
(Pl x11x, Fig. 174. Pl vn, Fig. 196, Pls. LIV-LVIL )

These studies in the embryology of Alplens begin with the growth of the ovarian egg and the
early phases of segmmentation and extend to the larval and adult periods. 1n order that the prog-
ress of development may be followed in the light of the structnre which the embryo finally attains,
we will start with a general survey of the anatomy of the first larva of Alphens sauleyi. A fuller
description ot the histology and histogenesis ot the tissnes will be given in the parts which treat
of the different organs in detail.

A profile view of the larva as it appears while still inelosed by the eggshell and of one imme-
diately after hatching is seen in Pl. xx1, Figs. 1 and 5, and the Dbrief and insignificant metamor-
phosis whicl is required to provide it with the adult characters are illustrated and deseribed in
a separate paper (Pls, XX1-XX1V).

Most noteworthy are the large, stalked, compound eyes, the segmented abdomen provided
with its full number of appendages, the short, stumpy antennae, and the swollen chel:c or pincers
of the first pair o' thoracic legs. At this stage this Alplieus is a larva, but in a restricted sense,
sinee many adult eharaeteristics are present. It is a larva, with preparations tor immediately
assuming the adult state. Some of the larval peculiarities are the spatnlate telson, the biramous or
schizopodal perciopods (first to fourth pair, inelusive), the rndimentary pleopods, the unabsorbed
food yolk, and the uncovered, stalked eyes. :

The struetural details are now very great, so that it is often impossible to interpret the parts
seen in a single seetion, and it is only by comparing seetions made in ditlerent planes that the
relations of the ergans can be sueecessfully made ont.

In Kig. 196 (Pl. L111) the plane of section is nearly vertical and median thronghout, except
for the posterior half ot the abdomen. The supra-esophageal ganglion, which is nsnally spoken of as
“the brain” (s.e. g.),is a complex organ, composed ol internal, medullary masses (punktsubstanz balls),
and eellnlar tissue which completely invests them. Tt is made np of the fused ganglia of at least
two segiients, those of the first and secoud antenme. This fnsion is complete from the carly stages
of development, and the relations of the parls are now extremely complex. They are best illus-
trated by a eomparison of the series of transverse seetions (Pls. Lrv, Lv, Figs. 211-219) with
those made in a horizontal plane (Pl Lvir, Figs. 233-243), and it*will be seen that there are fonr
pairs of fibrons masses in the brain, intimately connected together.

These compact and finely granniar masses iu the interior of the ganglia of invertebrates were
described by Leydig twenty-five years ago under the name of Punktsubstan: pudlater by Dietl
(1876) as Marksubstanz. As Krieger remarks, the latter name is bad, since it confnses this tissue
with the spinal mmarrow of vertebrates, with which it has nothing to do. Tt is essentially a felt of
very fine fibers. We will therefore speak of it as the Punktsubstanz, or, to nse a more deseriptive
term, the fibrous substanee of the ganglia.

The first pair of these, the anterior or optic fibrous masses (Pl LV, Figs. 212-215), are the
largest. They are completely fused on the middle line and form a single eompact wass, whieh is
slightly constrieted laterally (Pl. LvIr, Fig. 242, of) and which is divided in front (Pl L1v, Iigs.
210, 211), where it gives off two diverging stems of fibrous tissne (sometimes ealled optio nerves) to
the optie ganglia in the stalks of the eompound eyes (see also PL LVII, Fig. 240 of).
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Next in point ol size are a pair of large lateral balls, which appear kidney-shaped in transverse
seetion (PL Lv, Iig. 216, L. f.). Eaeh is virtually segmented at the lower surface into two lobes (Pl
Lvi, Fig. 242, L, f.). These lobes are closely united to each other, and by a pedicel or stalk of
fibers to the lower posterior extrewity of the anterior, optic mass. A third pair of fibrons masses
(Pl. Lv, Figs. 215, 216, af.) fuse with the anterior mass at the same point. Each of these balls
is also bilobed, and from them issue the fibers of the antennular nerves. (PL Lvi, Fig, 243, a.
au., also PL LV, Figs. 212-214, a. 0., nau.) The nerve of the tirst pair of antennw consists of
cells and fibers, which pass to a mass of deeply staining cells («. o.), the ear, and to the tissnes of
the antennular stalk. The fourth pair of fibrous masses (I’I. Lv, Figs. 217, 218, g/f., also Pl. Lv1r,
Fig. 243) are intimately associated with the last and with the common bridge of tissne (Pl. LV,
[ig. 216, of.) which unites them all. From these arise the fibrous clements of the antennal nerves,
which supply the green gland and the tissnes ot the appendage (Fig. 216, n. ag.). Irom this
same region (Fig. 218, fo.) the commissures which surronnd the (esophagas and unite the brain to
the ventral nerve cord also originate (Fig. 220). These commissural bands meet immediately
behind and below the wsophagns, where they fuse (Pl Lv, Figs. 222, oem.) and join the ventral
chain of ganglia. This last consists of the gawnglia of the remaining eighteen segments of the
body. Each ganglion is double and is made np of two fibrous balls, united by a transverse
commissnre, and of a thiek eunvelope of nerve eells. Longitndinal commissnres of eells and
nerve fibers unite the saccessive gaunglia, which torm a doubie chain. These relations are well
shown in Fig. 196 and by the horizontal section (Pl Lvi1, Fig. 243). The first six thoracic ganglia
are very elosely erowded together (Fig. 196, ¢g. 4-9) and form what is usually known as the
infra wsophageal ganglion (ganglia of maudibles, first and second maxillie, and first, second, and
third maxillipeds). The next five ganglia, g. 10-14, which are less closely crowded than the
preceding, belong to the tive pairs of thoracic legs and their segments, The fiber balls of ecach
ganglion are pear-shaped masses, disposed vertieally, witli the large end of the pear turned toward
the base of the appeudage. The abdomipal ganglia are moare widely separated and the longitad-
inal conimissures are consequently more marked (Fig. 196, g. 15-20; see also the series of trans-
verse seetions, Pls. Lv, LvI). The nerves, always diflicult to distingnish, owing to the elose
similarity of their eells to those of the snrrounding ectoderm, are hest exemplified in the case of
the antennnlar and antennal nerves already mentioned.

The relations and course of the fibers, whieli are very complicated, are partiaily indieated in
some of the sections. There is it marked transverse commissure of fibers in the anterior half of
the large optie swelling (IMig. 213), and at its posterior extremity, where it fuses with the lateral
and anfennal masses (PL vin, Fig. 195, ¢f).

The optie stalks or lobes, bearing the componnd eyes (PL niv, Figs. 209, 210, and Pl LvII,
Figs. 239-242), consist of an irregular series of fibrons masses, in shape of a distorted letter L.
The angle of the letter L is continnons with the fibrous substance ol the brain, while its shorter limb
proceeds to the compound eye and its longer forms a large swelling in the upper part of the sialk.
There is a nanphus eye (Pl Lin, Fig. 197; PL Ly, Figs. 209, 210, oc.) borne on a median papilla,
whick projects downward between the eye stalks. The details of the strneture of the eyes are
oiven in Seetion 1X,

The alimentary tract of the larva is a somewhat complicated strncture, and the relations ol its
parts are best understood by reference to sections taken in more than one plane.  We ean recognize
five well-defined portions: the wsophagus, the masticatory stomaeh, the midgut, the hindgut or
intestine, and the appendages ot the midgul. These are shown in a semidiagrammatic way in the
eut (Fig. 2), and the longitudinal section (Pl L111, Fig. 196) and series of transverse and horizontal
seetions (Pls. Lyv-Lvr) illnstrate the structores in more delail.

It is interesting at this point to compare the larva shown in Fig. 196 with the lougitudinal
section of an advanced embryo (PL XLy, Ifig. 165).  In both we recognize the foregnt, a tube bent
on itself, consisting of the sophagus and masticatory stomaeh (m. s.). In the embryo the latter is
closed on the side of the food yolk. In both we also see a vertically directed fold of endoderm ( /.,
overlying myg® in Iig. 196) and behind this the large ITnmen of the iindgnut, which gradunally tapers
into that of the narrow, tubulag intestine. DBetween this fold on the one band ard the stomaeh on
the other we find in the embryo an enormons spaee tilled with yolk, whieh is partially walled io
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with endodermal epithelium near the point where it communicates with the cavity of the gnt.
This in the larva corresponds to the midgut (Fig. 196, mg.) and its diverticula.

The @sophagus (Iigs. 196, 218-220) is a straight, vertical tnbe, with very thick walls, whieh
are thrown into longitndinal folds. 'There is an anterior and posterior fold and two lateral oues,
which give to the lnmen of the esophagus the shape of the letter X when seen in transverse
section (Pl nvrr, Figs. 241, 242), The walls of the masticatory stomach resemble those of the
wsophagns, and the folds of the latter are continnons with the valvnlar strnetures of this region,
The lateral and median thickenings (PL Lv, Fig. 221, p. v.) at the point where this portion of
the stomach passes into the midgnt may be regarded as a rndimentary pylorie valve. The pouches
formed between the median ventral fold (Fig. 221) and the lateral folds (p. ¢.) correspond to the
gastrolith sacs in the crayfish embryo (54), bnt no gastroliths are found in Alpheus.

The midgut appears in the longitudinal seetion (IMig. 196, mg.) as a short, restricted cavity,
1t is, however, a spacious ehamber, as we see by examining a series of seetions macde in other planes
(Pls. Lv-LvI). It consists of seven parts or divisions: a dorsal, nnpaired, median division (mg.
in all the figures), and, opening from this, a pair of anterior lobes (mg.h), a pair of posterior (mg.")
and a pair ot ventral lohes (mg.?). All these parts are lined with a peculiar colnmunar epitheliun,
composed of endoderm cells, derived primarily from the wandering cells, excepting a part of the
median and the anterior divisions, where the endodermal wall is absent or only imperfectly tormed.
The epithelium of the midgnt passes impereeptibly into that of the intestine, since the cavity of the
hindgut is in communication with the food yolk from the very early stages of the embryo, and
sinee also the endoderm is formed very gradnally and first appears in the region where the hind
gut communicates with the yolk. On the other hand, the demarcation between the wall of the
masticatory stomach (of ectodermal origin) and that of the midgut (Fig. 196) is most pronounceil.
Correlated with this distinetion is the fact that the foregnt is a blind sac and completely cut oft
from communication with the yolk until very late in embryonic life (Pl. xLvm, Fig. 163). The
anterior lobes contain the remnant of nnabsorbed yolk (Figs. 218, 237, y.), and in cases where the
lining epithelium is unformed, the food yolk is in eontact with the brain. These lohes are sepa-
rated by a median vertical partition (mp.), composed of connective tissue and muscle cells, which
suspend this portion of the digestive tract to the aunterior dorsal wall of the body. In a very late
embryo which is about ready to hateh we find that the partition separating the anterior lobes is
incomplete. The dorsal half of it consists of a downward-growing fold of endoderm cells, with a
mesodermic core. The ventral and lateral walls of these diverticnla are devoid of epithelinm, so
that the endoderm extends itself most rapidly forward, on the dorsal median line, and thence spreads
to the ventral floor.

The posterior lobes (mg.?) are the first to develop (see P1 L1, Fig. 185, mg.’). They lic to one side
of and below the hindgnt (Pl LvI, Figs. 226-230,mg%, g9."*). Up to this stage their position is never
dorsal to other parts of the digestive traet. It is{rom these lobes that the gastric gland or so-called
“liver” arises. Iach lobe is simple until a short time before the embryo hatehes, but in the newly
born larva it is divided into three lobules. This division is effeeted in this manner: The lower
median part of the primary lobe (Fig. 228, gg.!) is constrieted off by the growth of a fold from the
side next to the hindgut, downwards and ontwards, to form a seeondary lobule (gg.2). By the
constriction of the upper portion in the same way the primary lobe becomes divided into three
pockets. The relations of the posterior division of the midguf to the unpaired eentral portion is best
shown in a horizontal seetion (Figs. 236-238). 1t seems quite probable that a part of the epithelial
lining belonging to the enlarged section of the hindgut is endodermal in its origin, bnt just how
mueh it is impossible to say.

The ventral lobes (Fig. 224, mg.?) are ventro-lateral diverticula from the ecentral portion of the
midgut and are ecompletely lined with eolumnar epithelium.

An examination of the structnre of a young Alpheus of this species, ten days old, throws mnel
light on tite anatomy of the larva just consideved. The alimentary tract has at this time essen-
tially its adult strueture. The gastric glands open into it by short dnets at a point just behind
the masticatory stomach. They consist of three pairs of lobes or cieca.  One pair, corresponding
to the posterior division of the midgnt (Ifig. 226, ng.?), is imperfectly divided into three lobules,
as jn the early larva, They extend backward, below and to one sideof the gut. The two remaining
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pairs pass forward on cither side of the mastieatory stomaeh to a point about on a level with the
tirst maxillary segmeut. The ventral is the larger and longer of these, and two lobules are eon-
stricted off’ from it near its extremity. They eorrespond to the ventral lobes of the midgut (mg.2
ent, Iig. 2).  The doisal pair represent the anterior lobes (mg."), which are now entirely withdrawn
from the head region, and naturally contain no food yolk. The gastrie cicea are all tilled with a
coagulable finid which stains feebly in carmine.  The gastric epithelinm for a short distance behind
the point where glands commmuicate with the stomach has marked histological pecaliarities. The
mternal absorbent surface is increased by tolds which nearly obscure the lnmen of the tube. The
cells are columnar and resemble the glandular cells of the liver and probably have the same origin
as the latter.  In the masticatory stomach there is a strainer of hairs developed on the ventral
and lateral walls which are greatly thickened, as we saw in the larva. The dorsal wall is thin,
but there is a large valvular fold on the ventral side.

The vascular system ot the adult is already ountlined in the larva in all its essential character-
isties,  The walls of the blood vessels are exceedingly delicate, so that it is not easy to ascertain
their distribution by means of sections alone.  The heart (Pl L1, Fig, 196, H.) is a short tubular
chamber, flattened between the dorsal body wall and the enlavged section of the hind gut. It is
suspended in the pericardial sinus (p. s.) to the body wall and surrounding organs by means of
strands ot connective tissne (aliv-cordis). The walls of the heart are quite thin, and its cavity is
partially divided into three compartments by the growth downward from its roof of two sheets of
mesoderm cells (Pl. Lvi, Fig. 231, and PL L1, Fig. 186),

Of the several arteries which lead from the heart, three, and possibly five, can be distingnished.
Posteriorly the heart is continuous with the targe superior abdominal artery, which traverses the
abdomen close to the dorsal wall of the intestine (Ifigs. 196, 232, 235, «. s. a.). Near its orvigin
from the heart, the sternal actery (Iig. 196 shows a trace of this vessel between ganglia [2 and 13,
to the lett of pr.) is given ofl, and passes directly downward to the ventral nervous system, whieh it
penetrates at a point between the third and fourth thoracie ganglia. This is continned backward
under the nervous system and forms the inferior abdominal artery (Figs. 229-234, «. i, «.) Anteri-
orly the heart gives oft' the unpaired ophthalinic artery (Figs. 196, 215-229, op, a. op.), which runs for-
wurd to the region ot the eyes and brain. 1t is not an ophthalmic artery, strictly speaking, but from
the tirst, supplies artcrial blood to the brain and anterior cephalie vegion generally.  In Rigs. 213,
216, it is seen eut in partial longitudinal section, where it evidently communicates with the blood
space surronnding this part ot the brain.  The antennal arteries can not be clearly distinguished
in sections, but in o mueh earlier stage traius of” cells are seen at the surlace of the egg passing
forward on cither side of the middle line toward the eye stalks, whieh possibly represent the anten-
nal vessels.

Besides the sinnses already mentioned, there is @ large sternal sinns (Fig. 196, sts. s.).  This
ocenpies the extensive space hetween the thoracie ganglia and the alimeuntary tract and “liver,”
and, like all other similar spaces, is more or less completely tilled with serum and blood eorpuseles.

Tive pairs of gills are present at this stage. They are developed from simple pouches or folds
of' the skin on the bases of the thoracie appendages (Ifigs. 193, 230-233, br %),  The onter sur-
fice of this primary fold soon becomes divided into a number of secondary tolds or gill plates, and
1 a larva whieh bas moulted twiee and is twenty-four hours old, the branelia has the stroctnre
shown in Fig. 195. The adunlt gill is precisely similar to this, except that it has a greater number of
plates and more definite branehial vessels. TIn the carly larval stages the skin and especially the
branchiostegites (Iig. 193, bg.) probably serve as important respiratory organs,

Tn respect to its muscular system toe first larva appears to differ but little from the adult,
The tlexor and extensor museles of the abdomen are most prominent (Fig. 196, mu. £, mu. ¢.). The
former eonsists of a donble rope of tibers, fuse I completely together and very much twisted. They
extend from the sides of the thorax to the terminal telson (Fig. 227-235, mu. f.). The extensor
muscles (mu. e.) are smaller, but otherwise similar to the latter, both in origin and extent. They
lie above or to the sides of the digestive tract. Their attachment to the earapace is shown in
Figs. 227, 228.

Tbhe next most prominent museles are the adductors of the mandibles and great ehelie.  The
former consists uf a large band of fibers which pass from ona side of the body to the other directly
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over the nervous system (Fig. 221, ad. m.). (’Ins«ly assoclafed with it are the museles of the
maxille.  The large flat tendon to which the adduetor muscle of the foreeps is attached, is well
developed at the time of hatehing.  ftis formed by the infolding of a sheet of eetoderm cells wt the
point of articulation of’ the fingers of the claws, and in a plane at right angles to their plane of action.
The onter ends of the cells of this infolded sheet now oppose each other and secrete the chitinous
tendon, while to their morphologically inner ends the mnsele fibers are attached.

The connective tissues invest the organs and seem to hind them together and to suspend them
to the outer ectodermal wall ot the body, bt in some cases the ectoderm of the surface is apparently
replaced by mesoderm cells, and often musele fibers appear to he attached to the tergum ol the
somite (Fig. 196). This may be explained by the intimate fusion of the ectoblast and mesoblast at
these points.

"The green gland (Pl. L111, g, 198, ag.) at the base of the second antenna is a well-defined
structnre. It consists of a blind tnbe, which passes up close to the hrain as far as the anterior saces
of the midgut, and of a solid, dise, shaped body. The walls of the tube are composed of a single
layer of large cubical cells. These thin out at the lower end, and to the onter wail is applied the
solid nodunlar body. Neither at this stage nor at any previous one have [ been able to detect an
opening to the exterior.

1n the adult the tnbular portion of the gland grows to very great length, coiling itself in all the
available space in the anterior region of the body in front of the mandibles. It surrounds the brain
and cesophagus and passes down to the labrum and into the eyestalks. The solid almond shaped
body (probably the end-sac) becomes a spongy mass of tissue. [ts fnnction is plainly ditterent
from that of the epithelinm whieh forms the wall of the tube and to whicli the secretive product ot
the gland is due. c

The reproductive organs, or what [ regard as such, arve difficult to find, owing to their very
rndimentary condition. They consist of a small eluster of large cells on either side of the middle
line between the digestive tract and the anterior end ot the heart (Stage x, Fig. 173, R. O.).

With this sketeh of the strncture of the larva we are ready to trace the history of develop-
ment from the earliest stages and to ascertain the manifold changes through which the unicellular
egg with its great store of yolk passes, before it attains to the wonderful complexity ot the larval
and adult forms.

II.—THE ORIGIN OF OVARIAN EGGS IN ALPHEUS, IIOMARUS, AND PALINURUS.
.

(@) Alpheus.—The ovaries of Alpheus are paired eylindrical bodies which extend *between the
alimentary tract and dorsal blood vessels, from just ehind the eyes to the end of the third or
fourth abdominal somite. Owing to the transpareney of the skin in this species (A. sauleyi) they
are extremely conspicious, giving to the female an intense green or yellow hne, according to the
color of the egg (Pl 1v). The oviduets open in the usnal way by means of a slit-like’valve on the
basal joint of the third perciopods.

In Pl xxvI, Fig. 11, the condition of the adult ovary is shown, as it appears two or three days
after the eggs then carried on the abdominal appendages had been laid. The ovarian ova are
ripe by the time the young arc ready to leave the shell, and the new ova are Iaid in a few honrs
after the batching of the larval brood. Thns there is a constant snceession of young, and females
are not commonly fonnd withont cither attached or large ovarian eggs. The breeding season of
this species extends, as we have seen, throughout the entire year.

The structure of the ovary is quite simple (Ifig. 11). It is essentially a sac lined with ger-
minal epitheliuin. The external layer of the sac (O. W.) is mnseular and contains numerous nuaclei.
Between the epithelinm and fibrons coat there is a wide space filled with blood. This may be
unnaturally large in the preparation owing to the disturbing effects ol the reagents employed,
bnt it is not wholly abnormal. The germinal epithelium consists, for the most part, of a single
layer of large cubical cells. The nuclei are large and grammlar, and the cell outlines are often
distinet. The function of these epithelial cells is twofold: (I) They give rise to ova; (2)They
form the epithelinm of the egg follicle.

There is no germogen or polynuclear mass ot protoplasm from which the ova are developed,
but the eggs appear to originate directly from epithelial cells. The new eggs hegin to develop,
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while the ovarian lobe is yet crowded with ripe ovh ready to be laid, on the ovarian wall next the
middle line of the body. The process seems to be as follows: The nuelei of the cells of the ger-
minal epithelium inerease in size along a certain tract. The cells grow rapidly and are slowly
dehisced or pressed into the cavity of the sac. Iach is surronnded by a coat ol follicle cells.
This is formed Dy the ingrowth of the germinal epithelinm about the egg. Sometimes several
ova occupy a common pouch (Ger.) which is separated from the rest of the ovary by sheets
of follicular tissue (F. E.), but eventually each egg has a covering of-its own. Between very.
young ova (¢) no larger than the epithelial cell, and the matnrer egg (e') every stage can bhe
traced. The yolk appears very early as a fine granular deposit in the protoplasm of the cell.

In this species the development is nearly direet, there being no zoial stage, and the egg
contains more than nine times as much yolk as the cgg of Alpheus minus, in which the lirst larva
is a zodalike form.  The materials for the yolk must be derived direetly from the blood, aud in this
form the germinal epithelinm is bathed with the blood current.  Where there is an enormons food
yolk Dlood must he supplied to the develuping ovi in more than the nusual quantity. This is often
accomplished by reéntrant blood sinuses which penetrate all parts of the ovarian stroma, as in
the lobster (omarus) and in the cephalopods, which are precocions in development and conse-
quently deposit a great store of yolk in the egg. In the latter the follicnlar epithelinm is folded
in a remarkable manner about the egg to increase its nutritive snrface,

The germinal vesicle (Fig. 11, G, V) is tilled with coarse ehromatin grains, and in the early
phases grows relatively faster than the rest of the egg.  In the egg, (¢, to the left) which is 2, ineh
in diameter, the diameter of the germinal vesicle is one-half that of the entire egg.  The chromatin
grains increase in size until there are formed, as in an egg like the last, six or more large musses
of chromatin, or nueleoli.  The older eggs are spherical; their food yolk is olten vacuolated, as in
later stages, and they are invested by a single membrane, the e¢horion, whicl is a chitenous seere-
tion of the follicnlar cells.

In the ripe ovary of this Alpheus the mature eggs fill the ovarian sac, exeept at the lower
portion next the middle line, where, as already stated, the yonug ova first make their appearuice.
These mature eges are closely erowded and irregular in shape, and their bulk greatly distends the
body of the prawn. The choriou is now fully formed and elosely invests the vitellus. The yolk
is in the form of splierules, usnally fused and always vacuolated in preparations which have been
snbjected to alcobol and turpentine. In the ripe cge the nucleus was not seen, but it is quite
probable that eareful sectioning would show that it lay at the surtace, as is the case with the ripe
ovarian egg of the lobster, which is often left in the ovary, atter the bulk of the eggs are laid.
We thus conelude that the extrusion of polar cells may be internal, that is, may take place within
the ovary, as is sometimes, if not always, the case with Homarus.

(D) The "Lobster (Homarus americanus).—The ovaries of the lobster consist of two lobes or rods
ot tissue, united by a short transverse bar. When filled with eggs their color is a dark olive
green, except in young females, where the color of the immature ovary is variable. Each lobe is
composed of an outer wall, whiel is a felt ot mnscle and connective tissue fibers with very small
nuclei, and of a loose framework of germinal epithelinim, which penetirates all parts ot the lobe.
The latter is a syneytinm and consists of @ watrix in which great numbers of small nnclei are
cmbedded.  These nuclei, with surrounding protoplasm, give rise (1) 1o ova and (2) to eells of the
cge follicle.

The growth of the ovarian egg from the epithelial nueleus is illustrated in Pl xxv, Figs. 3, 6.
Fig. 6 is from a section through the posterior end of an ovarian lobe ot a lobster obtained from the
Baltimore markets in Janunary. Tig. 3 shows the eentral portion ot this section greatly enlarged
The diameter of the entire section is about twice that of the part represented in Fig. 6, and the
oldest eggs lie at the periphery. The germogens, the centers of dispersion of new eggs, lic nearly
in the long axis ot the lobe. We can therefore trace in a single good section at this stage the de-
velopment of the egg through every stage, from the inditlerent nnelei of the ovarian stroma to the
large peripheral ova. The ovary is supplied with blood by means of sinnses which penetrate to
all its parts (BL. 8.). The sinuses are definite reéntrant ¢hannels with thin membranons walls,

The ovarian tissue (Ct. 8.) consists of a fibrons matvix in which numerous oval granular nnelei
are embedded. The process of the conversion ot the epithelial cells into eggs is shown in Iig, 3.
The epithelial nuclens (O, O%) swells out, beeomes spherical, and its chromatin has the charac-
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teristic granular appearance of the germinal vesicle of the yonng egg.  The first trace of the yolk
(O3 Of, 0% appears in the onter grannlar Jayer which surrounds the germinal vesicle. This layer
represents primarily the cell protoplasm, in which the yolk is formed. The cell takes oun a definite
shape and is very carly invested with a follienlar coat (I, C.). [n an egg a little older (O7) the
nucleolns has appeared, and in still older eggs (¥ig. 6, O, O') a delicate chorion (Ch.) ean be
seen. This is secreted by the cells of the follicnlar envelope (I'. C.). The growing eggs pass out
from the central to the peripheral parts of the lobe in the sheets of stroma between the Llood
sinnses. Distiuct yolk spherules are very early seen (O7) and are of nniform size, but in maturer
eggs (Fig. 6, O, O) the germinal vesicle is sometimes surronnded by a central layer ol small
sphernles and a peripheral layer of larger ones. The germinal vesicle is centrally sitnated and
always contains a single excentric nucleolus, besides stellate masses in the chromatin retienlum.*

(¢) The Spiny Lobster (Palinurns).—In the spiny or roek lobster from the DBalamas the ova
originate exactly as in Homarus, and the struncture ol the ovary is essentially the same. There
are several nneleoli, as in Alphens. The ovary is not nearly so richly snpplied with blood siunses
as in the cases jnst eonsidered. This is perbhaps eorrelated with the faet that the amonnt of yolk

* Since the ahove account was written 1 have been able to stndy the structure of the ovary more thoronghly,
and the subjoined notes are largely extracted from a preliminary netice on “The Reproductive Organs and Early
Stages of Development of the American Lobster.” (23.)

The structure of the mature ovary is somewhat peculiar. The free, unextruded eggs fill the lnmen of the
ovarian lobes. The lobe or tube itselt cousists of the proper ovarian tissne and the outer muscular wall, which is
very thick. The stroma is characterized by the presence of gland-like structures, bloed sinuses, and immature ova,
The glands are iu close relation with the grewing eggs. They are plaited or folded strnctures, and consist of a single
layer of colnmnar cells, the houndaries of which are indistinct. The lumen of the fold usnally contains a granular
residue, but often yolk and degenerating nuelei. It seems possible that these structures are comparable to yolk
glands, and that their function is to supply the grewing ova at this stage swith a part of their massive food yolk.
Three days after the extrusion of the cggs the glandnlar cieca have much thicker walls; the rapidly dividing eclls
are smaller, and their nnclei lie at varionslevels. In another ovary of abont the same age the glands are relatively
very large. The columuar cells are greatly clongated, their nuclei lie at the deeper or outer ends of the cells, and
the lumen of the glaud is often completely obscured. The gland forms a kind of egg tube, abutting nupon and partly
inclosing the growing egg. The columnar cells stop short at the sides of the egg, so that the glandular cecum resem-
bles a narrow bag with an egg pushed into its menth. The glandnlar cells are divectly continuons with these of the
follicle. The axial pertieu of this ovarian Iobe is compesed of hellow spaces, blood sinuses, aud loose stroma, in
which very yonng eggs occur. Degenerating cells occur not ouly in the stroma, but probably in the developing ova
also. In Peripatus Nova Zealandie the yolk is described by Lilian Sheldon as arising net only from the egg prote-
plasin, but alse from the follicle cells (57).

When ten te fifteen days have elapsed after egg-laying (eggs in egg-nanplins stage), the gland-like bedies
bave almost wholly disappeared. The walls of the caca are shrunken and crumpled, and the latter have been
crowded to the extremeo periphery of the ovary. The ovary now eontains a solid core of immature cggs, stroma, and
bloodvessels. This is continnons with radial sheets of similar tissne which extend fromn the ceater toward the pe-
riplery. The enter and more mature masses of ova are thus divided into more or less continuons, longitudinal hands.

At a still later period (eggs with eye pigment, four to five weeks’ old) the glands are present merely as
shriveled remnants. Later still (lobster taken Augnst 21; egg embryos in a Iate stage) there is no trace of gland-like
structures. In the ovary of a lobster (taken June 30), with eggs about to hatch, the condition is similar to the Tast.
It is now about cleven months sineo the eges were latd, yot the diameter of the largest ovarian eva is only about onc-
half that of the matnre epes.  The ovarian wall is thinner than in previons stages, and in the axis of the lohe there
are still sheets of very small, immature ova.

1t seems that the bodies which have been described as probable yolk glands are present in the peripheral
parts of the ovaries enly during the limited peried of from tweo to tliree weeks after the eggs are laid, and when the
organs are recovering from the changes which follow this event. Their stracture is quite nnlike that ot bloodvessels
or sinuses with which they are intricately associated, and theiv relation to the growing eges soems to imply that
they have some function te perform in the noeurishment of the peripheral ova. Their short existence, on the other
hand, might lead us to suspeet that they were moro or less radimentary structnres, or that they were concerned with
the secretion of the gluey substance with whieh the eggs are coated at the tinie they are laid. Their true fanction,
however, remnains to be determined.

Ovaries which I have examined, taken in simnmer (July) from lebsters ( < paper shells’ ) which have recently
mounlted and whieh de net earry eggs, present vory thin walls, and the largest ovum measures in diameter abont one-
half that of the mature egg. These lobsters have probably hatehed a brood the present season and have afterwards
moulted. (Compare the ovary of the lobster taken June 30 above.)

Some allowance is to he made for individual diflerence, but the slow growth of the ovarian egg, which we
have traced from the snmmer when eggs were laid to the following summer when these eggs were hatehed, is very
noteworthy, and shows conclusively that the lobster is not an annual breeder.
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in each egg is very small, although the number of eggs produced by this animal is enormous. At
Nassan, Palinmrus beginus to spawn in Jone,

(d) Comparison.—Ishikawa deseribes very fully the ovaries and ovigenesis of the prawn A¢-
yephyra compressa and concludes that the ovam “originates from the inner lining of the ovary and
is at the beginning a cell with a nneleus and one, two, or rarvely three nucleoli” The matnre egg,
according to this observer, has two membranes, one of which is due to the “hardening of the
periplieral protoplasm of the egg,” while the other (secondary egg-membrane) is secreted by the
epithelial cells of the oviduct and added at the time the eggs are laid.

There seeins to be an error here in regard to the origin of the cliorion. 1n the Decapod Crus-
tacea it is the rule that the chorion it secreted gradually daring the growth of the egg by the cells
of the egg tollicle. The large glandnlar cells found in the oviducts of Atyephyra possibly secrete
the viscid thaid by which the eggs are attached to the swimmerets, yet this point needs comfir-
mation.

The chorion was lound in the ovarian egg of Pagurus by Mayer (39), who says:

Das Eierstocksei von Paguras ist in der crsten Zeit seines Bestehens eine echite Zelle mnt Protoplasma, Kern und
Kern-Karperchen. Spiter findet eine Einlagernng von Dentoplasma und die Bildung einer 1Tiille aus Chitin statt,
Endlich wird der Kern unsichtbar; das Ei stellt dann eine Cytode vor. :

Das fertige Li verliisst doun Leib des Krebses ohne Kern und mit einer 1Tiille versehen.

This description answers for Alphens in all essential points.

The vipe egg of the erayfish (dstacus fluviatilis) is inelosed by a single envelope, the chorion.
According to Ludwig and Waldeyer it is not known whether this is 4 produet of the c¢gg or of the
follicle cells.  Huxley (20) merely states that ¢ a structureless vitelline membrane is formed between
the vitellus and the eclls which line the ovisae,”  The ovisacs bnrst and the ova pass through the
ovary into the oviduet. When laid, the eggs “are invested by a viscous, transparent substance
which attaches them to the swimmerets of the female and then sets.”  Tlere as in other forms the
chorion is clearly the seeretion prodnet of the ovisze.

In Cranyon vulgaris Kingsley (31) finds that the late ovarian ova resemble the newly laid
eges, There is a thin stroctureless envelope (ehorion), but no trace ol an inuer vitelline membrane.

Lndwig’s general statement that the egg cells of all Arthropods are surrounded by a vitelline
membrane (Dotterhant), the product of the egg itself, is certainly erroncons.  He divides the egg
membranes into primary eqyg membranes, those which are derived {rom the protoplasm of the egg
itself or from its follicle cells, and secondary eqgy membranes, those formed by the wall of the oviduct
or otherwise. Balfour, following Van Deneden, restricts the terin vitelline membrane to structnres
derived from the protoplasm of the ovnm, and chorion to those tormed by the cells of the follicie
or oviducet. In the category of secondary structures wonld fall also those secreted by special
glands, fonnd, according to Lmdwig, in Trombidium, Chilopoda, and nearly all Crustacea, and the
winter eggs of Daphnia and Tardigiada, which is due to a moult or direct separation of epithelium
from the Lody of the mother.

In speaking of the vitelline membrane Van Beneden and Bessels, in their monograph on the
formation of the blastederm (60), thus detine it:

Nons entendons la membrane vitelline dans le sens oir M. Claparede 1'a si nettement définio dans son travail sur
les vers Nématodes: (Uest la eonche externe du protoplasina de l'wnf, qui, ayaut neqnis nne deunsité plus grande que
la masse sous-jacente, se sépare de eclle-ci par un contour net et tranché.  Blle est & Uenf co que la membrane cellu-
laire ext i 1o cellnle 5 elle se forme de la méme manicre.

According to this view the ovum is morphologically a cell, the vitelline membrane is the cell
wall.

The origin and growth of the egg in Amphipods (Gammarus locusta) agrees quite elosely with
what takes place in Alphens and Homarus, According to Van Beneden and Bessels (60) the
young ova are at first protoplasmice cells, the nuelens of which becomes the germinal vesicle. The
ovarian egge is a eell withont a membrane, and in the cell protoplasm refringent vesicles are devel-
oped which form the yolk elements. According to these anthors the mature ovarian egg consists
of a viscous, finely granular, and contractile liquid, which represents the primitive cell protoplasm
and holds in suspension the germinal vesiele, and, secondly, of nutritive yolk elements (ealled by
them dewtoplasm because ot secondary origin), which are also suspended in the protoplasm of the

DO
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In insects it appears that a chorion is always present in ovarian eggs, while, on the other
hand, arachnids possess a vitelline membrane and the eggshell is seereted in the oviduet.

_There is no simple rnle to express the appearance ot egg membranes in a diversified group
like the Arvthropods, and, considering that these strunetures are purely secondury to the eell and
expensive prodnets however formed, this is what we shonld expeet.  Their function is cliiefly pro-
teetive, and where a chorion is present in the ovary a yolk membraune is not developed, but the
latter is present, as in spiders, when the shell is a later product. Lrdl (15) describes thiee egg-
wembranes for the lobster, but it is elear, as Mayer lras already shown, that the inner, delicate
membrane which has been described for tlie decapod egg, is i secretion produet ot the blastoderm,

III., SEGMENTATION OF THE EGG OF ALPHEUS MINUS.

In the small green Alpheus of the southern coast we have a pecnliar modification of the nsual
process of segmentation, whieh seems to be anomalons.

The fertile egg is pervaded with a remarkably fine reticulum, which incloses yolk sphernles
of minute and unitorur size. The nucleus is central, or nearly so,* and consists ot” an ill-defined
mass of protoplasm, in which a fine chromatin network is suspended. In the next phase (L xxvr,
TFig. 14) the nucleus is elongated and about to divide.  Division appears to be direet amd irvegular,
At a somewhat later stage the phenomena of the inost interest oceur (Ifigs. 12, 13).  1lach produoet
of the first nucleus has developed a swarm of nuclear bodies (S. 5.), which seem to arise by fragmeu-
tation. Tliese bodies take the form of spherical nuclei in elear masses of’ protoplasm.  The yolk
frequently hus a tendency to segment about the nnclear masses, in the same way that it divides
abont a single nucleuns to torm a yolk pyramid. This yoll segmentation seeis to be normal, bt
it is very irregular. In one case there were two large segmeunts, which nearly divided the egg in
two, besides several smaller ones.  Nuclear matter consists either of small particles or ot iudefi-
nite reticulated masses, resembling the first nacleus (Fig. 14).  Clear arveas are sometimes found
with nuelei which appear to be breaking down.  About eight nuelear swarims or clusters are present
in the stage shown in Figs. 12, 13. The nuelei vary in size from refriugent particles to bodies of
ordinary nuelear appearance.

Figs. 25 and 26 represent two sections of one of the elear areas in the sime egg trom which
Fig. 12 was drawn. This clear field has several degenerating nuelei near its border,  The Largest
one (S. C.) is inclnded in both sections. A swmall ehromatin mass with indistinet body lies next
it (S. C.?7), and other similar bodies oceur in different sections. The cell 8. C. contains two cliro-
matin balls, and in Fig. 26 (the next section but ove in the series) this body appears to be dis-
charging through its broken-down wall numerons wiunte elements (8.) into the clear field, In
Fig. 22 a small protoplasmie area ocenrs, in which a single nuclens lies.  This body is granular
and eontains a large chiromatin ball. Ifigs. 5 and 23 are also trom the same egg.  IHere we sce
struetures similar to the cell jnst mentioned. They are snrrounded by yolk and consist ot a deli-
cate reticnlmn in which usnally one large nucleolus is suspended, besides great numbers of small
chromatin particles.

Various stages of growth are here represented, and it wmight appear at first sight that we have
a case of endogenons ecll formation. 1 see no reason to suppose that the eggs examined are abnor-
mal, and 1 eonclude that we rather have in this species a remarkable modification of the usual
indirect cell division, attended by an equally remarkable degeneration ot nuelear material,

In the last stage obtained (Fig. 29) the whole egg is filled with several hundred very large
elements, which are descended more or less directly from some ol the nuclear bodies just consid-
ered, but the intermediate stages have not been traced. This probably correspouds to stage vi ot
A. sauleyi, at the period just before invagination, but it is quite unlike anything whieh I have seen
in other species. The yolk is now irregularly segmented into blocks ov balls, but probably nat
with reterence to these cells.

This ease is interesting when we compare it with the degeneration of cells to be deseribed in
another section, and from a eytological point of view it deserves carefnl study. )

* In single sections the nuclens isstrictly central, hut whether it is so with respect to the entire ege it is not easy
to determine. Minot states that the egg nucleus is always cccentrie.—dm. Nutwralist, Vol, XX111, 1850,
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IV.—THE DEVELOPMENT OF TIIE EMBRYO.
STAGE [L—SEGMENTATION TO FORMATION OF THE BLASTODERM.

These observations relate to Alpheus heterochelis of the Southern States, to a Bahaman form
which hatches as a zoéa but which otherwise resembles this species very elosely, and to 4 Ipheus
sauleyl, also the from Bahamas, which has large eggs and a nearly diveet development. Txeept
where it is necessary to mention specifie differences, these three speeies will be treated as one form.

Tu June two Alphei (d. sauleyi) laid eggs in an agqnarium, but the ova were in ecach case
unftertilized, and tor the most part failed to adhbere to the swimmerets.  One of these eggs, hardened
at an interval of five hours after it was laid, is shown in section on PL xxvh, Fig. [7. 1 regard
the nneleuns of’ this egg as the female pronuelens. Tt consists of clear protoplasm, which stains
feebly and sends ont processes on all sides into the yolk, and of an indefinite chromatin network
suspended in it.  The massive yolk is composed of corpuseles of uniform size, excepting at the
periphery where they are much smaller.  Nmmerons small lacupwe oceur, representing parts of the
yolk which were soluble in the reagents employed. The chorion, or inner egg-membrane, is
trausparent, tough, and very distensible. Tt frequently splits into thin layers when subjected to
the hardening and embedding process, thus.showing the manner in which it is formed in the
veg-folliele. Tt thus appears that the nnofertilized egg of Alphens is incapable of segmentation.

The first segmentation nueleus has been observed in a few cases. That shown in Fig. 16 is
possibly preparing for division. It possesses a fine reticulnm it is lentienlar in shape, and granular
in appearance, and is swrrounded Ly protoplasm whieh spreads into the yolk. The once divided
nuelens and the next phase with fonr cells were not obtained in Alpheus, but the latter was seen
in an allied prawn (Pontonia domestica), and is shown in Iig. 27.  One of the three cells present is
in the aster stage of karyokinesis and has a well-marked equatorial plate.  The third segmenta-
tion phase is illustrated in Figs, 9, 28, and 30. In the scction through the entire egg, three of the
cight cells present are met with, and one ot these (x) is shown with greater detail in Fig. 30, A
cell in process of division is represented in Fig. 28. In another egg with cight cells present, two
are undergoing division in different planes. As belore, the cells cousist ot a ¢hromatin network
of varions shapes surronnded by a elear protoplasinic body, which sends out processes between the
swrounding yolk spheres, Tt is important to notice that the produets ol' the segmentation ot the
first nnelens pass gradnally and wnifornaly to the snrface of the egg. At this stage they have not
reached the surface but are visible through the egg shell,  The yolk in these specimens consists of'
spherales or angular blocks (Fig. 28, Y. 8.), which are largest in the center ot the egg, and con-
tain very few vaenoles.

The tonrth phase of segmentation is attended by the cleavage of the superficial parts of the
voll (Ihg. 10) aronnd the nuelei, thus giving rise to sixteen blastomeres or partial yolk pyramids,
The division of the yolk proceeds but a short distance below the level of the nuelei, so that all the
voll-pyramids open by their inner ends into the common yolk mass which fills the segmentation
cavity of the egg.  The base of the pyramid, which abuts ou the snrface is polygonal in shape, and
at its middle point some distance below the snrface, the nucleus is scen with its investments of
protoplasm. The nueleus is large and granular, and the protoplasm which snrrounds it reaches
out on all sides into the yolk. We may look upon the yolk pyramid as a cell in the striet morpho-
logical sense, its protoplasm being concentrated about the nueleus. The blastoderm or primitive
egg envelope arises through the multiplication and consequent reduction in size of these huge
yolk elements. The snrface has then the usual appearance ot a tine mosaie ol' hexagonal plates
or cells, the muelei aud snrronnding protoplasm of which lie at the snrface.

The fitth segmentation phase is shown in Figs. 15 and 31.  The septum between the pyramids
extends farther into the yolk, while the nuclei are slightly nearer the surface, and the long axis ot
each is parallel with it. This particular egg was taken in a period of “rest,” but in others the
nuelei are in karyokinesis, the division being always radial or in a plane at right angles to a
surface tangent.

The segmeuting egg of Hippa talpoides is shown in Fig, 1 (32-cell stage), and a section of a
fater phase in Fig. 4. The egg appears to have nndergone a total segmentation when seen
from the surface, bt this is not quite so marked as represented in the sketek. The yolk pyramids
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(Fig. 4, Y. P.) agree with those in Alpheus and are probably tormed in a similar way. In Pala-
monetes vulgaris the history of segmentation appears to be essentially the same. The nueleus
and base of one ot the yolk pyramids of this form is shown in Fig. 24, Here we see that the peri-
nnclear protoplasm has a rayed appearance, being produced in all directions into very delicate
threads which ramify among the yolk spherules.  Some of these threads moreover nnite with a
thin septum (Sep.) which tforms the boundary wall between two adjacent yolk pyramids.
Segmentation proceeds with a regular rhythm up to the fifth stage, bnt beyond this it soon
becomes irregular. A blastula is thus formed, consisting of a single layer of cells or blastoderm,
and the inclosed eentral yolk. All the nuelei reach the surface and take part in forming the
blastoderm, so that all the protoplasm of the egg which is at first central or internal, comes gradnally
to assmme in the course of segmentation au external position with respect to the food yolk. The
blastodermic eell is the direet descendant of the yolk pyramid. [tisimprobable that the yolk con-
tains any active protoplasm, exeepting that whieh radiates from the nnelei, and which is descendeil
from the perinuelear protoplasm ot the first segmentation nucleus.

STAGE II.—THE BLASTODERM AND INVAGINATION.

The prawn when diseovered with eggs in the fifth stage of segmentation (Fig, 15) was kept
in an aquarinm, and the ova were preserved at intervals of several honrs. Thus it has been
possible to follow the changes whieh take place between segmentation and invagination with
eonsiderable detail.

The egg represented in Fig. 47 is about 15 hours older than last deseribed (Tig. 15). Cell
division, which is now irregular, has beeome accelerated over a part of the egg so that a germinal
area or disk (G. D.) representing the fnture embryo is formed. The side of the egg shown in
Tig. 47 eorresponds to that oceupied by the germinal disk. 1In reverse view there are mueh fewer
niclei. The egg has thus lost its radial symmetry and beeome two sided. 1nvagination soon
follows this stage at a certain point in the germinal area (G. D.). The superficial cells of the
blastoderm (Fig. 48) are about one-third their former size, but they still have the eharacteristics
of the yolk pyramids. The eell is polygonal in surface views; the nueleus is surrounded by yolk
and the cleavage planes between adjacent cells (Fig. 38, Sep.) are still present.

This stage is charaeterized by the passage of large numbers of cells from the surfaee to the
central parts of the egg just before the invagination takes place. This process is well illustrated
by a series of consecutive sections (Figs. 38-44) taken from the same egg. In all these seetions
the cleavage of the yolk can still be seen. Many ot the blastoderm eells (Fig. 39, a.) ave in different
phases of division, the dividing plane being always perpendienlar to a surface tangent. 1t is
probable, therefore, that the nnelei with their perinuclear protoplasm, leave the yolk pyramid
and pass by-ameboid movement into the interior. 1t is, therefore, evident that while morpholog-
jcally the yolk pyramid is a cell, the clements whiel pass into the egg have also the value of
cells in a physiological sense. Six nuclei are met with in Fig. 35, one ot which has wandered
some distance from the surface. In the next (Fig. 39) two eells (a. al) are in the aster phase
of division; one (a?) has passed just below the surface, and another (a’) is near the center of the
ege. These cells (a, a2 a%) are sectioned agaiu in the following fignre (I'ig. 40). Various phases
of the proeess of migration* are seen in other members of this series. In an enlarged portion
of a similar section (Fig. 37) several cells are met with, some at the surface just beneath the
shell, and others at some distance below it. The protoplasm about the nucleus has no defi-
nite bounds, and is often filled with fine particles of food yolk. 1t is thus evident that these eells
feed essentially like ammba, by taking the food directly into the protoplasm of the cell.

The eritieal stage at which eells begin to pass from the superiicial to the central parts ot the
yolk was obtained in an egg just thirteen hours older than the fifth segmentation phase, shown in
I'ig. 15. There are about a dozen yolk cells in this egg, and one of these is in karyokinesis. The
remainder lie very near the sartace, but for the most part are separated from it by a thin layer of
volk spheres. It is thns clear that the migration of cells to the eentral parts of the egg begins

* In the lobster the primary yolk cells arise by delamivation, and as suggested iu Section V, this is possibly true
of Alpheus,
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before all the protoplasm, that is, the nuclei and perinuelear protoplasm of the yolk pyrvamids,
has reached the surface. In the slightly older phase, shown in DL XXX, Fig. 46, all the proto-
plasm which does not pass inward is strietly superficial. The yolk has the same appearance as
in previons stages, and, as already noticed, the cleavage planes (Sep.) between yolk pyramids are
still met with, Very soon, however, the central portion of the yolk segments into balls or angnlar
blocks (Iig. 46, Y. B.), apparently with reference to thiese wandering cells. A seetion throngh the
germinal disk of an egg seven and one-half hours older than that shown in Fig. 47 is given in g,
57. The eells in the area ol the germimal disk are gnite elosely crowded, and the superficial seg-
mentation of the yolk is still apparent. We now have a primitive epiblast, or external layer ot
cells, and a primitive hypoblast, composed ot yolk cells which.have migrated from the hlastoderm.

The invagination stage immediately follows that last deseribed (PL xxX1). A slight deprés-
ion ocenrs at a point on one side of the germinal disk, where the cells are multiplying most
rapidly, and nmmerous cells pass downward into the yolk, The invagivation is nearly solid, and
the segmentation cavity is still filled with the great mass of yolk and with primitive hypoblast.
In the eraylish (Astacus fluviatilis) the invaginate ecavity becomes a closed ehamber within the
Yolk (54), and this is eventually converted into the midgut, but in most decapods the pit is very
small and the mesenteron is formed independently at a later period. A line drawn through the
pit and the middle of the germinal disk marks the long axis of the embryo, and the point of
ingrowth is at the posterior end.

. The structure ot” the embryo is iHustrated by a series ol transverse seetions (Pl xxxi). The
cells in the center of the egg represent the primitive hypoblast or yolk cells, The nuelei are
Jarge and grannlar, and sometimes oceupy the center of a yolk ball.  1n Fig. 49 the posterior cdge
of the embryo is sectioned, and the three following sections (Figs. 50-53) pass through the region
corresponding to the invaginate arca (Ig.). [ig. 52 represents the entive section, off which g,
51 is a part.  The pyramidal eells, which form the floor of the depression, contain at their
peripheral ends no unabsorbed yolk, but at the deeper ends of the cell, below the level of the:
nuclens, the cell honndaries are lost, and the protoplasm ol the cell hlends off into the yolk and
ingulfs its finely divided particles (Fig. 50).  Numerous cells (Figs. 52-54, b, bt®) have already
wandered from the point of invagination into the egg and a considerable distance forward nnder
the germinal disk (IFig. 54, G. D.). These cells are more ov less intimately united by psendopodal
extensions of the protoplasm. A ecoarse retienlum is thus formed, the meshes of which are filled
with yolk. In tront of the invaginate cells, the germinal disk (Fig. 55, G. D.) is still one eell
thick. At the elose of the invagination stage the primitive hypoblast has received a consid-
erable acesssion of wandering cells.  This stage is nsnally deseribed as the “egg-gastrala,”
in aeccordance with the theory that it represents an aneestral condition, and that the eavity
formed at the surface is the remnant of the prumitive digestive tract. The discovery of delami-
nation, the actnal separation ot the inner ends ot the eells ot the blastula by karyokinesis before
any invagination occeurs, as 1 have deseribed in the lobster, and the ocenrrence of this or of mul-
tipolar emigration in Alpheus, together with the fact that in the typieal decapod the invagination
has no direet relation to the digestive traet or to to the mouth and anns, point to the view already
expressed ina preliminary paper npon the lobster (23), that the invagination stage has no refer-
ence to an ancestral invaginate gastrula, 1t seems to me morve probable that the egg with primary
volk cells corresponds to the cexlenterate planula stage, and that these yolk cells, which originate
from the blastula and which partially or entirely degenerate, represent the remains ot a primitive
hypoblast.  According to this view the invagination is a secondary process, which hecame so
nidelibly impressed npon the ancestors of the Decapods that it has remained in the ontogeny of
present torms.  The conditions which are found in the craytish can not be regarded as in any
sense general or typical.

STAGE HI.—OPTI¢ DISKS AND VENTRAL PLATE FORMED.
This stage (Fig. 58) is characterized by a thickening ot epiblast which gives rise to the tho-

racic-abdominal or vemral plate in front of and around the point of ingrowth, by the simuitancous
spreading of invaginate eells below the snrface, and by the appearance of the optie disks (0. D.),
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two patches of ectoblast on either side of the middle line in {ront of the ventral plate. When
the living egg is exawined by reflected light these structures appear as misty white patches sey-
arate from cach other. (See Fig. 2.)

The prineipal cell mass is the thoracic-abdominal plate (Fig. 58, Ab. I.), from which the
thoracic-abdominal process is developed. The position of the pit (Tg.) is faintly marked by the
arrangement of the cells at that point. The optic disks are dne to the rapid multiplication ot ¢pi-
blastie cells aronnd definite centers.  Kach is joined to the ventral plate by alateral band or cord
of cells (L. Cd.), on which the appendages are subseqnently budded off. A transverse cord (T.
(d.) soon bridges over the space between the optic disks, thus iuclosing a triangular area, which
corresponds largely to the sternal region of the adult.  The extension of the invaginate cells below
the surface is only partially indicated by the shaded nuelei.  They advanee forward and back warid
from the point of ingrowth, but principally npward, that is, toward the center of the egg, along
the lines joining the optic disks to the ventral plate (I'igs. 59, 60). The embryo covers nearly
one hemisphere of the egg. It isx V-shaped, but the angle between the arms of the V varies mneh
in different eggs. There is a wmarked contraction of the embryo which takes place immediately
after this phase, that is, the area of the surface ocenpied by the embryo becomes appreciably
smaller., A similar contraction of the embryo has been observed in Astacus (64) and Crangon (31).
With the exteusion of the epidermis there lias been a corresponding activity among the wandering
cells. Their relations are well shown by sections throngh the entire egg (Figs. 56, 59, 60), in which
we can still distinguish the primary volk cells (2. Y. C.) from the cells derived from the invagi-
nation (S. Y, C.). The cells ot the first have large, granular nnclei and send ount processes into
the yolk. The others are smaller aud are probably multiplying more rapidly. 1t soon becomes
impossible to find any distinetion between these wandering cells. The yolk is irregnlarly seg-
mented into balls (Figs. 60, 63, Y. B.), iuside of which the migrating cells are usnally found. The
epiblastic cells of the surface, which are the direct descendants of the yolk pyramids, have definite
bonndaries, but some of the cells of the ventral plate (Pl 1x, Figs. 61, 63) tend to form a syn-
eytium, as already seen, while the wandeving cells are independent, free-moving elements.

The lateral section (Fig. 56) passes throngh the outer edge of the ventral plate, and the
next toward the middle line (Fig. 60) enconnters a sheet of wandering cells.  We see at a glance
that the migrating cells pervade the greater part of the egg, and that they pass out in alt direc-
tions from the region of the ventral plate (Ab. P.). Fig. 59 represents a median longitndinal
section through the embryo and cative egg, and Fig. 63 a part ot a section highly magnified through
the ventral plate and region of ingrowth. The cells immediately below the surtace (S. Y. C.)
are characterized by large and very granulay nnclei, which stain with much less intensity than the
superticial epiblast.  This shows that they are multiplying rapidly, and the finely divided yolk in
their neighborhood shows also that the celt protoplasm is rapidly absorbing food. A series of trans-
verse sections of this embryo is given in PL xxxiit.  The plane of section in Fig. 6t is obligue and
passes in a posterior direetion. 1n Fig. 62 the lateral cords (L. Cd.) are crossed and numerous
wandering cells are cncountered, while anterior to this (Figs. 68, 69) the optic disks are cut.  The
optic disks (Pigs. 64-67) consist ot a siugle layer of ¢piblast.  Their cells are flat and polygonal,
cell honudaries are distinet, aud the long axis of the oval nuclens is parallel with the surface.
When the cell divides this position is reversed, the plave of division being perpendicnlar to a
tangent at the surface. From the optic disk the eye and its ganglia are developed.

STAGE 1V.—THICKENING OF THE OPTIC DISKS AND RUDIMENTS OF THE APPENDAGES.

)

An embryo a few hours older than the last deseribed is shown in Fig. 72, On the thickened
eords ot cells (L. Cd.) uniting the optic disks to the ventral plate the traces of two pairs of append-
ages can be made out—the first pair of antenue A (1), and, close to the ventral plate, the mandibles
(Md.). Some of the central cells (¢ M.) of the optie disk have large, grannlar nnelei.  These
mark the area of most active cell division, and form an ingrowth or thickening, which is the rudi-
ment of the optic ganglion. ‘

Glancing at a series ot longitudinal sections throngh this egg (Figs. 70-71, 73-75), we notice
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several important changes sinee the last stage. The ventral plate is more exteunsive and the
wandering eells are more numerons. The primary and secondary wandering eells ean no longer be
distingnished, bnt all the eells within the yolk are similar in character. They have large, granu-
Jar nnelei, and multiply by ordinary karyokinesis (1lig. 75, Y. C%). Some pass forward underneath
the embryo (Fig. 74, Y. C.) and to other parts of the egg. In Fig. 71 two yolk elements are
fonnd near the lateral eord, and in Fig. 70 one is scen just under the optic disk. 1In Fig, 75
the section is median and eorresponds elosely with the similar longitudinal section of the last
stage (I'ig. 59.). Tle transverse cord (T. Cd.) is seen to consist of o single layer of flat epiblastie
cells.

The strnetnre of the ventral plate is shown in detail in Fig. 85, which is a section just in
front of the point of invagination. This illustrates the character of the syneytinm beneath the
surtace of the plate and the fine degree of fragmeuntation which the yolk suffers in the presence
of the eell protoplasm. At the snrface, the cell walls are guite distinet, as already seen, but as
soon as the cells pass below it, the protoplasm extends itself in psendopodia-like proeesses and
incloses particles of yolk. Under these favorable conditions of nonrishment these elements, which
must be regarded as the mother eells of the mesoderm and the endoderm, multiply rapidly and
spread to all parts of the egg.  Tf this section is compared with that of the invaginate stage (Iig.
54), and with a similar section of Stage 111 (Ifig. 61), it is casy to nnderstand the relations of the
ventral plate to the wandering cells, and the way in which the thickening of the plate is bronght
abont. At the second stage comparatively tew eells take part in the invagination, and the most
of these pass direetly into the yolk., Dnt, almost simultanconsly with this migration of cells there
ocents a4 migration of eells from the snrface of the ventral plate. Thus this hecomes thiekened
and cells contime to be supplied to the yolk. This thickening ot the plate is possibly due to cell
division in both planes; thatis, to delamination and emigration.  (Compare cells G, 1803, Ifig. 85.)

The process by whieh the optie disk becomes thickened at this stage is quite similar, althongh
there is no trne invagination eoncerned in it. I'his is shown by a series of’ connective sections
(Figs. 76-83) passing through the entire disk. The anterior rim ot the disk is eut in Fig., 76, and in
Itig. 83 the rndiment of the first antenna. This thickening is maiuly the resnlt of the migration of
epiblastie cells from the snrface.  Alter leaving the surtace, the cell wall usually becomes indeti-
nite. The relations ol the optic disks to the entire egyg are seen in Fig. 84, The central yolk is
segmented as shown in Pig. 74, and a yolk cell usnally lies within the segment.

STAGE V.—RUDIMENTS OF THREE PAIRS OF APPENDAGES—CELL DEGENERATION.

The embryo represented in Fig. 93 1s, approximately, three days old (temperature at Nassan
78-50° F.). 1t oceupies nearly one entire hemisphere ol the egg, the opposite side of which is
covered with tlat epithelial eells like those seen at the periphery of the fignre. The shape of the
cmbryo proper is nemly that of an equilateral triangle, one angle of which corresponds to the
ventral plate, and the other two to the optie disks. A line drawn through the first of these angles
and the middle ot the opposite side wonkl therefore correspond with the longitndinal median
axis of the embryo.

The randiments ot the second pair of antennwe, A (1I), have now appeared, and we therefore
have present at this stage buds of three pairs of appendages, namely, the first and second pairs of
antennie and the mandibles.  All are developed nearly simultaneously, but the second pair of
antennie seem to lag a little behind the rest. In respeet to the order of appearance of these
appendages, allied species ot Crustacea ditler slightly, The central parts of the ventral plate
(Ab. P.)and optie disks (C. M.) are areas of rapid cell division, and are characterized by the presence
of large granular nuclei and by the irregular arrangement of the eells.  In all other parts of the egg
the superticial cells form a nnitorm stratnm one cell deep.  This irregnlarity is dne to the gradual
migration {rom the surtace of individunal eells in these three places. The first pair of antenn:e
are closely associated with the optie disks, and the mandibles abnt against the ventral plate on
either side ot the middle line. The appendages start on the lateral cords from definite eenters off
cell division, and the eells tend to assmme a radial and coneentric arrangement aronnd each center.

The space between the optie disks is now completely bridged over by a sheet of closely
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erowded cells (T. Cd.), and the backward extension of this, and the approximation of the lateral
eords has quite closed over the central or sternal region of this part of the embryo (St. A.). Cell
ontlines are very distinet at the snrface in preparations, and they arve sometimes well defined in cells
which have passed from the snrface to parts below it, in both the region of the optie disk and
that of the ventral plate (Fig. 80, Ie.), but elements closely assoeiated with yolk are nsnally ama:-
boid, The nuclens ot the epiblastie or epithelial cell on the confines ot the embryo, or on the extra-
embryonie surface ot the egg, has the shape of a tlattened, vound, or oval disk. Epiblastie nueclei
in the appendages and other parts ot the embryo, where there is rapid cell division, are angular
in consequence of erowding, aud deep-lying nuclei are generally spherical.

The armangementof the embryonie cells of the superficial epiblast in beautitnl curves and rings
around detinite centers—orthogonie systems of enrves—is not nearly so pronouneed as in the embryo
craylish (dstacus fluviatilis), according to the delineations of Reichenbaeh and Winter. Reiclien-
bach states that in the erayfish the superficial embryonic cells multiply abant a given center, like
that of the “head fold” (optic disk), or ¢thoracic-abdominal rndiment,” according to definite
taws. This was discovered by Sachs in the growing tips of plants. According to Sachs, Reich-
cubach, and others, the cell nuctei always divide in one of two opposite planes; that is, they either
separate along a radins drawn from a given center, thus giving 1ise to radial strings ot cells,
or in a plane at right angles to tbis, producing vew strings. Thus there is developed about the
initial cell a series ot concentrie circles and radiating lines of cells.  The positions of the equa-
torial plates of dividing nuelet, whieh some eggs of Alpheus show in abnndanee, do not indicate
the prevalence of such a law in the earlier stages. The early embryo of Alphens is mnch less
dittuse than in the crayfish, and the different cell gronps soon impinge on each other, and their
relations are distnrbed.

Several transitional stages between the last two embryos figured (Figs. 72 and 93) will now be
examined. The first is represented by three longitudinal seetions (PL XxXVI, Figs, 88-90), and is
about seventy honrs old. It is from the same prawn as the segmented egg showu in PL xxvre, Fig.
15. These scetions give some interesting tacts with reference to the role of the wandering cells.
The first (I'ig. 88), which is nearly median, ents the ventral plate and below it the cells which are
migrating from it into the yolk. A eontinnons layer of eells extends anteriorly to the transverse
cord (T. Cd.). In this region a wandering, mesoblastic cell (Y. C.) is nearly in contact with the
superficial epiblast.  The next section touches the outer edge of the ventral plate (lig. 89),
whieh is marked by large granular nuclei; and erosses the lateral cord and rundiments of the ap-
pendages (AL I, AL I Md.). The folds of the Iatter arvise through the ingrowth of superticial cells.
Here anotlhier cell (Y. C.1) is close to the outer surtace of embryo; another (Y. C.2) is in a distant
part of the egg and is in the aster stage of karyokinesis; others still (Y. C.°) have wandered in a
diqunetrically opposite directiou. In Fig. 90 we see still more ot these wandering cells, in (his
instance, c¢hiefly above the embryo.

In the middle ot the optic disk sowe of the large grauular cells visible from the snriace (Fig.
93, C.M.), are met with, and one of them (Tig. 90, Ee. dotted line extended) has just passed below it.

Tigs. 36 and 87 are parts ol longitudinal seetions of an embryo six hours older than the last.
The first exposes the optie disk (O. D.) and gives evidence ot the further increase of the latter by
the emigration of eells from the surface, and it is quite probable that some of the wandering, meso-
blastic cells (Y. C.) have already attached themselves toit. (Compare IPig. 90.) In the next (Fig.
S7) the inner edge of the optie disk (O. D.) and the ounter border of the ventral plate (Ab. P.)
are involved. Here the epiblast consists for the most part of’ a single layer of cells. Two Large
wandering elements (Y. C.') are in contaet with the snrface cells of the embryo in the neighbor-
hood of the appendages.

Iig. 91 is from an embryo twelve hours older than the last. The plane of section passes
obliquely through the optie disk, cutting the anterior half of one (to the loft) and the posterior
part ot the other. A stndy of this section and of the series to which it belongs, shows us beyond
a doubt what is the fate ot large numbers ot wandering cells, present at this time. As has been
already shown by preceding figmres (see Iigs. 73, 88, and others), the cell nnass constitnting the
thoracic-abdominal plate is now the prineipal source of the wandering yolk elements, and, as has
been also shown, they migrate into all parts of the egg, multiply by karyokinesis, and settle

~
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npon the optic disks, the bases of the appendages, and other parts of the emboryo. They also
pass to the extra-embryonic surface of the egg. Iu Fig. 91 one of these wandering cells (Y. C,)
is approaching the surface, while another (Y. C.') nearly touches it; and in PL xxix, Fig. 34,
which represents a portion of a section [rom a later series (Iig. 106) greatly enlarged, we find
two yolk clements (Y. C.) qnite at the surface. They ave triangular in outline, one of the flat-
tened sides being applied to the surtace of the egg. Ilistologically their nuclei are more gran-
ular and stain with less intensity than the nucleus of the ovdinary epiblastic eell (Ep.), which
appears spindle-shaped in vertical section.  But between a cell like that seen in Wig. 91 (Y. C.1),
where the long axis of the nucleus is at right angles to the snrface, or cells like those shown in
TFig. 3, where the nucleus is flattened against it and the ordinary epiblastic cell, a variety of tran-
sitional phases can be found. This is most clearly illastrated in the next stage.

The egg already deseribed (Fig. 93) shows some important changes. The structure of the optie
disks and ventral plate is readily seen in the transverse (IMigs. 92, 94, 95) and lateral longitu-
dinal sectious (Figs. 96,97).  The optie disk, which iu stage 111 consisted of  single stratum of cells,
(Fig. 69),is now a thick cell-mass two-thirds the size of the ventral plate. 1n it we still distin-
guish a smaltarea of cells with large granular nnelei (Fig. 93, C. M.), which, as we see in Figs. 96, 97,
C. M., O, D, is clearly differentiated. [t oceupies a position just without (or external with respect
to the longitudinal median axis) the center of the disk. The nuclei of snrrounding cells are not
more than half their size. These large cells do not all lie at the sarface, but form a solid mass
extending into the yolk. The evidence of karyokinetic fignres shows that these cells are dividing,
and nsnally in planes perpendicular to the surface.  This resnlts in the erowding of the cells, and
also in their migration from the surface to parts below it.

In Fig. 90 there is a cell (ec.) whose nuclens has sunk below the level of the surronnding cells,
but the cell protoplasm still reaches up to the surface.  Such cases render one cautions in pro-
nouneing positively upon the emigration of e¢ells, but sections like that given in Fig. 94, and the
tact that cell divisions seem to be for the most part in one plane, convinee me that the thickening
is partly, if not largely, due to this cause.  In Ifig, 93, a large cell, the polar star ot which is just
below the surface, is delaminating,  Cases of this kind were rarely noticed, but were observed at
a later stage (PL xXxXIX, Fig, 102, ec.).  That wandering cells attach themselves to the optic disk,
there is little doubt.  They ean be traced in all stages of progress from the region of the ventral
plate to the neighborhood of the disk (Fig. 90, Y. C.) nutil they finally come in contact with it.

The thickening of the optie disk deseribed in Stage 111 (Pl xxxi, 1%ig. 69), is theretfore effected :
(1) partly, perhaps Inrgely, by emigration of cells from the surface; (2) partly by delamination ;
(3) by the aceession of wandering cells; (4) by the indirect cell division of the clements constitnt-
ing the deeper part of the disk.

Chromatin grains make their appearance somewhat abraptly at this stage (Ifig. 96, S.12) and
they serve to explain in some degree the peculiar granular nature of nuclei in carlier stages. They
originate by the degeneration of cells in the ventral plate and in other parts of the embryo, and
probably correspond to what Retehienbach has called in the erayfish ¢ secondary mesoderm cells.”
Their history has Leen tully traced and will be disenssed in Seetion VI

The structure of’ the ventral plate (Fig. 92) resembles that of an earlier stage (Fig. 85) with
the difference that the nnelei are considerably larger and contain from one to several large spore-
like masses of chiromatim.  This ¢ell mass bhas not incereased in bulk at a rate corresponding with
the growth ot other parts, since elements are being continually subtracted from it aud added to
the yolk. This loss on the part of the ventral plate is made good not only by cell divisions,
but also by continued cmigration trom the surface (1ig. 98, Ab.),

An embryo six hours older than the last is represented by three longitudinal sections (Figs.
95-100). The optic disks resemble in size and general shape the three pairs of rndimentary limbs,
The abdominal told is not yet formed and the labrum is undeveloped. The stomodaum (Fig. a3,
Std.) is just making its appearance as a slight invagination of epiblast on the middle line between
the first pair of antennie.  The number of ehromatin balls (S) and degenerating cells (S. C.) has
greatly increased.  We see them in all parts of the embryo. Sporelike nucleoli are seen in eclls
ot the epiblast and are confined to no part of the embryo, but they are most characteristic ot the
ventral plate and optic disks.
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In Fig. 98 several independent chromatin balls (S) are seen in the yolk, and the granmlar
eells of the ventral plate are very marked. A large nnclens of one of the eells (ec.), which contains
several sporelike bodies, is very irregular in shape, owing to the pressure to which it is subjected,
and it has evidently been erowded down from a level nearer the surface. The cell protoplasn,
however, shows that it still belongs to the surface tier of eells.  This is also trne of the small len-
tienlar nnelens next it on its anterior side.  Jnst anterior to this cell is another (Ee.') which is in
the aet ot dividing in the usual way. Tt scems probable that had this division been eftected one
or more of the adjacent cells must have been erowded gnite below the snrfaee. 1t is diflicult,
however, to always determine whether cells whose nuelei are a considerable distance below the
surface do not send np stands of protoplasm to meet it. We find in the ventral plate,inde-
peudent eells multiplying by karyokinesis, and, as evidenees of delamination in this region are rare
or altogether wanting, we are eonvinced that, as in the ease of the optic disks, this thiekening is
largely due to the migration of cells from the sarface.

There is at this stage a fairly well-defined sheet of eells (Figs. 99, 100, Mes.) extending forward
from the ventral plate on either side. The nnclei are oval or olongated, and their long axes are
parallel with the surfaee, that is, at vight angles to the major axes of the superficial epiblast cells.
This layer of eells is most marked at the bases of the appendages (Fig. 100, Mes.) and extends
from the optic disk on either side to the ventral plate. The question of the origin of these eells
is not difficult.  They are wandering cells whiel have settled down on these parts of the embryo.
They form a part of the futnre mesoblastie tissues ; exactly what part they play will be diseussed
later on. They multiply by indireet division and extend into the folds ot the appendages, while
some, on the other hand, degenerate.

STAGE VI.—THE EGG-NAUPLIUS.

The fully developed egg-nauplius is represented in Fig. 111, but before this condition is reached
there are several intermediate stages to be eansidered. A series of longitudinal scetions (PL
xxx1Y, Figs. 101-105) illustrates the strnetnre of an embryo vwelve and a half hours older than
the one last deseribed. The thoracic-abdominal fold (Fig. 104, Ab.) can now be reeognized, and
the stomodieum (Fig. 105, Std.) has the form of a straight, narrow tube, between the bnds of the
tirst and second pairs of antennwxe. The space between these two structures is filled with yolk
fragments, among which are seattered, nmumerons chromatin particles (S) and cells derived from
the thoracic-abdominal fold. The epiblast of the sternal region (Fig. 105, 98, St. A.) is no longer
a simple layer, but is slightly thiekened. This thickening seems to be ]mrt.]) due to rapid cell
division in one plane. The cell nuclei are elangated or wedge-shaped and stand perpendienlar to
the surface. As will be seen later it is also due to the aceession of wandering, mesoblastie cells.

The stomod:am is a relatively long straight tube with very slight lnmen, and is surronnded
with ehromatin grains and seattered cells. Tt is formed at a eonsiderable distance in front of the
point of invagination, and one to two days carlier than the proetodewm.

The thoracic-abdominal fold secms to arise by the sinking down of the epiblast along «a defi-
nite line.  There is thus formed a narrow transverse poeket (Ifig. 106, Ab, C.), whieh is quite deep
and perpendicular with the snrface,  Numerous cells eontinue to pass from the thoraeie-abdom-
inal fold to various parts of the embryo, and to joiu the sheets of cells (Vig. 103, Mes.) already
mentioned.  In Fig. 103 the four segments of the embryo are well shown. This section erosses
the optic dise (O. G.), the buds of the three appendages, and the edge of the thoraeic-abdominal
fold. The shect of mesoblastie cells (Mes.) is most marked opposite the folds of the appendages.

The optic disks are now lirge masses ot cells united by a transverse cord which ix thickened
slightly on the middle hine. Tn Fig. 102, three cells are met in karyokinesis, one in the abdominal
area and two side by side in the optie disks. The former exemplifics the common method of cell
division, while the latter is a good example of the less common delamination. As has been already
seen, karyokinetie fignres of dividing eclls are commouly met with in Alpheus at all stages, except-
ing the speeies Alpheus minor, where the division is at fivst probably direet. [ have seen nnelear
ficures at the yolk segmentation stage of Crangon, also in Hippa, Pontonia and Iomarus, and Rei-
chenbach found them in abundanee in Astacus. Indireet cell division is undoubtedly the rule in
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the developing eggs of the Crustacea and probably of all the Metazoa. Since we often stndy only
the rapidly achieved result, the phases of nuclear division may be easily missed.

Fig. 106 is a median Jongitudinal seetion of an embryo preserved a few hours later than
the last. This shows the thoracic-abdominal fold and eleft (Ab. Ab. C.) previonsly referred to.
The sternal area between the latter and the stomodanm now lies next the egg shell, bnt soon
changes its position (Ifig. 125, St. A.), owing to the forward growth ot the thoracic-abdominal fold.
The labram, here nundeveloped, soon grows backward towaird the latter, helping to bend the
wsophageal tube and probably slightly altering the position of the mouth (Fig. 125).

The proctodienim arises as a solid invagination of the epiblast, at a considerable distance hehind
the abdominal cleft (Ifig. 106, Pd.), in a stage intermediate between the embryos represented by
Figs. 105, 106, A transverse section throngh the point of invagination is shown in g, 126, Pd.

The velation ot the embryo to the rest of the egg can be seen in Fig. 108, which belonugs to
the same species as Fig. 106, Besides the shelly which is nnnaturally distended, the egg is snr-
rounded by a delicate embryoniec membrane (Mb.). This membrane is seereted carly by the super-
ticial epiblast, as shown by the fact that it does nol. conform with the thoracie-ahdominal fold.

Wandering cells (Ifig. 108, Y. C.) hecome gradually less abundant, but still eontinne to pass
to the outer surface of the egg next the epiblast. The transition from the wandering, amwboid
cell to the flattened mesoblast celly Iying elose to the snrface, can be best followed at this stage.

The (ully developed ege-naupling (Tig. 111) is about a week old.  Embiryos from the same
nrawn vary slightly in size and in the degree of development, and also in the general character of
the cells.  In some, the eells are larger and fewer in number, in others they are smaller and much
more numerons.  The embryo is nsonally at one pole of the oblong egg. That represented in ig.
111 is about one-cightieth ineh long, and if the entire end of the egg were shown the drawing would
be nearly twice as large.

The relation of the embryo to the whole egg can be determined from Fig. 127, where the plane
of section is through the long axis of the egg, but through the short axis of the embryo. In the
course of development the egg inereases appreeiably in size and also ehanges its shape, at first being
spherical, but gradually becoming oblong. At this period the long axis of the embryo (nsing this
term to apply to the more obvions embiyonie tissnes of the egg) is parallel with the short axis of
the egg, while in the conrse of” growth the embryo spreads over one side of the egg, nntil its long
axis coineides with that of the latter.

The optic disks have become large oval masses of cells whichi projeet from the surface, and
way now, for the tirst time, be appropriately called lobes.  They represent the eye and eyestalk.
The blocks of eells (S, O. G.) in intimate relation with the optic lobes are the ganglia of the antenn:e,
and represent a large pare of the future brain. The appendages are all simple, but a bud soon
grows ont trom the posterior sides of the second pair of antennge.

The right antenna is already bifid near its tip. A little later it has the appearance shown in
Figs. 109 and 110,  Rudiments of the first pair of maxillee (Mx. 1.) are also present. The ganglia
of the second pair of antennde are developed in close nnion with the ganglia of the anfennules.
Together they form the snpra-aesophageal ganglion or “brain.” The stomodieum {Std.) appears
from the surface as a distinet mass ot cells extending behind the labrum (Lb.).

The thoracic abdominal fold, at first vertical to the surface, bends up and grows forward
toward the Inbrum, and a shallow groove which marks the median notch of the telson plate (Fig.
110) is formed at its extremity. The anus passes forward (backward in a morphological sense)
from its dovsal position throngh the median notch until, at a considerably later period, it comes to
lic on the ventral side of the told near its apex. The mass of cells (H.) behind the anus probably
represents the heart.  Near the mandibles and maxill, cells are seen with large grannlar nuelei.
These are cells which have migrated from the yolk to this part of the embryo. Nnelei of epithelial
cells are sprinkled over the entire surface of the egg, but increase in number as we appreach the
embryo.

The section through the entire egg (Fig. 127) shows some of the general characteristies of the egg-
nanplins. The thoracie abdominal fold is here cut on a level with the anus, and lies in a wide shallow
groove. The yolk is composed of irregular blocks, only a tew of which are represented, and con-
tains numerous wandering cells.  Some of these (Y. (1.%) are settling down on the ventral nervous
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plate, while others (Y. C. Y. C.1) have wandered far and wide through the yolk. The embryo is
raised considerably above the general surtace of the egg and the shell more closely invests
the egg than shown in the drawing. The embryonic membrane is not represented.

TFig. 125 is a nearly median longitndinal seetion, and shows the relations of the thoracic-al
dominal fold, the wsophagus, and the ventral or sternal surface between them. The loose and
irregnlar arrangement of cells immediately below the snrface is most marked, and also the granu-
lar nature of the nueclei whiel is sneh a constant eharacter.  Nnmerous degenerating eells (8. 8. ©.)
are seeh near the esopbagus, and amabiform eells ean be traced from the thoracic alxlominal fold
to the surface immediately behind it.

The strueture of this embryo is illustrated more completely by a series of transverse sections
(Figs. 114-124), the tirst two of which (Pl XLI, Figs. 114, 115) traverse the optie lobes, and the
third cuts the brain. The central mass ot large cells whiel was noticed in the optie disks can uo
longer be distingnished. The lobe (O. I..) is composed of similar cells with grauniar nnclei, the
superficial tier being somewhat the larger and columnar. In the brain the central cells are smaller
and stain more intensely than those at the surface (Fig. 116, S. O. G.). Wandering cells (Y. C.)
can he traced in their passage from the yolk to the optie lobes, rain, ventral nervous plate, and
other parts of the embryo. Between the lateral halves of the Lirain there is a shallow median fur-
row (Fig. 116, M. I".). This is continned backward into the mneh broader and deeper depression in
which the eonvex ventral side of the abdomen fits (Pl. xLIt, M, F.). The three following sections
(Figs. 117-119) pass throngh the cesophagus, and the ventral nerve thickening innmediately hehind it.

About the esophagus (Fig. 117, Std.) nnmerous chromatin balls (S., 8. (\.) are seen in the Yolk,
and a mass of cells (Mes.) is met with at the base of the appendage and within its fold. These
elements are derived from the wandering cells and must be regarded as mesoblast.  The fold of the
appendage consists essentially ot a single layer of cells.  Those elements which enter it undonbt-
edly go to form the museulature of the limb while the cells of somewhat similar appearance, which
arve derived from the cctoblast, represent the ganglia and nerves. On either side of the a:sophagus
the yolk has nndergone important physieal and chemical ehanges. The yolk spheres or blocks
are full of vacnoles and have a corroded and granular appearance, while in contact with the
embryonic cells there is a residue of small refractive granules. These vary considerably in size,
and some ot them stain lightly in hematoxylin and represent the last stages in the degeneration
of ehromatin. The eroded and altered yolk (A.Y. 8.) is represented in many of the seetions.
Between the esophagus and bases of the antenna: the yolk is absorbed, leaving a protoplasmie
reticulum (Ihg. 117, Ret.),

In Fig. 118 the mass of cells representing the mandibular ganglion (Md. G.) is sectioned, and
in the following tignre, the mandibles themselves (Fig. 119, Md.). Numerous cells, both in this
and the following sections, are seen in the course of their migration from the yollk to join the
ventral nerve-thickening. The latter, which is the rudiment ol the nervous system, is at this
stage searcely thickened at all, on the middle line, below the level of the mandibles. Thns in g,
121 the buds of the first maxillar (Mx. T.) are united by the primitive layer of epiblast, To this a
single migrating cell has attached itself on the middle line.  Migrating mesoblast cells (Mes.) also
pass into the fold of the appendage, and others (Ilig. 120, Mes.) take up a position against the
epiblast of the body wall. The nuelei of the latter stain intensely and become flat, spindle shape
in section, and probably represent the nuclei of muscle cells.

The strueture of the abdomen at this stage is shown in Tfigs. 120-123. The body wali of the
dorsal side consists of a single layer of colummar epiblast, while the ventral wail is thickened.
The hind gut (Fig. 122, Hg.) is a tube, the wall of which consists ot’ a single layer of cells, Tt is
laterally eompressed so that the lnmen is hardly appreciable. The intervening eells (Mu.) largely
represent, the rudimentary flexor and extensor museles of the abdomen. A comparison of IMigs.
123 and 125 shows that cells extend from the thoraeic-abdominal told oun all sides into the yolk.

The eells at the surface in Fig, 124 have come mainly from the yolk (H.) and are in the posi-
tion where the heart is subsequently developed. Cells approaching the surfaee in this region are
very clearly shown in Fig. 125 (Y. C., Y. C.'), which is a section through a somewhat younger
embryo.

The wandering cells, as we have seen, abound in the parts of the yolk nearest the embryo. The
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nuelei have the usnal characteristics—irregular shape and granular contents. They are sur-
rounded hy a small irregular body of protoplasm which does not veadily stain and which is often
ditticnlt to observe. ITn PLxXIX, Fig. 33, seyeral of these wandering cells are seen greatly enlarged.
Sometimes, as here, the perinnelear protoplasm appears to join that ot neighboring cells, bnt in most
cases there appears to be no such connection between them.

The endoderm, thongh not represented in the drawings, makes its appearance as a distinet eell
layer at this time. In an embryo a few honrs older than that represented in Fig, 125 the endo-
derm has the form ot a narrow sheet of rather large cells, between the yolk and the rndimentary
heart, near the body wall.  In the space corresponding to the heart, blood corpnseles can alveady
be detected, besides scatlered mesoblastie cells,  Both the latter and the entoblast are derived
from the wandering eells which come out of the yolk.

STAGE VII..—RUDIMENTS OF SEVEN PAIRS OF APPENDAGES.

Fig. 110 represents a phase intermediate between the cgg-nanpiius (Fig. 111) and the present
stage (Mg, 130), and is of special interest for the light which it throws on the history of the wan-
derving cells.  The stroetnre of this embrya is illnstrated by Pl XL1v, and FPigs. 136, 137, 141, 145.
Ifig, 137, which represents a section just behind the base of the first antenna (. L), may be com-
pared with Fig. 117. Numerons yolk elements are fonnd in the vieinity of the asophagus, where,
as will be seen (Fig. 134, Mu.), they become speedily converted into muscle cells and somatic meso-
Dlast.  1n Fig. 136 several wandering eells attached to the body wall, have all the characteristies
of blood corpnseles, a deep staining grannlar nuelens, and a clear irregnlar cell body, The blood
cell and musele eell are both derived from wandering mesoblastic eells, and in the early stages of
their metamorphosis they resemble eaeh other, so that it is not always possible to distingnish
them. Undoubted Dlood eells, however, have already made their appearance.

Figs. 144, 145 show that the yolk is pervaded by a great nninber of cells.  These originated in
the way deseribed, ehiefly by migration from the ventral plate and thoracic-abdominal fold, and
also by snbsequent multiplieation in the yolk. At this period some of the cells migrate to the pole
ot the egg opposite the embryo and apparently assist in forming a conspicnous dovsal plate (Dp.).
1u this embryo they have not quite reaehed the surface. A structure is eventually formed which
reminds one of the “dorsal organs” of varions Crnstaecea. This and the wandering eells will re-
ceive turther eousideration later on.

The embryo of Stage VII is represented in Ifig. 130, PL. xpi1v. Figs, 111, 109, 110, and 130
forim a conseentive series of embryvos, each but i few hours older than the preceding.  In the first
(IFig. 111) the optic lobes, first and secoud pair of antenna, and mandibles are all simple appen-
dages, and are quite similar in general appearanee. The abdomen and part of the thorax are
represented by a simple fold, the thoracie-abdominal fold. In the second embryo (Fig. 109) the
parts are more eompact and the seeond pair of antenna are forked at their tips. In the third
phase (Fig. 110) the optic lobes and abdomen exhibit the most rapid growth. The former are
drawn closer together and arch outward from the middle line. The anus is dorsal.  The abdomen
extends forward nntil it nearly meets the labrum and has a slight groove or depression at its ex-
tremity.  All the appendages have assnmed a more obligne position with respeet to the long axis
of the body, and the seeond antenn:e are now the largest.

In the fourth phase (Fig. 130) we see the same ehanges earried still further. The optie lohes
are large convex disks which join each other on the middle line and are ntimately united to the
Dbrain.  The anns is terminal.  On at least the first pair of antemue hairs are developed, althongh
there is not perhaps so marked a eontrast between the first and second antenn in this respeet as
wonld appear from the figure. The first and second maxille and the first and seeond maxillipeds
are present as rudimentary buds.

The general structure of the embryo (Figs. 129, 131) agrees with that ot preceding stage.
The embryonie tissues consist ot cells of varvions sizes and shapes, from qgnite large cells down to
particles no larger than the balls of ¢hromatin which are suspended within the unefeus, and from
the spherical to the lens-shaped, spindle-shaped,and wedge-shaped forms.  Generally all the nuclei
agree in containing eoarse grains of chromatin or nneleoli.  These vary mneh in size and nnmber
in different nuelei according to the condition ol the cell.  In degenerating nuoelei, the chromatin
residue is aggregated into fewer and Jarger masses.
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Wandering cells arve now scattered throughout the entire egg. They occur in abnndanee both
in proximity to the embryo proper and on the sides of the body walls, and especially in the region
immediately behind the thoracic-abdominal fold.

Fig. 131 is a median longitndinal section throngh an embryo like that shown in FFig. 130, " The
outer or superficial cells are generally columnar and have distinet bonudaries. Their noelei are
spherical, elongate, or wedge shaped. They divide in both planes, but most commonly iu the
plane perpendicular to the surface.  When we eompare this section with the similar one (Fig. 125) of
the preceding stage the most striking difference is the great inerease in the length of the thoraeie-
abdominal fold and the ventral thickeniug of the nervous system. Sone of the cells of the latter
next the yolk (Mes.) are flattened and spindle-shaped. They have recently come from the yolk
and joined the nervous system, and it is possible that these and similar cells represent primitive
connective tissie envelopes.

In a more lateral seetion (Fig. 129) the optic lobe is seen to consist of two portions, a super-
ficial layer of large eells (O. E.) and a deeper layer (G. L.). The first is continnons with the
general epiblast over the surface of the body. 1ts eells mnltiply in both planes, and some of them
pass below to join the deeper layer. The cells of the latter multiply by the nsnal mitosis and also
receive accessions from the yolk. The plane of section passes throngh the equnatorial plate of one
of these dividing cells. Some of the cells next the yolk (Mes.) are flattened like those just described
in the ventral nervons thickening, but this eondition appears to be somewhat transitory. The
onter layer of the optic lobe may be regarded as a retinogen, since from it, or from a layer corre-
sponding to it, the visual apparatus of the eye is developed, while from the deeper layer or gangliogen
the optie ganglia of the eyestalk are formed.

A comparison of the transverse seetions (Figs. 128, 132-135) with eorresponding sectious of
the previons stage (Figs. 115, 117, 121, 124) shows some interesting changes. The brain is larger
and mote compact, and some of the eells next the yolk are tlattened (I7ig. 132, Mes.) and bear a
resemblance to muscle or conuneetive tissue cells. They originate from the eells marked Ct. S. in
Fig. 116, and eome from the yolk. Like the eells already mentioned in the optic lobes and ventral
nervons system, they seem {o represent a rndimentary perinenrium, bnt, as a well-developed covering
of the uervous system is not present until a eonsiderably Iater stage, they are probably transitory.
TFig. 134 corresponds eclosely with Fig. 117. It shows the section of the esophagus aud of the
ganglia of the second antennwe. In the yonnger stage the ganglion (seen to the left in Fig. 117,
at the base of the appendage) is a small, ioose mass of cells associated with the surface epiblast,
while in the older embryo it is in econtact with the wall of the eesophagns, is more compaet, and its
cells are somewhat ditterentinted. The central nnclei are smaller and stain most intensely. The
esophagus (Std.) is suspended to the body walls by radimentary museles (Mu.), the cells of which
are muech elongated. They are derived from migrating mesoblastie cells like those seen in the
earlier stage (IMig. 117, S. C.), or like the one sliown in this fignre to the left of the esophagns.
Fig. 137, which is from a stage intermediate between the two just considered, gives addiiioual
evidence of this role of the wandering cells. Fig. 128 furnishes a very interesting comparison with
Fig. 121, 1u the latter, cells abonnd in the yolk adjoining the rudiment of the ventral nervons
system, which is represented by the primitive epiblast on the middle line. In the older stage
seattered mesoblast cells are greatly redueced in nnmber and the ventral thickening is very
marked. Cells of recent derivation from the yolk (Mes.) at the base of the appendage ean also be
distinguished.

In Fig. 135, as in Fig. 124, the plane of seetion is just behind the thoracic-abdominal fold.
Here we recognize a tier or plate of tall, columnar eells (End.), the nuclei of which Iie at the deeper
ends of the eells or on the side away from the yolk. 1In the presence of these bodies the food yolk
(Fig. 135, A. Y. S.) is absorbed or eonverted into a granular residue, This layer represents the
entoblast or the epithelium of the mesenteron already deseribed. Numerous wandering eclls are
cneountered (Figs. 124, Mes. ; 135, Y. C.), which take up a peripheral position, and from the first ave
closely associated with the epithelium of the hindgnt. They nnite the mesenteron to the hindguat,
and it is impossible to say exactly where the one begins and the other ends. Between this ente-
blastic plate and the sartace epiblast (Iiet.) nmmerons eells are interpolated (Ifigs. 133, 135, Mes.),
which are undoubted mesoblast.  They are directly eontinnons with the layer ol mesoblast (Ifig.
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128, Mu.) which extends throughout the abdomen between the hin dgnt and body wall. Mesoblast
cells derived from the yolk (Fig. 129, Mw.) are also seen underneath the epiblast on ether side
of the body. 'T'he nuclei of these cells stain very deeply, and the cell protoplasin is prolonged
into a short fiber or forms an irregular body. In the latter case the eells have the appearance of
blood corpuseles.

The heart originates in the mesoblast (Fig. 135, dles.), between the entoblast and outer wall
of the body, just behind the thoracic-abdominal flexnre, .

At this time librons snbstance (punktsubstanz) is first seen in the brain. It appears as two
small masses joined by a transverse commissure, in a plane just anterior to the roots of the first
antenne. 1tis distinetly fibrous and apparently eriginates from the protoplasm of surronnding cells.

STAGE VIII.—SEGMENTATION OF THE NERVOUS SYSTEM—AT LEAST EIGHT PAILS  OFF APPEN-
DAGES PRESENT.

We have two longitndinal sections (I'igs. 138, 139) to illnstrate this stage. If we eompare
the latter tigure with the corresponding one of the previons stage (IMig. 131) we see at a glanece.
that a long step torsward has been taken in development. Between these, 1 have obtained one
intermediate phase, which is a tritle older than the embryo given in Pl. XxL1v, and can be best
described by showing in what respeets it ditfers from it.

The rondiment from which the nervous system is [ormed (Stage viI) is a plate ol eells extend-
ing from the optic lobes to the apex of the abdomen. Anteriorly in the brain (Fig. 132) it is very
thick, bnt gradually thins ont as it is followed backward, until it consists of a single layer of epi-
blast at the very tip of the abdomen. In the phase intermediate between Stages Vil and vIIT the
portion ot nervous thickening between the esophagus, which passes throngh it, and the thoracie-
abdominal fold is partially segmented into cell masses, the primitive ganglia.

The cells ol this ectoblastic thickening may be ronghly divided into a surface layer, the nuclei
of which are large and contain diffuse granuales of ehromatin, and a deep eell mass with smaller nuelei
which stain more intensely. Similarly in the optic lobe we find a thick pad of uniform, deeply
stained cells (gangliogen) next the yolk, and separated trom this a well-marked surface lnyér (reti-
nogen) of larger eeils. The superficial, epiblastic cells on the inner or ventral side of the thoracie-
abdominal fold are large and eolumnar. The nnclei avre very mnch elongated and closely erowded
together, and lie at all levels, This implies rapid eell division in this layer in a plane perpen-
dicalar to the surface, and as a result of this, the thickening of the eetoblastic plate in this region,
such as we see in the next phase (Fig. 139).

Near the apex of the abdomen there is a transverse zone of very large eells, and the smaller
superticial cells adjoining it are arranged in parallel lines.  Something resembling this was noticed
in Stage vi (Pl xuIL, Fig. 120, B. Z.). It corresponds to the budding zone (Knospungszone) which
eichenbaeh figures and deseribes in the crayfish. He detects it in a very early stuge (Stage E,
embryo with rudiments of the mandibles, corresponding nearly to Stage v of this paper), and finds
that it eonsists of a transverse zone of cells containing large nnelei at tho extremity ol the abdo-
men, helow the notch of the telson. From it the segments following the mandibnlar seginent are
gradnally bundded otf.

The present stage is eharaeterized by the segmentation of the nervons system and the great
development of the optic lobes. The ventral nerve plate is blocked out by lateral constrictions
into its component ganglia. There is alsn a median vertical ingrowth or eonstriction which tends to
divide the plate into a donble cord. It is, however, discontinnons at the middle of ecach hloek, so that
the ventral nervous system consists of a double ehain of ganglia, each pair of which are united by a
transverse commissure or band of cells, and eael gaunglion is similariy joined to tlie one behind or
in front of it. Distinet commissures pass from the brain around the esophagus and unite the
former to the ventral nerve ehain. The first pair of post-oral ganglia contain two masses of fibrous
snbstanee nuited by transverse fibers as in the brain. The ganglia following these also eontain
punktsubstanz. It is developed as a small isolated mass on the dorsal side of each ganglion,
toward the middle line. As development proceeds these masses increase in size and are grad-
ually united by transverse eommissures in each pair of ganglia (Pl. xLvr, Figs. 150, 151, PL.).

A mass of fibrons or grannlar snbstanee appears in cach optic lobe in the gangliogen next the
brain. Fibers pass from it to the pnnktsnbstanz of the brain, which sends fibers down to the
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eirenm-@sophageal commissures to the first post-oral ganglia. The tibrous masses unite on ecither
side of the ventral chain to form a double longitndinal commissure. Thus at an early stage the
optic tobes, brain, and ventral nervous system are intimately eonnected by (ibrous tissue.

All the segments of the body are now marked off as scen in Fig. 139, The fivst post-oral
segment is the mandibular (g. v), and following it are the segments ot the maxillie the maxithi-
peds and the first perciopod. The second thoracie ganglion lies in the angle made by the
thoracic-abdominal flexure. The third, fourth, and fifth thoracie, and the six abdominal segments
constitute the thoraeic-abdominal fold.

1o the superficial parts o’ the brain large elements are met with which multiply by mitosis,
but have a distinet histological eharacter. They consist ol a large spherical nnclens containing a
dilfuse ehromatin network, and a granular cell body without definite wall.  They are the ganglion
cells, which are abundant in all later stages.

The optie lobe consists of two sharply distingnished parts already mentioned, the retinal and
ganglionic portions. The retinogen which forms the eye is a superficial disk of cells resting like a
eap on the other part of the lobe, thiekest on the outer side of the lobe and rapidly thinning ont
toward the middle line to @ single layer ol cells. The nuelei are elongated and wedge shaped, and
eell division takes place commonly in a plane perpendicular to the surfaee, corresponding to the
long axis of tlie vertical nucleus. The gangliogen consists of a deeper portion next the brain,
containing a ball of fibrous tissue, and a part next the retinogen or eye rudiment. Below the thick-
est portion of the eye the cells have large nuelei, which show a tendency to arrange themselves in
rows radiating from the deeper half of the lobe. These large, clearer eclls also extend down to
the food yolk, and in lateral longitndinal sections (Fig. 138) form the inner stratum of the lobe.
The cells which lie between them and the eye, here one cell thick, are smaller and stain intensely
(v. Seetion 1x).

The heart (Fig. 139, I7) is now a broad and greatly {lattencd echamber between the body wall
and endoderm (End). It extends torward a considerable distance between the epiblast and yolk,
and is eontinned backward into the snperior abdominal artery (A. a. s.). It is filled with seram
and blooill corpuscles.

The endoderm is a more conspicuons layer (Ifnd.), and the wandering eells are veducel in nom-
bers. They are still scen in all parts of the egg, approaching the body wall, the nervons system,
the endodermn plate, and other parts of the embryo (Fig. 139, y. c.).

STAGE IN.—EMBRYO WITHI EYE PIGMENT FORMING.

A sketeh of the embryo at the time when eye pigment has alrecady formed is shown in Il
xLvil, Fig. 158. The optic lobes are hnge pear-shaped masses wmeeting on the middle line in
front and arching ontward and backward on either side of the brain. The ocular pigment appears
as a thin, dark-brown creseent near the outer surface of the lobe. Pigment is first tormed at the
posterior end of the lobe nearest the base of the antennules, and spreatds upward over its larger
convex end. The brain is constricted into two portions eorresponding to the antennular and
antennal segments. 2 B

The segments of the abdomen are faintly marked off at the snrface, and the telson plate which
overlaps the mouth, is deeply forked at its extremity. (Compare with spatnlate telson of the fiyst
larva, PL xx1, Fig. 9.) The plumose seta which garnish the posterior edge of the telson are now
represented by short stomps. .

The lirst pair of antenna are stout, simple appendages, tipped with set: and folded backward
atong the sides of the body. The second pair of antenne jnst inside of the latter, are biramois.
They are also hairy at the tips, and the embryonic membranes surronnd them like the fingers of
a glove.

The present stage is illnstrated by Pls. xLviand XLvil. The drawings are made from different
embryos, all of which are of the same age, excepting those represented by Iigs. 152, 155, 159, and
161, which are a trifle more advaneed.

In the first series (Pl XLVI, Tigs. 146-151) the pigment cells are just lorming in the eye. They
are first developed in the thickest part of the vetinogen next the food yolk. A single section, like
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IFig. 146, shows the complete history of development of the retinal layer from its one-celled con-
dition toward the wedian line (already seen at an earlier stage, Fig. 136, Stage v11) to the point
farthest from the middle line, where pigment is formed. The fibrous nerve tissne of the gan-
liogen now consists of three masses, a ball nearest the hrain, which is the first to appear, and two
smaller masses between it and the retinogen. Iuge ganglion cells (ge.) are of {requent occur-
rence, especially at the surface of the eye stalk next the brain. (The details of the development
of the eye are reserved for a speecial section.)

The brain at this time (Ifigs. 146-148) differs from that of the previous stage chiefly in point
ot size. 1t is composed of nerve eells and large ganglion cells (ge.), which ocenr chiefly near the
outer snrtace, and central fibrous tissne. It rests against the food yolls, and in the living embryo
it ix bathed with « enrrent of blood (B. S.).  The fibrons tissue of the brain has the form of a letter
11 with a wide and short transverse bar. In front of the transverse eommissure (Fig. 147, Te.)
the tibrous substanece is prolonged on either side into the optic lobes; behind, it extends down to
the ventral nerve cord, on the inner side of the aesophageal ring (Fig. 148, ocm.).

The ventral nervons system, like the brain, is bathed with blood, which fills a large sinns
between it and the yolk. This communicates with extensive blood simuses extending along the
sides of the body (IMigs. 148-154, 1. §.). 1n some cases the food yolk, nsnally in an altered or finely
divided state, is in elose contaet with the nerve chain (I'ig. 157). Cells extremely flattened and
spindle-shaped in section, are fonnd in small nnmbers closely applied to the nervous system (Figs.
152, 157, pr.), aud forming a rudimentary perincorinm. lu most eases they are nndoubtedly iso-
lated cells, and do not constitute a membrane. They originate from the wandering cells and
correspond to eells similar in shape and origin whieh appear between the yolk aud nervous system
at nmueh earlier period (Stage vir, Fig. 131, Mes.). The brain and ventral cord uare not as yet
differentiated from the superficial epiblast, but anteriorly, tlattened epiblastic cells begin to appear
between the nerve cells and cuticle.  Ganglion eells (Fig. 150) also make their appearance in the
cord, eommonly at either side, close to the smface.

There is direct continnity of fibrous snhstance in the optic lobes, the brain, and the ventral cord
as far back as the abdominal ganglia,  In the latter this substance has not been developed. 1neach
single ganglion there is a ball of this tissue which is nnited to its fellow in the same segment by a
transverse commissnre (Fig. 1561}, and to the preceding and following ganghon by longitudinal com-
missnres. It is as a rnle completely inclosed by the ganglion eells, but is separated from the yolk
or blood sinus often by a unicellular layer (Fig. 150), and in the antennular and antennal segments of
the brain (Ifigs. 147, 143) the cells next the yolk are discontinnous.  In the cirenma@sophageal eords
the fibrous tissue also is withont a ecllular cortex on its inner or central side (Fig, 149, f5.).  With
slight changes these relations are maintained in the hatched larva (see P, Lv., Figs, 220-222),
The foregut is at this time a tube with definite walls and wide lamen (Ifigs. 148, 152, fg.). At
about its middle it is bent abraptly backward on itself in an acute angle. The first portion, lead-
ing from the month to the angle, is the csophagus and is directed torward ; the hinder blind end of
the tube lies in nearly a horizontal plane, and represents the mastieatory stomach. The walls of
the foregut consist of a single layer of columnar cells with large nnelei.  They end abruptly next
the yolk, bt the cavity of the tube is sereened from the latter by a thin membrane of flattened
cells. A sheet of clongated or spindle-shaped eells surrounds the wall of the foregut and extends
over the nervous system (Figs, 143, 149, Mes.), while just below the esophagns and bLehind the
mouth a bundle of elongated cells grows over the nerve cords to the roots of the mandibles repre-
senting the addnetor museles, which bLecome so prominent in later stages. These relations are
casily deciphered in the structure of an earlier embryo (Stage Vi1, Fig. 134), where we have already
seen muscle and connective tissue elements, derived from the wandering cells; extending from
the asophagns to the epiblast of the body wall.

Wandering cells also pass into the Dblood sinuses from all parts of the egg, and become
converted into blood cells and eonnective tissue elements.  In Fig, 148 we see two suoch cells on
the edge of the Dlood stream, and in Fig. 152, (yc.) several of these bodies arve in contact with
the Dlood enrrent on the side of the egg opposite the embryo. The relations of the epiblast, wan-
dering cells and blood corpuseles in this part of the ege are seen in detail in Tig. 161, where a single
large wandering cell is already halt snbmerged in the blood. The various other drawings illns-
trating this stage (Figs. 1564, 155, 160, yc.) point to a similar fate for a portion of the wandering
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eells. This subject of the role of the wandering cells in Alpheus is oue of the most ditfienlt and
at the same time the most interesting which has been met with in the study ot its life history,
and a foll discussion of it is reserved for anothier part of this paper (Section VII).

A new stroeture, the earapace (IMigs. 145-151, 160, ¢p.), is seen tor the first time at this period.
It takes the torm of a lateral longitudinal ontgrowth of ectoderm on either side ot the body in the
region of the thorax. These longitndinal folds represent the branchiostegites, which torm the"onter
wall of the branchial eavity. In Fig. 160 the stiietare of the rudimentary carapace and the way in
which it originates is very clearly shown. The epiblast cells at the surtace mnltiply and the cell
protoplasm is prolonged downward into long strands or spindles. Meantimme the ectoblast is
pushed outward along definite lines and the spindles of one side of this fold unite with those of
the side opposite, thus forming a framework of transverse beams or pillars. Blood enters the
fold, whieh thus becomes a respiratory organ. This structure is esseutially maintained np to lar-
val life (v. Fig. 195). )

The hindgut or intestine (Figs. 150, 157, I1g.) bas a considerably larger lamen than in the pre-
ceding stage, but its histology is essentially the same. The walls are eomposed of a single tier of
large colnmnar cells. The eell protoplasm is granular, and projects into the Inmen of the tube,
and the cell wall is usually distinet. There is an onter investment ot mesoblast as in earlier
stages, which is closely associated with the surrounding cells of the developing abdominal museles
(Wigs. 150, 160, mu. f.). The muscle fibre appears as an outgrowth ot the cell protoplasm of the
mnsele eell. The nuelens elongates until it becomes rod-shaped, The fiber is homaogenecons,
nonstriated and stains teebly in borax carmine, bnt not at all in hamotoxylon. The intestine com-
muunicates with the midgut or the cavity which contains the great mass of food yolk, and with
the exterior by the anus, which is on the under side ol the telson plate opposite the labrnm.

Fig. 157 shows the continnity of the epithelia of the hind and midgnts, and illustrates in a very
satistactory maunner the origin of the endoderm. Histologically the entoblastic cells resemble
those of" the adjoining epiblast, and it is impossible to draw a sharp line between them. The
endoderm cells are vesieulated, have less detinite boundaries, and extend pscudopodia-like pro-
cesses into the yolk. The endoderm begins near the point marked vae. Fig. 157. 1lere the Inmen
of the tnbe enlarges, and the endoderm extends forwand over the tlexure of the nerve cord aud
upward over the sides of the body. DPosteriorly it is separated from the hody wall by the blood
sinus which represents the heart and its artervies (H). The yolk next the endaderm is eroded and
granulated. The formation of the endoderm thus begins near the ahdominal flexure, in the egg-
nanplins stage, at the point where the hindgnt communicates with the cavity of the mesenteran,
and advances gradnally forward on all sides. 1t is composed of cells (Fig 157, y. ¢.) which migrate
from the yolk and assume an extreme peripheral position with respeet to it. They eventually
acquire cell walls, nnite and inclose the yolk whieh they continue to feed npon, appurently by tirst
producing ehemiecal changes in it and then absorbing its particles. 1n the early stages the
mother cells of the endoderm and mesoderm can not be distingnisbed with certainty. However,
sinee the endoderm originates as a distinet epithelial layer behind the ventral plate, and thence
spreads forwards, slowly walling in the mesenteron, it is obvions that the bulk of the anteriorly
wandering cells are mesoblast.

The extensive blood sinuses whieh are now present have already been mentioned. In the
angle between the optic lobes in tront, there is a large blood space (Fig. 152, b. s.), and blood
passes from the heart npward and forward nearly around the egg in a thin irregnlar stream
between the skin and food yolk. DMesoblast cells grow forward trom the abdominal region and
Jine the onter sides of the endodermal wall, and extend upward to a thin sheet between the yolk
and the epiblast. Endodermal cells coming from the yolk attach themselves to this layer. The
pulsatile chamber of the Leart is not a very definite struelure at this stage. Tt lies above the
endoderni, nearly opposite the angle of the thoracic-abdominal fold. Tts walls arve delicate, and
appear in seetions as thin strands of mesoderm eclls. The nuelei are elongated and the cell proto-
plasm is produced into long processes. The pericardial space surrounding it is filled with Dlood.

In Stage v (Fligs. 144, 145, Dp.) we notreed an extraordinary migration ot wandering cells
to the pole of the egg opposite the embryo.  These cells eventually reach the surface and rein-
forcing the primitive epiblast, give rise to a conspicuous dorsal plate, which 1s sbown in Iig. 153
(Dp.). This is from an embryo intermediate hetween Stages viir and IX, in whieh eye-pigent
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is not yet tormed. The plate is slightly thickened at its center, where there is an inconspicuons
pit marking the point of ingrowth. As the invaginated cells pass into the yoik they degenerate,
giving rise to spore-like particles which spread in incredible nnmbers through a large part of the
egg. Some of the wandering cells in this region douabtless degenerate betore veaching the surtace.
A part ot a similar section is shown in more detail in PL v, Fig. 36, The particles vary consider-
ably Th size, stain uniformly and intensely and the yolk abont them is granulm or tinely divided.

At a corresponding stage in the lobster (Homarus americanus), I have observed a large dittuse
pateh of cells whieh probably answers to the structure just desceribed.  In this ¢ase the embryo rests
on the side of the oblong egg and the eell plate is at one end of it, at a point about 902 behind the
embryo. 'This positiou seems to be quite constant, while in Alpheus the plate is nearly opposite
the embryo, at the stage when it is most couspicuous.

STAGE X.—EMBRYO WITH EYE-PIGMENT STRONGLY DEVELOPED AND THE POSTERIOR LOBES
OF THE GASTRIC GLAND FORMING.

All the thoracic limbs and the sixth pair of abdominal appendages are present in a radimentary
condition. The abdomen has grown forward uutil the tip of the telson now extends beyand the
optic lohes.  The embryonie telson is fringed with seven pairs ol setie, and resembles the larval
telson, except that the medim noteh is deeper.  Seen [rom the exterior the eye-pigment has the
torm of an oval disk.

The longitadinal section, L. x1vIn, Fig, 163, shows most ot the iniportant chauges which have
ocenrrved since the last stage.  These chietly concern the eye, the necvous system, and the midgut.

The ectodermal pigment cells (retinular cells) of the retinogen have spread inward until they
cover its whole izner convex surtace (PL XLvig, Itig. 167).  Near the outer surface ot the eye the
crystaltine cone mother cells (ce) can be recognized, and between the eye aud the gangha ot the optic
lobe theve 1s a narrow space which communicates freely with the blood sinus (. 8.) on the outer side
of the tobe.  Wandering cells ave frequently seen vear this blood sinus, and in the space hetween
the eye and ganglia tlattened cells also occur, which find their way in thither from the yolk. In
the optic lobe another tibrous mass has developed near the eye (Fig. 164-7).  1n hotizontal section
(PLxLv1, Fig. 159) the relations of the fibrons tissue of the brain and optic lobes is elearly sthowin.
In each lobe there is a chain of four fibrous masses nnited by a stalk of tibers to the anterior
or uptic swelling ot the brain (of).

The structure ot the brain (IMigs, 159, 169, 170) begins to approach tu complexity that of the
larva, which was described in the first section of Part 11 of this paper. The lateral tiber-bhalls, so
conspicuous in the later stages have now appeared (INig. 159 and PL x1ax, [ig. 174, I£). They ave
developed in close nmion with the large central fibrons mass, which supplies the optic lobes, and
probably belong primarily to the antennular segwment.  Below this and nearer the middle line there
15 o less definite fibrons center (gf.) which supplies the antennal segment.  With this, the wso-
phageal commissures are directly continuons (Figs. 171, 171 oem.).

The complete chain of ventral ganglia can.be seen in IMig. 163, This section is not pertectly
median, but cuts a fiber-ball ot cach ganglion. The skin orv hypodermis is now difterentiated
from the nerve elements and consists ot a thin layer of flat celld.  The tibrous masses ot the gan-
glionic ehain are also imperfectly surronuded by peculiar cells, the nuclei of which are spindle-
shaped in section.  These also oceur in the brain, and in either case must be regarded as metamor-
phosed ectoderm eells, or more probably as intrusive mesoblast. A trausverse section ot the nerve
cortd in the thoracie region is shown in Fig. 172 and corresponuds very nearly in plane of section
with I7ig. 151 of the last stage. The fusion of the ganglia is now more complete, and the tibrous
balls and commissure arve relatively larger.  (Compare with this, Fig. 176, a section of the thoracie
ganglion of thelarva.) In the abdominal ganglia the fibrous clements have essentially the same
relations, but lie at a deeper level, being separated trom the adjoining tissues by at most a single
layer of nerve cells.  Iu Iig. 168 we sce that the yolk couwes in close relations with the nerve
cord behiud the esophagus to the endodermal told (f) near the point of union ot the mesenteron
and hindgut.  Wandering cells approach the cord and become Hattened against it, as already ob-
served in ruch earvlier stages.
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The two divisions of the foregut, esophagus, and masticatory stomach, have the relations
already described.  The wall consists of wu single layer of tall colnmuar cells.  Tn the masticatory
division the wall has begun to thicken next the yolk sereen, its cells being cuneiform, and the
nuelei elongated and erowded below the surface.  From the anterior wall, muscle or connective
tissue cells exteud forward ander the brain.

HG

mg! m
Fic. 1.—Diagrams of transverse sections through the alimentary tract of an embryov of Alpheus sauleyt whicl is
nearly ready to Latch, to show the origin of the zastric gland from the postero lateral lobes of the widgut.  Section
1 cats thoe bindgut aud lobes ot the *‘liver,” Section It the hindgnt where it 1aerges into the meseateron. gy, yg*,
Secondary lobulesof mg!': UG, bindgut; my', postorolateral lobes of midgut.

The development of the mesenteron can be understood by reference to Figs. 162-165, 168, and
185. The endodermal epithelium spreads by the division of its own cells and by accession ol cells
from the yotk, both forward over the nervous system and npward against the sides of the body.
This is shown in the series of horizontal sections (Ifig. 162-163). Fig. 168 which is from an
embryo a little more advanced, shows that the endoderm is rising from the nervous cord near its
point of flexure, intv a transverse vertical fold, Simultancously with the upward growth of this
ventral fold, two dorsal longitndinal folds grow downward, and finally unite with the ventral fold
and with eacli other, thus constricting off’ from the alimentary tract two lateral pouches, the pri-
wary lobes of the “liver” The tolds grow forward and the constriction proceeds gradually with
the growth ot the embryo. This process is illustrated by the diagrams (Fig. 1) which were drawn
from an embryo near the point of hatehiug. The histology of the endoderm as shown in Fig. 173,
is essentially the same asin the previous stage. The cells ave prismatic, and the nneleud spherieal,
and, as in all stages, filed with numerous unueleoli or chromatin balls. The cell walls are very
delicate and the protoplasm often contains large vacuoles.

99 mg> g mg’
'." K4 e

~ 7 e 2180, RS
116, 2. —Semidiagrammatic representation of the alimentary tract aod its appendages in the
fivst larva of Alpheus sawleyi.  The middle line of the body is also shown,  FS, foregut ; gy 1-3,
secondary lobules ol posterolateral Inhe of midgut; JIN, hindgnl: mg, midgut; g 1-3, an-
terior, lateral, and postero-lateral divisious of widgut; wmo, mouth.
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Wandering cells still occur in all parts of the yolk, though in far less abnndanee than in
carlier stages.  We find numbers of them moving toward the periphery, or next the body wall to
take part in forming the endoderm. The epiblast is conspicuous in Fig. 168 just in frout ot the
optic lobes. This eorresponds in position with the dorsal plate (Iig. 153 dp.), and 15 probably a
remiint of it.  The small elusters of eells beneath it and the degenerative produocts whiel ocear
pear them, probably also represent the remains of the great swarm of degenerating chromatin
particles which was formerly present in this region. A blood space (Fig. 1068,) now extends over
the dorsal side of the egg between the epiblast aud the yolk, from the heart to the optic tobes and
region of the head.

Aunteriorly we can distinguish in transverse seefion three vessels—a median impaired one,
which answers to the ophthalmie artery, and a pair of lateral vessels, the antennary arteries.
The vasceular walls are extremely delicate and contain fHattened cells, the nuclei of whieh in longi-
tudinal sections appear almost linear. Seen from the surface of the egg the blood vessels have
the appearance of two bauds of tissue, passing backward from near the point of union ot the
optiec lobes. DBetween and at either side ol the optie lobes, and beneath and to each side of the
brain, we find blood spaces packed with corpuseles (Figs. 166-169, B. 8.) 1t is not possible, in
most cases, to distingnish at this phase true sinuses (veins) from avteries. ‘The strueture of’ the
bheart is shown in Ifigs. 164 and 168 (£1.), and is essentially the same as in Stage 1X.

In Fig. 173 there is a small solid cluster of” pecaliar cells (B, 0.) on either side of the alimen-
tary traet, between it and the heart. This 1 regard as the rudiment of the reproductive organ.
The cells are clearly differentiated from the surrounding eells.  The nuelei ave very large, spher-
ical, and stain lightly and diffusely. They are cuveloped in a capsule of mesoderm eells, like those
forming the walls of the heart, and they originate from similar elements. In Stage X (Fig. 157)
these cell masses were first recognized. They are then distinet from the snrrounding elements,
and thie nuclens eontains a very delicate reticulum.  1ach eell eluster is so small that anless the
sections are uniform and complete it is very easily overlooked. The muscles have developed in
various parts of the hody (Figs: 168, 171, 172, mu., mu. f., mu. e, ¢. m, «.), but most striking at
this stage are the great tlexor and extensor muscles of” the abdomen.

The green gland (Fig, 170, A. 6.) is another organ which we now meet with tor the first tine.
Tt is an irregular tube, closed at both ends, and lies at the base ot the second antenna, extending
np @ short way between the hody wall and brain.  In the previons stage all the tissue at the root
ol this appendage is very loose and reticular, and no lnmen can be seen. 1 have been unable to
detect any opening ot the gland to the exterior, nor should we expect to find any, since, as we
have already seen in Seetion 1, there 1s none in the lavvi. 1t must be regarded as a mesodermic
structure,

STAGE X1.—1ICMBRYO OF ALPHEUS HETEROCHEL1S NEARLY READY 10 HATCIL

The later stages (Stages Vi-X) huve hud reference to o single species of Alphens, namely,
Alpheus sauleyiy, the larva of whieh is deseribed in the first section. The embryo of Alpheus
heterochelis at about the time of hatehing is eonsiderably less advanced than the embryo of the
first species at a similar period, and will serve inmany respects as a convemient counceting link
between the larva deseribed in Section 1 and the last stage,  The embry o of sllpheus heterochelis is
represented by a longitudinal vertical seetion and by a sevies of transverse ones (Pls. L, L1).  The
longitndinal sections of Stage X, of this stage, and of the larva (Figs, 168, 150, 196), form a very
interesting series tor compuarative study.

The eye and the ganglia of the eye stalk (Figs. 177-179, 187) have become lighly speetalized,
and closely resemble the adult organs. The brain 1s larger, but shows no new structures which
have not already been noticed.  The entire nervous system is more eompacet, and is completely
separated trow the skin. The foregut is larger than in the previons stage, and the walls
ol the masticatory stomaelt have become very mueh thickened. 1t is screened from the yolk
by @ membrane composed of large cells; which extend backward over the nerve cord, A double
band of museles (Figs. 168, 180, g. m. a.) passes upw:rd from the anterior wall of the masticatory
stomaeh and from the brain, to the body wall. These will be referred to the anterior gastric
muscles.
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The mesenteron (mg.) is very largely reduced in size and is filled with a granular coagnlui,
aud, auteriorly next the head, with vesiculated and eroded remnants of yolk, The endodermn lines
all but the anterior third of this eavity, extending farther torward on the dorsal wall. A few
wanderiug cells are still present in the periplieral parts of the cavity next the advancing edge of the
endoderm. Those elements, represented in Fig. 182, prove to be endoderm eells mechanically
detached from the wall of the mesenteron. The primary lobes ot the midgut (¢“liver”) are larger
but otherwise similar to those described in Stage x. The endoderm cells are greatly vesiculated,
and the eell protoplasm has often a striated appearance.

The heart (Figs. 180,186, H.) has undergone very considerable changes since the period repre-
seuted by Figs, 164, 168. 1t is no longer dorso ventrally tlattened, but in transverse section it is
triangular in appearance. Oue side of the triangle is toward the intestine and one apex next the
body wall, Tts suspension in the pericardinm is very delicate. The ectoderm ecells send down
spindle-shaped processes (Fig. 186), the Hctoderm pfeiler of Reichenbach, and to these, meso-
dermal elements become atfached. The eavity of the heart is imperfectly divided by lateral
partitions into three lougitudinal compartments. In Fig. 186 the partitions are imperfect and
represeuted on each side by a single rudimentary muscle fiber. The walls and partitious of the
heart are eomposed of delieate musecle fibers, which are distinetly striated. In the abdomiual
museles, striations ean also be made out.

STAGE XII.—THE FIRST LARVA.

We now reaeh the stage with which this paper began, the first larva of Alpheus saulcyi.
The liistological structure of the zoéa in the speeies with a regnlar metamorphosis difters only in
minor particulars from the larva already described. The organs are all very mneh smaller, and
the cells are relatively larger and less compaet. The mesenteron is about half filled with the
unaltered and unabsorbed food yolk. Wandering cells are almost eutirely absent, and the endo-
dermal walls are nearly eomplete. The partition between the masticatory stomach and the midgut
is absorbed and communication between them is established.

The anterior and median lateral divisions of the midgut are present, but the posterior lateral
lobes are represented only by spaces not as yet walled in by endoderm. There is a slight dorsal
median fold of endodermal eells. In the larva of the same species three days’ olil the posterior
lateral lobes are formed, but are very small.

STAGE XIIl.—ALPHEUS TEN DAYS OLD.

in the first twenty-four hours the larva moults twice, but the histologieal changes in this
period are not of a very extensive character. The organs which experience the most rapid growth
are the gills (PI. L, Fig. 195.). These have now acqmred the folds or plates for increasing the
respiratory surface, and are more efficient as breathing organs,

The fibrous tissue of the brain is relatively greater in bulk, and the tracts of fibers are more
numerous and more eomplicated. The eye stalks are much shorter, and the optic ganglia and
anterior parts of the brain are drawn closer together.

In alarva four days old (Pl. xx1, Fig. 3) the eyes are completely covered by the earapace.
The ganglia of the eye stalks aud braiu are intimately fused together. The nervons system and
all the tissues have undergone greater or less histological changes. These ean be more conven-
iently eousidered in o still older larva.

The period of metamorphosis, strictly speaking, is passed in about twenty-four bours aiter
the time of hatehing. The structure of an Alpheus ten days old, which had spent its entire life
in an aquarinm will now be briefly econsidered. If is sexnally immature and some of the organs,
like the “liver” aud green gland, are less eomplicated, bnt otherwise the strueture is essentially
that of the adult form.

When we compare the brain of the first larva with that of the ten days old and the adult
fully grown form, we find the siwme parts present in all.  In the last two the fibrous tissue is rela-
tively much greater in bulk, and difterentiation of the fibers and fibrous tracts has advanced much
farther. The brain consists of the same fibrous masses surronnded with a thinuer eortex of nerve
and ganglion cells.

S. Mis. 94——27
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The anterior or optie enlargement is eontinmous on eaeh side with the ganglia of the eye stalks,
Its two halves are nuited by trausverse fibers. The lateral enlargement is markedly kidney-shaped,
and from its hilus tlicre issues a complex system ot fibers. A great part of these fibers issue from
the ganglion eells inclosing the lateral ball, pass out in a bundle to the middle of the brain,
and thence up to the optie ganglia, apparently without crossing. The fibrous substance of the
lateral enlargement has a pyramidal structure—that is, its tissue is permeated with pyramidal bloeks
of a denser substance whieh stains faintly with earmine. The apices of these pyramids point
toward the center of the ball. Below the lateral enlargement aud nearer the middle line tliere is
the antennular mass from which the anditory nerve issues. This is bilobed and has the same gen-
eral relations as in the first larva (Pl Lv, Ilig. 2t6, If}). The antennal enlargement, which is
closely eonneeted with the latter, is now a much more couspienous mass than in the earlier stage.
IF'rom it issue the antennal nerve and the esophageal commissures.

The alimentary tract has undergone very important ehanges, of which mention was made in
Section 1. What corresponds to the foregut of the larva eomprises that portion of the traet from
the mouth to the duet of the gastric glands. Tt is divisible into a straight and vertieal portion,
the wsophagus proper and a mastieatory stomach. The latter eonsists of two parts, an anteriorv
section countinuons with the wsophagus, and probably corresponding with the gastrie mill,
and a pyloric portion or strainer. In transverse section the eardiae section appears eircu-
Jar and the walls are rather thin and slightly folded. As this passes iuto the pylorie division the floor
of the traet rises into a broad tongue-shaped process, whieh is snrmounted by a partieular strainer
of hairs. This median fold is continnous throughont the pylorie division, where it narrows into @
crest. The lateral walls, which are greatly thickened and stndded with hairs, approaeh each other
so that only a small lunen is left, through whielr the food is strained as it passes over the net-
work of hairs. These two seetions of the stomach eorrespond to portions of the traet marked Ms.,
Fig. 196. They are of epiblastie origin, and in passing to the midgut the epithelinm suddenly
changes as it does in the larva.

The dnets of the three glands unite on each side and thus form two common ducts. The
epithelia of the gastric cieca of the ducts and midgut are directly eontinnons and pass gradually
into caeh other. They consist of a delicate layer of connective tissue which forms a eapsnlar in-
vestment and the large columnar eells already deseribed. In the “liver” many of these cells are
in the process of active secretion, and as a result of this aetivity the lumen of the gland is filled
with a coagulated liquid. The secreting cell at this period swells out to two or three times its
forwer size and has the form of a distended bladder projecting into the cavity of the gland. The
contents of the cell eonsist of a light granular fluid and when the eell breaks down this is dis-
charged into the lumen of the gland.

Just how mueh of the wall of the alimentary tract behind the glandular ducts is of endoder-
mie origin it is impossible to say, since from the first there is no sharp morphologieal boundary
between the hindgut and mesenteron.” But it is eertain that only a very small portion of it ¢can
arise in this way, and that the endoderm of the larva goes mainly, if not exclusively, to form the
lining of the gastrie exca.

The Iicart is very much eompressed from above downward as in the adult. The walls of blood
vessels consist of a single layer of cells which seerete a honiogeneous limiting membrane. As
in the early larva, the heart and pericardium are serecned from the digestive tract and other organs
by a horizontal membrane. The reproductive organs are still in the rudimeuntary condition
already deseribed.

V.—NOTES ON THE SEGMENTATION OF CRUSTACEA.*

Under this head I will add a few notes upon the segmentation of the egg of a number of
Decapods, which have been stindied chiefly for the sake of eomparison with Alpheus.

Alpheus sauleyi and A. heterochelis are both typieal examples of centroleeithal segmentation
with the formation of yolk pyramids. They possess a massive food yolk and bateh as mysis-like

“ The concluding sections of this memoir were written after the lapse of a long interval, during which time it was
not possible to refer to my earlier manuscript. This will account for any unnecessary reiteration of facts, or for any
incousistencies in statement which I have failed to eliminate.



gy

MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 419
larvee. On the other hand, the Babhaman varicty of Alpheus heterochelis and iphews minor (from
Beanfort, North Carolina) agree in having a velatively smaller yolk and in hatehing as zma-like
forms. They differ, however, in their segmentation, the first species agreeing in this respect with

] . o &
A. sauleyt, while in ,I. minor }oll\ pyramids are generally absent and the segmentation is irregular,

The yolk in A.heterochelis of Beaufort is about nine times as voluminous as that of the Balaman
heterochelis. The segmentation, however, has remained unaltered. The peculiarities which we
tfind in the carly stages of A. minor can not therefore be laid to the door of the yolk alone, but must
be regarded as a comparatively recent moditication of the yolk pyramid type. While the type of
segmentation may be very persistent and uniform, it is subject to profound change, not only in
closely allied species, but, as has been shown in a [ew instances, within the species itself.

In the Decapotl egg we have, as a result of segmentation, a great central yolk-mass which is
either nndivided or imperfectly divided, aud which eompletely fills and obliterates the segmenta-
tion cavity, and a surrounding layer of celly, the bLlastoderm. More fully stated the process is as
follows: The segmentation nucleus divides first at a point near the center of the egg. The daugh-
ter cells separate widely, amd a second division follows.  With subsequent divisions the cells
approach nearer the surtace. The yolk may share in these carly divisions but often does not, until
eight or sixteen cells are formed (third or fourth segmentaiion stage). When there is no pro-
gressive segmentation of the yolk in the early phases, the yolk segments appear either gradually
and on one side of the egg, or make their appearance simaltaneonsly in relation to all the nnclei
present. Segmentation is always rythmical. During one phase (period of ¢rest”) the segments
shrink away from the surfaee and flatten out in the nsual way, while at the beginning of the period
whieh follows (period of ¢ activity”) they swell and stand out prominently. The division of the
yolk often appears total in snrface views, while in reality it is not. The constrietions marking
off the segments may be nearly superfieial, or they may exteml deep into the yolk. Cell division
is usnally indirect. The only exeeption to this rule which I have observed is dipheus minor (see
p. 397). With each division the protoplasm approaches nearer the surface of the egg, and the
segments become more pyramidal in shape. These are the ¢ yolk pyramids” which were first
described in the eraytish by Rathke in 1829. The bases of the pyramids form the sarface of the
egg and their apices fuse in the central yolk mass. The nueleus, surrounded by a rayed body of
protoplasm, lies near the base. By repeated divisiou the pyramids become smaller; the cleavage
planes of adjoining segments beeome less distinet and the protoplasm draws nearer and nearer the
surfaee. Before, however, auy of the protoplasm is flush with the surface, certain ol the cells
divide horizontally, that is delaminate, and one of the products of each division migrates into the
yolk Lelow. The surface of the egg is now covered with a single Tayer of small polygonal cells,
and the pyramidai structnre of the peripheral yolk has nearly disappeared. The greater part
of the protoplasm of the egg is thus at the extreme onter endis of the reduced yolk pyramids, while
the lesser body of it is represented by the migrating yolk ecells.

The invagination stage soon follows, and the large nambers of cells which now beeome migra-
tory (in Alpheus penetrating to all parts of the egg), joining the primary yolk eells, represent

_mesoblast and eutoblast. The proeess above deseribed will be fonnd to apply, I bLelieve, to the

majority, if not to all Decapods. Differences in detail may be expected in the time of appearance
of yolk segmentation and the degree to whieh this is carried. This aceount differs from that usually
given in reecognizing delamination, following close upon the latter phases of segmentation, or the
origin of cells, from the blastosphere before the invagination appears. This regularly oeeurring in
such typieal forms as Alphens and Homarns argues strongly for its presence in allied species
where it ias possibly been overlooked.

Stenopus hispidus.—I have deseribed and figured the segmentation of Stenopus in a paper on the
life history of this form. In one egg whieh I sectioned before the beginning of yolk segmentation, a
single cell, probably the male pronnclens, is seen at the snrfaee, while another eell, the female pro-
unclens, lies near the center. A single polar body was also present, jnst beneath the shell, near
the first nuclens. I saw no evidence of yolk segmentation until the third phase of division was
reached. The yolk then beeame constrieted at the sarface into eight blastomeres. The superficial
farrows are quite deep during active periods, giving to the egg the appearance of total cleavage.
This egg now resembles that of Penzeus as tigured by Haeckel, butiu the latter form yolk segwments
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appear at an earlier phiase. The cleavage of the yolk is wholly, or almost wholly, confined to the
sarface furrows, dividing planes rarely extending into the yolk below. DMy material was not ade-
quate for determining whether invagination was preceded by delamination or not, but seems to
render it highly probable that a delamination does not oecur. d

My observations on Pontonia domestiea, Palemonetes vulgaris, and Hippa talpoides are very
fragmentary. In Pontounia I have one stage (Fig. 27) with three cells, one of which is dividing
with no sign of yolk division, and another with sixteen nuclei and corresponding yolk
pyramids. Here the conditions are preecisely like those in Alpheus sculcyi at a similar stage,
and probably the segmentation of the two is similiar. In Palemonetes Faxon (17), relying
wholly upon surface views, states that segmentation of the egg begins in two planes almost
simunitaneously. These planes are at right angles to eaeh other and pass through the long and
short axes of the egg. Whether this follows close upon the first division of the nuelens I have
not determined. 1 have an egg with two naclei near the center of the undivided yolk, and a stage
with thirty-two yolk pyramids. This egg also agrees closely with that of Alpheus sauleyi at the
same stage. The nnclei are not quite at the extreme surface of the yolk. In the next phase when
sixty-four pyramids are present the protoplasm abuts on the surface (Fig. 24) of the egg. All the
protoplasm is distributed to the yolk pyramids and no delamination has taken place.

With reference to Hippa I can only add the note that yolk pyramids normally ocenr, and in
the 64-cell stage (Kigs. 1, 4) the diues of cleavage between adjacent segments are very distinet and
extend nearly to the center of the egg. At this stage all the protoplasm is apparently concen-
trated in these eells.  Yolk pyramids similar in surface views to those of Hippa oceur in Callineetes
hastatus, Platyonychus ocellatus, and Libinia canalieulata.

Crangon vulgaris.—Kingsley (31) describes the segmentation of Crangon as follows :

With the first segimentation the protoplasmun begins to leave its central position and seek the surfaee of the ogy;
belore the secend division is completed it has reached the snrface, leaving the yolk in the center. * * *  After the
second protoplasmic segmentation is etfected the first segmentation furrows appear, the one folloewing close upon the
other. The iirst to appear correspends in its direction to the first nuelear divisien; the second is at right angles Lo
it. * * * InCrangon, so far as I have heen able to sce, ammboid cells reach the surface and take part in the
formatien of the blastoderm before the process of gastrnlatien begins., In that form no yolk pyramids oecur.

Of cell division he says: 2

In the process of cell division I have never seen any traces of karyokinesis; the division seems to be direct, and
affects first the nucleus and next the preteplasm. * * * In fact I do net recall a single statement of karyokinesis
being witnessed in decapod seginentation excepting in Astacis.

On PL 1 he gives a drawing (Fig. 3) of an egg with “about sixteen segmentation spheres.”
Fig. 4 of the same plate represents a seetion of the egg shown in Fig. 3 and has six nuclei, five of
which are even with the snrface, while one is near the center of the egg. The yolk sphernles appear
to be fused, owing possibly to the disturbing effect of the reagents cmployed. This central eell,
according to Kingsley, represents a portion of the egg protoplasm which is belated in its passage
to the surface, but it divides and gives rise to cells which eventnally reach the surface at a certain
point which marks the germinal area. Thus all the nuelei take part in the formation of the blasto-
derm, and the igration of the belated cells is completed before the “gastrala” invagination
ocenrs. I have made no observations on the very earliest phases of segnentation of Crangon, but 1
have several eggs seetioned at the sixteen-cell stage, which ought therefore to correspond with
Iig. 4 of Kiugsley’s paper, but, on the contrary, they show a somewhat different condition of
things. There are just sixteen nuclei present, all of which are peripheral or nearly so, and each
nucleus forms the center of a yolk pyramid, the cleavage planes of which are very marked and
extend more than half way to the center of the egg. Fig. 15, Pl. XXVI1, of the segmented egg of
Alpheus, althongh belonging to a later phase, will fairly represent the conditiou of things which
we find in Craugon. Noue of the nuelei are tangent to the surface, but between them and the su:-
face there is still a considerable layer of yolk. Iaeh is surrounded by a large mass of protoplasm,
which staius lightly with haemotoxylon, and has the characteristic rayed appearanee. One of tihese
nuelei is in the equatorial plate or metakinetic stage of division, and may be represented very
nearly by Fig. 28, which shows a dividing cell in the egg of Alphens at the same period.  As aiready
stated, the central yolk mass does not contain a single nucleus. The yolk is in the usual torm of
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large spherules on angnlar blocks, which are abundantly perforated with round lacnnw. Crangon
agrees essentially at this stage with at least three other species, namely, with Alpheus sauleyi,
Pontonia domestica, and Stenopus hispidus.

It is probabie that I'igs. 3 and 4 of Kingsley’s paper (o not eorrespond, the latter representing
the older egg, that is, older than the sixtecen-cell stage. In the segmenting eggs of Homarns there
is a striking individual variation, which finds expression chiefly in the external eharacters ot seg-
mentation, but I have never observed this in any related forme, and can not say to what extent it
ocenrs. Jndging from analogy, I think it will be found that as a rule all the protoplasm in the egg
of Crangon vulgaris reaches, or very nearly reaches, the surface, as in Homarus and Alpheus sawleyi,
and that toward the close of the yolk-pyramid stage delamination ocenrs and some of it wanders
back into the depths of the yolk. If this is true, the ‘“belated” cell near the center of 1%ig. 4 of
Kingsley’s paper may represent some of the protoplasm which has taken this ronndabout journey.

[While this memoir was in press a paper has appeared by W. K. R. Weldon, on *The Forma-
tion of the Germ-layers in Crangon vnigaris.” (Quart. Jowr. Mic. Sci., Vol. xxx111, pt. 3, March,
1892). He makes no mention of the budding of eells from the blastoderm hefore invagination,
nor of the presenee of migrating cells at a later period not derived from the invaginate eells or
ventral plate, hence it is probable that in Crangon primary yolk eeils do not ocenr. 1In this caso
the snggestion just oftered does not let us out of the diflicnity.] I have not sncceeded in obtaining
the segmenting eggs of Callianassa for comparison with the early stages of Callianassa mediterranea,
described by Meresehkowski (40). It seems to me, however, that the diagrams in Mereschkow-
ski’s paper are misleading, and that the proecss of segmentation in Callianassa, instead of heing
peculiar as one might infer, is essentially typical. According to this observer’s aecount the ¢ blas-
toderm?” arises without yolk segmentation. Nnciear division is at first eentral; and the resnlting
cells, sixteen in number, pass gradually to the snrface and form a deep layer of protoplasm
inclosing the yolk. This layer, at first raised into hiliocks corresponding to the nuelei, finally seg-
ments into sixteen parts around the latter. These segments are formed simultaneously over the
egg, but the yolk is not involved. The cells mnitiply rapidly and form a layer of tall prismatie
elements, whieh gradunally flatten out as division proceeds, into ordinary blastoderm cells.

If there is any analogy between this egg and that of related forms the broad ¢protoplasmic”
layer is really the protoplasm plus the peripheral yolk. It would be remarkable in any case if
a segmenting egg conld acqnire such a mass of protoplasn, not to speak of the suddenness with
which the acqnisition is made. That this layer, comprising more than one-half the contents ot the
egg, is largely yolk is indicated by the fact that the nuelei which oeenr in it are represented as
surrounded by a protoplasmic reticnlnm as normally oceurs. 1f this is true, the prismatic cells are
yolk pyramids, and their line of scparation from the central yolk is purely imaginary.

Ishikawa found, in his stndies upon a Japanese prawn, Atyephyra compressa (27), that the egg
nnderwent at first a total and regnlar segmentation. At the end of the fourth phase the yoik is
centralized and the protoplasm surrounds it, and in the next stage, after thirty-two blastomeres
have been formed, the central end of each separates oft to form a yolk segment. The yolk seg-
ments, whieh fill the center of the egg and eorrespond to the common yolk mass with which the
apices of the yolk pyramids biend in other Deeapods, are of nnequal size and contain nuelei which
do not take part in the *“blastoderm.” These nuclei probably correspond to the delaminated cells
of Homarus and Alphens. In the latter they appear at the close of segmentation. It is quite
probable that the time at whieh these cells are budded off may vary considerably in different
speeies.

In Bupagurus prideavxii (39) Mayer found that the protoplasm segmented first in the center
of the egg, as in other forms, nntil eight nuclei were present. When this stage is reached the yolk
now segments not simultaneously into eight blastomecres, as in the case with the Isopod Ascllus
aquaticus, but according to its inherited primitive manuer, first into two, then into four and eight
spherules. Segmentation ot the yolk is thus at first total, but after the fourth phase the spheres
unite in a central yolk core as in other forms.

In Alphcus sandeyi I did not find any eggs which showed a progressive segmentation of the
yolk between the stages represented in Figs. 9 and 10, and henee I infer, as already stated, that
the segmentation of the yoik is there a simultaneons process for each of the sixteen segments
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involved.  This remark also applies to Stenopus, where eight blastomeres or yotk pyramids appear
at the beginning of the third phase. In Homarus therve is less uniformity in the appearance of the
snperficial segments, sinee the cells do not migrate to all parts of the surtace at a uniform rate.

Lereboullet (36) deseribed the early stages of the segmenting egg of the erayfish Astacus
Slwviatilis in 1862, His account, thongh somewhat vague and unsatisfaetory owing to the teeh-
nical difficulties under which he labored, is confirmed in essential particulars by a later observer,
Skimkewitch (56), who bas given a shert deseription, without figures, of the process in the Russian
craytish Astacus leptodactylus. His acconnt is briefly as follows: The cleavage nuclens with its
protoplasm passes from the center to the surface of the egg and mndergoes segmentation. The
resulting nuclei, the exact number ot which is not given, then diffuse over the siurfaee of the egg
and the yolk segments around them. The cleavage planes between adjacent pyramids, at first
extend only half way to the center of the egg and never quite reach it. There remains at the elose
of the segmentation a small mass of nndivided yolk (*‘ dotterkern”) lying in the center of the ovum.

Aecording to these observations then, Astacus offers us an example of centrolecithal segmen-
tation in the most exact sense of the term. 1t seems to me quite probable that this migration of
the protoplasim may be only apparent. and that the segmentation may proeeed mueh as it does in
the lobster.

3rooks, in his memoir on Lucifer (8), gives an account of a segmentation whielh differs in
some partienlars from that of any macronran whieh has been studied.  The Lucifer egg undergoes a
total and perfeetly regular segmentation, and in the first stages may be compared with Bupagurns.
1n Lucifer, however, a segmentation eavity is formed, which ean be elearly seen syhen sixteen
spherules are present. At this time one pole of the egg becomes flattened, and one of the spherules
in the area, which has become differentiated by the possession of food yolk, is gradually invagi-
nated into the segmentation cavity. Meantime the invaginated cell divides; other changes ensue
which lead to the infolding of more cells and the formation of a two-layered embryo, the “gastrula.”
Brooks thinks that the yolk bearing cell represents a yolk pyramid, and that atter a longitndinal
division each half divides transversely or delaminates, and that the other two inner eells eontain the
yolk, while the outer products remain at the surface and form a part of the ‘“blastoderm?” (or endo-
dernmie invagination).  This last point, however, was not settled. In Brooks’s view the scgmenta-
tion in Lucifer is a seeondary modification of the yolk pyramid type, and this has been broaght about
“hy the gradual reduetion of the amonnt of tood material and its restriction, at last, to a single
one of the cells of the segmenting egg.” He says that, while Lucifer is undoubtedly a very primi-
tive Malacostracan, it can hardly be regarded as a primitive Crustacean; and sinee we meet with
abundant examples ot eentrolecithal segmentation both above and below Lucifer, we ean not regard
the Lucifer egg as ancestral or as the unmodified descendant ot an ancestral type of egg. “We
mnst, therefore, believe that the egg of Lucifer has been simplified by the loss of the greater part
ot its tood yolk.”

It is to be regretted that Professor Brooks did not find material sufficiently abundant to war-
rant the sacritice of some of the segmenting eges for sections; for until this is done we ean not be
certain of the origin and relations of' the mesoblast and entoblast in this extremely inferesting
species. A earefnl stndy of the suljeet both in Lineifer and Sergestes would form a very valuable
and mnch needed contribntion.*

1t seems to me quite probable that we have in Lueifer a repetition of what oeenrs in Homarus
and Alpheus, and that the yolk-bearing eell corresponds to the inwandering or delamninated cells,
whieh oceur in the lobster at the close of segmentation. In each case they arise hy transverse
division from the snperficial cells of the blastophere.  In each ease, also, they appear jnst hefore
invagination, and migrate into the segmentation cavity. The differenees are that in the lobster,
for instance, the segmentation cavity is already filled with yolk ; the centripetal cells are numerons,
and they do not necessarily come from that point on the surface whieh corresponds to the point
of invagination or ingrowth. As to the comparative history of the two cells in the two eases little

Since this was written Professor Brooks has annonnced in his report of the work of the marine laboratory of
{he Johns Hopkins University, that he bas recently obtained the eggs of Lucifer in abundanco at Jamaica, and is now
engaged in studying its embryology.
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can be said. Brooks thought that in Lucifer they represented the food yolk, althongh this was
not settled. In Alpheus these cells arc later joined by great unmbers of wandering eells at the
invagination period, and out of this eommon stoek, so far as we ean determine, both mesoblastic
and entoblastic organs are developed. In Homarns, on the other hand, the invaginate cells
nnquestionably degenerate.

The eggs of Seyllarns and Palinurus have not heen thoronghly stndied, so far as I am aware.
Dorhn (14), however, has fignred the eggs of Scyllarus arctus in late stages ot yolk segmentation,
and in surface view they resemble, at this time, the ordinary Deecapod type. We have as yet no
knowledge of the segmentation of the Stomatopods.

The relations of the different varieties of segmentation which are met with among the Deea-
podls, may be expressed by the following table :

(I). Lucifer typus.

I. Total: regular: seg-
mentation cavity pres-

ent. "
g . (I) Palamon.
Segmentatxon of the Seg;;xe:&:}t;gx;r(&g y?llrliif:]t SrsE e S (2) Bupagurus prideauii.,
Deca.pod ege. 2 PatMal (3) Atyeplyra compressa.

(2) Crangon.
(3) Stenopus hispidus,
} (4) Alpheus saulcyi.
) (5) Pontonia domestica.
I ' (6) Hippa talpoides.
(IT). Segmentation of (7) Palamonctes vulgaris.
yolk. { L(8) Callianassa mediterranea.
((1) Homarus americanus (yolk
segmentation at first ir-
LIrregular! regular, but later regular
or nearly so).
(2) Alpleus minor.

IL Partial: centroleci-
thal (yolk pyramids):
segmentation cavity ( Regular.
filled with yolk.

[(1) Penaus,

Of the Thoracostraca, the Schizopods nndonbtedly depart widest from the common deeapodal
type of segmentation. Nusbanm (45) thus deseribes the process in Mysis Chameleo : The pro-
toplasmn—that is, the segmentation nucleuns, with its protoplasmic hody—retreats to a point at the
snrface of the egg. The nucleus then suffers division, and the protoplasm becomes ditferentiated
into an onter striated zone containing a single nucleus, and an inner granular zone with one or more
naoelei. The single external necleus divides and gives rise to a small blastodermie disk, formed of
a single layer of hexagonal cells. From the internal nuclei and protoplasm a small number of nuelei
are produced under the blastodermic disk. The free cells helow the disk are the produets (1) of
the nuelei and formative protoplasm of the deeper layer, and (2) of the cells ot tlre upper layer or
blastodermie disk. While a solid acenmulation of cells is thns being formed below the disk, the
snperfieial cells gradunally extend on all sides and inclose the egg. The thickened disk marks the
ventral side of the embryo. It divides into a wmedian, eaudal, or abdominal plate, and two lateral
plates, the ventral bands. Yolk cells which were not present up to this stage, now avise by migra-
tion from the abdominal plate.

The segmentation of the Schizopod is especially interesting, sinee it agrees so elosely with that
deseribed in eertain Isopods and Myriapods, and resembles also the segmentation of Araehnids.

Bobretyky’s observations on Oniscus (5) need to be repeated, and especially in the early
stages. Aecording to this observer the earliest phase of segmentation was charaeterized by the
anomalons withdrawal of the egg protoplasm to the snrface, where it acenmnlated in a distinet
body, and underwent segmentation. A disk of large eolumnar cells was thus formed, marking the
ventral surfaece of the embryo. The cells spread with the thickening of the disk, until they ineclose
the entire egg. The superfieial eells form eetoblast, the rest entoblast and mesoblast.

Morgan (41) has described a form of segmentation in Pycnogonids which resembles that of the
Decapod. Here the invagination (which leads to the formation of the stomod:ienm) is preceded hy
the delamination of endoderm ecells from the blastosphere, very mneh as in Alpheus, if we may
regard the yolk cells as primitive endoderm,
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In Agelena, Locy (37) found the unsegmented egg to eontain a eentral nuelens and protoplasm,
united by a fine network to a peripheral protoplasmie layer, the blastema. The nucleus divides,
and its produets pass gradually into the blastema, whieh is nsed up in forming the blastoderm.

Bruee (10) speaking first of Bobretyky’s work, thus deseribes the formation of the blastoderm
in Lepidoptera:

In the carliest stages he found four ammbiform cells in the yolk, situated in pairs at opposite ends of the egg.
Later the blastoderm is formed by a multiplicalion of these cells; according to Bohretyky it isnot formed simnltaneousty
over the entire surface of the egg. bnt is laid down first at one or moroe points on the snrface. This type of segmenta-
tion can not strictly be called entolecithal, inasmuch as the colls are not, in the earliest stages of segmentation, at
the surface inclosing tho yolk. All tho primitive undifferentiated cells do not, according to Bobretyky, reach the
surface to form the blastoderm, but some remain centrally located as yolk cells after the formation of the blastoderm.
The earliest stages of segmentation observed in Thyridopteryxr showed several amembiform colls in tho yolk in each
cross section.

In Thyridopteryx the blastoderm is first formed in a given area on the surface, afterward eom-
pletely inclosing the egg, but in this partienlar elosely related insects seem to ditfer.

Ieider’s reeent observations on Hydrophilus (24) show that numerous nuelei whieh originate
from segmentation, do not reach the surface to enter into the ¢ IKeimhautblastem,” hut remain in
the yolk as yolk eells.

The segmenting egg of Julus terrestris is deseribed by Heathcote (19) as a syncytium. Seg-
mentation is at first central, and the resulting uuelei are nnited by strands ot protoplasm. Upon
reaching the surfaee they spread thewselves over it to form a blastodermm. The blastodermie eells
are united to each other by strings of protoplasm, and to the cells of the yolk. The entire egg is
thos pervaded by a network of protoplasm. The yolk eells are regarded as entoblast, and give
rise to the ‘‘keel” or thickened blastodermiec plate. This stage, characterized by a thiekened
blastodermie dislk, keel, or enmulus, probably eorresponds to a similar stage whiel is met with in
Schizopods, Isopods, Myriapods, to the primitive cumulus in Araehnids and the ventral plate
which sutfers invagination in some inseets. [Possibly it corresponds also to the invagination plus
the thiekened ventral plate of” Alpheus and Homarus.

Possibly we have in Astaeus and Homarus an approaeh to the mesoblastie type of segmeunta-
tion, sueh asis found in Mysis. This would be reached in Astaeus it the protoplasm (whieh aeeord
ing Skimkewiteh passes at onee to the surface) should in the course of division build up a disk,
instead of diffusing itself over the egg. A similar result would be aehieved in Homarus if the
belated eells shonld not reach the surtace at all, and if those whieh are first to appear should not
diffuse over the egg, but segment to form a thickened plate.

Balfour says, in speaking of forms like Pendeus:

1t is probable that not all tbe nnclei which result from the division of the first segmentation nuelens become con-
cerned in the formation of the superficial blastoderm, bnt that some remain in the interior of tho ovum to becomeo the
nucloi of the yolk spheres.—(Comp. Embryology, Vol. 1, p. 113.)

This, T think, is an error, and that what is true of a namber of forms, as Alphens, Crangon,
Homarus, probably expresses the rule for the Decapods, that all the egg protoplasm enters into
the peripheral eell layer. Exeeptions to the rule may, however, oceur.

The nse of the term centroleeithal to express tlhie relations of the protoplasm and the yolk in
the egg of Arthropods is not beyond eritieism, but the strict application of a single term is elearly
impossible. The ground of any objection is sufficiently covered by Balfour, in emphasizing the
fact that it is the centrolecithal condition which is eventually attained. He says:

As might be anticipated on the analogy of the types already described, the concentration of the food yolk at the
centre of the ovam does not always take place before segmeuntatioa, but is somotimes deferred till even the later stages
of this process.—(Comp. Embryology, Vol. 1, p. 110.)

In most eases the protoplasmic segmentation is at first eentral, or, as Kingsley points ont,
ectoleeithal, and then, after passing throngh the intermediate stage, it is tinally centroleeithal.

The question as to whether the products of the segmentation nuelens before the yolk is
involved, are to be regarded as independent cells was raised by Balfour, who, in referenee to
Bobretyky’s work on the embryology of inseets, says:

He regards the nuclei surrounded by protoplasm, which are prodnced by the primitive segmentation nuelens, as
80 many distinct cells. These cells are snpposed to move abonut freely in the yolk, which acts as a kind of intercel-
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Inlar medium. This view doos not commend itself to me. It is opposod to my own observations on similar nuclei
in the Spiders. It doos not fit in with our knowledge of the nature of tho ovnm, and can not bo reconciled with the
segmontation of such typos as Spiders, or even Eupagurus, with whicl tho segmentation in insects is undoubtedly
closely related.—( Comp. Embryology, Vol.1, p. 119. ) .

This disenssion seems to have arisen from a confusion of the morphological and physiological
significanee of the eell. The segmentation of the nueleus and its surronnding protoplasm is plainly
the only important phenomenon, and the segmentatior of the yolk is not merely a secondary precess,
but in many cases a wholly unneeessary one, as we see in the early phases of many Decapods.
In these eases the individuality of the yolk pyramid is temporarily sacrificed or suberdinated to
that of the trne eell, which is surreunded by unseginented yolk. Later, when the yolk has become
divided, the yolk segment or pyramid is gradunally reduced until we get the superficial, embryonic
cell, with more or less deflinite boundaries. All the elements of the egg, whether superficial or
ameboid, are clearly to be regarded as eells in a fundamental, physiological sense, as shown by
the part which they play in the development of the embryo.

SECONDARY SEGMENTATION OF THE YOLK.

There are traces of a secondary segmentation of the yolk in Alpheus during the seeond, third,

.and fonrth stages; that is, from the period of invagination to the outlining of the primary append-

ages. The yolk spheres arrange themselves in spherieal clusters or balls, so eharaeteristic of the
carly development ot nearly all the Arthropeds. The yolk balt contains at least one yolk nunclens
with perinuelear protoplasm and eorresponds to a yolk pyramid, being a cell in the same sense as
the latter. Various phases of this secondary segmentation may be seeu by glancing over Pls. XXX~
XXXV In one egg, which I sectioned just prior te invagination (Fig. 46), there appears a segmen-
tation of the yolk aronnd the central nuelei. L

Bobretzky attributes a morphological value to the secondary segmentation of the yolk in
Arthropods, supposing it to be conneected with the spreading and final establishment of the ento-
blast. Tlhe secondary yolk pyramids or giant endoderm eells, which form thelining of the midgnt
of the embryo erayfish, he compared with the Dotterballen of Oniseus and Palzmon. In Palzmon
the food yolk breaks up into round or polygonal pieces soon after the blastoderm is formed, while
in Oniscus certain cells pass into the yolk from the keel or germinal eminenee and gorge them-
selves with the yolk substance until they form large balls, which represent the endoderm (Darm-
driisenzellen). It is stated, however, by Nusbaum (44) that a part of the endoderm of Onisens
which gives rise te the gastric gland arises from primitive mesoblast, and in inseets thie endoderm
is formed independently of the yolk cells. The histery of the yolk cells and of the wandering cells
will be discussed in another seetion.

VI.—~CELL DEGENERATION.

The rapid and often extensive breaking up and final disappearanee of embryonie eells in the
conrse of Arthropod development is a very remarkable phenomenon, and strange to say, it has
almost escaped attention np to the present time among the Deeapod Crnstacea. A study of this
subjeet in Alpheus, Astacus, and Hemarns has cenvineced me that the pecunliar bodies deseribed
as secondary mesoderm cells in the crayfish (54) correspond to the degenerating, sporelike par-
ticles whieh charaeterize similar stages in the development of both Alpliens and Homarns.

In some early notes on the development of Alpheus I called tirese nuelear fragments “spores?”
(22), but the term is inappropriate if we are dealing with cells in the process of dissolotion, as is
undoubtedly the ease. The anomaleus ¢ secondary eells,” which have been a sort of ontstanding
puzzle to embryologists, receive, in my opinion, a mere reasonable explanation on the ground that
they represent degenerating elements. This view is supported by a comparative study of embry-
onie growth in other Arthropods.

Alpheus.—Degenerating cells are present in Alpheus sauleyt in eonsiderable nnmbers when the
nauplius appendages are budding and increase for a short time beyond this period. They continue
in greater or less quantity nntil six to eight pairs of pestoral appendages are formed, when they
disappear from the embryo almost completely. They vary in size from small refringent partieles
to spherical masses as large as ordinary nuelei, or even larger. Many nueclei, instead of having
the nermal appearance, in which the chromatin bas the form of a ceil or a reticnlum with stellate
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nodnles in its meshes, begin to show retrogressive tendencies. They sometimes appear swollen out
to an unusual size, and their chromatin is aggregated into a single large ball, which may become
vesicular and strongly refractive. The chromatin ball is sometimes of large size, central in posi-
tion, and stained intensely, suggesting strongly the nucleus of a blood cell, or it may stain so
faintly as to be hardly recognizable. Again, it may be cceentric and attended by one or more
smaller halls, or the nuelear body may be filled with numerous coarse grams, These bodies then
recall yeast cells in process of producing ascospores. As in the yeast cell, the wall of the
nuelear body seems in many eases to break down aund thus set free into the yolk the naked, spore-
like masses of degenerating chromatin.

In Figs.21 and 32 (Pls. XXVIL, XXIX), taken from the egg-nauplins embryo,we see various stages
of this process. Around the stomed:zwn, and within er near the pockets of the antenna® and mandi-
bles, there are large numbers of these pseudo-spores.  Some are small chromatin balls (s), which
combine actively with haemotoxylen, while others stain feebly or are quite unaffected by the dye,
and resemble straw-eolored particles of vesiculated and altered food yolk. Below and te either
side of the stomodaznm there is a granular residne (Fig. 118, A. Y. S.), composed of yolk and nuclear
matter in various stages of chemical degeneration.

The ordinary nuclens in the resting eondition is generally characterized by the presence of
balls, nodules, or granules of various sizes, which represent ehromatin constituents of the nucleus.
Under high powers these usually appear as stellate masses suspended in the nuclear retienlum.
A number of representative nuclei are shown in Fig. 18. They are all drawn to scale and are
taken from the egg-nauplins series under review. It is so plain that it is hardly necessary to state
it, that the nuelear fragments i these bodies, ¢, £, or & for instanee, correspond to similar fragments
which occur free in the yolk. The larger nodule in the nucleus f resembles figure b, exeept that
the latter is surrounded by an onter light zone. This zone is often very large and not as sharply
defined as in the drawing.  Again, figure ¢ resembles figure b, except that the outer light zoue is
larger in ¢ and the chromatin or stainable residne has nearly disappeared. 1 regard the bedies b
and ¢ as masses of degenerating chromatiu which have escaped trom a disrupted nuclens or cell.
1n ¢ 