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CHAPTER I
INTRODUCTION.

By W. K. BROOKS.

2
" 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 peculiarities
which serve to render the problem of their life history both unusually interesting and significant,
and at the same time unusually 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 mlcroscopw hair,
by a continuous shell of excreted matter, and as this chitinous shell is not cellular it can not grow
by the interpolation of new cells, nor can it, like the excreted shell of a mollusk grow by the dep-
osition of new matter around its edges, for there are no such growing edges, except in a few
exceptivnal cases, such as the barnacleéS. Once formed and hardened the cuticle of an arthropod
admits no increase in size, and as soon as it is outgrown it must be discarded and replaced by a
new and larger one. The new shell is gradually excreted, in a soft condition, under the old one,
and as soon as this is thrown off the new one quickly becomes fully distended and solid. Asa
result, from the very fiature of the chitinous shell and the method of renewal which its structure
entails, the growth of an arthropod, from infancy to the adult condition, takes place by a series of
well-marked steps or stages, each one characterized by the formation of a new cuticle and by a
sudden increase in size.

In most-arthropods the newly-born young are very different in structare from the adults, and
growth is accompanied by metamorphosis. As the changes of stracture are necessarily confined
to the moulting periods, the stages of growth coincide with the stages of change in organization, and
there is none of the indefiniteness which often characterizes the different larval stages of animals
with a more continnons metamorphosis. On the contrary the nature of each change is as sharply
defined and as characteristic as the structure of the adult itself. As the moulting period is fre-
quently a time of inactivity the animal may then undergo profound changes without inconvenience,
and the successive steps in the metamorphosis of an arthropod are not only well marked, but often
very profound as well.

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

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

This is true at least of all free larvae, which have their own battle to fight and their own living
to get, and while a larva inside-an egg or withjn a brood pouch may possibly recapitulate obsolete
ancestral stages, the sarvival of a free larva depends upon its adaptation to its present environ-
ment.

As compared with the ocean the inorganic environment of terrestrial or fresh-water animals
is extremely variable, and changes in climate, elevation, and continental configuration are accom-

panied by corresponding changes in enemies, competitors, and food, so that the conditions which
326
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sarround a modern terrestrial larva must, in nearly every case, be very different from those under
which the remote ancestors of the species passed their life, but while this is also true, to some
degree, of marine animals their inorganic environment is comparatively stable, and the persistence
of s0 many ancient marine types shows that the changes in the organic surroundings of marine
animals take place much more slowly than corresponding changes on land.

This fact, joined to the definite character of the changes which make up the life history of a
marine crustacean, renders these animals of exceptional value for the study of the laws of larval
development, and for the analysis of the effect of secondary adaptations, as distinguished from the
influence of ancestry ; for while Clans has clearly proved that adaptive larval forms are much
more common among the Decapods than had been supposed, his writings and those of Fritz Maller
show that no other group of the animal kingdom presents an equal diversity of erders, families,
genera, and species in which the relation between ontogeny and phylogeny is so well displayed,
but, while provin% this so clearly, Claus’ well known monograph also shows with equal clearness
that this ancestral history is by no means unwmodified, and that the true significance of the
larval history of the higher Crustacea can be understood only after careful and minute and exhaus-
tive comparison 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 Jobus Hopkins University, for obtaining more

complete and detailed knowledge of the larval stages of a number of Macroura, and this work has

been prosecuted at every opportunity up to the present time. Some of my results have been pub-
lished in my monograph on Lucifer, in the Phil. Trans. Royal Soc. for 1882, and others are incor-
porated in my report on the Stomatopoda collected by H M. S. Challenger.

This memoir contains the life histories of a number of additional species based in part
upon my own studies at Beaufort, North Carolina, and at Green Turtle Key and New Providence
in tke Bahama Islands, but chiefly upon the researches which one of my students, Mr. F. H. Her-
rick, has carried on under my general supervision. In 1886 he undertook, at my suggestion, the
study of the embryology and metamorphosis of the Macroura, and devoted three years to this sab-
ject under my direction, and the results which follow are almost entirely due to his zeal and
energy. He has completed the study of several subjects upon which I had previously made a
beginning, so that my own unfinished notes have been incorporated with his researches, and our
respective shares in the work are as follows: The chapter on Gonodactylus is entirely based upon
my own researches; the chapter entitled  Alpheus, a study in the development of the Crustacea,”
is entirely the work of Mr. Herrick ; the one on the metamorphosis of Alpheus is based upon our
combined studies, and that upon Stenopus is almost entirely the work of Mr. Herrick, as my own
contributions to this life history are of minor value except so far as they supplement his work. ,

I shall now give a brief outline or summary of the chief results which are described in detail
in each chapter.

THE LIFE HISTORY OF STENOPUS HISPIDUS.

During the six seasons which I spent at Beaafort, North Carolina, I captured in the tow-net,
at different times, some six or seven specimens of a remarkable pelagic crustacean larva, all of
them well-advanced and in nearly the same stage of development.

Nothing was learned of the earlier larval life nor of the adult form of the animal, although
enough was made out to show that it is one of the few Macroura which, like Peneus and the Ser-
gestide, have retained the primitive or ancestral metamorphosis, and that its secondary modifica-
tions are very slight as compared with those of ordinary macrouran larve, and also that the
Beaufort larva are new to science. (See Pls. 1X and Xx.)

These larva have the full namber of adult somites and appendages, and in side view they are
very suggestive of the Sergestidee. They are very much larger than ordinary pelagic larve and
are quite different from any known forms of Macroura.

The chief locomotor organs are the last pair of thoracic legs, which are extremely slender, as
long as the entire body of the larva, ending in flattened elliptical paddles, which are used as
sweeps for rowing through the water. They are stretched out in front of the body near the
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middle line and are then swept backwards and outwards, describing at each stroke a circle equal
in diameter to about twice the dength of the body. By the vigorous use of these oars the larva
skims rapidly through the water, and its movements are not unlike those of a Gerris npon the
surface of a fresh-water pond.

Notwithstanding the importance of a complete knowledge of the life history of the animal to
which this sergestid-like larva belongs, I was unable to complete the study at Beaufort, although
I made careful drawings of two stages and filed them away for future use.

Immediately upon our arrival at Green Turtle Key, in the Bahama Islands, early in June,
1886, our attention was at once attracted to a small, graceful, brilliantly colored prawn which was
found in abundance among the coral. {See Pl. v.) It proved to be Stenopus hispidus, a species
which is chiefly known to naturalists through specimens from the Indian and South Pacific oceans.
It bas been recorded as occurring in the tropical Atlantic, but our knowledge of the adult has been
very scanty and imperfect, and nothing whatever has been known regarding its life history until
Mr. Herrick devoted himself to its thorough investigation.

It is an active, timid animal, and is one of the most brilliantly colored of the crustacea. As.
it is also one of the most widely distributed, it is noteworthy that while its color markings are so
prominent and conspicuous they are extremely well fixed and constant; so much so that the speci-
mens from the Indian Ocean and the South Pacific agree with those from the West Indies down

"to the most minute markings.

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

The most noteworthy fact in its history is its world-wide distribution, and the question whether
this can be a result of any peculiarity in its structure or habits at once suggests itself.

We should expect, on general principles, to find the least specialized species the most widely
diffused; and one which holds its ground in so many parts of the world, and withoat any change
of structure finds a safe and congenial home in seas so widely separated, might be expected to be
of indefinite or slightly specialized habits, but this is not the case. In structure, in habits, in color,
and in external appearance, and also in its metamorphosis, Stenopus is one of the most highly
specialized of the crustacea; and it owes its ability to survive in many seas to the accuracy and
delicacy of its adjustment to a narrow range of conditions, rather than to indefinite aud vague
adaptation to many conditions,

Its antenn® are unusually long and slender, and the acuteness of its senses, together with its
very remarkable alertness; the quic®ness with which it perceives danger, and the rapidity with
w hich it escapes; have undoubtedly aided it in holding its own wherever it has gained a foothold
in a suitable locality, and no crustacean, with the exception, possibly, of Gonodactylus chiagra, is
better adapted for life in a coral reef. .

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

These facts no doubt account for its survival, 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 cannot state that the adult will not at some time be found upon the Atlantic coast of
our Southern States, there is no evidence that this is the case, and the larve which were obtained
at Beaufort, North Carolina, were undoubtedly hatched from eggs which were carried upon the
abdominal appendages of parents in the West Indies or on the Florida Keys; and these larve

“had therefore wandered more than six hundred miles from their birthplace. The species might
therefore be diffused through a chain of coral islands six hundred miles apart, from a single start-
ing point, in & very small number of generations.

.. The eggs, which are very small, are lajd at night, and the segmentation, which Professor
Hesrick has thoroughly studied by sections, is entirely confined to the nuclei, the yolk remaining
undivided ; Stenopus therefore presents a most pronounced type of centrolycethic segmentation.

The great mass of the egg consists of a homogeneous mass of yolk granules, which takes no
part in the process of segmentation and probably contains no protoplasm. This yolk is aggre-
gated around a central nucleus, which divides, probably indirectly, into two, four, eight, sixteen
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nuclei, and so on until the number is very great. As this process of division goes on the nuclei,
each with an investing layer of protoplasm, gradually migrate to®the surface of the yolk, and at
last form a superficial investing layer around a central yolk, out of which all the protoplasm has
been withdrawn.

The yolk does not divide up into typical yolk pyramids, although the outlines of the blasto-
meres are sharply iudicated by transitory superficial farrows.

The embryonic area is soon marked out as a region where the nuclei are densely erowded and
the point of invagination is indicated by a solid ingrowth which penetrates the yolk to form the
inner layers of the embryo. The subsequent stages of embryonic development were not followed
in detail.

The larva batches in the afternoon, and during the followmg mght the parent moults and lays
another brood of eggs.

At the time of its escape the larva is a Protozoea, and its later history is of great interest, since
it unites features of resemblance to Lucifer, Sergestes, Peneus, and to the prawns in general, with
individual peculiarities in which it differs from all of them.

"At the time of hatching (Pl vir and Pl. x1, Fig. 25) it has sessile eyes, locomotor antenns®,
an enormous mandible, a deeply forked telson, a long rostram, and a complete series of append-
ages a8 far as the first pereiopods, which are essentially like the third maxillipeds. The long
hind body has no appendages and is only vaguely divided into somites.

_Five or six hours after hatching it changes into a true zoea, much like that of an ordinary
macrouran (Pl. vitr). The carapace becomes much enlarged ; the' rostrum is shortened to less than
half its former length, the mandible becomes small, the forks disappear from the telson, the eyes
become stalked, the antenn® are shortened like those of a zoea, and the maxillipeds become the
chief locomotor organs.

As these larvae could not be reared in captivity the later stages were studied from captive
specimens, but Professor Herrick has proved that the Beaufort larva are either young Stenopi or
else the larva of some closely allied species which is at present unknown.

A specimen a little older than the oldest Beaufort specimen was captured at Nassau (Pl. x11).
It is in the Mastigopus stage, with greatly elongated eyes, and with antenn® which 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
reduced to a rudimentary bud, and the fourth is also reduced to a two-jointed rudiment.

It thus appears that, as in the Sergestidz, the Iast two Dairs of « walking legs” are shed after
the Mysis stage, to be again reconstructed in the Mastigopus stage. After several moults the
Mastigopus larva gradually assumes the adult form, the principal changes being the shortening
of the eyes and the reacquigition of the fourth and fifth pereiopods. .

ALPHEUS. ~

The genus Alpheus includes a large number of small, brilliantly colored crayfish-like Cru-
stacea, which are widely distributed, although all are essentially tropical. Two species range
as far northward as the coast of Virginia, but the true home of the genus is the warm water
between tide-marks or near the shore in coral seas, and they occur in the greatest abundance
and variety in all the sounds and inlets among coral 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 apon the
coral reefs the genus Alpheas is one of the most common and most thoroughly characteristic (PL-
I, 11, and IV).

Nearly every mass of sponge or alga or of coral rock or living coral which is fished up from
the bottom and beoken to pieces contains specimens of one or moye species of Alpheus, and pieces
are often found which fairly swarm with these little animals. '

A few of the species wander over the bottom, and wandering individuals of other species are
found occasionally, but their true home is in the tubes of sponges and the holes and crannies in
the porous coral limestone, or under the broken shells and fragments of limestone which lie npon
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the bottom in shallow water. Occasionally they inhabit short, vertical burrows, which they con
struct for themselves in the sandy mud, but most of the species pass thelr life hidden in the shelter
which they find upon the reef.

The most conspicuous characteristic of the genus is the great enlargement of the claws of the
first pair of walking legs. Both claws are large, but one of them is enormous, 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 i is usually carried stretched out in front of the body, but one species carries
it folded down under the body and hidden, ready to be instantly pushed out to make a rapid thrust
at any enemy.

In nearly all the species the large claw terminates in hard, powerful forceps. The claw or

dactyle is provided with a plug, which fits into a well or socket in the other joint and probably
serves to prevent dislocation. When the forceps are opened the dactyle is raised so that the plag
just rests in the mouth of the socket. As soon as the claw is released it is suddenly and violently
closed, as if by a spring, and the snlid stony points striking together produce a sharp metallic
report, something like the click of a water hammer, and 8o much like the noise of breaking glass
that I have often, when awakened at night by the click of a little Alpheus less than an inch long,
hastened_down to the laboratory in fear that a large aquarium bad been broken. In 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 Sounds that a constant fusilade is kept up at low waterall .

along the shore. The animals are remarkably pugnacious and they will even attack bathers. They

are known to the inhabitants of the out islands as ‘“scorpions,” and are much dreaded, although °
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 of the same or different species, are

placed together in an aquarinm, a most violent combat at once takes place, and quickly ends by °

the d'estruction of one or both. Some species appear to pinch with the large claw, bat it is mere
frequently used like a saber for cutting a slashing blow. The edge of the movable joint is sharp
gnd rounded, and the animal advances warily to the attack with the claw widely opened and
stretched out to its full length. Watching its opportunity it springs suddenly upon its enemy,
instantly closing its claw with a violent snap and a loud report, and cutting a vertical sweep with
its sharp edge. I have often seen Alpheus heterochelis cut another completely in two by a single
blow, and the victim is then quickly dismembered and literally torn to fragments.

The abundance of these animals in coral seas is well shown by the fact that of the twenty
species which are known to inhabit the shores of the North Awmerican continent we found twelve,
or more than half, upon a little reef at Dix Point, a few rods to the eastward of our laporatory at
New Providence, in the Bahama Islands.

Of the thirteen species which we found in the islands several are new, and as none of them
have ever been adequately described, an illastrated, systematic description of all the species is
now in preparation by Mr. Herrick. The present memoir deals only with the embryology and
metamorphosis of the genus. This is a new field, for nothing whatever has as yet been published
upon the embryology of any species of the genus, and all our knowledge of the metamorphosis is
contained in two short abstracts without illustrations on the metamorphosis of a single species,
Alpheus heterochelis. Eggs have now been obtained from all thirteen of the Bahama species, and
the tirst larval stages of most of them have been reared from the eggs in aquaria in the laboratory,
and the metamorphosis has been traced from actual moults.

THE METAMORPHOSIS OF ALPHETUS.

One of the most remarkable results of our study- of the various species of the genus Alpheus
is the discovery that, while there is such a ‘general similarity as we might expect between the
larval stages of the different species, the individuals of a single species sometimes differ more from
each other, as regards their metamorphosis, than the individuals of two very distinct species.
This phenomenon has been observed b)’ us and carefully studied in two species—Alpheus hetero-
chelis and Alpheus saulcyi—and it is described in detail, with ample illustrations, in the chapter on
the metamorphosis of Alpheus. In the case of the first species the difference seems to be geo-
graphical, for while all the individuals which live in the same locality pass through the same series
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of larval stages, the life history of those which are found at Key West is very different from that
of those which live on the coast of North Carolina, while those which we studied in the Bahama
Islands present still another life history. In the case of the second species—Alpheus sauloyi—the
difference stands in direct relation to the conditions of life. The individuals of this species inhabit
the tubes and chambers of two species of spenges which are often found growing on the same
reef, and the metamorphosis of those which live in one of these sponges is sometimes different
from thai of those which inhabit the other. In this species the adulis giso 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 distinct, and in the cgse of the other species—Alpheus heterochelis—
we were unable, after the most thorongh and minute comparison, to find any difference whatever
between adults from North Carolina and those from the Bahama Islands, although their life histories
exhibit a most surprising lack of agreement. In fact, the early stages in the life of Alphexs hete-
rochelis in the Bahama Islands differ much 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 heterochelis 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 upon 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 I bad under my microscope at Beaufort on
the very day when I read his account a newly hatched 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 study of other Crustacea had taught me thag all the larve of a species at the
samne age are apparently facsimiles of each other down to the smallest hair, Packard’s account
seemed absolately incredible, and I hastily decided that, inasmuch as it was without illustra-
tions and was written from notes made many years before, it involved some serious error and was
unworthy of acceptance. This hasty verdict I now believe to have been unjust, since my wider
acquaintance with the genus has brought to my notice other instances of equally great diversity
between the larvae 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 departure from one of the established laws of embryology—the
law that the embryonic and larval stages of animals best exhibit their fandamental affinities and
general resemblances, while their specific characteristics and individual peculiarities make their
appearance later.

As in most animals the adult 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
perfect the adjustment between such organism and 1ts conditions of life chiefly aftects the adults,
so that specific characters and the slight differences between varieties or races are usually con-
fined to the adults, while the embryos and larvee are, as a rale, 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 true of those animals whose independent life
begins very early, yet the same law holds with them also; and the chief scientific value of embry-
ology lies in the fact that a knowledge of the early stages in the life of animals enables us to 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 differ from each other and exhibit the divergent speciali-
zations which are of more recent acquisition.

It sometimes happens, however, that the early stages of two closely related species differ
greatly. This may occar when the larve of the one species lead a free, independent life, while the
young of the other species are protected in some way by the parent. For example, the compli-
cated metamorphosis which is 80 characteristic of starfishes is almost totally absent in those star-
fishes which are provided with brood-pouches. The sam® relation may also be exhibited when the
larvae of one species of a genus have become adapted to a mode of life very different from that of
the larve of the other species of the genus. Thus those species of Aginide whose larve are para-
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sitic multiply asexually during the larval life and build up complex communities, while nothing of
the sort occurs in those species with free larve.

Many similar cases might be given, but we must bear in mind that they are all very different
from the one now under examination. In ali such casds the difference is between the larva of two
distinet species, while in Alpheus we have a similar difference between the larv:® of individuals of
a single species.

Among other animals it is not very unusaal for certain individuals which are placed under
conditions exceptionally favorable for embryonic development to be born in a more advanced stage
than the normal for the species, and in such cases the larval metamorphosis is abbreviated by the
omission of the earlier stages.

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

The life history of the North Carolina form.of this species is more abbreviated than that of
the Babama form, and the metamorphosis of the Key West form is still more shortened, but, in
addition to the abridgment, the different forms also present most important differences in structure
and in the order in which the appendages are developed; differences which are much more funda-
mental and profound than the mere length of the larval life.

The various larval forms are described with so much detail in the chapter on the metamor-
phosis of Alpheus that it is not necessary to repeat them here, but the following very brief outline
will serve to call attention to a few of the most conspicuous features:

As several distinct species of the genus Alpheus pass through a long metamorphosas, each
stage of which is almost exactly the same in all the species, we may safely assume that this is the
primitive or ancestral metamorphosis which was originally common to all the species. It has been
traced in Alpheus minor by me at Beaufort, North Carolina, and by Mr. Herrick in a similar species
at New Providence. Mr. Herrick has also traced it at New Providence for Alphcus normani and
Alpheus heterochelis. In all these forms the larva hatches from the egg in a form which is very
similar to Fig. 2 of Pl. xvI1, and very shortly after hatching it moults and passes into the second
larval stage, which is the one from which Fig. 2 was drawn. This larva has all its appendages
fully developed and functional as far backwards as the third pair of maxillipeds. Following these
are three bud-like rudiments, to represent the first, second, and fifih thoracic limbs, and posterior
to these a long, tapering, imperfectly-segmented abdomen, ending in a flat triangular telson.

The locomotor organs are the plumose antenn® and the exopodites of the three pairs of max-
illipeds.

After the second moult the larva passes into the third stage, which is shown in Pl. xv1, Fig. 1,
and Pl xvir, Fig. 1. The first and fifth thoracic limbs are now functional; all the abdominal
somites are distinct and movable, and the uropod, or sixth abdominal appendage, has appeared,
and its exopedite is functional and fringed with plumose hairs, while its endopodite is rudimentary.
The five abdominal appendages have not yet appeared.

The first thoracic leg, which was represented by a bud 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 thoracic limb is fully developed and is the most conspicuous peculiarity of the larva
at this stage of development. It has no exopodite; its basal joint is not enlarged nor flattened,
and its long, cylindrical, slender shaft is prolonged at its tip into a long lance-like hair, which
projects beyond the tips of the antennse.

After its third moult the larva passes into the fourth stage, which is shown in Pl xviI1r, Fig. 3.

The carapace now begins to extend over the eyes, and the ears make their appearance 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 thoracic limbs. Between
the latter and the elongated fifth thoracic limb are buds to represent the third and fourth, The
telson has become narrow and elongated, and the uropods are fully developed, although there is
as yet no trace of the other abdominal appendages.
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After the fourth moult the larva passes into the fifth larval stage, when it resembles Fig. 1 of
Pl. xx1, 8o 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 carapace, and the swimming
organs are the seven pairs of exopodites belonging to the three maxillipeds, and the first four
thoracic limbs. The first five pairs of abdominal appendages are now represented by buds, like
those shown in Pl. xx1, Fig. 1, but the telson and uropods are nearly like those of Fig. 3, in Pl.
xX. The telson is narrow aud much elongated, and its marginal spines are very small.

During the moults which follow, the abdominal ‘appendages become fully developed, the eyes
become completely covered by the cargpace, the antennule develops a scale, the antenna elon-

gate, the swimming appendages of the midbody disappear, these appendages assume their adult

form, and the animal gradually becomes like the young Alpheus shown in Pl. xx, Fig. 2.

This life-history is common to Alphexs minor at Beaufort and New Providence and Alpheus
normani and Alpheus heterochelis at New Providence, although the latte? species presents a totally
different life-history at Beaufort. Before it hatches, this form, as shown in Pl. xX, Fig. 1, reaches
a degree of development which bears a general resemblance to stages two and three of the Bahama

. form, with certain differences which are pointed dut in the sequel.

Immediately after hatching it assames the form which is shown in Pl xIx, Fig. 2, and Fig. 1.

* The animal has now all the somites and appendages of the adult, but all behind the maxillipeds

are rudimentary, and there is little power of locomotion. The first moult oocurs in a few hours,
and the larva assumes the form shown in Pl. xx, Fig. 3, when it is no longer a larva but a young
Alpheus. The eyes are almost completely covered by the carapace, the ear is well developed, the
flagellum of the antenna has elongated, and the other appendages have assumed the adult form.
An older specimen is shown in Pl. xx, Fig. 2, and a still older one in Pl. xv11, Fig. 3. Careful com-
parison will show that no exact parallel can 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 accele-
ration of development. The Bahama heterochelis bas, at first, three, then four, then five, and then
seven fully developed and functional exopodites, while the North Carolina form never has more
than three. As regards the thoracic region and the first five abdominal appendages the Beaufort
larva, at the time of hatching, is more advanced than the fourth larval stage of the Bahama form,
while the uropods are like those of the Bahama form at the time of hatching.

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

Packard’s short account of the development of those specimens of this species which occup
at Key West shows that these differ from the Beaufort specimens about as these latter differ from
the Bahama specimens.

The second species is probably A. sauleyi, although Guérin’s figure and description of this
form are not in accord with it in some important points. 1t is found in the Bahama Islands, living
in the tubes and chambers of two species of 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 hatch in the stage shown in PL xx1, Fig. 1. It

has rudimentary gills, the eyes are imperfectly covered, the antennules and antenna® are beginning -

to assume their adult form, and the exopodites of the three pairs of maxillipeds are the chief organs
of locomotion, although all the appendages are represented. The abdominal feet are rudimentary,
however, and the uropods are covered by the cuticle of the telson. '

Very soon after hatching the larva moults and assumes the form shown in Pl. xx1, Fig. 2. The
eyes are more completely covered, the antennules and antenn® are elongated, the thoracic limba
have the adult form and the pleopods are all functional.

In twenty-five or thirty hours after hatching it moults. for the second time and passes into
the third stage, which is shown in Fig. 8. It is no longer alarva, but a young Alpheus, with all
the structural characteristics and pugnacious instinets of the adult.

In a few cases the development of this species is still more accelerated, and a few eggs from
animals taken from 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 coloration and habits in Alpheus,
particularly in A. saulcyt, are taken from a paper by Mr. Herrick published in the Johns ﬁopkins
Umvewty cu-culars .

VARIATIONS IN THE HABITS AND COLORATION OF ALPHETUS.

Some of the species of Alpheus are usually or even universally found living as parasites within
the water tabes’ of sponges, and it is extremely interesting to find ‘that individuals of the same
species, living in different species of sponges, may themselves differ greatly in color and in habits.

A large brown sponge, Hircinia 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 fathom
or more of water, where its great size and sooty brown color distinguish it at once on the
white bottom. If a sponge colony of this kind be pulled and torn apart, one is certain to find it
swarming with a small species of Alpheus, which quarter themselves in the intricately winding
poves of the sponge. Hundreds, or even thousands of individuals might be collected from a single
large specimen. These animals vary from one-eighth to three-fourths of an inch in length. They are
nearly colorless, excepting the large chels, 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 crawl only with great difficulty if taken from the water. - The eggs
are few in number and of unusually large size, their diameter varying from one twenty-second to
one twenty-fifth of an inch, and their number from six to twenty. These are most commonly yellow,
but may be'either bright green, olive, flesh color, brown, or dull white.

Another quite different sponge grows on all the reefs in from one to two fathoms or mere of
water. There are several varieties of this, which may be told by their olive-green color, yellow
flesh, and clampy, irregular shape, as well as by the putrescent mucus which some of them pour
out when broken open. In nearly.nine out of ten of these sponges one will find a single pair of
Alphei which resemble those living in the brown sponge in most particulars, although they differ from
them ir several important points. They are distinguished 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 exceed the males greatly in bulk owing to the great size and number of their eggs.

Both sexes are nearly transparent and colorless excepting the large claws, which are bright
vermilion-orange (Pl. 1v). The female is practically inert daring the breeding season (which lasted
during our stay, March to July), and at such times is well protected 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, or four individuals,
out of a handred or more which were examined showed any variation from these colors. In these
the eggs were yellow, and the pigment on the claws more orange than red. The table which fol-
lows shows the variations between two large females taken respectively from the brown and green
sponges, and between the size, namber, and color of the eggs.

Habitat of Alpheus. | Length of 9 N“,‘,‘;‘é‘: of | Diameter. Color. I Color of adult.
Inches. Inches.
Brown sponge.... $ 19 P Yellow (variable). Largg chel, red, blue,
. or brown.
Green sponge . .... 16 347 +r Usually n; in this | Large ochel®, always
case yellow. orange-red.

These two forms, apparently distinct, are seen however, by closer examination, to belong
to the same species, although they show very interesting variations. The Alpheus living in the
brown sponges tends to vary in several ways, chiefly in size and in the color of the body and eggs.
The rostrum usually has three spines, but occasionally only two are present, the median one being
lost. It is evident that these animals are pertectly protected from outside enemies while within
the tortuous mazes of the sponge, as their numbers would show. Paragdites such as Isopods, how-
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ever, are not uncommon. There has thus been no chance or need for natural selection to act 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 sluggish during the breeding season, which extends over a
good part of the year. This animal is certainly well protected against any green surface, as slready
stated. But as will be shown, natural selection has probably nothing to do with it. The bright col-

oging of ti® tips of the claws, which only are protruded from the place of concealment, recall the
similarly colored heads of boring annelids which abound on the reef, and may have a protective
significance. This evidence, however, is not very reliable.

The colors of certain crustacea, and also the color of their eggs, are known to vary greatly
with the surroandings. In the Alpheus parasites in the brown sponges these colors vary consid-
erably where the surrounding conditions are the same. However, the color of 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 enough to be conclusive.
The eggs of Alpheus hecterochelis are almost invariably of a dall olive color, while as in the case of
the parasite of the green sponge, about one in a hundred has bright yellow eggs. In the first case
at least this is possibly an instance of reversion to one of the original colors from which the green
was derived by natural selection. In most species of Alpheus the color of the eggs is fixed and
uniform, and as already snggested may have a protective significance, but in a few other cases
where this is not trae, the color is not only variable in different individuals, but probably also in
the same individual.

In order to explain the vanatlons which we find in these two forms, we must assume either (1)
that the parasites of the green sponge are a fixed variety with distinct habits, or (2) that they repre-
sent individuals which have migrated from the brown gponges and adapted themselves to their
new surroundings, or further (3) that only those chance individuals with orange-red claws and
bright-green eggs, which occasionally occur in the brown sponge, find their way to the smaller
green' species, where they acquire great vigor and size. This last supposition is evidently untena-
ble. If moreover the two forins, which were at first supposed to be specifically distinct, represent
fixed varieties, we ought to find the young or at least adults ot all sizes in both sponges, whereas it is
only in the large brewn variety that any small or undersized individuals oceur, while a single pair, of
large and tolerably uniform size, is invariably found in the exhalent chambers of 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 were born in the brown variety, and
after attaining considerable size migrated thither, where they adapted themselves at once to their
slightly different surroundings, growing to three or four times their former size, and the females
acquiring bright green eggs, which become a source of protection in their new habitat. This view
implies the greatest variability in color and in size of the individual, and in the color of the egg,
which is more remarkable from the fact that it is quite unusual in this genus.

.

THE EMBRYOLOGY OF ALPHEUS.

At my suggestion Mr. Herrick undertook, in 1886, the study of the embryology of Alpheus,
and devoted a considerable part of his time for three years to this subject. and while he carried on
the work under my general supervision the results which he has reached are entirely his own, and
my share in the chapter which is devoted to this division of the subject is only that of an instructor.
I must call attention, however, to the fact that Mr. Herrick’s studies were begun at a time when
our knowledge of the embryology of the higher Crustacea was far less complete than it is at the
present time. From time to time brief abstracts of the progress of the research have been written
by Mr. Herrick and published in the Johns Hopkins University circulars, and the following cor-
rected summary of his results contains the substance of these preliminary reports.

The work was begun at Beaufort, North Carolina, and the eggs of the two species of Alpheus
- which occur there were carefully examined and preserved for laboratory research, but much better
and simpler material was afterwards obtained at the Bahaina Islands, the early stages were much
more thoroughly studied, and the development of the animals was traced in detail, step by step,
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from the first nucleus of the fertilized egg, through all the embryonic and larval stages, up to the
adult condition. The eggs of each of the thirteen species which occur in the Bahamas were ob-
tained and studied sufficiently to ascertain what are the specific differences in development, and
four species were studied exhaustively, in detail. These four are Alpheus heterochelis, Say ; A. mi-
nus, Say; A. saulcyi, and the Bahama heterochelis. Unless otherwise stated the following notes
on the early stages refer to the last species. The development in the egg is the same for all, except-
ing A. minor, which will be referred to separately.

This prawn has proved to be a good subject in which to study the origin and réle of certain
much disputed bodies, which are met with in severa.l Crustacea, the “secondary mesoderm cells.”

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 nucleus is unfertilized, it is not able to initiate the
process of segmentation. The fertile nucleus divides, and its products pass towards the surface,
until a syncytinm of eight nueclei is formed. Either just before or after the division of these,
the yolk undergoes segmentation simultaneously over the whole surface into a similar number of
partial pyramids. Each yolk pyramid has a large nucleus at its base, while its apex fuses with -
the common yolk mass in the interior of the egg. The process is now a regular one until 128 to 256
small ségments are formed. The rate of cell multiplication is then retarded over one-half of the
egg, while it still continues and perhaps is accelerated over the remaining portion of it. The egg
thus loses its radial symmetry and becomes two-sided. It is important to notice that no products
of the segmentation nucleus are left in the interior of the yolk. The superficial pyramidal
structare is lost; the primitive blastoderm is established, and there nqw takes place a general
migration of nuclei from the surface to the yolk within, bat principally, as would be expected,
from that part of the egg where the blastoderm cells are most numerous, corresponding to the
futare embryo. This is followed by a partial secondary segmentation of the food-yolk into balls.
The yolk-ball is apparently formed a.bont the migrating nucleas, bat as the latter is moving, this
segmentation is irregular.

Mr. Herrick has been able to follow very closely the entire process of segmentation in Stenopas,
where it is substantially the same as that just described, except that there is no general migration of
cel®from the surface, prior to invagination. This is also true of Pontonia domestica, and it is quite

. probable that the majority of macroura pass through the same phases in their early development.

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

~

THE INVAGINATION STAGE.

A slight invagination occurs where the superficial cells are thickest, and the egg becomes
what has been generally regarded as a modified gastrula. The depression is shallow, and does

. not form an inclosed chamber within the yolk. The included cells multiply rapidly, and form a -

mass of nearly similar elements, some of which pass into the yolk. The protoplasm surrounding the
nuclei of these cells is prolonged into a reticulum, which encloses myriads of small yolk frag-
ments, and probably digests them by an intracellular process, after the manner of feeding amaebze.
The thickening.in front of and sarrounding the pit, which is now obscured, is the rudiment of the
abdomen. Anteriorly the ¢ procephalic lobes” or more properly the optic disks make their appear-
ance on either side of the long axis of the embryo, as circular patches of ectoderm. Meantime
nuclei wander from the cell 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 cells, of what was the prim-
itive blastoderm. The majority, however, pass forward and upward in divergent lines from the

sides of the abdominal plate, and eventually large numbers of these wandermg cells settle down *

over the dorsal surface of the embryo.




v

336 MEMOIRS OF THE NATIONAL ACADEMY OF SOIENCES.

’

PRODUCTS OF CELL DEGENERATION. .

At the beginhing of the egg-nauplius period, when numerous wandering cells 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
a8 ordinary nuclei. The latter stain deeply and nearly uniformly, but with high powers it is
often possible to demonstrate a clearer zone about them,-which might be mistaken for a layer of
cell protoplasm. How do these bodies, the so-called ¢ secondary mesoderm cells,” originate and
what is their function? Ag to their origin there can be no doubt whatever. They arise. by a
process of degeneration from the embryonic cells or nuclei, chiefly from those wandering cells just
described. Many of the latter may be seen to be swollen out and their chromatin divided into
coarse grains and balls of various sizes. The wall of the cell breaks down and thus sets the chro-
matin granules free, or, more correctly, the products of the degenerating chromatin.

These degenerating bodies are most marked in‘4he fully developed egg-nauplius, where there
is a large accamulation of them around the wsophagus and at the bases of the rudimentary
appendages. After this stage they generally disappear from these regions. Somewhat later,
however, when there is a well developed nervous system and six pairs of post-naupliar appen-
dages, a patch of ectoderm 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 surrounding yolk,
and these give rise in the way described, to a swarm of minute particles of chromatin products.

Before any pigment is deposited in the eyes, it is easy to demonstrate the presence of blood
corpuscles in the stream of plasma which bathes the nervous system. They have the adalt
characteristics, that is, ghey possess a deeply staining nucleus and a clear irregular body. In the
nauplius stage, moreover, some of the larger ¢ secondary mesoderm cells” have a similar appear-
ance, but there is no evidence that they ever become blood cells. Mr. Herrick’s study of these
bodies has shown that Reichenbach’s views on the function of secondary mesoderm cells of Astacas
are probably erroneous. According to this naturalist they arise from the nuclei of the endoderm
cells, forming the ventral wall of the primitive stomach, and are converted into mesoderm.

THE GERMINAL LAYERS.

The apparent plasticity of the embryonic cells 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 development. The cell mass developed around the invaginate area, forming the thoracic-
abdominal process, can not be artificially divided into layers. It certainly represents very largely
the primitive mesoderm, but some of its elements pass to thé 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 of 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-nauplius stage. It arises from
wandering cells which assume a peripheral position, and, joining the cells of the hindgut, form the
walls of the mesenteron. ' .

THE EYE.

The optic discs appear as patches of ectoderm, one cell thick on either side of the long axis of
the embryo in front of the radimentary abdomen. Before the appendages are definitely formed,
these have become thickened ectodermic discs. This thickening 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 crowding or to a division of superficial cells in a plane at right angles to the surface. A disc
of cells is thus formed which gives rise chiefly to the eye and its ganglia. The cord of cells uniting
the two optic discs represents mainly the future brain. The eye proper is due to the differentiation
of the outer layer of the cells of this disc, while the ganglion is developed from the inner layer.
For fuller results of later studies not represented by these partial and preliminary notes, reference
must 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 of animals of which we are more ignorant than we are of the Stomato-
pods. They are well known as museum specimens, and every natural-history cabinet contains one
or two, which have been brought home as rare curiosities from distant seas; but we know hardly
anything of the habits of the living animals. They are abundant and widely distributed, but like
most rapacious animals they are very alert, taking alarm at the slightest disturbance and retreat-
ing to the depths of their burrows at the bottom of the ocean, where they are so completely hidden
fiom observation that their capture is difficult, and any attempt to study t,hem in their homes is
almost out of the question.

The habits of Squills are tolerably well known, and in my report on the Stomatopoda, collected
by H. M. 8. Challenger, I have given an account of the habits of Lysiosquilla based upon observa-
tions made at Beaufort, North Carolina; but, except for a few scattered and fragmentary notes in
the various descriptive papers, this is the whole of our knowledge of the order. During the sea-
sons of 1886 and 1887 I was so fortunate as to find in the Bahama Islands Gonodactylus chiragra
living in localities which were peculiarly favorable for observing its habits, and I am now able to
supplement my report upon the Challenger collections by an account of this interesting species, of
which little had hitherto been known, except the fact that it is the most cosmopolitan of the
Macroma abounding on the shores and islands of all tropical and subtropical seas.

I also obtained its eggs in abundance and succeeded in rearing the young from them in
aquaria, and am now able to make a contribution to a subject upon which there were hitherto no
direct observations, for it is a noteworthy fact that while the older larvae of Stomatopoda bave
long been known, and while many genera and species of them were carefully figured and described
and named by the older naturalists before their relationship to the adult Stomatopoda was sus-
pected, not a single species in the whole order has, so far as I am aware, been reared from the
egg and in this way identified with its specific adult.

While the adults usually inbabit burrows in the bottom the larve swim at the surface of the
ocean, and as none of the animals which are captured in the surface net exceed them in beauty
and grace, their glass-like pelagic larve are familiar to all naturalists who have had an oppor-
tanity to study the surface fauna of the ocean. Their perfect transparency, which perwmits the
whole of their complicated structure to be studied in the living animal, their great size and
rapacity, the graceful beauty of their constant and rapid novements, 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 variety, only two or three of themm have been traced
to their adult form.

Unlike most Malacostraca the Stomatopoda, instead of ca.rrymg their developing eggs about
with them, deposit them in their deep and inaccessible burrows under the water, where they are
aérated by the currents produced by the abdominal feet of their parents. The eggs quickly
perish when deprived of this constant current, and as it is very difficult to obtain them at all, I know
of no Stomatopod which has ever been reared from an egg under observation. The older larve
are hardy and are easily reared, but they are seldom found near shore, and microscopic research
is so difficult at sea that [ know of only two cases in which they have been kept until they assumed
" the adult form. As I have stated in my report on the Challenger Stomatopoda, I have reared a
young Lysiosquilla excavatrix from an old larva which was captured at the surface, and Faxon
has in the same way obtained the young Squilla empusa. The young larva are common near
shore, but as they seldom survive a moult in captivity they can not be identified in this way.

The growth of the larve is slow and the larval life long, and as they are as independent aud
as much exposed to changes in their environment and to the struggle for existence as the adults
they have undergone secondary modifications which have no reference to the life of the aduit, and
are therefore uurepresented in the adult organism. The larvae have been arranged in genera and
species, but their generic characteristics are quite different from those upon which the adult genera
are based, and this is true in a still greater degree of their specific characteristics. As they
undergo great changes during their growth different stages have been described as distinct species
or even genera, and it is not easy to select from the rich gatherings which are brought home by

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 Australia or the Sandwich Islands, and the collection from a single locality may contain
the larvae of several widely-separated species of adults in all stages of growth as well as the larva
of deep-water species. which are as yet entirely unknown.

The attempt to unravel the tangled thread of the larval history of the Stomatopods is there.
fore attended with very exceptional difficulties, and the earlier writers were content to rest after
the bestowal of generic and specific names upon the larve. As I found after the Challenger collec-
tion was placed in my hands that it was very rich in larvee, I attempted to determine, by compari-
. son, the Jarval series for each genus, and the methods which I 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 Pl. x11, Fig. 5, of
that report I figured a larva which I 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 correct, for
the larva of Gonodactylus chiragra which is here described is so much like the one figured in the
Ohallenger report that they belong, in all probability, to the same speciea.

- ¥




CHAPTER II
THE LIFE HISTORY OF STENOPUS.

By FrANois H. HERRIOK.

This paper is the result of observations made at Beaufort, North Carolina, in 1881 and 1883,
and at Nassan, New Providence, in 1887, The marine laboratory of the Johns Hopkins University
~ was stationed at the latter point in the Bahama Islands from March until July of that year, and
with the means thus generously afforded, I was able to considerably extend my studies upon the
Crustacea of these coral islands.

Professor Brooks found a number of peculiar pelagic larv at Beaufort, and it is very probable
that they represent a part of the life history of Stenopus hispidus. Plates I1X and X, illustrating
two important stages of these very interesting larve, are contributed by Professor Brooks, and
the descriptions of these stages are based entirely upon his observations.

While the material gathered in a sojourn of a few months at the seashore is in many instances

incomplete, it seems worth while to Lring out this sketch of the Stenopus, inasmuch as nothing

was previously known of its development, and indeed but very little concerning the adult form.
Stenopus hispidus is, in fact, generally known to naturalists as occurring.only in the Indian and
South Pacific oceans. It was at first quoted from the Atlantic (Cuba) by Von Martens (7) in 1872,
and it has not since been reported from the Western Continent, 8o far as we are aware, until we
rediscovered it at Abaco, Bahama, in 1886, but any assiduous collector on West Indian coral reefs
must somewhere have hit upon it (v Appendix 1).

As the eggs are quite small, as is the case in all Crustacea with a protozoa sta.ge, they are not
particularly well suited for study by means of sections, and no special attempt has been made to
trace out the history of the germinal layers, a subject which can be dealt with to better advantage
in other species. The Stenopi breed readily in aquaria, and several series of eggs, illustrating
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,
since the segmentation is like that of Penseas studied by Haeckel, who relied wholly npon surface
observations.

The ova were immersed in. Kleinenberg’s picrosulphuric acid and afterwards hardened in
alcohol. This answered sufficiently 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 1} to 1§ inches in length: All the appendages
are long and generally quite slender and delicate, especially the antenna®, which give to this form
a very characteristic appearance in the sea. These are snow-white. They are carried widespread
and arch outwards in graceful curves. The flagella of the second or outer antennzw are two and a
balf times the length of the body. In the act of swimming these are bent backward and outward,
while the outer division of the first or inner antenna® is carried upward, and their inner branch is
directed forward. .

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

and bases of the antenn:m, and in some cases it extends behind the rostrum as far as the mandib-
339
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ular or “cervical ” groove. The second is nearly confined to the broad tergal surface of the third
abdominal segment, while the third zone crosses the last abdominal somite and impinges on the
tail fin. The appendages are all colorless excepting the third pair of legs which carry the large
pincers. These are similarly marked with four bands of the same bright color. As shown by the
colored plate two of 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 blue. The ovaries often give to the dorsal surface
of the females a light-greenish cast.

There is but little variation in the size and character of these markings in the same sex or in
different 'sexes, but it is most remarkable to observe how constant 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 Paumota Islands, and at Balabac Passage, north of Borneo. Both of these, and especially
the Samerang plate, essentially agree with our Bahaman specimens, which in color seems to be
the more faithful copy of nature. Here the basal joints of the thoracic lega are colored blue as in
the Nassan form. Why should Stenopus, coming from different seas, retain the same colors and
markings, to a nicety of shade and pattern, while a cosmopolite like Gonodactylus chiragra (a Stoma-
topod) presents such wide color variations as to be as unlike as possible, so that scarcely any two
taken from the same place have a similar color pattern ¥ To this question we can not at present
give a satisfactory answer.

Alcohol soon removes all trace of color from the body, but the spots on the legs remain 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 see this animal swimming deliberately in the
water we are reminded of some strange and fantastically colored insect. It is by far the most
showy, and for its size the most 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; for 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 are 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 reef bottom, but if disturbed 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 aquaria in the month of June, but the breeding
season, as inferred from the capture of locomotor larvee, probably extends throughout the spring
and summer 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 hatched their broods on the afternoons of June 4, 14, and 24, respec-
tively, and moulted and laid eggs during the following nights. As these animals invariably moult
just before laying their eggs, the latter are probably fertilized at the time they are laid. The
hatching of one brood lasted about 9 hours, from 2 o’clock in the afternoon until well into the fol-
lowing night. By 10 o’clock the same evening some of the larve had moulted for the first time.
The eggs are closely felted to the abdomen, and, as in all Decapods, they are cemented together
by a secretion which possibly comes from the oviducts during ovulation. They are fastened by
the same substance to the hairs which fringe the bases of the pleopods, chiefly to those of the first
and second pairs. -

* Besides Milne-Edwards figure (4), evidently made from a specimen in which the natural colors had been removed
by alcohol. (See remarks, etc., under Section 1v.)

-/
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After a moult the colors are, as is usual, very bright, and the moulted skin, as it stands intact
supported by the antenna, may easily be mlstaken for the living animal. These prawns make no
sounds and appear to be very timid. The surfa,pe 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. It
is also interesting to notice that the spines of the hinder part of the body project backward, and
may thus be of service to Stenopus when attacked from the rear. Their long sensitive antennz or
“ feelers” and well-developed eyes doubtless warn them of approaching enemies, which, by their
rapid angular movements, they may easily escape. The extraordinary development of the eyes in
the older larvee (Pl. 11) is remarkable.

The geographical distribution of Stenopus hispidus is very interesting.* H. -Milne-Edwards,
in his ¢ Histoire naturelle des Crustacés” (3), gives the habitat of Stenopus hispidus (Latreille) as
the ¢Indian Ocean,” following Olivier (1) and the older writers. In the ‘ Régne Animal” of
Cuvier, third edition, “ Les Crustacés,” p. 137, he says: ¢ We know of only one species, reported
from the Australian seas by Peron and Lesneur.” The Samarang naturalists (5) met with it on
the coasts of Borneo and at the Philippines in 1843-'46. Dana, in 1838-'42, on the Wilkes Expe-
dition (6), found it in the South Pacific at the points already noticed. In 1872 E. von Martens (7)
describes the species for the first time from the Atlantic, ii a collection of Cuban crustacea made
by Dr. J. Gundlach, and de Man in 1888 (9) quotes it from Amboina in his monograph on the
Decapoda and Stomatopoda collected in the Indian Archipelago by Dr. J. Brock.

We can now add to this list the Bahama Islands (Abaco and New Providence). We have
also the interesting fact that the larva was taken on our coast at Beaufort, N. C., whither it had
probably been carried by the warm waters of the Gulf Stream. We may threfore expect to find
the adult Stenopus on the Florida Keys, but not much farther north, since this is essentially a
tropical form.

We thus have in Stenopus hispidus anether instance of not only the same genus, but also the
identical species, occurring on the eastern shores of {wo continents. It seems not 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 Limulus. In the last case the Asiatic and American forms are specifically
distinct. .

II. 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’clock, and as soon as discovered some of these ova were hardened at intervals of
a few hours 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 ovulation) are perfectly
opaque, nothing but the light-green yolk corpuscles showing through the shell or egg-envelopes.
Thin sections prove that the segmentation nucleus has divided, and that its two products lie remote
from each other. Physiologically speaking, we now have two cells, each cousisting of a deeply
staining nucleus and perinuclear protoplasm. The first segmentation is evidently central. What
takes place is briefly as follows: Primitively we have a central nucleus, about which protoplasm
is gathered. Around 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 nucleus and surrounding protoplasm. The products as independent bodies now leave their
central position and seek the surface of the egg. In one 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 figure, has the same characters as when buried in the yolk. In

* The reason for considering the Bahaman form identical with the Hispidns of Olivier, Latreille, Milne-Edwards,
Adams, Dana, and others are given on page 351.
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another egg of the same phase neither cell is quite at the surface, so that the example given in
Fig. 1 may be taken to illustrate a tendency, not a rgle.* The yolk (Fig. 1, Y. C.) consists here,
as in subsequent stages, of homogeneous and tolorably uniform green corpuscles. No vacunolar
cavities are to be seen.

Second stage.—Four and one-half hours later the second segmentation is going on or is already
completed. The egg from which Fig. 2 was taken contains four nuclei with perinuclear protoplasm,
It was cut into a series of 50 sections, of which the second represented is the twenty-first. Nuclei
occur in sections 21, 25, 29, and 35, none being as yet superficial. A portion of section 21 (Fig. 2)
is shown under a higher power in Fig. 3.

Third stage.—After three hours and twenty-five minutes have passed the third phase is reached
and we have eight cells, around which the yolk is superficially constricted into eight corresponding
lobes or segments. A surface view of this entire egg and also a section through it are shown in PI.
vI1, Figs. 5 and 6, and a tangential section of one of the nuclei and lobes is given with more detail in
Fig. 4. The constriction farrows appear to be considerably deeper than they actually are, and we
might predicate a total segmentation of this egg without the knowledge which the section affords.
‘We have here a merely superficial indentation of the yolk, the great central mass of which is undi-
vided. Itis a close approach to the yolk pyramid stage seen in Astacus, Alpheus, Hippa, Pala-
monetes, and many other Decapods. The dividing planes, Figs. 7 and 8 (unless 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.

Each nucleus with its outer protoplasm may be spoken of as the cell, and it is hardly probable
that there is any protoplasm like that surrounding the nucleus in the other parts of the egg. The
nuclei increase gradually in size, as seen by comparing the figures of successive stages, and the
surrounding plasm, which they manufacture out of the yolk, is also of greater bulk. Each is a
flattened, oval disc, shown well in transverse section in Fig. 5 at a, and tangentially in Fig. 4.
It contains coarse grains and granules of chromatin, and the enveloping protoplasm radiates visibly
but a short distance between the yolk spherules. The long axis of each nucleus lies in a plane
parallel with the surface. Cell multiplication is in all cases indirect, a8 my observations show to
be the case with several other related forms, and this is undoubtedly the rule not only with the seg-
menting eggs of the Decapod Crustacea, but with those of all the Metazoa. There seems to be an
exception in the case of Alpheus minor. -

Fourth stage.—After another interval of an hour and five minutes there are sixteen cells re-
sulting from the fourth segmentation. The blastomeres are less sharply marked at the surface and
more distinctly polygonal. Six nu(,lei are cut by the section given in Fig. 7. They are nearer to
the surface than in the former stage, -

Fifth stage.—The egg represented by Fig. 8 is three hours older than the last and has thirty-
two cells and the same number of superficial segments. Up to this time the egg has exhibited
radial symmetry. The nuclei are, quite near the surface of the egg. They are more spherical and
the investing protoplasm is less conspicuous than formerly. The fissures between contiguous
blastomeres are becoming less and less prominent.

Sixth stage—After a longer period, nine hours and forty-five minutes, the process of regular
division into smaller and smaller superficial segments has proceeded until 128-256 of these bodies
are formed.. The cells lie at the surface, just under the chorion, and form a continuous envelope, the
primitive blastoderm about the central yolk. This yolk mass is not segmented, nor does it include
any nuclei which have not participated in forming the blastoderm. In one or two instances a cell
was observed just below the service. This may be interpreted as either having never reached the
surface or a8 having been there and moved below it towards the interior. But the general state-
ment is doubtless true that all cells reach the surface, and that there is no extensive migration to
the interior, as there is in Alpheus, before invagination.

* It now seems probable to me that this éuperﬁcml cell represents the male and the central cell the female pro-
nucleus. A small, deeply staining body, which I interpret as an undoubted polar cell (not shown in Fig, l), lies
underneath the chorion, not far from the superficial cell.
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Seventh stage.—In three hours and three-quarters from the last phase the blastodermic cells have
spread more rapidly at a given point on the egg, which loses its radial symmetry in consequénce.
There is thus formed the embryonic area or first trace of the embryo proper. ‘

Eighth or invagination stage.—Three and a half hours 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 body, 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 oblique section of one end of an egg, through the 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 bere segmented into large, irregular fragments, each of which
is composed of yolk corpuscles similar to those seen in Fig. 4. [t is just possible that this fracture
of the yolk, which is commonly seen in the eggs of other Crustacea, is artificially produced at
least to some extent, at this stage.

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

Tenth stage.~In thirteen and a half hours from the last stage, or when the embryo is fifty-two
hoars old, important changes have been effected. In surface view the embryo presents a heart-
shaped or somewhat three-sided area. The optic discs appear as widely separated patches of
ectoderm, united to the thoracic-abdominal plate, a mass of cells which forms around, but chiefly
in front of, the point of ingrowth. Sections through this egg show a considerable thickening in the
optic discs, and an accumulation of large granular cells in the abdominal area. 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 successive stages. The age
of the first stage is assumed to be 6 hours, which is probably not far from the truth.

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

-

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

L]
Stage. Age of egg. State of development,
1|6hr8...cec..cv....| 2cells.
2{114bre cccaen...... 4 cells.
3| 14 hrs. 55 min..... 8 blastomeres.
4|16hrs..c.......... 16 blastomeres.
5[19br8.cccee...... 32 blastomeres.
6 | 28 hrs. 46 min..... 128-256 blastomeres. R
71324 bre.ecca....... First trace of embryo.
8(33hrs............ Invaﬂ;atlon stage.
9|38 hr8.ccceaa..... Pit o
10 | 52 hrs............. Optic discs and abdominal plate formed.

We thus have in Stenopus a type of the so-called ¢ centro-lecythal” segmentation, exactly
comparable to that of Penzus, 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 trae of the American lobster, Homarus amerioanus, in which I have made a very complete study of
the segmentation process. In a batoh of segmenting lobster’s eggs, there is a decided lack of uniformity. Some ova
which afterwards continune to develop, remain with yolk unsegmented until the third or fourth day after fertilization.
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1II. METAMORPHOSIS, OR PERIOD FROM THE TIMK OF HATCHING TO THE ADULT STATE.

A. Protozoéa or first larva (length=4™m).—Stenopus leaves the egg as a protozoéa, which may
be compared to one of the early larve of Pen®us or Sergestes, but it is unlike either of them.
This first larva,which is very long and slender, is 8o coiled upon itself in the egg that the tail fin
overlaps the posterior end of the carapace. It requires considerable time after casting off the
shell to uncoil and straighten its appendages, especially the antenna and the long rostrum which
was bent under its body.

The figure on Pl. XI exhibits some of the grotesqueness 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 huge antenns are partially unfolded, while the rostram R., is scarcely visible. Drawings of
parts of this immature protozoéa are seen in Pl viI, Figs. 11-16, and the larva itself as it finally
appears, about two hours after, hatching, in Fig. 11. If we compare with this the younger form in
Fig. 25, we notice some details, chiefly of a quantitative kind, in which they differ. Immediately
after leaving the egg the epidermic structures grow rapidly ; hairs or setz are developed on all the
appendages, and the tail-fin acquires somme new characters. The first larva does not swim well
until several hours after hatching.

The Stenopus protozoéa (Pl. vi1, Fig. 11) is 4»™ long, the rostrum alone being 13==. It is color-
_ less, excepting the dark eyes and a few scattered blotches of brownish pigmeént upon the sides of the
body or on the tail-fin. It swims chiefly by aid of its largely developed antenna, which are directed
forward as shown in the plate. These, with the rostram, add considerably to the apparent length
of the body and serve to distinguish it, witheut the aid of a lens, from the second larva (Pl. vii1,;
Fig.17), which soon follows and swims about in the aquarium with the others. It is farther character-
ized 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-fin and large hairy antenn® mark the protozoéa
stage in Crustacea generally. The carapace is only feebly developed, not nearly reaching to the bases
of the appendages. It is prolonged in front into a huge tapering cone, the rostrum, which is nearly
half the length of the body. This is beset with short spines and reaches considerably beyond the
antenn®. About four segments of the abdomen are distinguishable from before backwards (Fig. 25).
The first and second, which latter is the largest, carry lateral spines, and the upper surface of the
second segment is also prolonged posteriorly into a median spine. The tail-fin at the time of hatch-
‘ing is sharply forked (Fig. 13) and is furnished with 6 pairs of rudimentary sete, of which ‘the
mellian pair is the shortest, besidcs a pair of outer non-plumose bristles (Figs. 11, d, and 13,a.). In
the course of a few hours this organ has become functional and appears as shown in Fig. 11. The
hairs grow out and acquire thick lateral fringes; the outer pair (next to a) 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 antenna (Fig. 25, AI) are jointed, unbranched append-
ages. Each is tipped with a bunch of about four long sensory filaments and with a single seta. A
single plumose hair also springs from the distal end of the penultimate joint on its inner side.
The outer antenn® are biramous. The inner branch consists of a simple stem, tipped with at
least two long hairs. The outer division is segmented at its extremity, and is garnished with
plumose seta, chiefly on the inner margin, there being one or two te each segment. The gland at
the base of the antennal peduncle is conspicuous.

The mandibles are of enormous 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
edges, covered with minute horny teeth. There is no palpus. The first maxilla (Fig. 12) consists
of two stout branches tipped with bristles, and in the case figured they are spotted with pigment.
The second maxilla is a broad lobulated plate (Fig. 10). Each lobe is provided with hairs,
excepting the outermost which corresponds, in part certainly, to the scaphognathite. Only a
gingle bristle was detected on this lobe in the specimen from which the drawing was made.

The three maxillipeds have each an exopodite, which is considerably 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 hatched 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. The endopodites of the second and third pairs possess four joints, of which the terminal
one carries set®. 'There is one pair of thoracic limbs consisting of a stout locomotive exopodite,
similar to that of the second and third maxillipeds just described, and of a very short, indistinctly
segmented endopodite. The latter is armed with two terminal and three lateral plumose hairs on
the inner side.

B. First zoéa or second larva (length, a=5m=),—Five or six hours after hatching the pro-
tozoéa monlts into a form which superficially resembles the macrouran larval type. (Pl vmi,
Fig. 17.) The carapace of this larva has grown down 80 as to cover the basal joints of all the
appendages, and it also extends behind them. The rostrum is reduced to from one-half to two-
thirds its former snze, and does not surpass the antennal hairs.

There is still put one thoracic segment with its appendages. All the a.hdommal segments are’
formed, but none show any traces of limbs. The lateral spines of the first and second somites are
missing, but the median anpaired spine of the latter is gmeatly 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 fifth combined. The fan-shaped telson, viewed from below, 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 outer
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, which have acquired
short stalks, protrude slightly.

The antenn are shorter and are now no longer 8o important as organs of locomotion. The
termina) joint of the inner antenna is reduced, but otherwise this appendage is but little changed.
The outer antenna ends in a stout hook, which 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, compound tooth (Fig. 18).

- The inner branch (coxopodite) of the first maxilla (Fig. 19) carries three simple and three com-
pourd spines, while the outer division consists of three segments with stout, plumose hairs, as shown
in the figure. 'l'he second maxille (Fig. 21) are congiderably altered from the form shown in Fig. 10.
There is an outer lobe (scaphognathite), 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 stiff bairs.*

The first maxilliped is shown greatly enlarged in Fig. 22. Examining this in connection with
Fig. 14, we find that the exopodife consists of one segment and bears a limited number of hairs
(here two) at its apex. The endopodite is segmented and carries numerous hairs, which are
continued in small tafts along the inner margin to the base of the limb. The chief swimming
organs are the firs® and second maxillipeds and the first pair of thoracic legs. The inner branch
of thie latter is considerably 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 body
just above the base of the third maxilliped. The lobes of the liver (L) begin now to show dis-
tinctly through the carapace. The food yolk, which is present in small quantities in the stomach
of the protozoéa (Fig. 25), is finally absorbed. It was probably owing to this and to the fact that
I gave the larve no food that suited their taste that they never reached the second moult, although
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, connecting this zoéa with the adult, we have to
rely upon larve collected at the surface of the ocean.

C. Mysis 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 monlts, and we have two larve already noticed
belonging to the close of this period. They were collected by at Beaufort, N. C., July 14 and 15,

* The distal or terminal lobe represents the endopodite; the lobes next this stand for the basipodite, while the
second (?) proximal division at the base of the appendage correspond to the coxopodite.
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1883. In the Beaufort specimen (Pl 1x) all the segments and appendages of the body are present,

.and all of the latter are functional, excepting the first five pairs of abdominal feet, which are
rudimentary buds. The carapace is well developed, and terminates in front th a slender serrated
rostum, which is much shorter than in previous stages. The eyes are now large and prominent,
being mounted on long stalks. These organs, which are sessile in the protozoéa, undergo marked
changes in both gize and form in the course of development. They reach a maximum in a later
stage, and are correspondingly reduced during the passage from the latter to the adult.

The inner antenn® 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 fifth pair of pereiopods characterize this larva by their
great length, and by the huge, paddle-shaped segment, which bears the small, terminal claw.

"There is no exopodite to this appendage. The endopodites of the first, second, and fourth pereio-
pods are nearly equal; the third longer. The first five abdominal segments are of equal size
and, as stated, carry rudimentary feet.» The sixth segment, however, is long and narrow, and has
the uropods well developed.

D. Mysis stage—The larva of stage C moulted into a form (Pl. X) reSembling the last, with the
addition of several important features. The inner antenn consist, 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 flagellum
very slender, shorter than the outer branch; the proximal, thickened portion of which carries

~ several (three) bunches of sensory filaments.

The antennal scale is as long as the antennular peduncle. The flagellum of the antenn® now
appears as a slender filament, nearly twice the length of the scale. Possibly it is formed, as in
Penzus, from a bud-like remnant of the inner ramus of this appendage in the protozoéa. The
third pair of maxillipeds and first to fourth pairs of thoracic legs are as in the previbus stage, with
conspicuous exopodites fringed with setee. The endopodite of the fourth 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 is much reduced. :

The first, second, and third abdominal segments are equnal; the sixth is narrow; equal to length
of fourth and fifth. The telson is narrow, tapering, three times as broad at base as at apex; the
uropods are one-fourth larger than telson. Pigment is found as before, in the extremities of the
segments of the appendages. Large spots also appear on the abdomen and eyes.

E. Mastigopus stage.—On June 15 an older larva than the one just described was obtained in
the ocean outside the harbor at Nassau. It agrees in the main with the mastigopus of Sergestes.
The carapace ends anteriorly in a short spine or rostrum, which is bent up at an angle of about 40
degrees with the body. The eyes are mounted on very long naked peduncles. Both pairs of
antenna are biramous. The outer flagellum of the first or inner pair of antenna'a is the longest (Pl
X1, Fig. 26), and it bears four or five bunches, containing in all about a dozen sensory filaments.
The inner branch is a bud. The second antennm extend as far forward as the joint of the first
pair, where the inner flagellum is given off. The flagellum of the second pair is wound into a
short spiral coil. ’

The exopodites of the second pair of maxillipeds are radimentary (Pl. X1, Fig. 31). The third
maxillipeds are now the stoutest appendages, and equal in length the third pair of thoracic limbs.
The first and second thoracic legs are slender; the third pair is the longest and the terminal seg-
ment, is bifid; the fourth is a short two-jointed rudiment; the fifth, corresponding to the huge
oar-like appendage of stage C, is reduced to a bud. It thus appears that, as in the Sergestids, the
last two pairs of walking legs are shed after the mysis period, to be reconstructed again in the masti-
gopus stage.

-All the abdominal appendages are fanctional. (Pl. x1, F1g.27.) The last segment of the abdo-
men is nearly equal in length to the three preceding. It is laterally compressed, and more nearly .
resembles the adult form. In the act of swimming this larva carries the ahdomen bent at nearly
aright angle to the rest of the body. It is colorless, excepting areas of red pigment at the bases
of the abdominal feet, and spots on the lower portions of the antenn® 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 moult,
by which only slight changes were introduced. The fourth pair of walking legs is now distinctly
jointed, the fifth remaining as a bud. The flagellum (endopodite) of the second pair of antenns
uncoils and speedily lengthens. The terga of the first and second abdominal somites bear on the
lower lateral margins of each side a short tooth. The larva lived four days without farther ecdysis.
Figs. 26, 27, 30, and 31 are from this stage.

G. Mastigopus stage [Pl. x1, Figs. 28, 29, 32-34, Pl x11}, (Length = 9=™).—An older larva,
caught in the net on May 7, is shown on Pl. x11. The most striking features of this form are the
long trailing antennz (flagella of the outer pair), the actual length of which is about 1 inch, which
is more than twice the length of the larva. The remarkable eyes which this animal possesses give
it a very odd apperarance. - They are placed at the extremity of club-shaped stalks, each of which
is nearly 2= long. The distance between the eyes is 4.7™=. In passing to the adult stage the
eye-stalks are mach reduced. The outer antenn® have a short peduncle; a long scale, armed
with stiff hairs on the inner margin, and a long flagellum, all very much as in the adult prawn.
(Pl x11, and Pl x1m, Figs. 40, 41.) The first pair of antenna are much less like the adult form. (Pl
x and Fig. 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 it a lateral furrow, which is surmounted by a conspicuous
spine placed on either side at a point one-third the distance from the rostrumn to the posterior end
of the carapace. The rostrum is short and stout, bent upward, and does not reach beyond a line
passing through 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 fature spinous
armature of this region of the body. The abdomen and abdominal appendages are about as repre-
sented in Fig. 27. The telson is a short triangular plate, garnished with short bristles, and is
terminated by a pair of very small spines. The uropods are provided with a close fringe of inter-
locking, plumose hairs, which are longest on the inmer margin. The outer lamella is one-third
longer than the inner and three times as long as the telson.

The first and second maxille of this larva are represented in Figs. 28 and 29. In Figs. 12,19,
29, and 38 we have four stages in the evolution of the first maxilla, and we see that it andergoes
comparatively little change. No trace of a palpus (endopodite) was seen in the specimen exam-
ined (Fig. 29), the appendage consisting of a small inner (coxopodite) and a larger outer knob-
shaped branch (basipodite), each armed with short tooth-like spines. The second maxilla has also
the adult character. (Figs. 28, 42.) It consists of an elongated outer plate (scaphognathite),
fringed with a single row of plumose hairs; a palp-like endopodite, and an innermost lobulated
division (basipodite and coxopodite), each part carrying a few bristles.

The first maxilliped of stage F is given in Fig. 30. It consists of a basal portion (coxopodite),
which bears an inner and larger lobe (basipodite), having bristles on its proximal border; an exo-
podite tipped with a pair of bristles, and of an intermediate bud (endopodite) bearing a single
bristle. Part of the second maxillipeds is shown in Pl xI and also in Fig. 31 (8t. F.). The
exopodite is rudimentary. The outer segments are covered with spinous 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 limbs. (Pl x1, Mxp. 111.) The terminal joint bears several long
spines. Compare with the adult limb seen in Fig. 46.

The pereiopods are slender appendages, of which the third pair are longest, as in the adult;
the second are longer than the first; the fourth and fifth are rudimentary. One of the first pair
of pereiopods is represented in Fig. 33. This appendage is nonchelate, unlike the adult stage; all
. its segments are armed with long spines, and there is a cluster 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
tufts of hair are found on the adult appendage. (Pl. x11, Fig.47.) The terminal joint of the sec-
ond thoracic limb is shown in Fig. 32; the basal extremity of the third, the fourth, and £ifth are
given in Fig. 34. The second and third pair are chelate; the fourth is radimeutary; the fifth is
still a bud. The abdominal appendages, excepting the sixth pair described above, are all unira-
mous. (Fig. 27.)



348 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

This larva is colorless, excepting large spots of reddish pigment, distributed much as in the
previous stage. There is a spot near the extremity of the eye-stalk and similar ones on the abdo-
men. Some of the appendages are also tipped with -brownish red. The attainment of the adult
characters is now mainly a question of the farther growth of parts already present.

The above outline gives us a pretty complete history of the metamorphosis of Stenopus.
Between stages B and C a lacuna occurs, but it is not difficult to bridge over this gap. The
development of Stenopus is especially interesting, inasmuch as it combines certain features of the
metamorphosis of Penzus, 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
attention to the apparent similarity of the second larva of Stenopus (Pl. viii, Fig. 17) to the zoéa
of Callianassa subterranea, figured by Claus.®*. The length in each case is 3»™. He says, p. 54:

Die jungen Callianassa larven besitzen beim Verlassen der Eihiillen eine ansehnliche Grisse, sind sehr lang-
gestreckt und tragen drei spaltiistige Fiisspaare, von denen sich das Vordere schon wesentlich der Formgestaltung
des spiiteren Maxillarfusses nihert. Der lange Stirnschnabel, sowic die Bestachelung des Abdomens, dessen zweites
Segment mit einem besonders langen Riickendorn bewaffnet ist errinern an die oben beschriebene larve,
which applies perfectly to the Stenopus zoéa, except that the latter has the first thoracic segment
with its appendages, while, according to Claus, the first zoéa of Callianassa has not, although his .
figure is not clear on this point. The rostrum, eyes, antennz, second maxille, and maxillipeds
are nearly identical in the two forms. The differencés are in the shape of the telson and in the
condition of the thoracic appendages. The tail tin has a convex posterior edge, a median and two
lateral, short spines, and eleven intermediate pairs. The rudiments of the sixth pair of abdomi-
nal appendages show through the integument. Bebind the maxillipeds, already ¢die kurzen,
schlauchférmigen Anlagen simmtlicher Thoracalfiisse unter dem Integument bemiirkbar sind.”

Among the Prawns, Pensus has apparently preserved most completely the ancestral history
. of the Decapod Crustacea, and for this reason a thorough knowledge of the development of related
species is very desirable.

IV. THE ADULT.

STENOPUS (Latreille).

Cancer (Herbst).

Pale@mon (Olivier).

Stenopus (Latreille) Léach, Desmarest, Roux, Milne, Edwards, Adams, Dana, etc.

Diagnosis of Stenopus hispidus (Latreille).—Body nearly cylindrical. Carapace with prominent rostrum and

distinct transverse groove. Outer antennee with long, bristle-bordered scale bent under the inner antennae
toward the middle line. Second maxillipeds with epipodite and long exopodite. Third maxillipeds very
long and appendicular, with a rudimentary 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 description.—Length, 37-44™m (13-13 inches). Thereis little difference in size between
the sexes, but the females are usually a trifle the larger.

Color: Body invariably white, crossed by three bands of reddish crimson. Appendages col-
orless, excepting the third pair of pereiopods, which are encircled 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 thoracic legs sky blue. Antenns snow
white. For farther particulars under this heading, see Pl. v, and Sec. 1.

The carapace (Fig. 37) presents a marked transverse fossa. It is covered with short dentiform
spines, largest. on the front. The rostrum is elevated, extending hardly beyond the basil joint of -
the inner,antennz. It ends in a sharp terminal spine and carries six to seven stout, curved teeth
on the dorsal median line, besides a single spinule projecting downwards near the tip. From the
single dorsal row of teeth two similar rows diverge, extending back to the transverse furrow. The

*C. Claus : “ Unterauchungen zar Erforschung der genealogischen Grundlage des Crustaceen-Systems.” Wien,
1876. Taf. vin, Fig. 1; also Figs. 2-7.
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rostram also bears on each side a single row of about four teeth projecting forward. The under
side is unarmed. Several large spines occur in the angle behind the eye and on the basal joints of
the antennse.

The epidermic spines, which are characteristic of the Hispidus, though not confined to this
species, are found upon the dorsal surface of the entire body, on the third pair of pereiopods and
on the bases of the appendages generally. The first, second, fourth, and fifth pairs of thoracic
legs are destitute of conspicl'mus spines. The spines of the carapace and anterior abdominal terga
are bent forward ; those of the fourth, fifth, and sixth abdominal somites and of the tail fin are
appressed, stouter, nondentilate, and point backwards.

The telson is arrowhead-shaped; its free edges are garnished with short, closely set hairs; it
has a median groove, bordered on either side by a longitudinal clevated ridge, bearing spines; it
hardly surpasses the uropodal lamell®e. The eyes project at right angles to the long axis of the
body. They have dark brownish black pigment and are mounted upon short, stout stalks, covered
with small prickles. The labram consists of a semicircular bar, the convex surface of which points
. forward and bears two nearly median spines projecting downward. From its concave border is
suspended a lingulate appendage, which is supported by a thin, median, and vertical plate. The
inner antenn® (Fig. 40) bear very long flagella, the disposition of which has already been noticed
(Sec. 1). The segments of the stalk are armed with stout denticles, and each division of the
proximal portion of the outer flagellum or exopodite bears externally a sharp spine.

The outer antenns (Fig. 41) possess at their base a long, narrow scale (exopodite), which is
traversed by longitudinal grooves. Their inner borders, which meet in the middle line, are fringed
with closely set hairs. The stalk or protopodite is spiny, and the flagellam or endopodite is two
and a half times the length of ‘the body of the animal. The wmandibles (Fig. 39) bear very laxge
palpi, and have blunt 1nterlocking teeth; a transverse furrow divides the cutting surfaces of each.
The first pair of maxille (Fig. 38) consist of an inner (coxopodite) and outer branch (basipodite),
with a slender endopodite. The outer division or coxopodite is thickly beset with strong spines.
The second pair of maxille (Fig. 42) are furnished with an elongated plate, the “bailer” or
scaphognathite, which is fringed with hairs, an inner lobulated portion (basipodite and coxoupo-
dite), and an intermediate endopodite, which bears several plumose hairs at its distal end.

The first pair of maxillipeds (Fig. 43) consist of an inner lobulated portion (coxopodite and
basipodite), thickly studded with short bristles, an outer triangular plate (epipodite), and two
intermediate appendages. The innermost of the latter (endopodite) terminates in a stout spine.
It consists of two segments armed without by a row of long plumose hairs. The whip-like,
appendage exopodite next this is twice as long and is bordered with short hairs. In the second
pair of maxillipeds the basil portion consists of several lobules, tufted with hairs, and a swmall,
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 endopodite, and bears plumose hairs on its free margin.

The third pair of maxillipeds (Fig. 46) are long and conspicuous, somewhat less slender
than the first or second pairs of thoracic legs. The inner and outer borders are fringed with
long hairs. The outer border is denticulated; the distal extremities of the segments, as of the
ischiopodite, produced into a sharp spine. The basipodite is small, bearing the persistent and rad:.
mentary exopodite, which is a slender palp equal in length to the ischiopodite. The first pair of
dereiopods (Fig. 47) are small, slender, and chelate. The second pair of pereiopods are similar to
the first pair, but longer.

The third pair of pereiopods, the ¢ great chel®,” differ somewhat in size, the right being some-
times larger and sometimes smaller than the left. The chela is compressed and slightly twisted.
There i8 a single row of stout regular denticles, forming a saw-tooth edge on either margin of the
“ palm,” and several rows of lesser spines on the broad sides. Tbhere is also a longitudinal groove
extending to the base of the dactyle. The carpus is prismatic and bears about five rows of large
teeth. The ischium is more cylindrical, but similar. The dactyle and propodus possess each a
prominent tooth, which fits into a corresponding depression.
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The fourth pair of pereiopuds (Fig. 48) end in short bifid dactyles, the terminal claw bearing
a shorter proximal one below. The propodus is superficially segmented into from tive to seven
rings, which vary in size. The right propodus may have five rings, the left seven. The carpus is
articulated into ten to twelve segments, commonly twelve, of variable or equal size. The fifth
pair of pereiopods is similar to the fourth, but shorter. The propodus bears from six to seven seg-
ments, the carpus from eight to twelve. In the fourth and fifth thoracic legs the number of
rings into which the propodus and carpus are divided differ within the above limits in different
individuals of either sex and on the right and left sides of the same inndividual. The pleopods are
all biramous, excepting the first pair, in which the endopodite is suppressed as shown in Fig. 44.
This pair of appendages is much smaller in the male. In the female the first swimmerets are
nearly as long as the following pairs and are fringed with long seta.

Measurements (in millimeters).

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

Length from tip of rostrum to end of telson ................ 37 43 44 44 40

Length of carapax, including rostrum.... ... ..., 14.5(16 |...o.feeeeii]ennnn.
Greatest breadth, including spines ........ccccceaaeae..l] 8 10 fooeeeifemcenfocene.
Greatest depth, including spines ......cceeceeieeaanaiaa... 7.5 |10 Joooaofeioiifeaenns
Length of Tostrum.....c..ceecveeroenecmececenceeceneene] 45 |oocii]iiiiifiaaifeaaaas
Distance between transverse furrow and tip of rostrum .....
Length of first abdominal tergum ... ..c.cceeecniaaaaan....
Length of second abdominal tergum........................
Length of third abdominal tergum ...ceeeeceeeenanaaiaaes.
Length of fourth abdominal tergum.......cceeaaenaaa ...
Length of fifth abdominal tergum ......ccceeeeaeiaaaaa .
Length of sixth abdominal tergum ........ ceacececeeanaaa...
Length of telson .....cccceuriecemacerancnacnnns eecravaans
Gratest breadth of telson

Length of terminal segment of the same........

Length of inner flagellum of the same.........c...ccc.ao....
Length of outer flagellum of the same.......ccceeueena.....
Length of scale of outer 8anteND® ... cceeceeecearcanecannnn.
Greatest breadth of thesame.......cocee oo aaa.:
Length of stalk of outer antenn® ......ceccceceecececencnn..
Breadth of stalk of outer antenn®.... ... cecevaencnnnnna...
Length of flagellum of outer antenn® eece.ceecevaeenncann..
Breadth of flagelluin of same at inner end ..................
Length of third maxilliped..c ccecoeeo el
Length of terminal joint of the 8ame .... ... .ccoeoo...
Length of basal joint of the same ........c.ccecaeeeeeannn...
Breadth of basal joint of thesame.........cocceeneeenan...
Length of exopodite of the same ............ccc.ccooeae.s R I T PSP PR PR
Length of first pereiopod.... ..cocooceemnnionanianiiiaaa... b1 J PPN (RN R P
Length of propodus of 88me.... ... cceeacananamaacamana. . 5 [ T (RN PP I
Breadth of propodus of same............cooooeoiiaa.... 1 | A PR PR P
Length of dactyle of same.... cccecrreoeaeenntonnicennnnnn.. 2 [ Z0 PR P R
Length of carpus 0f8ame ... .ccooeeooaiiaaaiaiiaiaa... 6 [ B PPN R PO
Length of second pereiopod .......ccceceecaan... e P2 (PPN PR PTS I
Length of propodus of same.......... ceceesceccccaccacenaa. 6.5 7 |eeeeoi]ieeaifoannn.
Length of dactyle of 8ame. ... ccceceeeuneecoeecinaeinnannn. 3 3
Breadth of propodus of 88me.... ceecveemeeeninneitianne.. 1.51 2
Length of carpus of 8ame .........cceeeceiemieciiancnnnn. 9
Length of meros of 88mMe .........cceecimeemimeeactacann.. 7 |
Length of left third peretopod......c.ceevceenaa.. .. .| 48
Length ofchela ........co.ceteeeeoneocaannanns
Greatest breadth of same with spines ......
Greatest depth of same with spines. ..
Length of dactyle ........ccemeeeneniiiaaa...
Width over tooth of dactyle . . .
Length of carpus of same ... oot cent oot iiiciiicaciaan..
Greatest breadth of carpus without spines..................
Greatest breadth of carpus with spines .....................
Length of meros of 8BamMe. ... .cccveeuieeecnoccacaconasonnaas 1
Length of right third péreiopod ......cc.ccaenae. ... cececne..| 46

..................

..................
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Measurements (in millimeters)—Continued.

2 3 U d ? d Q d
Length of chela of thesame........ ... ...iaaa..... 18

Greatest breadth of same with spines ... 5

Greatest depth of same without spines .. 4

Length of dactyle of same .............. 7

Width over tooth of dactyle ..o ... ... .......l. .2

Length of carpus of right third peretopod ...c.............. 9 b § W PR R
Greatest breadth of same with spines.... cccceeeoeaea e | 4 I S Y D —-———-
Greatest breadth of same without spines .....ceeceenean.... 3 [ T PR PR P
Length of meros of8ame ... ....ceeecaeectoeiiianninnnn.. 12 2.

Length of fourth pereiopod ......ccoeceecana e iliiael. 36

Length of dactyle of same ........

Length of propodus of same ...

Number of rings in propodus...

Length of carpus of 8ame .......c..........

Number of rings in ¢arpus «....ccocecimiiiniaaaen ...

Length of meros of 881€....suveeemeaen oo caaeaaae. 10 1 ... IS PPN
Greatest breadth of meros...........coocoaaailL..... ) VT 2 PR (R PR [
Length of fifth pereiopod .. ... ccocicaaicaeiiiiii |30 il iae e aae
Length of propodus of same....cceeeeeeceaaea ol B [ 0 (ORI PO PO
Number of rings in propodus... feeeeceeaeaa. -.| 6 [ PSR R P
Length of carpus of same .... .1 15 16 .
Number of rings in carpus ... .- 13 12

Length of meros of same......ccceueceecmnnaaan.... - 95711

Length of first pleopod ....cccecceemcreioneineanicaanann. 3 7

Length of third pleopod.....ccccceeaeemiemetcaenciiiaat]iaanes 9

Length of inner lamella of same....cceeceeeeeeeoneaniaa..| 4 [ J PR R PO,
Breadth of inner lamella of same......eceeveeeeiiaaaaaa | L5 2 |ooiifeiiii]iooaa.
Length of outer lamella of same......cccecncecaconeonan.... 4 [ N ORI PO O,
Length of inner lamella of uropod...c.cceceveaeeaaaao... 6.5 B leceacifeeieni]ieanns
Length of outer lamella of uropod...........ccceovincanna-. 7 (¢ T R PP
Greatest breadth of outer lamella of uropod ................ 3 R 7 3 PR Y PRI

REMARKS.—The earliest figure of Stenopus hispidus with which I am acquainted is that of
Olivier, published in 1811 under the name of Palemon hispidus (1, Pl 19, Fig. 2). In this drawing
the third thoracic leg of the right side is represented as rudimentary. In explanation of this he
says: ‘“La pince gauche manquoit et paroissoit repousser. Dans un autre, ¢étoit la droite qui
manquoit et paroissoit repousser de méme.” The next drawing appears in Milne Edwards’s Atlas
(3, P, 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 came out in
Cuvier’s Le Régne Animal (4, Pl. 50, Fig. 20). This is represented as pale straw color and was
- evidently made from an 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
Nassau form. The antennw are not in their natural position, and should probably be more
than twice as long as represented. Of the habits of the species he says: “ The Stenopus, Sicy-
onia, and Penzus, usually 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, Pl 40, Fig. 8) represents the antennw of this animal for the first timeo
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 inches, while
the Stenopus on the plate measures about 23 inches. 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
of the Hispidus; third pair is about one-fourth longer than body, fourth joint of second pair nearly
twice as long as hand; fourth 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 natural positions, and in their true relative proportions. In Adams’s plate the fourth
joint of the fourth thoracic leg has 16-17 rings, the fifth joint 8 rings. In the Nassau form the
carpus has 10-12, the propodus 5-7 rings. In details like this, where the right and left sides of
the same individual are often unlike, it would be surprising to find agreement. Von Martens’s
short notice of the Cuban oceurrence does not give us much additional knowledge, but there is no
doubt that the alcoholic specimens examined by bim belong to the same species as that described
in this paper. He says: * Ich weiss keinen erheblichen Unterschied zwischen diesen cubanischen
Exemplaren und den indischen anzugeben, welch letztere ich bei Amboina gesammelt habe, *
* & Nur erscheinen die indischen im Leben bunt roth gezeichnet, in Spiritus blass orange und
mehr hartschiilig, endlich scheint Carpus und Haud des dritten Fusspaars bei ihnen miuder vier-
seitig, doch ist dieser letztere Unterschied gering und fliessend.” He then adds that he would
not be surprired if it should turn ont that the West Indian form was specifically different from the
East Indian.

So far then as we can judge from the figures and meager descriptions in our possession, the
Asiatic Stenopus hispidus can not be regarded as specifically distinct from the American form.
Perhaps a point of difference worthy of remark is the length of the body from rostrum to end of
telson, which is given as 24 and 3 inches by Adams and Dana respectively. Noue of the Nassau
specimens which I have measured were more than 1§ 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 measurements which are here given
will-afford a basis for future comparisons with the Pacific Stenopus bispidus.

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

(1) Stenopus hispidus (Latr.):
Distribution : (¢) Indian Ocean, Borneo, and Philippines (Adams).
(b) Paumotu Islands and Balabac Passage, north of Borneo (Dana).
(¢) Amboyna, Cuba (Von Martens).
(d) Abaco and New Providence, Bahama Islands. .
(¢) “Red Sea, Indian Ocean, Indian Archlpelago, New Guinea” (de Man).
(2) Stenopus spinosus (Risso) :
Mediterranean (Heller), teste Von Martens and de Man.
(3) Stenopus ensiferus (Dana):
Fiji Islands.
(4) Stenopus semilavis (Von Martens) :
(One specimen in the Berlin Zoologtcal Museum, purporting to have come from the West Indies. Length 12mm,
Von Marteus.)
(5) Stemopus tenuirostris (de Man) :
Amboyna: Length 24mm, (More closely allied to Stenopus spinosus of the Mediteranean than to Stenopus
hispidus, and is the representative of the former in the Indian Ocean ; de Man.)
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CHAPTER III.
THE HABITS AND METAMORPHOSIS OF GONODACTYLUS CHIRAGRA.

By W. K. BROOKS.

7
(With Pl. 1, 1, x1v, and xv.)
THE STRUCTURE AND HABITS OF THE ADULT.

This well-known species is found along the shores and islands of all tropical and subtropical
seas, and our collections contain specimens from the Atlantic, 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 distribution, and also notwith-
standing the fact that there are several other distinct species of Gonodactylus extremely similar
to chiragra, and distinguishable from it by only very minute differences. There is a well-marked
chiragra-like group of species all 80 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 retain 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 a movable joint; the hind body convex; and the dactyle of the raptorial
claw without spines and enlarged at the base ; rostrum consisting of a transverse proximal portion
more than twice as wide as long, with subacute antero-lateral angles and a slender, acute median
spine which 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 thoracic somite completely exposed ; an-
tero-lateral angles semicircular and projecting beyond the median gastric area, which is nearly flat,
and bounded by two nearly parallel gastric sutures, which are continued to the posterior edge of the
carapace, which is nearly transverse with rounded postero-lateral angles; the transverse cervical
suture is faintly marked, distant from the anterior margin about 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
fifth thoracic somites about equal in length; the lateral margins of the third are straight, with
rounded angles, and as wide as the dorsal portion; the fourth is narrowed a little towards the
lateral edge, and the fifth still more so; dorsal surfaces of the free thoracic somites and of the first
five abdominal somites smooth ; hind body convex ; all the abdominal somites have marginal Iateral
carin®, which are nearly linear, with the anterior end only a little wider than the posterior end;
postero-lateral angles rounded in the first four abdominal somites, rectangular in the fifth, and
acutely pointed in the sixth; there are no dorsal carin on the first five abdominal somites, and
no median dorsal carina on the sixth, which carries three pairs of swollen convex Ilateral carina,
which are equal in length and end posteriorly in acute spines, which are occasionally wanting
on the sabmedian 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 carins 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 is somewhat longer than those in front of it, and about twice as
long as the sixth. The telson sometimes presents slight variations, but most of its characteristics
are well marked, so that there is usunally no difficulty in distinguishing the species by examining it.
It is considerably wider than long, and its median portion is occupied by a rounded prominence,
which consists of three broad, convex rounded carins, none of them ending in spines; the median one
is longer than the others and spatulate at its posterior end, while the others have both ends obtasely
rounded and alike ; external to the proximal end of each lateral carina, and almost directly under the
tip of the second, or intermediate dorsal carina of the sixth abdominal somite there is a small polished

" hemispherical tubercle. The edge of the telson is folded into six teeth, of which the snbmedians
are largest and project farthest backwards; the tips of the intermediates are distinct and reach
about balf way to the tips of the submedians; the laterals are obsolete on the dorsal surface, al-
though thin, small tips are distinctly visible on the flat ventral surface of the telson ; each of these
six teeth carries a dorsal carina; that of the lateral is marginal and nearly linear, while the otuers
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 longitadinal plane as the external carina of the median promi-
nence of the telson, while that which lies above the intermediate tooth runs nearly to the anterior
edge of the telson; the median edges of the submedian teeth are minutely serrated, slightly con-
cave, and meeting at an acate angle. There is a minute, nearly obsolete, tooth in the angle be-
tween the submedian and the intermediate, and the tips of the submedians are occasionally, but
exceptionally, tipped by movable acute spines. The dorsal surface of the basal joint of the uropod
ends posteriorly in an acute spine with a small lobe on the outer side of the base; its ventral sur-
face ends posteriorly in a curved process divided into two acute curved spines, of which the outer
is much the stouter and usually considerably longer than the inner, although they are occasionally
nearly equal; the outer one has no marginal tooth. The paddle of the exopodite is about half as
long as the second joint, which carries a central terminal immovable spine, and usually eleven—
rarely twelve, and still more rarely ten—movable spines, of which nine are marginal and the tenth
and eleventh terminal, largest, and central to the paddle. The eyes are cylindrical, with rounded
cornem, and the first and second antenns are about equal in length, and more than half of the
second joint of the shaft of the first antenna is exposed in front of the eye.

In the Bahama Islands this species presents two well-marked color variations, which occur
side by side, specimens of both sorts being often found in burrows less than an inch apart. In the
one form the color is a uniform dull-olive without spots or markings of any sort, as shown in Pl. 111;
while the other form, which is copied in Pl 1, Fig. 2, is more transparent and is delicately mottled
over the entire dorsal surface in an intricate but constant pattern of greyish-grecn pigment so
distributed as to form three transverse bands across the carapace and the large joints of the
raptorial claws and fine transverse bands across the telson, while over the rest of the dorsal
surface i8 forms a complicated reticulam. This difference is not sexual, for I found both males
and females of each color ; nor is it distinctive of age, for, while all the largest specimens were of
the uniform green color, I found specimens of each color of all sizes except the largest. It is not
probable that there are two constant color varieties living side by side in the Bahama Islands,
and I am disposed to think that the mottled transparent specimens are those which have recently
moulted, and that the color becomes more uniform as the cuticle hardens.

In the Bahama Islands this species inhabits burrows whick it constructs in the coral rock or
in masses of coral in shallow water, and, as nearly all the localities where its presence has been
recorded are in the coral area, it is probable that this habit is pretty generally retained by the
species all over its habitat. I have found it most abundant in lagoous and sounds on shelving
beaches which are bare or nearly bare at low tide; and when a beach of this description is over-
hung by a limestone cliff, from which fragments fall into the water, each fragment is honeycombed
by their burrows. A crack or natural depression in the rock seems to be selected by the animal
when about to construct a new burrow, for most of the burrows opened into such cracks. The
mouth of the burrow is nearly circular and only a little larger than the body of its inbabitant, but
just within it widens out into a flask-shaped cave (Pl 111), with smooth, even walls and regular
curvature, and large enough for the animal to coil up or turn around inside it. Most of the burrows
are horizontal, but many are vertical with the opening below, and a few are vertical with the
opening above.
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The animals usunally rest coiled up, with the eyes and antenna directed outwards, just within
the mouth of the burrow. They are always on the alert and reach out and snap at every small
animal which approaches, even when it is two or three times larger than the Gonodactylus. They
rarely pursue their prey, at least in the day time, and while a bait held near the mouth of the bur-
trow will usually tempt them as far out as the body can be stretched without 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 wander more in search of prey at night than I have ever seen them do in the
daytime. They are solitary in their habits, and I have never found two in the same burrow. They
are pugnacious to an astonishing degree, and their fighting habits, as I have observed .them in
aquaria, are 80 fixed and constant that they must be constantly exercised by the animals when at
home. When two specimens are placed together in an aquarium they at first appear to be un-
conscious of each other, but more careful examination will show that their eye stalks are in con-
stant motion following each movement of the enemy. They soon assume a position in which they
are face to face, although they may be on opposite sides of the aquarium, and the constant motion
of their eye stalks shows how intently each moveigent is watched. Soon one attempts to get be-
hind the other, but each such attempt is frustrated, until finally they are brought close together,
face to face, and soon one springs suddenly upon the other and attempts to pinch some unprotected
part. They then spring apart and eye each other again to repeat the attack at short intervals
antil one is disabled; the other then springs upon him and soon tears himlimb from limb, dis-
jointing all the free soinites of the body and tearing out and devouring the flesh.

I was not able to learn how the burrows are made, for none which I kept in captivity made
burrows. The regularity and smoothness of the burrows and their adaptation to the shape and
size of the body indicate that they are constructed by the animals themselves. The habit of bur-
rowing in bhard 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 Stomataepod without using a steam dredging machine;
it is easy to get those of Gonodactylus by breaking up the rock in which it lives.

While adult Stomatopods are abundant and widely distributed, their eggs are almost unknown,
for most of them inhabit deep burrows under the water, where it is no easy matter to capture the
adults, and even when these are caught they do not carry eggs even in the breeding season, for
the eggs are not fastened to the appendages as they are in most Crustacea, but are deposited at
the bottoms of the inaccessible burrows. As they are dependent upon the aération which is pro-
duced by the current of water which the parent pumps through the burrow by means of the valve-
like paddles of the abdominal feet, they die when deprived of this current. The eggs are sometimes
obtained, but unless they are found in an advanced stage of development it is difficult to rear
them, and I know of no Stomatopod which has been reared from the egg under observation except
the Bahama Gonodactylus chiragra. As the pelagic larvee are large and conspicuous they are
often captured at the sarface of the ocean in the tow net, and the number of genera and species of
Stomatopod larve which have been described is nearly equal to the number of adult species which
are known, and the opportunity to identify even one of these larve by actually rearing it from the
egg is a most noteworthy and important occasion.

The habits of the Bahama Gonodactylus afford this opportunity ; for the nature of the rock
which it inhabits prevents the construction of a deep burrow, and as the fragments of rock may
easily be carried ashore and broken up the eggs can be obtained withount 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 of the expedition was the hope that I might possibly
obtain Stomatopod eggs. A day or two after our arrival Dr. E. A. Andrews brought me a Gono-
dactylus and a bunch of yellow eggs, which he had picked out of a rock which he had broken to
pieces while searching for Annelids. The eggs were newly laid, and, while they were obviously
those of some crustacean, there was no evidence that they belonged to Gonodactylus except the
fact that they were found among the fragments of a rock which also contained this animal. As
soon as I saw the eggs and heard how they had been obtained I started for a point where the
beach was covered with fragments of coral rock. 1t was then late in the afternoon and growing
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 and broken it to pieces there was just daylight enough to show me
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the Gonodactyli scattering in all directions, and the massus of yellow eggs which were spattered
over the large rock which I had used as an anvil; but the problem was solved, and 1 went home
and to bed, confident that 1 should next day get all the embryological material I needed.

As shown in Pl 111, the animal molds or shapes the mass of eggs into a hemispherical cap,
which fits over the convexity of the hind body and lies between it and the stone wall of the bar-
row. The parent reaches out to snatch 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 armfal, between the large joints of her raptorial claws, and
endeavors to escape with them to a place of safety. The promptness with which this action is per-
formed would seem to indicate that it is an instinct which has been acquired to neet some danger
which frequently presents itself. It would seem as if a cave in a solid rock were a pretty safe
refuge from all enemies except a naturalist with a geological hammer, and it is difficult to say
what the accident is which has thus been provided against. The larger beads of growing coral
are often broken off by the waves, and loose fragments of rock are overturned by severe storms,
and it is possible that, when alarmed by a wiolent shock, it flees from its cave to escape the
danger of being crushed when the rock is torn from'its place and turned over. At any rate its
habit is the reverse of that of most burrowing animals, for they usunally retreat to the depths of
the burrow when alarmed. This is true of all the Stomatopods which I have-had an opportunity
to observe except this species, and the chief use of the burrow of Squilla gmpusa is for refage in
danger, while Lysiosquilla excavatriz darts down its burrow at the least alarm and can not be
driven out even when the sand has been dug up on all sides of it.

THE METAMORPHOSIS OF GONODACTYLUS CHIRAGRA.

That feature of the life of Stomatopods upon 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 chiragra
rendered it an easy matter to obtain this history for that species. I also obtained a complete series
of eggs for studying the embryology, but, as a few preliminary sections showed that this was of
slight interest aud that there is no essential difference from other Macroura as regards the egg
embryology, this subject was not studied.

Most of our knowledge of the metamorphosis of Stomatopods is based upon the comparative
study of collections of alcoholic specimens, aud the direct observations on living larve are very
scanty. In 1882 Faxen published an account (Selections from Embryological Monographs com-
piled by Alexander Agassiz, Walter Faxon, and E. L. Mark, 1 Crustacea, Cambridge, 1832, Bull.
Mus. Comp. Zodl., Vol. 1x, No. 1, PL viu, Figs. 2 and 3) of observations made three years before
upon a young Squilla empusa which he had reared from an Alima larva; and in a paper which
was published in 1879 I described (On the larval stages of Squilla empusa) a series of similar larve
which I had studied while they were alive, and which was sufficiently complete to warrant the
statement that they were the young of Squilla empusua, and that this species probably hatches from
the egg in the Alima stage. In my report on the Challenger Stomatopods (Report of the Scientific
Results of the Voyage of H. M. 8. Challenger during the years 1873-'76, XvI, part XLV, 1836) I
have given an account of the metamorphosis of Lysiosquilla excavatrixz which I had reared at
Beaufort, N. C.; but except for these observations our knowledge of Stomatopod metamorphosis
rests upon the comparative study of preserved specimens, and, while the series which are picked
out from miscellaneous collections sometimes present pretty satisfactory evidence as to the adults
which they represent, this sort of indirect evidence can not be conclusive.

Large and varied collections of larvae have been compared for the purpose of selécting those
which form stages in the same series, and of ascertaining as accurately as possible the adult affini-
ties of theoldest larvie, by Claus (Die Metamorphosen der Squilliden, Abkandl. d. k. Gesellsch. d.
Wiss., Gottingen, Bd. XvI, pp. 1-535, Pls. 1-vi11, 1871) and myself (Challenger Rep., pp. 81-114). My
own report was, so far as this subject goes, a supplement to Claus’s work, for in its preparation I
availed myself of his methods and results, amplifying and completing many of his observations,
and confirming some of his results and correcting others. Combining his work with my own, I
devoted a chapter of my report to the discussiou of the larvie, and gave a scheme or outline of
the probable metamorphosis of each genus of adult Stomatopods.
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Stomatopod larve or Efichthida, as they were named before their larval nature was suspected,
bhave been divided into four genera, Erichthoidina, Erichthus, Squillerichthus, and Alima. Of these
four the first, Erichthoidina, is simply a younger stage in the life of the Erichthus, and the third,
Squillerichthus, a fully-grown larva of the Erichthus type, so that the genera become reduced to
two, Erichthus and Alima. Of these two genera, one, Alima, is much more sharply defined than
the other, Erichthus, which contains a number of divergent types, of which I have shown that
five may be clearly distinguished, and I have proposed, for these five, names which indicate the
adult genus to which each corresponds. I have shown that there are many reasons for believing
that all Alimi are Squilla larvae; Alimerichthus, the larve of Chloridella ; Erichthalima, the larvae
of Corontda ; I/ysierichthus, the larvae of Lysiosquilla, and Pseuderichthus, the larvee of Pscudo-
squilla. The remaining larval type may be distinguished from the Lysierichthus by the shallow-
ness of its carapace, which is not at all infolded, and by the position of its postero-lateral
spines, which arise very close to the dorsal middle line; while it may be* distinguished from the
Pseuderichthus larve by the length of the posterolateral spines, which are at least half as long as
the carapace, and also by the fact that the telson is wider than long and longer than the long
outer spine of the uropod. For this larval type, which was represented in the Challenger collec-
tion by many specimeus, I proposed the name Gonerichthus, giving, at the same time, many
reasons for regarding it as the larva of the genus Gonodactylus. Several of these larve were
selected and shown in Pl. x11, Fig. 5, P1. x111, Fig. 9, and Pl. xv, Figs. 1 and 5, of my report; and
I pointed out that in all of these larvze, as in the young Gonodactylus, the sixth abdominal somite
has a pair of submedian spines near its posterior edge, and its posterolateral angles are produced
into acute spines. The telson is slightly wider than long, and its submedian spines are long and
slender, but shorter than they are in Pseuderichthus. The telson is notched on the middle line,
and there are from fourteen to twenty small secondary spinules on its posterior edge, between the
submedians. There is one small secondary spinule internal to the base of the lateral marginal
spine, another internal to the base of the intermediate, and a third midway between this and the
submedian.

In Pl xv, Flgs 5 and 6, of my report, as in the young Gonodactylus, the outer edge of the
proximal joint ‘of the exopodite of the uropod is fringed by nine marginal spines, the terminal one
longest, and the outer spine of the basal prolongation is much longer than the inner, but not so
long as it is in Pseuderichthus. A comparison of the telson of the young Gonodactylus with that
of the other larval types will show that the one now under discussion is the only one which exhibits
this resemblance, and as this larva never exhibits any traces of marginal spines on the dactyle of
the raptorial claw it must pertain to some known adult with an unarmed dactyle of else to a new
“genus. It is not probable that a larval type which is 80 common pertains to an unknown adult
genus. The larve are not Protosquille, as this genus has the telson fused with the sixth abdom-
inal somite, while it is free in the older larve; nor are they Pseudosquille, for they have no movable
spinules on the tips of the submedian spines of the telson; and as all the other genera of Stoma-
topods except Gonodactylus have the dactyle armed, the only remaining genus is Gonodactylus,
and the structural characteristics of the oldest larve mdlcabe that they are the young of species
in this genus.

Led by these considerations I did not hesitate to speak of these larve, in the Challenger
report, as Gonerichthi, or young Gonodactyli, and to give this larval form as one of the diagnostic
characteristics of the genus. This determination rests, however, upon circumstantial or indirect
evidence; and, while the evidence is quite conclusive, I was nevertheless pleased to obtain more
positive proof from the larve which I reared from the eggs of Gonodactylus chiragra.

Like many other Crustacea which inhabit the coral reefs, this species has its metamorphosis
abbreviated and it hatches from the egg in an advanced condition. It is shown just before hatching,
seen from behind in Pl x1v, Fig. 1, and from in front in Fig. 2. The large yolk covers the dorsal
surface, and the larva is doubled on itself, so that the telson and the tip of the abdomen are visible
in a front view. The first five abdominal somites are indicated before it leaves the egg, and the
first five pairs of abdominal appendages are fully developed, although the other appendages, with
the exception of the maudibles and the large raptorial second maxillipeds, are either absent or rudi-
mentary. The eyes are large, and even before hatching they are movable, although they are
nearly sessile.
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The larva, immediately after hatching, i shown in side view in PR x1V, Fig: 3; in ventral view
in Pl. xv, Fig. 8, and in dorsal view in Fig. 7 of the same plate. The carapace is nearly half as
-long as the entire animal, and its posterior border, which is deeply emargiuated, crosses the midde
line over the posterior edge of the tenth somite; the somite which carries the appendages which
are usually called, in the decapod Crustacean, the second pair of legs. There is a short, rather
stout rostrum, and the anterior end of the carapace, which covers about half the eyes, is nearly
semicircular. The posterolateral spines are short and curved outwards; there are no secondary
spines external to their bases, but there is a small median dorsal spine on the posterior edge of the
carapace, while the anterolaterals are absent. The antennule consists of a two-jointed shaft with
two flagella, one terminal and the other arising from the dorsal surface of the distal joint of the
shaft. The antenna cousists of a rudimentary exopodite, which is cylindrical and ends in five
swimming hairs, although it is of little use in locomotion. The large eves are subspherical,
nearly sessile, and they touch each other on the middle line dorsal to the antennules. The man-
dibles are enormous and the two pairs of maxille rudimentary, as are also the first pair of maxil-
lipeds, while the second pair, the large raptorial limbs of the adult, are well developed, although
the dactyle is not folded backwards upon the penultimate joint or propodite. The third, fourth,
and fifth maxillipeds, corresponding to the third maxillipeds and first and second ambulatory
limbs of decapods, are rudimentary, and the three following appendages are absent, although all
the corresponding somites are indicated as well as their ganglia. The abdomen is about twice as
wide as the thoracic region and somewhat more than half as wide as the carapace. The first five
somites are distinct and all end in acute posterolateral angles. The suture which separates the fifth
from the unsegmented region, which represents the sixth and the telson, is obscure, and this
region is longer than wide.

The abdominal appendages gradually decrease in size from the first and largest to the fifth
pair, but all have their adult structure, except that they carry no gills and all are functional.
The telson has four marginal spines on each side. Its posterior edge is slightly notched and car-
ries seven or eight pairs of minute movable spines. The newly hatched larve swim actively abont
by means of their abdominal feet, not by flexing and extending the abdomen, aud‘ notwithstand-
ing the presence of a great mass of food yolk in the walls of the stomach they eat voraciously.
By a lucky chance I found their proper food at once. Several bunches of the eggs of some
unknown Nudibranch were in the aquarium in which the first brood hatched, and the larve, nearly
a thousand in all, soon settled down upon them, covering them completely, and at once began
tearing them off and eating them. When washed away from them by means of a jet of water they
swaw about the aquarium for a short time, but soon settled down upon the eggs again. As these
eggs are not very abundant they can hardly be the only food of the young larva, although I could
find nothing else that they would touch, and they refused the eggs of all other Nudibranchs. At
this stage the heart consists of a large anterior chamber in the region of the second maxillipeds
and a large dorsal vessel running as far as the fifth abdommal somite, with a pair of ostia in each
somite.

Atter about sixty hours they moulted and assumed the form which is shown in side view in Pl
x1v, Fig.4. The rostrum and the spines on the posterior border of the carapace have lengthened,
but its shape and relative size are about as before. The second antenna are more clearly divided
than before into a shaft and a scale, which has lost its hairs and is more flattened. The first pair
of maxillipeds have made their appearance in the adult form, and the second pair are much larger
than before, and the dactyle is now folded back onto the edge of the flattened penultimate joint. In
all other respects the larva is like the younger 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 from above in Pl. xv, Fig. 9, and in side view in Pl. x1v, Fig.5. The rostrum is now greatly
elongated and reaches to the tips of the antennules. Sinall 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 place, as will be seen by comparing Fig. 7 of I’l. xv with Fig. 9. Its lateral margins are
nearly parallel, and its greatest width only a little exceeds that of the abdomen. Its posterior
border is now nearly transverse and crosses the middle line above the last thoracic somite. The
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sixth abdominal somite has separated from the telson, but its appendages are not yet developed.
The scale of the antenna is now fringed with hairs, and the eyes are divergent, with well devel-
oped stalks. The raptorial claws have greatly increased in size and are beginning to approximate
to the adult form, while at the earlier stage they closely resembled the chel® of the third, fourth,
and fifth pairs of maxillipeds of an adult Sto’ma.topod. From this time on to the end of its larval
life the young Erichthus of Gonodactylus chiragra presents the characteristics of that larval type
for which I have proposed the provisioual name Gonerichthus ; and, while the resemblance grows
stronger as the larva grows older, it is unmistakable even now, and still clearer after the next molt,
when it assumes the form shown in Pl. x1v, Fig. 6, from above, and obliquely from below in Pl. xv,
Fig. 10. v

The antennulary flagella are now beginning to elongate, and that of the antenna is now rep-
resented by a bud, bat there are no new appendages, although the sixth abdominal somite is now
indicated. Although it is very much younger than the Gonerichthi shown in my Challenger report
in Pl xv, Figs. 1, 5, 6, and 11, it resembles these larve in the following 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 surface. The anterolateral angles of the carapace end in
acute spines pointing forwards, and the anterior edges are inclined towards each other, 8o as to make
at the base of the rostrum an angle a little greater than a right angle. The lateral borders of the
carapace are nearly parallel, and the posterolateral spines long, slightly divergent, and with a
small acute spine external to the base of each. The carapace covers all the five thoracic somites
and all or nearly all of the first abdominal, and its posterior border is transverse. The median
dorsal spine, which was carried on the posterior edge of the carapace of the younger larva (Figs. 3,
4, and 5 of Pl. x1v), has disappeared, although it persists antil a much later stage in the larvae
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 lateral margins of the telson still carry, 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 secondary spinule, and the fourth, which, at the stage shown in Fig. 6, Pl. x1v,
forms the posterolateral angle of the telson, is the submedian. The posterior border between the
submedians is very slightly notched and nearly transverse. All the Challenger Gonerichthi are
very much older than this larva, and their telsons are more developed. The spines especially are
much more elongated ; but in Figs. 5 and 6 of Pl xv of the report the secondary spine can be
clearly recognized about halfway between the submedian and the intermediate.

* VWWith the assumption of the form shown in Pl. xv, Fig. 10, the habits of the larva undergo a
sudden change. Up to this time, while able to swim brigkly about by the use of their abdom-
inal appendages, they spent most of their time near the bottom of the aquarium, 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 inches deep, and when masses of Nudibranch eggs were suspended near the surface
of the water they quickly discovered and fastened upon them.

Up to this time, also, they were peaceful and did not attack each other. Several hundred sur-
vived the molt which precedes the beginning of their pelagic life, but all of them soon died and none
passed this stage, which is the one shown in Fig.10. They now left'the bottom, and became rest-
less, swimming continually at all levels in the water. They refused to touch the eggs of which up to
this time they had 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 each other with their raptorial claws, and
then tumble over and over together, until they struck the bottom, when both died. The survivors
would not touch the dead bodies, although most of them soon shared the same fate, and the rest
became weak and soon died.

At the same time that I 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 fifth 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 umber of moults
and probably an interval of many weeks intervenes between this stage and the one shown in Pl xv,
Fig. 11 of the Challenger report.

The life history of this species of Gonodactylus, in the Bahama Islands at least, is thus seen
to be extremely simple. It hatches as an Erichthus and remains an Erichthus until it assumes its
adult form ; and as the successive appendages make their appearance they have from the first the
structure which they are to retain through life. The statement which I made in my Challenger
report (p. 55), that Gonodactylus hatches from, the egg in the Erichthoidina stage and subsequently
changes into an Erichthus, is an error, at least so far as Gonodactylus chiragra is concerned,
although it is possible, in view of the great variation which we have observed in a single species
of Alpheus,; that in other regions, where the adults have different habits, the larva may batch in a
younger stage. Coral-dwelling crustacea seem to exhibit a tendency towards the abridgment of
their metamorphosis, and it is not at all improbable that other species of Gonodactylus may have
an Erichthoidina stage. -

The Challenger collection contains a bottle of very minute and young larve in the Erichthoi-
dina stage, and one of these is shown in Fig. 3 of Pl. X11 of my report. Comparison between this
and the newly hatched Erichthus of our species, Pl. x1v, Fig. 3, will thow many points of resem-
blanee, and future research may possibly prove that it is the larva of Gonodactylus, although the
statement that all Gonodactyli hatch as Erichthoidin is an error.




CHAPTER 1IV.

THE METAMORPHOSIS OF ALPHEUS.

. v

By W. K. BRook AND F. H. HERRICK.

(With Pls. I, II, IV, XVI to XXIV. )
SECTION I.—THE METAMORPHOSIS OF ALPHEUS MINOR FROM BEAUFORT, NORTH CAROLINA.

This small species is found in abundance at Beaufort, North Carolina, and in the Bahama Islands,
and it is no doubt widely distributed along our southern coast. At Beaufortitis found in shallow
vertical burrows in the sandy mud which forms the bottom of most of the land-locked sounds
between tide marks. It is also met occasionally in shells, and under loose stones and oyster
shells. '

During its development, between the time when it hatches from the egg and the time when it
acquires the adult form, it passes through a long metamorphosis, divided into many stages. Its
life history has been traced by one of the authors at Beaufort, and by the other at Nassau, and the
individuals from both these localities pass through exactly the same series of changes. As we
also find that other species, such as Alpheus normani, pass through the same metamorphosis, the
life history of Alpheus minor may be regarded at the primitive or ancestral life history of the
genus, which originally characterized all the species; although it is now retained in its perfect form
by only a few, and has undergone secondary or recent modifications in the others.

THE 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
beforesthe change, but this is very slight, and the description of the second stage holds true in all
essentials of the first stage, except that the tips of the exopodites of the three pairs of maxillipeds,
and the plumose hairs on the antennules and antennz are not fully extended until after the change.

The second larval stage is shown in Pl. xvi, Fig. 2, and in Pl. xv11, Fig. 2, and various organs of
the larva during the first stage are shown in Pl xvI1, Figs. 4, 6, 7, and 8, and Pl xviir, Fig. 4. In
Pl xv1, Fig. 4, is the antenna -of the first larval stage, Fig. 6, the first maxilla, Fig. 7, the second
macxilla, Fig. 8, the mandible, and Fig. 4 of Pl. xv111, the first maxilliped. As shown in Pl. xvII,
Fig. 2, and in PL xvI, Fig. 2, the locomotor organs of the larva during the first and second stage
are the plumose exopodites of the antenn® and of the three pairs of maxillipeds. There are no
fanctional appendages posterior to the maxillipeds, and the large eyes are freely movable and
entirely uncovered.

The larva has all its appendages fully developed and functional as far back as the third pair of
maxillipeds. Following these are three bud-like rudiments of the first, second, and fifth pairs of
thoracic limbs, and posterior to these a long tapering abdomen, divided into six segments, there
being at this time no joint between the telson and the sixth abdominal segment. . During the first
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stage there are no traces of any abdominal appendages, bnt in the second stage, the outlines of
the sixth pair aro faintly visible under the cuticle of the tclson, as shown in PIl. xvI, Fig. 2.
The stomach is almost completely free from yolk, and the surface of the body is marked by
red and yellow pigment spots, which are very constant in position and number, and are well shown
in the figures.

As shown in Pl xv1, Fig. 2, the antennule consists of a stout shaft composed of a long basal
portion with no trace of an ear and a much shorter distal joint, which carries externally a much
shorter and smaller joint with four sensory hairs, and internally a long slender plumose hair, which
is not fully extended until after the first mounlt. At this stage this hair is almost sessile upon the
shaft, although its base is destined to give rise to the long flabellum of the antennule of the
adult.

The antenna has a large exopodite, which is fringed with plumose hairs, and is au efficient
organ of locomotion. During the first larval stage this exopodite, which is destined to become
the flat scale of the adult antenna, is cylindrical and distinctly annulated, as shown in Pl xv1, Fig-
4. At this stage it is divided into a basal portion and five movable joints, about equal in total
length to the basal portion. After the first molt the annulatious become less distinct, although
the “scale” is still cylindrical, as shown in PL. xv1, Fig. 2. The basal joint of the antenna is about
equal in length to the “scale,” undivided, and it carries upon the inner edge of its distal extremity
a small, 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 rudimentary antennal fla-
gellum, which in the adult is equal in length to the entire body of the animal.

The mandible is shown in Fig. 8. It is deeply cleft into two branches, the outer one with two
rows of large, strongly marked dentations, and the inner one with a rndimentary palpus, two rows
of hairs, and a finely serrated cutting edge. The first maxilla is very small, but it does not appear
to be rudimentary. It is shown in Pl XVI, Fig. 6. No exopodite could be made out. There is
a small endopodite, with one long, plamose 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 are feebly indicated, and each carries three¢ slender, simple hairs. The endopodite carries
two terminal hairs, and the flat exopodite is fringed Ly seven. I could not determine whether
these hairs are plumose or not. The three pairs of maxillipeds are functional and they present
features which are characteristic of the genus Alpheus (see Pl. xvi, Fig. 2). Each has a large,
flattened, polygonal, basal joint, which carries upon its inner edge a few short, sharp teeth, and.
upon its outer edge a long, flat exopedite, with plumose swimming hairs, and an endopodite
which presents several peculiar features.

The endopodite of the first maxilliped is very short and two-jointed, that of the second is
somewbat 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. xvi1i, Fig. 4, is telescoped before
the first moult, but immediately afterwards becomes lengthened, as shown in Pl. xv1, Fig. 2, until
it reaches forward beyond the tips of the antennules and antenng. Following the maxillipeds are
three pairs of buds to represent the first, second, and fifth pairs of thoracic limbs. The fif8t bud
consists of a single branch, which is shown by its subsequent 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 rndimentary, shaft, which represents the endopodite of
the fifth thoracic limb, and has no trace of an exopodite.

The hind body is divided by joints into five abdominal somites, behind which is a long undi-
vided region to represent the sixth abdominal somite and the telson. Before the first moult none
of the abdominal appendages are present, but after this molt the sixth pair are faintly indicated
under the integument of the telson, as shown in Pl xvi, IFig. 2. The telson itself is broad, sub-
triangular, with its posterior border nearly straight and transverse. It carries eight pairs of stout
plumose hairs, of which three pairs are much longer than any of the others and nearly equal.
This set of three spines is placed at the angle of 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 distinct
and easily recognizable. Of the remaining five spines on each side of the middle line, one is on
the external border, and the other four on the posterior edge between the group of three and the
middle line. The internal one is very small and might easily be overlooked.
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THE THIRD LARVAL STAGE.
~ (Pl xvi, Fig. 1.)

After molting the second time the larva assumes the form shown in Pl xv1, 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 fanctional, the second is represented by a bud, all the abdominal somites are distinct, and
the sixth abdominal appendage has made its appearance. The first five abdominal appendages
are still unrepresented, and the endopodite of the sixth is rudimentary, although its exopodite is
fally developed and fanctional.

Those appendages which were present in stage two have undergone little change. The external
branch of the antennule has, in place of the four 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 earlier stage and is now gimple, while two plamose hairs have made their appearance
on the lower surface of the distal joint of the shaft. The scale of the antenna 1s still cylindrical,
but the annulations which marked it during the earlier stage have disappeared. The flagellum
still consists of only one short joiut, and the long terminal hair which it carried at the earlier stage
has disappeared. The mandibles, maxille, and maxillipeds are about as they were before, but the
endopodite of the third maxilliped has almost completely lost the long terminal hair of stage
two, and has also become relatively shorter, and is now divided into four joints.

The first thoracic leg, which was rudimentary in stage two, has now acquired a flat basal
joint and a plumose exopodite, like those of the preceding appendages, but the endopodite is
represented only by a rudimentary knob orbud upon the anterior edge of the basal joint. The.
gecond thoracic limb is, as it was at the earlier stage, a two-lobed bud. No buds have as yet
appeared between it and the base of the fifth thoracic appendage, which is now fully developed
and forms the most conspicuous peculiarity of this stage in the development of Alpheus. It has
no exopodite, its basal joint is not enlarged nor flattened, and its long, slender, cylindrical shaft,
made up at this stage of four joints, is prolonged at its tip into a long, slender, tapering, simple
hair, the end of which reaches beyond the tips of the antenn® when the appendage is in the posi-
tion shown in the figure Pl xvI1, Fig. 1. The appendage seems to have little power of motion and
it seldom deviates much 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 first tive
have as yet no traces of appendages. The first four somites are short and equal, the fifth 18 nearly
as long as the first four together, and the sixth is very narrow and almost twice as long as the
fiftth. The endopodite of the sixth abdominal appendage is present and of considetable size, but
it is not as yet functional, although the exopodite, which is not very much larger, is fringed by
six long, plumose, swimming hairs and is used in locomotion. The two spines which are carried
upon the lateral margins of the telson at an earlier stage have disappeared, and there is less dif-
ference than before in the relative sizes of the others, but the general form is the same.

FOURTH LARVAL STAGE.

.

The subsequent history of Alpheus minor was traced by one of the authors at Beaufort and
by the other at Nassau, but as the stages which follow were found to be almost exactly like the
corresponding stage of other species which had already been drawn, 1t did not seem to be advisa-
ble to make new fignres, and in the remainder of the description the illustrations which are’
referred to actually represent the larvee of other species. After its third molt the larva of
Alpheus minor passes into its fourth stage, when it becomes almost exactly like the fourth larval
stage of Alpheus heterochelis, shown in Pl xvi11, Fig. 3. There is hittle change at the anterior end
of the body, except that the carapace now begins to extend over the eyes, and the cars have made.
their appearance in the basal joints of the antennnles. The mandible has lost its outer branch,
and the basal joint of the second maxilla, Pl. xvI, Fig. 5, carries on its inner edge three hairy lobes.
There are now five pairs of swimming appendages in place of the three of stages one and two, and
the four of stage three. These five are the exopodites of the first, second, and third maxillipeds
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and those of the first and second thoracic legs. The endopodites of the maxillipeds are as befcre.
The endopodite of the first thoracic leg, which was represented in stage three by a rudimentary
bad, now appears to be entirely wanting. The second thoracic limb, which in stage three was
represented by a bilobed bud, now consists of a basal joint, with a large, functional, plumose
exopodite and a rudimentary, bud-like endopodite. Between this appendage and the base of the
fully developed fifth thoracic limb there is a row of buds to represent the third and fourth thoracic
limbs, which became developed after the next molt. The fifth is about as it was in the preceding
stage, and it carries no trace of an exopodite. The abdomen is about as before, except that the
endopodite of the sixth abdominal appendage, the only one yet represented, is now fully devel-
oped and fringed like the exopodite by long, plumose, swimming hairs. The telson has become
elongated and narrow, and the spines upon its posterior end are much smaller than before.

THE FIFTH LARVAL STAGE.

None of the figures of the larve of other species exactly represent the larva of Alphens 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 three pairs of maxillipeds
and the first four pairs of thoracic legs. At this stage these four pairs of appendages reacquire
their endopodites, and the anterior end of the body is similar to that of the larva shown in Pl. xxi1,
Fig. 1, from which, however, it differs greatly as regards the telson and the sixth abdominal ap-
pendage. The first five abdominal appendages are now represented by bads like those shown in
Pl xxi, Fig. 1, and in Pl x1X, 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. )

THE OLDER LARVAL STAGES OF ALPHEUS MINOR.

During the successive molts the abdominal appendages become fully developed, the eyes be-
come completely covered by the anterior edge of the carapace, the antenna become elongated, the
antennule develops a scale, the swimming exopodites of the maxillipeds and thoracic legs disap-
pear, these appendages assume their adult form, and acquire gills, and the animal gradually be-
comes like the one shown in Pl. xXx, Fig. 2, which is a young Alpheus of another species.

THE METAMORPHOSIS OF ALPHEUS HETEROCHELIS FROM THE BAHAMA ISLANDS,

In the Bahama Islands this species passes throngh a series of stages which, except for a few
minor differences of detail, are exactly like those in the life history which has just been described.

This fact is remarkable when it is known that the life hiatory of the same species is very
different at Beaufort, North Carolina, and that Packard has described still another life history
for specimens of the same species which he studied at Key West. '

FIRST LARVAL STAGE.

The Bahama specimens hatch from the egg in the stage shown in side view in Fig. 1 of Pl xviIr.
As this larva agrees in all details of its stracture with the first stage of .Alpheus minor shown in
Pl xvii, Fig. 2, already described, no further description is necessary.

THE SECOND LARVAL STAGE.

Like Alpheus minus the Bahama. specimens of Alpheus heterochelis molt within a few hour's
after hatching, but they undergo no essential change, and Pl. xvI, Fig. 2, exhibits all the essential
characteristics, although this figure was drawn from a specimen of Alpheus minor.

The most noteworthy specific difference is in the relative length of the marginal spines of the
telson. In the first and second larval stages of both species there are eight pairs of spines, one
pair on the outer edge and seven on the posterior edge, as shown for Alpheus minor in P, xv1, Fig. 2,
and for Alpheus heterochelis in P1. xvI, Fig. 3. In both species the pair next the median line are
rudimentary and the next pair very small, but the thiree which arise from the rounded angle of the




MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 365

telson are much more nearly equal to the others in Alpheus heterochelis than in Alpheus minor. If,
as seems probable, the triangular telson of the macrouran 20éa is a secondary modification of the
deeply furcated telson of a more ancient protozoea, then the first larval stages of Alpheus minor
are in this respect more primitive or protozoean than those of Alpheus heterochelis.

THE THIRD. LARVAL STAGE. '

-

This is shown from below in Pl. xviIr, Fig. 2, and a comparison with Fig. 1 of P1. xvI will show its
very close resemblance to Alpheus minus at the same stage. The only essential difference between
them relates to the rudim@ntary thoracic limbs. In both species the first thoracic limb has a
functional swimming exopodite and a rudimentary endopedite, and in both the fifth thoracic 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 Alphm
minor has buds for only one pair, and the other buds do not appear until after the next molt.

THE FOURTH LARVAL STAGE OF ALPHEUS HETEROCHELIS.

This is shown from below in P1. xv111, Fig. 3, and there are no noteworthy differences between
it and Alpheus minor.

THE LATER STAGES OF THE BAHAMA ALPHEUS HETEROCHELIS.

The transformation of the larva into the adult Alpheus occupies a number of molts, and the
general character of the changes will be understood by the study of Pl xix and xx, although
these plates were drawn from Beaufort specimens of the species.

[
THE METAMORPHOSIS OF ALPHEUS HETEROCHELIS FROM BEAUFORT, NORTH 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 Aipheus minor. Just before hatching it
has, like the Bahama form immediately after hatching, three pairs of fally developed swimming
maxillipeds, but it also has buds to represent all five pairs of thoracic legs. The antennary scale
and flagellum are much more advanced than they are at a much later stage in the Bahama form,
and the abdomen is much more distinctly segmented. The larva, immediately after hatching, 18
shown in side view in Pl. XIX, Fig. 2, and in ventral view in Fig. 1. - The antennule and antenna
are shown on a larger scale in Figs. 3 and 4, and the mandible and first and second macxille in
Figs. 5, 6, and 7 of the same plate. The animal now has all the appendages which are present in
the adult, but all behind the maxillipeds are rudimentary, although they all become functional
after the first molt, as shown in Pl. xx, Fig. 3.

The antennule, Pl. x1X, Fig. 3, has a long cylindrical shaft made up of three joints fringed
with plumose hairs and terminating in an exopodite with sensory hairs and an endopodite or
flagellum, which is short and rudimentary but much longer than it is in the younger stages of the
Bahama specimens. The antenna, Fig. 4, presents even greater differences. The flagellum is
about 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. It is, however, of little use in swimming, and in
fact the larva has at this stage only very feeble locomotive power. The eyes are stalked and
movable and almost completely uncovered. The mandible is simple and without a paipus, as
gshown in Fig. 5. The first maxilla, Fig. 6, is very small, but apparently it is not rudimentary as
its two lobes carry cutting hairs. The second maxilla, Fig. 7, is a broad flat plate, very much
more developed than that of the newly hatched Bahama specimen shown in Pl. xvI, Fig. 5.

The three pairs of maxillipeds (Pl. x1X, Fig. 1) are almost exactly like those of the newly
hatched Bahama larva (Pl. xviII, Fig. 1) or those of the Alpheus minor at the same stage (Pl. xvI,
Fig. 2), but the thoracic appendages (Pl x1x, Fig. 1) are entirely different, and the ventral surface
of the body is covered by a mass of limbs closely crowded, all pretty well developed, but all as yet




366 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

fanctionless. Careful examination shows that there are tive pairs (the five pairs of thoracic limbs),
and that all but the last pair are biramons. In all, the exopodites are longer than the cndopodites,
which decrease in length from in front backwards, while the endopodites increase in length. The
later history of these linbs shows that the exopodites never becomne functional, as they do in the
Bahama form.

All six abdominal somites are distinct, although the line separating the sixth from the telson
is faintly marked. The first five pairs of abdominal feet are represented by five biramous buds
projecting beyond the outline of the body, while the sixth pair are only faintly outlined under the
cuticle of the telson, which itself preseuts a most important differepce from that of the youung
Bahama larva, as it is not triangular, but spatulate; and of the eight pairs of set® the three pairs
which in Alpheus minor lie on the lobe at the angle of the telson are not on a distinet lobe, nor do
they differ in size from the adjaceut setw.

This larva molts a few hours after hatching, and at once undergoes the most profound changes,
and assumes the form shown in Pl. xXx, Fig. 3. It is no longer a larva, but a young Alpheas.
The eyes are almost covered by the carapace, the ear is well developed, and all the appendages are
present and functional and essentially like those of the adult. The antennule has two flagella, each
with several joints. The flagellum of the anteuna is more than twice as long as the scale and is
composed of twenty-two joints, while the scale has its final form.

The first mnaxilla (Fig. 5) has a large club-shaped lobe, fringed with short bairs, and a radi-
mentary endopodite, while the second maxilla (Fig. 6) is a broad tlat plate with cutting lobes and a
short, rod-like endopodite. The three pairs of maxillipeds (Figs. 7, 8, and 9) have assumed the char-
acteristic Macrouran form and are no longer concerned in locomotiou, while the thoraciclimbs bave
elongated into the five pairs of ambulatory appendages of the adult, although they still retain
their rudimentary exopodites. The abdomen is nosv like that of the adult, and the telson (Fig.
4) is long and narrow. An older specimen is shown in Fig. 2 and a still older one in Pl xvii, Fig. 3.

Comparing the history of the Bahama form with that of the North Carolina form, the most
conspicuous peculiarity, and that which first attracts attention, is the great abbreviation of the
latter. The Beaufort specimens hatch in a much more advanced condition than the Bahama speci-
mens, and, while the latter pass through many larval stages, the former quickly assume the adult
form. This is not all, nor is it even the most fundamentzl difference between them. The develop-
ment of the Beaufort specimens is not simply accelerated ; it is profoundly modified, so that nc
exact parallel can-be drawn between any larval stage of the oue and a stage of the other. The
statement that the Beaufort specimens pass, before jeaving the egg, through stages which are
exhibited during the free life of the Bahama specimens would do violence to the facts; for the
difference between them is very much more fandamental than this statement would imply. For
exawple, the Bahama form has at first three, then four, then five, anid then seven schizopod feet
with fanctional swimming exopodites, while the Beaufort form never has more than three. As
regards the thoracic region and the first five abdominal appendages the Beaufort larva, at the time
of hatching (Pl x1x, Fig. 1), is more advanced than the fourth larval stage of the Bahama form
(PL xvIui, Fig. 3), while the sixth pair of abdominal appendages are like those of tte Bahama form
at the time of hatching (Pl. xvI1, Fig. 3). In the Bahamna form the first and fifth thoraciclimbs are
the oldest, and the others appear in succession from in front backwards ; all five pairs make their
appearance together in the Beaufort form. In the Bahama form the sixth pair of abdominal feet
appear before and in the Beaufort form after the others. Many minor differences of the¢ same
general character show that we have to do with profound modification of the life history rather
than with simple acceleration.

THE DEVELOPMENT OF ALPHEUS HETEROCHELIS FROM KEY WEST.

According to Packard’s account the specimens of Alpheus heterochelis which occur at Key West
differ from those which occur at Beaufort in about the same way that the latter differ from those
from the Bahamas, a8 the metamorphosis appears to be entirely absent in the Key West speci-
mens. Packard states that, while still inside the egg, they had all the appendages of the adult
in essentially the adult form. There were five pairs of thoracic legs and the first pair had large

.
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chel®, and the eyes were nearly sessile. In this case also there seems to be modification as well as
acceleration, as Packard says that there were only five pairs of abdominal feet and that these were
well developed. It may seem to some that the fact that these three forms present such great and
constant differences in development is a reason for regarding them as three distinct species, but,
whether we hold that they belong to one, two, or three species, they will still furnish proof of the
existence of profound modifications in the life histories of adults which have remained almost
exactly alike.

Careful and minute comparison between adult specimens from Beaufort anid Nassau showed
the closest agreement in nearly all particulars (v. Chap. v, Pt. First, Section 11), and it has there-
fore seemed best for us to regard them as belonging to a single species; the more so since our
discovery that diflerent individuals of another species found at Nassau (Alpheus sauleyt) differ from
one another during their larval stages in somewhat the same way that the Beaufort specimens of
heterochelis differ from the Bahama specimens. '

Alpheus minor and Alpheus heterochelis are very distinct species. The adults have diverged
from one another so far that one could not possibly be mistaken for the other; yet the life history of
the Bahama heterochelis is 80 exactly like that of Alpheus minor, both at Beaufort and in the
Bahamas, that the same figures of the early stages will serve for both; for the larval stages of
heterochelis have undergone local modifications, while the adults have remained almost absolutely
unchanged, except as regards the reproductive elements and their product.

SECTION V.—LARVAL DEVELOPMENT OF ALPHEUS SAULCYI

An egg of Alpheus sauleyi just ready to hatch is shown in PL. XxI, Fig.5. The large claws are
plainly visible through the transparent shell. The antenna are folded back alongside the body,
while the abdominal and closely packed thoracic appendages are directed forward. The telson
overlaps the head.

First larva (length,— % inch).—Fig. 1 shows the larva as it is just hatched. It belongs to
the variety found in the brown sponges. The various parts may be seen more highly magnified in
Pl. xxi, Figs.4, 6,7,9, and Pl. xx11, Figs. 1-8,12. In both varieties the animal hatched ag a schizo-
pod, loosely infolded in a larval skin, but not invariably, as I have noticed that in one or two cases,
where females of the longicarpus with very few, perhaps half a dozen eggs, produced young, the
metamorphosis was completely lost, the larvie being in a stage corresponding to tbat usually at-
tained after the second molt and represented in Pl xxy, Fig.8 This is referred to again at
the end of the section.

To return to the first larva (Pl. xx1, Fig.1); this is fifteen one-hundredths of an inch long. It
is semi-transparent and colorless, except for spots of characteristic red and yellow pigment spriunkled
freely on the abdomen, the telson, and appendages. Rudimentary gills are present and a remnant
of unabsorbed green yolk is conspicuous in the stomach. The carapace 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 ocular spines
(Pl. xxm1, 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 of the lateral eye stalks.

Both pairs of antenna are biramous and jointed. The antennules (Fig. 8) consist of a stout
peduncle, a short endopodite, and a shorter bud or outer branch, which bears several bunches of
sensory filaments. The peduncle 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 on its outer side a rudimentary
aural scale. The upper margin of each joint carries one or more plumose hairs. The antenns
(PL. xx11, Fig. 7) are formed on the adult plan. There is an inner antennal stalk consisting of
two joints, bearing a rudimentary flagellum, and an outer scale or exopodite. The distal ma.rgm
of the exopodite is garnished with plumose hairs and carries a short outer spur.

The mandibles (Fig.12,drawn from a larva after the first moult) are deeply cleft, as in the adult.
The outer branch is dentated at its distal end and carries a palpus. The first maxille (Fig. 6,
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shown with more detail in Fig. 3, Pl. xx11) bave adult characters. They are biramous. The endo-
podite is stout and toothed at its apex. The more slender outer division bears a short spine
near the distal end.” In the second maxill® (Fig. 6, Pl. xx1) the scaphognathite 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, rndimentary, and hairless lobe. The inner division
(endopodite) has the adult form, while the innermost lobes of the adalt appendage (Pl. xx1v. Fig.
9) are unrepresented.

The maxillipéds are all biramous appendages, and their exopodites are the principal swim-
ming organs. The endopodite of the first pair is short and stout and divided at its tip. That of
the third pair is three-jointed and equal in length to the exopodite. In the first pair of thoracic
legs (Pl. xx1, Figs. 4 and 7) the inequality of the chelis i3 very marked, and, as we have alrealy
seen, it is 8o for some time before hatching. Individuals differ somewhat in this respect. The
articulations of the carpus and meros are distinct. The exopodites of this and of the three sac-
ceeding pairs of thoracic limbs are tipped with rudimeuntary invaginated hairs. The second pair of
pereiopods (PL xx11, Fig. 1) are chelate, but the articulations of the carpus are not distinet. The
third pair of pereiopods (Fig. 2) end in bidentated dactyles and have short exopodites. The
fifth pair are without swimming organs.

All the abdominal appendages are present and functional, excepting the sixth pair. They
have only very short hairs until after the first moult. The tirst pair (Pl. xxi1, Fig. 5) consist
of a larger outer and smaller inner blade. This endopodite remains rudimentary in the adult
male, but nearly equals the exopodite in length in the female, as will be seen by refereuce to Pl.
xx1v, Figs. 4 and 5. This convenient sexual mark probably appears ¢arly, but can not be relied
upon at this stage. The second (Pl. xxII, Flg 4) and three succeeding pairs of pleopods have a
stout base, an outer blade like that of the first pair, aud a shorter endopodite which bears on its
inner margin a lobule or palp. The sixth pair, or uropods (Pl xxi1, Fig. 9), are not yet free. The
inner and smalier divisions point forward, meeting on the middle line. The telson, which termi-
nates the body, covering the outer uropodal limbs, is a rounded, spatulate plate, with a mediaun notch.
1t§ frec posterior edge is fringed with seven pairs of plumose spines, the first or median pair l»emg
rudimentdry, and the next four succeeding pairs long and nearly equal.

Second larva (length, 18 inch).—The first moult takes place either immediately or very soon
after hatching. The animal as it now appears is shown in PL xx1, Fig. 2. The principal external
changes thus produced are the following: (1) The rostrum and ocular arches extend farther over
the eyes. (2) Both divisions of the antennules are considerably extended. The flagella of the
antenna are from three to four times their former size and are articulated into twenty to thirty
rings, the scale still not passing the peduncle. (3) The thoracic appendages have more of the
adult characteristics. The articulations of the carpus of the second pair are distinct. The exo-
podites of the first four pairs are functional, and the last pair bas grown forward. (4) The
pleopods presently acquire swimming hairs; the telson plate is free and the uropods are func-
tional for the first time. (5) The last thoracic segment is still uncovered and the eyes are
incompletely hooded. )

Third larva (length, about } inch).—The third larva as it appears after the second moult,
which takes place in twenty-five to thirty hours after hatching, is represented in Pl xxi, Fig.
8. It has now the general adult character, and can not be called a larva in the strict sense. At
even this early age the pugnacious instinct is strong, and although only about one-sixth of an
inch long, it snaps audibly the fingers of its large ‘“hand,” which is carried extended forward. It
also swims on the bottom of the jar in all respects like the adult. Only a few globules of yolk
remain in the stomach. The gills are now quite prominent. They are evidently fanctional to
some degree, and were so, possibly, at an earlier date. The yellow and red pigment cells have
nearly all disappeared or are temporarily withdrawn from view.

A wmost prominent change at the second moult is the extension forward of the rostrum and
the ocular spines, which form a hood over each eye. The antennal peduncle surpasses the scale,
and its flagellum nearly equals the carapace in length. As in the adult, the large chel® are very
prominent. The exopodites of the thoracic appendages have dwindled to rudiments. The view
of the head of a four-days old Alpheus is shown in Fig. 3, Pl. xXI.
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The fourth form (after third moult).—When six or seven days old the third moult is passed,
bat only slight changes are introduced. The small chela and the inner and outer antenns of this
phase are given in Figs. 9, 10, 16, Pl. xx11. The inner branch of the antennules is still relatively
short; the basal or aural spine extends to nearly the end of the first joint. The bristle-bordered
plate of the antennz has now developed a considerable spine near its outer extremity, a rudiment
of which appears in the first larva (Fig. 7). This represents the squamal spine, to which the plate
is ordinarily attached, in the adult. The spiue is here developed from the plate. The latter may
disappear, as we shall see further on, bo‘ be finally regenerated from the base of the spine. The
small chela has the adult form.

The fifth form (after fourth moult).—These animals moulted the fourth time ten days after
hatching. Very little changa was apparent, except 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 saulcys may be still further accelerated
80 as to practically disappear altogether. This fact is illustrated by a young Alpheus hatched
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 chela is shown
in Fig. 15.

" This phase corresponds with that usually attained after the second moult (shown in Fig. 8,
Pl xx1), with which it corresponds in size and color. All the thoraeic and abdominal appendages
have nearly the adult form, the exopodites of the former being rudimentary, as in Fig. 8. The
large chela is most prominent, being nearly as large again as the smaller one. The eyes are partly
hooded, but not 8o much as the four-day old prawnrepresented by Fig. 3. The Alpheus had to be
held in a compressorium in order to be drawn, so that the parts are slightly distorted by pressure.
At the time of hatching most of the hairs on the appendages generally are in a rudimentary
condition. '

S. Mis, 94—24
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INTRODUCTION.

The observations offered in this memoir were undertaken at Beaufort, North Carolina, in
June, 1885, at the Marine Zoological Station of the Johns Hopkins University. But little was
accomplished, however, until the next and following seasons, 1886-'87, when I enjoyed the advan-
tages of this laboratory in the Bahama Islands.

A part of this memoir was accepted as a thesis for the degree of Ph. D. by the Board of
University Studies of the Johns Hopkins University in May, 1888.

I take this opportunity of thanking Professor Brooks for his invaluable counsel, aid, and -

encouragement from the beginning to the end of the work.

At Nassau, New Providence, during a sojourn of four months (March to July, 1887), I had the
rare opportunity of a making a comparative study of a large number of Crustacea. At least thir-
teen species of Alpheus were discovered on the coral reefs and shores of New Providence, and
in all these the eggs have been obtained, and in nearly all the larve or first zoéas have been hatched
in aquaria. Many of these forms are new or but little known, and when the means of publication
is found it is hoped that their comparative and systematic zodlogy can be fully illustrated.
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The majority of 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 practically the adalt condi-
tion, is a remarkable fact, and the discovery of a probable cause for this phenomenon in Alpheus
is one of the most interesting results of that part of our work which deals with the metamorphosis
of the genus.

The development of Alpheus has never, I believe, been previously studied, excepting the
metamorphosis of the two Beaufort species, so that there is no work of others to refer to, which
bears directly upon our subject. DBut 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 much is known 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 unsatisfactory
natare. There is great need for detailed and full accounts of the development and organogeny
of many forms in order that the relations of the various members of the Arthropod type may be
clearly 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 observations upon other Crustacea for comparison with the more detailed
studies of Alpheus has been as yet ouly partially carried out. Th® early stages of Stenopus hispidus,
Homarus Americanus, and Pontonia domestica have, however, been followed, and less completely
those of Hippa talpoides and Palemonetes vulgaris.

Spence Bate (3) states that the shortened development of Alpheus was first described in his
memoir, with deawings, communicated to the Royal Society in 1876, from a specimen procared in
the Mauritins. He named his specimen Homaralpheus, ¢ from the impression that species producing
a Megalopa could not be placed in same genus as those producing a Zo€a.” He says: “The orig-
inal of my drawing is 2=™ in length and was procured from a specimen 14™™ long, resembling the
figure that I have given of Alphcus minus, Say. An inspection of this drawing (3, P1. oxxu, Fig. 1)
leaves some doubt as to whether there was not an error in referring this form 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 only three pairs of thoracic appendages behind the chelipeds.

Packard (46) in 1881 was the first to describe a shortened metamorphosis for Alpheus heterochelis.
In some brief notes published in the American Naturalist of that year, he states that both this and
the small green Alpheus (A.minus) occur in abundance at Key West, Florida,in the excurrent open-
ings of large sponges. This fact is interesting, and probably sngmﬁcant also, as will be later
shown. Packard describes the first larva of this Florida form as much farther advanced toward
the adult state than is the first zoéa of the Beaufort species, according to the observations of
Brooks. Infactit more nearly agrees with the first larva of a Bahaman Alpheus soon to be described,
in which the metamorphosis is nearly lost. The Nassau form of Alpheus heterochelis has, as I have
recently ascertained, a complete metamorphosis. The bearings of these facts will be discussed
farther on.

The larval development of the Beaufort Alphei was studied by Brooks (7) and a short
abstract of his results was published in 1882, This is all, I believe, that has been previously done
on the embryology of these Crustacea. Several abstracts of the present work appeared in 1887-'88

20-22).
( METHODS OF WORK.

Several species of prawns, such as Stenopus and Pontonia, repeatedly laid eggs while kept in
aquaria, and doubtless I should have succeeded equally well with Alpheus, if sufficient pains had
been taken. As it was, only two or three individuals gratificd me in this respect, but in each case
the ova failed to develop. The animals were therefore taken from the sea with eggs in the earliest
phases of development, and were kept under observation in an aquarium for the length of time
required. The ova were then carefully removed from the pleopods,aud were hardened at intervals of
thirty minutes or one hour or a longer time, according to the phase or age of the embryo. By obtain-
ing a number of series in this way the whole life history within the egg could be followed, and by
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this means I was able to obsetve the peculiar movements of the wandering cells and the formation of
germ-layers, which are often very difficult to interpret, when we rely upon material taken by chance.

Experience with the nse of Perenyi’s fluid in preparing the eggs led me to discard this reagent
altogether, and to substitute for it Kleinenberg’s picro-sulphuric acid, made up either with water
or 30 per cent alcohol. The alcoholic solution works equally well and economizes time. The Pe-
renyi is too violent and uneven in its action. While it serves fairly well in some cases, it generally
swells out the membranes or shell by the rapid endosmosis, and distorts some part of the egg or
embryo in consequence. The egg is frequently deformed and the shell raptured. 'Che ova should
be transferred directly from the killing flnid to 70 per cent alcohol, and they will then generally
retain their normal shape, and can thence be removed to alcohol of a higher grade for permanent
keeping. If, however, they are carried from the Kleinenberg fluid 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 egg. For surface preparations the hardened ova were first punctured to allow
the fluid to penetrate the shell more easily and they were then stained entire, in Kleinenberg’s
h@motoxylon. They were afterwards shelled, when this was possible ; saturated with paraftin by
the turpentine-paraffin method, and were then mounted. While the paraffin was congealing they
were carefully placed in pesition with a hand lens. This last important and often troublesome
process was rendered easy by the differential property of the stain, which affects only the embry-
onic cells, leaving the ylok, which in preserved eggs is of a light straw color, unaltered. The
embryonic tissues are thus made to appear nearly black on a light background. The embryo was
then cut away from the rest of the egg by the microtome razor; attached to the slide by collodion
and mounted in balsam; or the egg was cut in two and both halves were similafly treated. All
drawings which represent surface views excepting Fig. 10 were made from objects thus prepared.

' In general, Kleinenberg’s h®motoxylon proved to be the best staining fluid, and it is especially
useful in this case, where the massive yolk contains numerous elements, the relations of which it is
important to determine. The carmines are less serviceable, since the food yolk is also affected by
them. Soda carmines (Beceari's formula) proves to be incapable of removing pigment from the
eyes, although it is specially recommended for this purpose. This may be easily effected by soak-
ing the entire tissues in very weak solutions of nitric acid for a considerable length of time. Gaule’s
quadruple stain of hamotoxylon, eosin, saffranin, and nigrosin was also tried with excellent resnlts,
but this method is very laborious, and since our inquiries do not extend in most cases, to cell
structure it is unneccessary.”

Perenyi’s fluid is sometimes available for swelling the chorion and thus aiding in its removal,
although 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 affected less actively by this reagent than the embry-
onic tissue. The latter is turned to a waxy whiteness and is thus clearly defined for a short time,
but the yolk is soon decolorized unless the eggs are transferred to water, becoming pink, and finally
light yellow after preservation in alcohol. .

PART FIRST.
L—THE HABITS AND COLOR VARIATION OF ALPHEUS.

Some facts of general interest have been gathered from a study of the Alpheus in its natural
environment on the coral shores and reefs of the Bahamas, and in giving these we will limit our-
selves mainly to the three species which have contributed the material for the history of the em-
bryo, viz: Alpheus minus Say, from Beaufort, N. C., A. heterochelis Say, from Beaufort, N. C,,
and Nassau, New Providence, and A. saulcyi, from Nassau, New Providence. The genus
Alpheus comprises numerous species spread over a large part of the globe, many of which are
closely counected by intermediate forms. From North America upwards of twenty species of
Alpheus have been described; five are known to inhabit the eastern coast of the United States,
three from Florida, and two others (4. minus and A. keterochelis), which range from Panama to as

* In studying the development of the lobster, which has also a large egg, I have found it necessary to adopt new
methods, especially in the treatment of the eggs for surface preparations. In most cases the egg-membranes are best
removed by the aid of hot water.




MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES. 373

far north as Virginia. From Florida and Cuba nine species are recorded. I have found twelve
species of this prolific genus, or about one-half the number described for the whole American con-
tinent, inhabiting the beaatiful little reef of growing coral called Dix Point to the eastward of
Nassau Harbor and along the margins of the little bay which was just in front of our laboratory.
Another species (A. websteri Kingsley), first reported from Florida, was also discovered on Green
Key reef, a few miles from Nassau.

From collections which I made at Abaco and Andros Islands, I am led to believe that the
different species are quite generally distribated in the Bahamas, and as these islands have prob-
ably been largely populated from the South, we may expect the same forms to occur at Cuba and
at other West Indian Islands. This genus, however widely distributed, is essentially tropical and
abounds in all coral seas. Of the great family of the Crustacea which make their home on the
submerged reefs of growing coral, Alpheus is perhaps the most prominent and thoroughly charac-
teristic. They pop out of almost every rock which i8 brought up from the bottom, and every loose
head or block of growing coral, with ifs clusters of alge, sponge, and sea fans, which you pull
from the reef, resounds with the click of their little hammers.

Some of these animals lead a semi-parasitic life in sponges, or seclude themselves in the porous
limestone which forms the solid floor of the beach, and others, again, live under loose shells and
stones in the white coral sand. Some are highly and beautifully colored, and with few exceptions
the pigment is characteristic of the species for any locality. In all cases the claws of the first
pair of walking legs are enormously enlarged and serve as formidable weapons of defense so re-
markable in this genus, and in most there i3 the greatest disparity in the size of these claws, one,
either the right or left, being the larger. One species, the habits of which are peculiar, carries
the larger of these claws so folded under the body as to be completely concealed. It can, 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 metallic report is produced. This is true of nearly all the
species, and 80 abundant are many in these islands that a constant fusilade is kept up along some
of the shores at low tide. This snapping propensity is shared by both sexes whether in or out of
the water, and it is undoubtedly correlated with their pugnacious habits. If two males or females
of the same or different species are placed in the same aquarium, they will dlsmember each other
in a very short time, aud one is usunally literally torn to pieces.

The sounds.emitted by Alpheus heterochelis are the loudest I have heard from any member of
this genus. We frequently kept this species in glass dishes in our room for several days at a time,
and sharp reports like the explosion of a small torpedo or pop gun were heard at intervals through
the day and night. It sometimes swims with its large claw so widely opened as to suggest 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. 1 have given this
mattter no closer attention, but find that Mr. Wood-Mason, who is quoted in a notice on * Stridulating
Crustacea”t in ¢ Nature,” (65) has offered another explanation. According to this observer the
sound always accompanies a sudden opening of the claws to their fullest extent, and may be caused
either by impact of the dactyle upon the joint to which it is articulated or by forcible withdrawal
of the huge 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 impact, and most likely by the rapid
closure of the finger into its socket.}

* This species is entirely new. The large concealed claw suggests a poisou apparatus. The * fingers” are ex-
ceedingly slender and sharp at the points. Although kept for over a week in an aquarium it emitted no sonnds.

t According to Wood-Mason sound-producing organs in Crustacea were firat brought to notice by Hilgeﬁdorf, in
V. der Decker’s ‘“Reisen in Ost-Africa (Crustaceen),” and were afierwards observed by himself in his dredging ex.
pedition to the Audaman Islands. The stridulating organs—scrapers and rasps—may be either on the carapace and
appendages or on the appendages alone.

{ Both Kent and Wood-Mason speak of the sounds emitted by the Alphei as if produced by the extension or
openiug of the claw. As pointed out above, it is just the other way, the sound following upon the impact of dactyle
and propodus, when the tooth of the dactyle is not pulled out of its socket but driven ioto it. None of the conditions
of piston movement are present. The walls and floor of the pit are relatively soft, while the tips of the claw are
dense and stony. The “‘click” can Le artificially produced when the claws are clamped with rubber, whether the
‘“gtopper” is present or not.
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In Alpheus heterochelis the dactyle of the large pincers is a curved blade which shuts down
into a groove on the occludent margin of the ¢thumb,” and closes over the latter like a pair of
shears. The huge stopper-like tooth is borne on the inner and proximal edge of the dactylopodite
and fits neatly into a corresponding pit in the ¢ thumb,” in line with the groove just mentioned.
The object of this plug is evidently to steady the movable dactyle and to prevent lateral strain
and the dislocation which might result, and thus to give it a strong grip on any object which it
has seized. In alcoholic specimens in which the relations of the parts are well preserved the stop-
per works freely in and out the well, and not like a ¢ tightly packed piston from a cylinder closed
at one end.”

(The claw is widely opened, before the sound is produced, but the sound is not produced while
the claw is open, but at the instant when it is violently and suddenly closed. It is due to the
impact of the “thumb” and “finger,” and I have frequently seen specimeus of A. heterochelis,
when prepared for combat, facing each other for several seconds with claws distended to the
utmost. In these cases the ‘snap” does not come until the claw is closed. In fighting the
claw is not used as a clasper, but as a saber. The sharp external edge is a weapon of such efficiency
that I have seen individuals killed and almost cut in two by a single blow.—W. K. B.)

A large brown sponge, Hircinia arcuta, which is not to be mistaken, grows on the shallow
reefs and off the shores of all the Bahama Islands which I visited. It is found from just 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 coriaceous texture; they sometimes measure 14 feet in
diameter. There is commonly one, sometimes two, large exhaleut chimneys into which small fish,
young spring lobsters,and other Crustacea,often beat a hasty retreat. It is easily broken open since
it has no consistent skeleton. If a sponge colony of this kind is pulled and torn apart, one is certain
to find it swarming and crackling with a small specics of Alpheus, which quarter themselves in
the intricately winding pores of the sponge. The sounds emitted from every fragment of these
matilated sponges remind one foreibly of ¢ those made when sparks are taken by the nuckles from
the prime conductor of a small electrical machine,” as Wood-Mason remarks. Hundreds of indi-
viduals may be collected from a single large specimen.

These animals have an average length of about 12mm, They are nearly colorless, excepting
the large chel®, which are tipped with brown, reddish orange, or bright blue. The females are 8o
swollen with their eggs or burdened with the weight of those attached to the abdomen that they
can crawl only with great difficulty, if taken from the water. The eggs are few in number and of
unusually large size, their diameter varying from one-twenty-second inch to one-twenty-fifth inch,
and their number from six to twenty. These are most commonly yellow, but may be either bright
green, olive, greemish white, brown, brownish yellow, or dall white. The ova and ovarian eggs
have always the rame tint in the same individual. Although translucent and apparently colorless,
apon close inspection the body is seen to be sprinkled with cells of reddish and yellow pigment.

Another quite different sponge grows on ail 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 clumpy, irregular shape, as well ag by the putrescent mucous which some of them pour
out when broken open. In about nine out of ten of these sponges one will find a single pair of
Alpheus (rarely more than this), which resemble those living in the brown spouge, but differ from
them 1n several important points. We are concerned at the present with the color variations ouly.
They are distingunished by their large size (averaging about 23™= in length) and uniformn color.
The females exceed the males greatly in bulk, owing to the large size and number of their eggs.
In both sexes the large claws are bright red (v. Pl 1v, and for details section 1v).

The female is practically inert daring the breeding season, and at such times is well protected
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 similarly colored eggs attached to the abdomen below. Only
two pairs, or four individuals, out of a hundred or more which were examined showed any variation
.trom these colors. In these the eggs were yellow, and the pigment on the claws was more orange
than red. The table which follows shows the variatious between two large females taken, respec-
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 Q. Nn:?‘e..r °f | Diameter. Color. Color of adult.
Inches. Inches,
Brown sponge. .. % 19 ¥ | Yellow (variable).... Lar%oohelm,red( blue
or brown in others.)
Green sponge. ... 155 347 o Usnally green; in nge chelw, orange-
this case yellow. .

These two forms, although apparently distinct. are seen, however, by closer study to belong to
the same species; but besides the more superficial variations just mentioned, there are others of a
more remarkable character, the morphological significance 6f which is considered in sections 1v
and V.

Of this species, Alpheus saulcyi, Guérin, it is necessary, for descriptive purposes, to distin-
guish two varieties, viz:

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

These two varieties shade completely into each other by numerous intermediate forms. The
longicarpus varies greatly in size and in the color of the body and eggs (besides the other more
profound variations mentioned in section v), while the brevicarpus type from the green sponges is
more uniform in size and stable in ¢olor and other characters. The former variety is well pro-
tected from outside enemies while in the tortuous mazes of its sponge, as its great nambers would
show, if any evidence under this head were needed. The enemies which invade them successfally
seem to be parasites.*

Possibly the variety inhabiting the green sponge does require color-protection, especially since
the females are very inert during the lreeding season. They are, indeed, admirably protected
when exposed on the green surface of sponges, alg®, etc. The bright color on the tips of the large
claws, which only are protruded from the places of concealment, recall the similarly colored heads
of boring annelids, which abound on the reef, bat this fact may have no significance.

It seems quite probable that if we have in this Alpheus a case of protective coloring, it is due
very largely to individual adaptibility. This view implies great individual plasticity, which does
not appear in any of the species of Alpheus known 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 surroundings. In the Alpheus, parasitic in the brown sponges, these colors vary consid-
erably where the surrounding conditions are the same. However, the color of the ovarian eggs is
always the same as that of those already laid, and, although these animals were kept for several
days at a time in differently colored dishes, I never observed any very warked change in the color
of the ovary, but these experiments were not continued long enough or carefully enough to be con-
clusive. The eggs of Alpheus heterochelis are almost invariably of a dull olive color, while, as in
the case of the parasite of the green sponge, about one in a hundred has bright yellow eggs. In
the first case at least this may possibly be an instance of reversion to one of the original colors
from which the green was selected. In most species of Alpheus the color of the eggs is fixed and
uniform for any locality, and, as already suggested, may have a protective significance; but in a
few other cases, where this_is not true, the color is not only variable in different individuals, but
probably also in the same individual.

Alpheus heterochelis from Beaufort, N, C., is uapniformly of a dark olive-green color, with some
red and blne on the appendages. It lives in the beds of oyster shells, which are more or less

* A parasitic Isopod, probably a Bopyrus, is found on both the varleties, but is most common with the dweller in
the brown sponge. It appears as a tumid bunch, firmly rooted in the branchial cavity or to the under side of the
abdomen. In this connection I will mention another curious parasite which was found infesting the eggs of a single
female taken from a brown sponge at Abaco. This is a large, spherical, unicellnlar organism in the encysted state.
The egg, with the embryo, is packed full of them. (v. Fig. 199 and section 1v, Part Second.) _

In looking over a collection of unpublished drawings of Crustacea, made by the associates of Louis Agassiz and
deposited in the library of the Museum of Comparative Zoilogy of Harvard College, I find a sketch (by H. J. Clark,
December 23, 1857) of a Bopyrus taken from the branchial cavity of Alpheus heterochelis.
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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 under loose stones, amid the
white coral sands of the beach, and is noticeably transparent, looking as if the color had been
bleached out of it. The body is sprinkled with dots of brown pigment. The claws and legs are
pale greenish. Young and old are invariably colored alike.

In a collection of adalt Alpheus of either sex of the same or of several species, where there is
a difference in size of the large claws, it is noticed that either the right or the left, indifferently,
may be the greater. - As we will see, this differentiation of the chelix begins in one instance before
the animal is hatched. Is this right and left handed condition to be explained By inheritance
from the parents? In about forty lapvee of a small brood of Alpheus saulcyi, all invariably had the
left claw eunlarged, and in a smaller number (all that were preserved), from another female of the
same species, the left chela was also in each case the larger. This would indicate 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. Buat to prove this it is only necessary to trace
right and left handed broods to parents which are themselves right and left handed, respectively.
This, unfortunately, I have uot done, as my attention was not called to the subject while at the
seashore.*

The breeding season of Alpheus begins at Beaufort, N. C., about April 1. It covered the
period of our stay at Nassau (March to July), and probably began earlier and lasted considerably
later.t There the temperature is high and remarkably constant, the annual range being aboat 15°
(temperature of air 70° F. in March, 80° 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.

IIL.—VARIATIONS IN ALPHEUS HETEROCHELIS.

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

The Nassau specimens average smaller, but the chief difference lies in the shape of the small
chela. The propodus of this appendage in the Nassau form is relatively shorter and thicker in
both sexes. Both fingers are nearly cylindrical, and covered with hairs, which are distributed
either singly or in tufts. In the Beaufort heterochelis there is a striking variation in the small
chela which appears to have escaped detection. Judging from the small collection at my command
it is a sexual variation. In the females the small chela is like that of the Nassan form, bat is
usually longer and slenderer. The dactyle is about one-half the length of the propodas. In
the males the dactyle is relatively much shorter, and has a median longitudinal carina which is
continued into the apex of the claw. In 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
with a row of stont plumose set®. Similar rows of setie occur on the sides of the opposing
¢ thumb.”

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

* Mr. J. J. Northrop, of Columbia College, while at Nassan in the winter and spring of 1890, kindly offered to
collect for me some specimens of A Ipheussauleyi with young. On February 10 he collected six femnales, five from green
spongoes, one of which had a brood of sixteen young, and one small female with three larviw from the ‘‘loggerhead”
sponge. In the first instance the left chela was the largest in the mother and in each of the sixteen young. In the
latter, two had the right claw enlarged and one the left. The inference is suggested that when the claw of the same
side is invariably the greater in all the young, this character is doubly inherited from both father and mother, but the
data are insufficient to settle this point.

t Professor H. V. Wilson found this species breeding around Green Turtle Key from July until December. Mr.
Northrop found newly hatched young early in February. It therefore breeds the year through, which is probably
true of many of the Crustacea.
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twenty-fourth inch, but two females were found which carried a few bunches of very small eggs, nor-
mally glued to the anterior swimmerets. These eggs measured only one fifty-third to one sixty-fifth
inch in diameter, that is, the contents of the smaller was about one-twelfth that of the larger egg.

This.occasional production of very small eggs exhibits a tendency, which is still present in
the species of this locality to-day, to revert to its old metamorphosis long since laid aside.

v

IIL. —THE ABBREVIATED DEVELOPMENT OF ALPHEUS AND ITS RELATION TO THE ENVIRONMENT.

Related species, as a rule, resemble each other more in their early stages of development than
in their adult state. This is not, however, invariably true, since all animals, whether young or
adult, must adapt themselves to their environment or be destroyed. It is probable that animals
in all stages 6f growth are equally plastic and tend to vary with the varying conditions of life.

The early life in large classes of the animal 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 thus but
slightly affected by erternal conditions, and suffers little change in consequence. In other groups,
on the contrary, and in the Crustacea in particular, the case is very different. Here the young
are usually hatched in a very immature condition, and lead a life of their own at the surface 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 production of the zoéa, a locomotor
larva, fundamentally different from the adult. We may regard the zoéa as a secondary, adaptive
form, directly descended from an ancestral protozoéan type. After passing a longer or shorter
period (usually of several weeks) at the surface of the sea, the adult state is gradually reached
through a complicated series of changes, and the animal adapts itself to new conditions on the sea
bottom or on the shore. Lo ’

Now, if the habits of the adult and larva should tend to converge, if the adults should adapt
themselves to an entirely new environment, which it is necessary for the young to become fitted
for at once as soon as hatched, we would expect that the zoéal stages, formally assumed to bridge
over a gap which no longer exists, would be dropped or shifted to the egg. This seems to have
actually taken place, and is illustrated in a remarkable manner in the genus Alpheus.

Most of the species, which are very numerous, inhabit the shores, in common with many
related forms, and, as already stated, they abound on coral reefs. They all, as a rule, hatch as
zoéa-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
semiparasitic, the metamorphosis is partially abbreviated; in the other, which is completely para-
sitie, the metamorphosis is completely lost. Still more interesting and significant is the fact that
one of the species in one locality is nonparasitic and has a complicated metamorphosis, while the same
species from another locality is parasitic and has the metamorphosis abridged.

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

Alpheus heterochelis, from Beaufort, North Caralina.
Alpheus heterochelis, from Key West, Florida.
(2) Alpheus saulcyi, from Nassau, New Providence.

Alpheus heterochelis, from Nassau, New Providence.
!

ALPHEUS HETEROCHELIS FROM THE BAHAMAS.

This species, found at Nassau, exemplifies the development common to the genus, as seen, for
instance, in A. normant (Kingsley), which is closely associated with it, A. minus Say, and in many
other Bahaman forms. It is one of the common species at Dix Point, and may be found in abun-
dance on the shore of the little bay, in pools left by the ebb tide, under shells or loose fragments
of coral. : '

First larva (length = § inch).—The three pairs of maxillipeds, each with long exopodites ending
in feathered hairs, are the principal locomotor organs. Two pairs of rudimentary 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 four
sensory filaments. A long plumose spine springs from the extremity of the second joint on the
inner side.

The antenns are biramous, the two branches arising apparently out of a common basal segment.
The outer division is a scale-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. It terminates ina
short spine or denticle, from near the base of which springs a long plumose hair. The eyes are
large and uncovered. The mandible is simple. .

The telson is a broad triangular plate, the terminal side of which is garnished with the charac-
teristic zoéal spines, the number, relative size, and position of which vary slightly in the different
species. There are in this case eight pairs of these spines. The first or median pair is rudimen-
tary; the second is not half the length of the third. The lateral angles of the plate are each
prolonged into a short lobe, bearing 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 which are the longest. Of the pleopods
only tHe sixth pair are represented, whether free or not was not observed.

ALPHEUS HETEROCHELIS FROM BEAUFORT.

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

The form in question is hatched as a larva with preparations for the schizopod stage. It has the
usual swimming organs, but all the thoracic legs are present in the condition of rudimentary buds.
Tue abdominal segments are formed, and the buds of the first tive pairs of feet belonging to them.
The eyes are not completely covered by the carapace. At the first molt the rudiments of the
sixth pair of abdominal feet are added, and the larva undergoes profound changes. All the ap-
pendages are now functional and the eyes are mearly hooded. With later molts the adult char-
acters become more pronounced, but the marked difference of the great claws appears ouly after
several months.

ALPHEUS HETEROCHELIS FROM FLORIDA.

The short description, given by Packard in 1881, of the first larval stage of this species from
Key West, where it inhabits sponges, has already been alluded to. From this we infer that the
development is considerably more abridged than in the Beaufort case. This is also indicated by his
figure of one of the abdominal appendages. He says: The eyes are nearly sessile, the yolk nearly
absorbed, although the embryo (in the egg) was near the time of hatching. The antenn:e are ¢ well
developed.” All the thoracic legs are present, their joints distinct, ¢ the first pair about twice
as thick as the others, the claws rather large, but not so disproportionately so as in the adult form,
but as much 8o as in the larva in the second stage of the lobster. Abdomen broad and flat, spata-
late at the end, much as in theadult. There were five pairs of abdominal feet or swimmerets, each
with endopodite and exopodite, like those of the second larval stage of the lobster.”

ALPHEUS SAULCYI FROM THE BAHAMAS.

In this form, the metamorphosis of which is fully described 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-four hours after hatching, or a case where the short metamorphosis is
done away with entirely, so that the animal leaves the egg in the full adult form.

Comparing the histories just given with the one before us, we find that the first larva of
Alpheus sauleyi is about equivalent to the third larva of the Heterochelis from Beaunfort, and rather
more advanced than the first larva of this species from Florida.

The eggs of the Alphei, with the development unabridged, are invariably small and quite
numerous. Inthe two species, however, with shortened metamorphosis, the ova are fewer and many
times larger. Moreover, as would be expected, the degree of abbreviation is correlated with the
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size and number of the eggs. These and the other facts which we have been considering are
given in tabular view below :

Species. Habits. Metamorphosia. Epgz‘;:}' D;‘;‘g;‘g'f“ Longth of

: Inch. Inches

Alpheus minuns (from Beaufort).| Non-parasitic . ...... Complete . ...... .. *500 s 3-1
A. heterochelis (from Nassau) ...|....d0 cccacecccanea. weee@0 coicen o] 300-500 - 3-1}
A. heterochelis (fromn Beaufort) .{....40 ........c......| Abridged.......... 150-300 P 1-1%
A. heterochelis (from Florida) ..| Semi-parasitic....... 1 T e
A. saulcyi (var-brevircarpus)...| Completely parasitic.| Nearly lost ........ 100-350 o $-13

A, saulcyi (var. longicarpus).c..l.cced0 ciooacencnnan.. Completely abseunt 5-20 Pe—oly }-§

. (in some cases).

* Namber not accurately determined.

The eggs of Alpheus are usually spherical when freshly laid, but they change their shape,
becoming more elongate in course of development and increase somewhat in size.* The eggs of
A. sauleyi are usually oblong. They vary from one twenty-eighth to one twenty-third of an inch,
taking the mean of the long and short diameters. The extreme limits of the number of eggs vary
somewhat from the numbers given above, which are the average limits.

In the genus Alpheus we thus have several stages in the abbreviation of the metamorphosis
between the macronran zoéa stage and the adult form. - What is the cause of this gradual suppres-
sion of the zoéa like form? The conclusion seems to be unavoidable 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 question became more and more dependent upon a semiparasitict mode of life, it would
be clearly beneficial to reduce the larval period, in order that the young might be hatched fitted to
live in an environment similar to that of the adults. It the zoéa brood were swept out to sea by the
tides, and were to spend several weeks in the larval condition at the surface of the ocean, the
chances for large numbers to find particular sponges along the shores, when the adult state was
reached, would be greatly lessened. It islikely that the larve of this Alpheus are never carried far
from the shores, but while they undoubtedly leave the sponge in which they are born, they prob-
ably establish themselves very soon in a new one. (The young remain a short time after hatching,
attached to the swimmerets of thc mother.)

This supposition is strengthened by what we know of the peculiar history of Alpheus heterochelis,
The Nassau heterochelis probably never changed its adult habits or adopted a parasitic mode of life ;
consequently it has retained andisturbed its complex larval development. The Floridian form has
become a parasite, and its metamorphosis is accelerated as the result. From this the Beaafort
Alphens with its less abridged development has doubtless been derived (the species extending north-
ward from the Gulf of Mexico), and it is within the possible, at least, to suppose that in this form
the metamorphosis, once lost by parasitism, is now being reéstablished.

No fewer than three species of macroura, together with the Alpheus above described, oceur in
the large brown sponges (Hircinia arcula) of the Bahama islands. These (one of which is also an
Alpheus) live in the larger oscula, are less regular in their occurrence, and evidently have not
adopted a stationary parasitic life. In none of them is the metamorphosis of the larva abbreviated.
Alpheus minus is also reported as occurring in the large exhalent openings of sponges at Key West,
bat 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 metamorphosis under these conditions.

Thus while in Alpheus the abbreviated metamorphosis may be explained as an adaptation
to a parasitic mode of life, the question is probably often complicated by conditions which are not
easy to determine. There is a general tendency among the higher forms of certain groups, as in
the Cephalopods among the Mollusca, to reach the adult conditions rapidly by omitting some of
the early embryonic stages. .

* An egg of A. saunlcyi var. longicarpus, just ready to hatch (Pl. xx1, Fig. 5), measures 45 by 15y inch.
t The Alphei which inhabit sponges are commensals rather than parasites in the strict scnse. They derive pro-
tection frow the spouge colony, and receive the benefit of the circulating currents of water which are set up within it,
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An abridged larval development has been attributed to the following macroura: The lobster
Homarus americanus; the crayfishes; Hippolyte polaris; Palemoneles varians; Palamon potiuna; Pa-
lemon adspersus and Eriphia spinifrons (as first observed by Rathke, according to Packard); Bytho-
caris leucopsis (observed by G. O. Sars, according to S. I. Smith); Alpheus heterochelis, and A. saulcyi.
To this list we must probably add the names of many deep-sea decapoda, Munidopsis, Glypho-
crangon, Elasmonotus inermis, Sabinea princeps, Acanthephyra gracilis, and Pusiphaé princeps, as
inferred by S. I. Smith, on account of the extraordinarily large size of their eggs. An egg of
remarkable dimensions is that of ¢ the little shrimp ( Parapasiphaé sulcatifrons,) which carries only
fifteen to twenty eggs, each of which is more than 4 millimeters in diameter, and approximately
equal to a hundredth of the bulk of the animal producing it—a case in which the egg is relatively
nearly as large as in many birds!” ¢Although the great size of the eggs,” says P’rof. Smith, *is
highly characteristic of many deep-water species, it is by no means characteristic ot all, and the
size of the eggs has no definite relation to the bathymetrical habitat, and is often very different in
closely allied species, even where both are inhabitants of deep water (59).”

The larval life of both terrestrial and fresh-water Crustacea is generally short as compared
" with that of 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 manner in
the fresh-water variety of Palemonetes varians, described by Boas (4). Why, on the other hand,
it is beneficial for the lobster to abbreviate its larval development is not plain, since its young a¢
the present time hatch apparently under the same conditions as other pelagic larve, and, like
them, swim at the,surface of the ocean. 8. I. Smith (58) and Ryder (55) have given accounts of
the larval history of the lobster. (Since this paper was written I have undertaken a revision of
this subject, and the results will be given in a fully illustrated report to the United States Com-
missioner of Fish and Fisheries.) While this animal hatches in a precocious state its life at the sur-
face is by no means short, since, according to Ryder, it ordinarily requires seven weeks to pass
through six molts. The first larva hatches in a schizopod stage, but there are no abdominal legs
and the antenn® are somewhat rudimentary. The first ecdysis, according to Ryder, does not occar
until from three to six days after hatching.* It is in the second stage that the second to fifth
pairs of abdominal appendages make their appearance. '

The third stage is preceded by a molt ten to fifteen days after hatching, and now the append-
ages of the last abdominal segment are formed. After the fourth molt (fifth stage) the young
lobster, now 14@™ long, quite closely resembles the adult. It swims more on the bottom. The
tlagella 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 characters. The first pair of swim-
merets are developed in the seventh stage, at the end of which there is a decided difference between

the great claws. -
' It will be seen that the fifth stage in Ryder’s account, artained at the end of the third week,
nearly corresponds with the third larva of Alpheus saulcyi (Fig. 8, Pl. XX1) a8 it appears twenty-four
hours after hatching, but the latter has the more decided adult characters. The young Alpheus
is farther advanced than the lobster at the time of hatching 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
Palamonetes varians are very different, the adults of these two varieties resemble each other very
closely. Much more remarkable is the case of Alpheus heterochelis, even if we regard the Nassan
form as a distinct species, and that of Alpheus saulcyi, 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 adult
characters.

Both the long and short metamorphosis has been attributed to the West Indian shore crab
Gegarcinus. This highly colored crab (Gegarcinus ruricola) is very abundant at Nassau, and from
its exceptionally large egg we may safely infer that the development has here been shortened.
Fritz Miiller (42) has found abbreviated development in the South American crabs, Trichodactylus
and Figlea (*“ mountain crab?”).

* A delicate moulted skin, which is easily overlooked, either comes off with the egg moembranes at the time of
hatching or is shed shortly after, as my own observations have clearly shown.

.
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The habits of the hermit crabs, though secondarily acqunired in comparatively recent times,
have had no tendency to shorten the larval period. This is also true of the Pinnotheres. Simi-
larly the commensalism of such forms as Pontonia domestica, which lives in the mantle cavity of
several species of Pinna, has in no way affected its development.

IV.—THE ADULT.

The Alpheus whose development has just been traced was provisionally named Alpheus pre-
cox (22), in allusion to its greatly accelerated metamorphosis. It has since 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 spine) of the
antenna is represented as continuous throughout its length with the scale, and the carpus of the
second pair of thoracic legs as divided into three segments. The segmentation of the carpus of this
appendage is one of the most constant of specitic characters. If these figures are accurately
drawn, the two forms in question are certainly not specifically identical ; but though not at first able
to satisfy myself on this point, or to decide from the short and imperfect description, it seemed
best after further study to adopt Guérin’s name.

The systematic zoology of the genus Alpheus is in a very unsatisfactory state, and in the
absence of adequate and well executed drawings, and too often with only vague or general descrip-
tions, the attempt to identify the less known species is apt to be attended with most doubtful
success.

It is now necessary to complete the account of the metamorphosis of this Alpheus by giving
a description of the adult form. The Alpheus saulcyi resident in certain green sponges found on
the Bahama reefs is regarded as the typical form of this species.

~ 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 sui-
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.

Length: Smallest found in green sponges, 9.5m™, & ; largest, 42™m, 9 ; average length, 25 to
30==, Females 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 claw vermillion above, fading out
towards proximal half, and nearly colorless below. On upper face of zlaw a transverse.colorless
band is often seen. Small chela often tinged with red, also the terminal segment of the third pair
of maxillipeds. Body, pale, translucent, with scattered cells of reddish or yellow pigment, subject
to quantitative variation, and visible to the naked eye on close inspection or by aid of a lens.

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

In one or two instances a pair of 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 female golden yellow. Length of ¢ ,33um,
Number of eggs attached to abdomen, 347. The male in this case also, after a moult,was apparently
colorless, contrary to the rule that upon molting the colors are enhanced.

The carapace is smooth, translucent, and, like the abdomen, takes on more or less the hue of
the yellow or green ovaries. It ends anteriorly in a trident, formed by the median rostrum and
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ocular spines. The rostrum is8 short, subacute, broader at base than long, feebly convex avove,
without creat. The orbital spines are separated from the rostrum by a shallow superficial groove,
and the marginal notch on each side has a regular \/-shaped outline. Length of spines and width
of notch are slightly variable.

The lateral compression of carapax is not marked. Frontal angle (angle made by middle line
above and below rostrum, greater in ¢ than'in &. In some females with the carapace bulged out
by the ovaries the angle is as great a8 456°. In males without couspicuous *forehead” frontal
angle, 10°. :

The telson ends bluntly. 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 either side the middle
line, and two (or more) separate spines upon either side further forward. There ls a wide and
shallow median depression.

The compound eyes are conspicuous, owing to their dark pigment and the transparency of the
carapace, and in the largest adults they show no traces of degeneracy. There is a permanent
ocellus (Pl. xx11, Fig. 18), which occupies the same position aud has the same characters as at birth.
1t consists of a pigmented body embedded in a short median papilla, situated below the compound
eyes and between the bases of the antennules.

The antennules (Fig. 4, PL xx111) cornsist of a three-jointed stem or protopodite, an exopodite,

"and endopodite. The first segment of the stem is largest dnd bears an external spine (aural spine);
which protects the anditory sac. The latter is large and conspicuous in this genus. It usually
contains some pigment cells and grains of sand. Second segment about half as long as first;
third, four-fifths as long as second. Endopodite one and one-half times the length of stalk, slender.
Exopodite compound, a slender flagellum branching from near the end of the stouter proximal
portion. On the under side of the latter the seusory filaments (olfactory setwx) are borne, distrib-
uted in seven to ten bunches of two to three in a bunch.

The antenna (Fig. 8, Pl. xx111) are cbmposed of three parts—a basal portion (protopodite),
which carries a squamous spine (exopodite), and on its inner and lower side a long three-jointed
stem, which bears a flagellum (endopodite).

The protopodite consists of a proximal segment (coxopodite) and a larger distal one (hasipo-
dite). A prominent papilliform process is seen on the inner side of the coxopodite at its point of
junction with the basipodite. Upon it the duct of the green gland probably opens to the exterior.
The basipodite is continued into a prominent spine below and into one or more rudimentary spurs
above. To it is articulated a long, stout, scale-bearing spine. The scale plate, usually shorter
than the spine and attached to it for less than half its length, is fringed on its inner free edge with.
plumose sete. The antennal stem or peduncle consists of two short proximal segments and a long
distal one, which carries the multarticulate flagellam. The latter is often hairy, and is two to
three times the length of the peduncle. The relative lengths of the different parts for an average
specimen is shown in Fig. 8, PL. xx111, and in Pl. 1v.

The mandibles (Fig. 3, Pl. xx111) are strongly bifurcate, as is characteristic of the genus. The
larger division is finely tuberculated, 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 bairy.

The first ma.xﬂla (Pl xx1v, Fig. 7) consists of three divisions—a smaller branch (endopodite),
a larger branch (basipodite), divided at the apex and terminated by 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 macxilla (Pl. xx1v, Fig. 9) is composed of three portions. (1) The long respiratory
plate; the ¢“bailer” or scaphognathite, fringed with a row of set@. (2) An outer and lobulated
division (coxopodite and basipodite), the inner edge of which are closely set with bristles, and (3)
a median rudimentary endopodite.

The first pair of maxillipeds (Fig. 7, Pl. xx111) are made up of a long, strap-shaped exopodi
with jointed set® at the extremity and a small setigerous plate at its base; a small, two-jointed
endopodite, protopodite, and epipodite. The protopodite is divided by a fissure into two lobes, a
larger (basipodite), with dense rows of bristles on its maxillary sarface, 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 of the
first pair. The endopodite is incurved, and segmented into at least four parts. The dactylopo-
dite or terminal segment is the longest, and is thickly stadded with serrate bristles and sete.
There is a small oval epipodite.

The third pair of maxillipeds (Fig. 5) consist of a basal piece (coxopodite) and a long two- .

branched appendage. The large branch consists of three distinct 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 of the first segment,
and is about equal to it in length. The lower surface of the two terminal joints is covered by
numerous transverse rows of serrated bristles, and the end of this appendago is armed with several
spines.

The first pair of pereiopods or walking legs bear the great chele (“hands” or ‘“shears”).
The chel® are very unequal. Large claw (relatively larger in 4 ) 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 end of pruning knife, its concave inner
margin and tooth-like point shutting 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. It is
bounded by a rectangular process above and a less prominent one below. Tips of fingers barely
overlapping. Dactyle sometimes overreaches propodus. Thumb (or extremity of propodus from
joint of dactyle) one-third to one-half length *‘palmer portion” of propodus. Dactyle works some-
what obliquely. Tips of fingers simple. Propodus sometimes hooked. .

Small claw (Fig. 3, Pl. Xxx1V) usually carried bent downward. Fingers nearly equal; three-
fourths as long as palmer portion of hand; bent slightly downward and outward; propodus sub-
cylindrical ; half as broad as long; tip simple or slightly Lifid. Small bunches of set® on fingers.

Second pair of pereiopods (Fig. 1, Pl xx1ir): The characters of this appendage appear to
be remarkably constant and of considerable specific value. They end in a small claw, the
tingers of which are provided with bunches of long hairs. Carpus superficially constricted into
five rings or segments. First or proximnal segment nearly equal to 2+43+44+5.- Second, third,
aud fourth of nearly equal length; fifth equals 24-3.

The third, fourth (Fig. 2, Pl. xx111), and fifth pairs (Fig. 1, Pl. xx1V) of walking legs are similar
to each other, the fifth pair being shortest. Each ends in a short, horny dactyle which is bifid at
apex, the primary claw bearing a smaller secondary tooth at base. Propodus little shorter than
meros in the fifth pair, and carries numerous bunches of short set® on its under side. There are
also found in this region of the propodus four to six stout appressed spurs.

The first pair of pleopods is specially differentiated in the sexes, and forms one of the most
convenient marks of distinction. The first abdominal limb of the male is shown in Fig. 4, Pl
XXxIV, and the corresponding appendage of the female in Fig. 5, and the typical appendage in Fig.
6. In the unmodified limb the protopodite carries as usual the two branches—endopodite and
exopodite—each fringed with long setzz. The endopodite is a little longer than its fellow and
bears a rudimentary secondary branch, 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 branch a small rudiment. In the female (Fig. 5) the modification has not proceeded so far.
The endopodite is here the shorter and has no secondary branch. In the very young forms
(first larvee) these appendages appear to be nearly alike in both sexes (Pl xx1, Fig. 5).

The uropods or sixth pair of pleopods hardly require special notice (Pl. 1v). The endopodite,
much the smaller division, is an oval plate, and on its upper side there is a roughened median
ridge. The free edges of the plates are fringed with long and closely set plumose setee. ~

V.—VARIATIONS FROM THE SPECIFIO TYPE.

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

(1) Variety Longicarpus: This is the widest departure from the first form or type and is very
commonly met with in the brown sponges already noticed. Probably more than 90 per cent of the
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individuals found in them belong to this variety. The color variatious of this form have already
been given in section 1.

The rostrum is sometimes wanting, as in the individual from which Fig. 11, Pl. xXI11, was
drawn. This variation has been noticed in other species and is interesting, since the absence of
the rostrum is a constant character in a closely related series ot forms, which are placed by Daua
in a separate genus (Beteus). These variations indicate that the uniform presence or absence of a
rostrum is a specific and not a generic character, as has already been shown by Kingsley (29).
The structural points of difference between the lomgicarpus and the other form lie chietly in the
antenns and first pair of walking legs. These may be seen by a comparison of Figs. 11, 13, 18,
Pl. xx11, and Fig. 2, Pl. xx1v, with Figs. 4, 8, I’l. xx111, and Fig. 3, L. xxIv.

In the first pair of antenna the aural spine (Fig. 11, P'l. xx11) i8 scarcely more than balf the
length of the first segment of the stem. It is blunt and somgwhat ovate in shape, as seen from
above.

(2) In the other form (var. brevicarpus) the aural spine (Fig. 4, Pl. xx111) has a different 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 outer antenna of the longicarpus is armed with two
spines at its base (Fig. 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 upper surface of the segment bearing the basal spine, near the articulation.

In variety brevicarpus (Fig. 8, Pl. xx111) the squamous spiue is stout and-reaches nearly to the
end of the antennal stalk. There also springs from its inner and proximal margin an elongate
plate or scale, the inner free edge of which is fringed with plumose seta; scale not quite as long
as spine. The inferior basal spine not one-half the length of the squamous spiue. There is a rounded
or pointed tubercle over basal spine near the joint.

The small chela of the first pair of thoracic legs of the longicarpus (Fig. 2, Pl. Xxx1V) is short
and broad. The tinger ends in two or three horny teeth or prongs, which interlock those of the
opposing thuamb. The dactyle bears on its outer surface a tuft of peculiar hairs. The latter are
finely serrate and 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 narrower (Fig. 3, PL xx1v). Tips
of fingers usually simple, but sometimes notched; the peculiar tuft of hairs is wanting. Carpus
relatively short ; about one-third the length of the palm.

The large chela of the longicarpus may also differ noticeably from the brevicarpus type. (Com-
pare Fig. 8, Pl. xx1v with the figures on Pl.1v.) Fig. 8 represents a common form of this append-

age. The propodus is long, cylindrical, slightly twisted, very smooth, and polished ; ends above"

dactyle in a short spine and below in a rndimentary thumb with claw-like tip. Dactyle overreaches
propodus, and its inner margin is not concave, or but slightly so.

These two forws, differing in the particulars just mentioned, would doubtless be considered
as two distinct species if only these facts were known. A prolonged study, however, of a large
namber of individuals, collected both in sponges and from porous rocks on a number of reefs, has
resulted in the discovery of a complete series of intermediate links. These connecting forms sug-
gest a number of important questions relating to the causes and significance of variatidn.

By far the greater number of individuals of this species have the characteristics of the two
varieties just described, but aboutfive per cent of the collection made at different points near Nassau
present intermediate characters.*

More fully stated, the noticeable points of variation are as follows: (1) The relative length of
the antennular stalk and aural spine; (2) the lengths of the antennal spines relative to each
other and to the peduncle of the antenna; the presence 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 rule, in the interior of the green and brown sponges, a few undersized individuals
may be found, by careful 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.

T
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claw. (1) With respect to the first point, we meet with a perfectly graduated series between the
two extremes (Figs. 11, 18, P1. xxi1, Figs. 4, Pl. xx11). (2) The same is true of the relative lengths
of the antennal spines, the scale, and peduncle (Figs. 11, 13, 14, Pl. xx11). In Fig. 11 there is no
evident scale and the spines are nearly equal. In Fig. 14 the spines are markedly unequal, 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 twe or three prongs, or one in two,
the other in three, or the tips of the fingers may be simple or merely notched. The tuft of peculiar
set® on the dactyle may be reduced or wanting. (4) Various stages between the long and short
carpus are observed, and (5) slight variations not easily described are constantly seen in the relative
size, shape, and other characters of the large chela.

These variations are shown in a general way in Table I. (For detailed measurement, v. Table
1I.) The fifteen cases here recorded were selected from upward of seventy-five, in a large number
of which the variable parts were drawn for more careful comparisons.

TABLE I.—S8howing variations in Alphcus saulcyi and the intermediate stages between the varieties
brevicarpus and longicarpus.

: [
No. | Sex. Habitat. ’ Length. Aural spine. Squamous spine.
mm. -
1| & | Green sponge........ 29.7 | Extends } length 2d se Extends nearly to end of antennu-
ment of antennular sta lar stalk
2 9 |-.-.40 ceeaennal.e -] 42 To ¢ l 2d segment. ........ Do.
3 & Brown sponge ceee 9 Jeeeeeedo iiiii el Do.
4| & | Green sponge........ 9.5 |...... do .................. Do.
5| 9 | Rocks; Dix Pt.reef..| 17 t1.2d segment ............. Extell\;‘ia nearly to end of antennal
sta
6 [~ 2 PO 1 R, 10.4 {...... do ..cecueerennn.....| Notnearly to end of antennal stalk.
7 Q weedO oLl 11.6Y 1, of 18t segment........... Do.
8| ¢ Rocks, HogId.reef..| 10 Over 4 1. of 18t segment ....| #1. antenunal stalk.
9| & [....do coeiiiiaao... 10 Nearly to end 1st segment. .| More than # antennal stalk.
10, & Rock?, Green Key 9.5 | §1. lst segment............ Nearly to end antennal stalk. i
reef.
11 4 | Brownsponge....... 17.5 | Nearly to end 1st segment..| } antennal stalk.
121 & |-.cedoeeenai.o... 13 ...... L Y More than § antennal stalk.
13| & | Rocks; Dix Pt. reef.. 9.5 | 4 1st segment......... eees Do.
14 3 Brown 8 ouge ....... 5.5 |.cc--. [ 0 Y, # 1. antennal stalk.
15| Q@ | Reefrocks........... 11 Nearly to end 1st segment. .| # J. antennal stalk.
No.| Inferior basal spine. Squaine or scale. ’2:5 o :hi Flngers of small chela. Remarks.
1| # lengthsquawons | Scale as long as | Short ....| Tipssimple; notuft | Type of var. brevicarpus.
spine. squamous spine. on dactyle.
2 | Lessthan 4l.squa- |....do ............. ...do ...... Tipssimple; no tuft.| v.drawing, Pl 1v.
mous spine.
b 2 Y, [ Scale nearly as|...do...... ceeed0 eeeeeo.......| Claws dull red.
longas squamous
spine,
4....do.............| SBcale somewhat |...do ...... R [, S
shorter than
s(luamous spine. *‘
5 | Nearly } 1. squa- | 8cale not quite ). | Loung...... Tips simple; rudi | Combines characters of
mous spine. squamous spine. mentary tuft. both varieties.
6 {.cccda cenannnnan. Smallandrudimen- |...do ...... Prongs; tuft on
. tary. dactyie
7 | $).8quamous spine.|....do ... eiiaii]iiii e ieeaceiccrceee aas
8 | #1.squamousspine.| Rudiment .........| Short ..... Tipssimple; notuft.| v. Fig. 13, PL. xx11.
e ceeedO ceeoelaaL. Long...... Prongs and tuft....| v. Fig. 14 Pl. xxiu1, (outer
antenme from above).
10 | More than }1. squa- Rudiment (hardly |...do ...... Propodus ends in | Dactyle missing.
mous spine. - vigible). prongs.
B O . Rudiment ........ ...do ...... Prongs and taft....| Claws reddish orange.
12 |eereiieee e No scale...........|...do ...... ceee@0 caeaannnnn...
b & 20 Y Y ; . . codo...... PR, U4 S Type of var. longicarpus.
14 | Nearly as long 88 |....d0 ..veceuveeen.feoodo oeen.. ceee@O ecernnnn... Rostram wanting.
¥Juawous spine.
15 |....do ..... ceeenaes eeeedo LoollLl. ...do ...... ceeelO ciinniaaan., Clawsbnﬁhtblue; dactyle
of small chela extends-
1mm beyond propodus.

S, Mis. 94—25
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In Nost 1 to 4 we find little variation from the brevicarpus form, which we counsider 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 varity longicarpus.

.No. 5 is an interesting case, since it combines the characters of both varieties. The aural
spine is rather blunt and extends to one-third the length of the second segment of the anteualar stalk.
The inferior basal spine is rather less than one-half the length of squamous spine; upper basal spine
a rudimentary knob. The squamous spine has a well-developed squame; nearly equals length
of antennal peduncle. The “finger” and ‘thumb” of small chela end in simple, sharply pointed
hooks. There is an inconspicuous tuft of sete on the dactyle. The carpus is long. (See Table II.)

No. 8 is also an interesting variation. The antenna are intermediate in character, between
the extremes of the table, while the small chela is of the brevicarpus type. There is a rudimentary
antennal scale. The tips of the amall chela are simple. There is no tuft, and the carpus is short.

In No. 9, which is of the same sex, the same length, and from the same locality as No. 8, the
small chela has the characters of the variety longicarpus. Nos. 5 to 12, in the middle of the table,
show in one way or another intermediate characters between the extremes, Nos. 1 to 4 and Nos.
12 to 15.

.

VI~MEASUREMENTS IN MILLIMETERS.

TABLE II

{Locality: Nassau, N. P., Bahama Islanda.]

Rocks:| Rooks: Rocks: Roocks:

Green | Green |y, Brown
HADItAS. oo neeennameeneeeoceieno oot titener ot eeaens |spozge.|sponge. Dﬁ::;‘" Gre]g‘eri‘ oy anleg(ey sponge. Dli;:;"
(L7 S F ? d ? d 4 4 4
Number in Table I...ccccccecicercccncccceccccancneiccnccens 2 1 10 []
Length (tip of rostrum to end of telson). 42 29.7 | 16
Length of carapax, including rostrum. 15 11 7
Greatest width of carapax........ 11 ... 4
Greatest depth of body........coocieaaanaaaaaL. 1 ... 4
Distance between ocular spines........coc....... 24| L7 |......
Breadth of second abdominal somite.............. 15 feeeoofeeeen.
Depth of abdomen (with ova)..... e ceecennees PO b - I R Cr T
Length of terga of abdominal somites in median
line: .

First tergum ....cccecceaccaconncnaccncnans

Second .......cccceeanan .ee-

Third ......... peeeoneamannaan

Fourth ocaeemoome e et

Fifth.ooeee commnicmae i cceccenaes

31517 (YR
Length of telson . «cecee omacecacceeaamaaaaaoaa.
Breadth of telson at base
Breadth of telson at tip....ccccemeeeenaaaan.. 2 .| 2
Length of antennular stalk ..... teescecescnns caan 6 6.2 2 1.8 1.8 1L9| 3.3
Length of antennular segments : .

IBE vevceecnmcaaccaccacacaces cecccncancnaan. 3 2.2 0.9 0.9 |......... 1 2
Second -...iveamiicncecieaenns et conenonnns 2 2 PR (O PR PO I
Third coveeeenmcacecaecenaencacacaacacaonenn. 1 | S O PR P

Breadth of first antennular segment.............. b D N D S O PR P .
Length of antennular or aural spine.............. 4 37| 1 0.7 0.7| 0.7 2.3
Width of same at base............ccoeeniaaaae ) ) P P
Length of exopodite of antennule................ 6 LA P b2 PP 1.8 ......
Length of endopodite of antennule............... 9 100 |...... 3 feeennne.. 2.7 |......
Length of antennal stalk. .. ......c....o...o ...l 6.5 55...... 1.5 1.5( L.5| 2.8
Length of long segment of 8ame . ................ 4.6 4.7 1.6 |eeeeemoi]iemn il oiaei]iaee
Greatest width of long segment.......... ot vaeune ) U I 1 PRI PRI Pl [ M
Length of squamous 8pine.......cococccceaeanaan. 4.7 4 1.4 1 .21 09| 2.1
Length of “squame”...... . caceenmancnencncnnna. 5 R PSR P 0.1 |...... 1.9
Width of spine and scale at base.......ceeea-.... | T S P O o A e P
Length of inferior basal 8pine....c..ccaceaaa.o.. 22| 2 0.9 0.8 0.7 0.8 ......
Length of superior basal 8pur.....cececeeeaeenacl 0.3 1 0.2 [ oo ool
.| Width of basal segment... ... ccocieeniiaan ... R s LpAu o )
Length of same to articulation of squamous spine.| 2.0 |......f. o . fcceeioaiifommeaaa]o oo

Leungth of flagellum .......ccccvecearieananaoa..| 16 15 |...... 34 [eveennnn. 5.8 7

Tew. §
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TABLE 11—Continued.
[Locality : Nassaa, N. P., Bahama Islands. ]

! Rocks:] Rocks: a: :
JHADIAE - oo Green | Green \1y, iyl roen Key Gmkiey Brown 3?: ;,
POREOSPORE Reef. Reef. Reef. sponge. Reef.
LT PSPPSR 9 d Q 4 Q Q Q
Number in Table I...cuu et 2 1 J0 [
Length of propodus of large chela ................ 15 16
Length of aame to spine at base of dactyle........ 11 11
Greatest width of same .......................... 55| 6.1
Greatest depth of same ................ O 4 4.6 |.
Width of samwe at spine, at base of dacty] 4.6 5
Length of ‘ thumk ” of propodas........ 5.2] 6.5
Length of dactyle............ 4 6
Width of same, over tooth ... ... . .............. 3 3
Length of carpus of large cheliped, on upper me-
dianline,.....o ..ol 26| 24| 1
Length of meros of same......................... 55| 53| 3 3
Greatest width of meros of same......... .. ...... 3 2.6 L7 |eeeeeoici]oaannennn. 1.5 |eeene.
Length of propodus of small cheliped............. 6.7| 6 2.2 2 45| 2 |......
Length of game to articulation of dactyle......... 4 31 LS8 1.8 3.4 1.3 ]......
Greatest width of same ................... ... ... 241 2 0.9 0.8 2 1 J......
(Greatest depth of same .......................... ) U5 - 21 TR PO PO 14 eeaci)eannn.
Length of dactyle ofsame ........ccceaoao.. ... 3 3 1 e ) I PR PR
Width of dactyle of same ... ... .......__. 1 () 8 DA PR PRI PRI RO,
Length of carpus of same .............ce... ... | 23| 2 1.9 1.5 0.6| 1 |[......
Length of meros of same. .................. .. .. 5 E S U 2 2 ...
' | Greatest width of meros of same.................. 271 25| 0.8 |cccecciic]aeciiii]ieona]ennnn.
Length of carpus of second pereiopod............. 7 5.5 [.-c--. 1.8 L7 L7]......
Length of first segment of carpns of same ........ 4 |oeeoifeeaaa. 0.8 ceeecacii]eaaaai]eaannn
Length of fifth segment of carpus of same ........ ) I PR 0.6 |-coeenaae]oancei]oacnnn
Length of second, third, and fourth segments of
CArpuB Of BAMO. e tiemanieeaeiaecanceen e 2 «......
Length of propodus of same...................... 2.2 2
Length of meros of same. .........c.cooao..... 5.1 .....
Length of propodus of third pereiopod ........... 5 4.6
Length of carpus of same.......cecoceaenen.nnn.. 28| 2.7
Length of meros of same. ....c.ceeceeeomeneoo ... 6.2 58
Length of protopodite of third pleopod........... 6 1.9
Width of same. ...ceeveemee it 1.2 L5].
Length of endopodite of same........ ... 8 3.5 .
Greatest breadth of endopodite of same 402 1.6 |.
Length of exopodite of uropod. ....... 58 4
Breadth of same............... . 42 871
Length of endopodite of aropod 5 3.7
Breadth of 8ame......cceceeivaeninennnocnnnaas 35| 29

VIL.—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 individuals which have fluctuated farthest from the mean.

The individuals given in the table were chosen without reference to sex, yet it appears that
nearly two-thirds of the number are males. In examining a larger collection of these aberrant
forms 1 find a still greater percentage of males. There can be little doubt that in those cases the
males are in the excess, although I have not tested this point carefully. It is also evident from
observation and detailed measurements that the average size of these abnormal individuals 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 17.5™™=, which is considerably less than the average for the type.

How far are these variations individualistic and how far are they confined to the race or
species as a whole? In other words, is the individual plastic, departing from the standard of the
species and becoming 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




388 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

are not prepared to answer these questions as fully as we could wish, yet the facts are sufficient
to throw some light upon the subject.

We have abundant evidence that there is considerable fluctaation in the life of the individaal,
as regards the number, color, and shape of pigment cells for instance. In all larve of these prawns
the external antenna have a well developed scale, and it is thus clear that this organ may degenerate
and apparently disappear, to be reconstructed again at a later period. The variety longicarpus (No.
15, Table I) has no ¢ squame,” although it is present in the young (Fig. 7, Pl. xx11), and the cases in
whiclt the organ is seen in various stages of development (Figs. 13, 14, Pl. xx11) support and illus-
trate this conclusion. This, however, i8 not a rule with the species as a whole, as it is in the some-
what analogous case of the loss and subsequent reconstruction of the last two pairs of thoracic
legs in the larve of Stenopus and Sergestes.

The question as to how far the characters which distinguish such forms as Nos. 1 and 15, Table
I, are congenital can only be answered by a careful study of their development. My attention was
not directed 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 peculiarities of the mother, and this is probably trae of such dctails a8 the right and
left handed condition of the large chelipeds. The following examples illustrate this fact: (1) The
adult female in this case has the characters of No. 15, Table I. The antennular or aural spine is
nearly three-fourths the length of the first antennular segment. The aural spine has a correspond-
ing length in the larva of this prawn at the time of hatching. In the adult the fingers of the
small chela end in prongs; there is a tuft of peculiar seta on the dactyle. In the first larva the
fingers of the small chela also end in prongs, and there is a tuft of rudimentary set® on the dac-
tyle. In the adult the carpus of the small cheliped is relatively very long. In the first larva the
carpus of this appendage is about one-third the length of the propodus (relatively a little shorter
than in the adult). Fig. 11, PL. xX11, may be taken to represent the mother (rostrum here wanting),
and Fig. 17 the young. The small chela of the mother is shown in Fig. 2, Pl. xx1v, that of the young
in Fig. 15, PL. xxu. Another case exactly like this was observed, where the embryo was taken
from the abdomen of the female. (2) The adult in this case has the characteristics of No. 2, Table
I (var. brevicarpus) (Pl 1v, Figs. 1,2). The larve are shown in Pl. xx1, Figs. 1,2, 3,8. The aural
spine, at first short, is nearly as long as the first antennular segment when the larva is a week old
(Fig. 10, PL. xx11). In both the parent and young the carpus of the small cheliped is relatively
short. The fingers of the small chela end in simple tips; there is no tuft on the dactyle (see
Fig. 16, Pl. xx1I).

These facts indicate that the young share the peculiarities of the parent, but exactly how far the
individual may depart from this standard in its own life, or how strictly the law of inheritance
applies in all cases, my observations do not warrant a decisive answer. A few experiments could be
easily made upon this Alpheus which would throw light on some inteiesting questions in heredity.
The females with ova are easily obtained; the young are readily hatched and kept alive in glass
dishes until they have reached the adult state.

In this species the change of environment, due to the adoption of life in sponges, has probably
acted as a direct stimulus to variation. These animals tend to vary most along certain definite
lines, as, for instance, the relative lengths of the antenbular segments and aural spine vary much,
while those of the segments of the carpus of the second pair of thoracic legs are practically invari-
able. Homologous parts vary alike, unless specially differentiated in different ways, as in the
chelipeds. There is no diversity of life between males and fewales, and both sexes vary alike, but
aberrant males are probably the more common.

The occurrence of large numbers of individuals showing variations of the same kind, but of
different degree, render it plausible at least that the same variations may occur in a large number
of individuals simultaneously, but 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 which, in the early stages certainly, share in the peculiarities of
the parent. The variety brevicarpus is similarly adapted to its environment and its young resemble
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it. Has natural selection, then, acted so far as to differentiate 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 can
be definitely settled we must determine more precisely how far intermediate or aberrant forins
represent phases of the individual and of the race. It is not probable that we are here dealing
with the hybrids between two originally distinct species.

PART SECOND.
THE DEVELOPMENT OF ALPHEUS.

I. STRUCTURE OF THE LARVA.

(Pl xu1x, Fig. 174. PL L, Fig. 196, Pls. LIv-LVIL)

These studies in the embryology of Alpheus begin with the growth of the ovarian egg and the
early phases of segmentation and extend to the larval and adult periods. In order that the prog-
ress of development may be followed in the light of the structure which the embryo finally attains,
we will start with a geﬂeral survey of the anatomy of the first larva of Alpheus sauleyi. A fuller
description of the histology and histogenesis of the tissues 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 inclosed by the eggshell and of one imme-
diately after hatching is seen in Pl. xxI1, Figs. 1 and 5, and the brief and insignificant metamor-
phosis which is required to provide it with the adult characters are illustrated and described in
a separate paper (Pls. XXI-xX1V).

Most noteworthy are the large, stalked, compound eyes, the segmented abdomen provided
with its full number of appendages, the short, stumpy antenns, and the swollen chel® or pincers
of the first pair of thoracic legs. At this stage this Alpheus is a larva, but in a restricted sense,
since many adult characteristics are present. It is a larva, with preparations for immediately
assuming theadultstate. Some of the larval peculiarities are the spatulate telson, the biramous or
schizopodal pereiopods (first to fourth pair, inclusive), the radimentary pleopods, the nnabsorbed
food yolk, and the uncovered, stalked eyes.

The structural details are now very great, so that it is often impossible to interpret the parts
seen in a single section, and it is only by comparing sections made in different planes that the
relations of the organs can be successfully made out.

In Fig. 196 (Pl L1x) the plane of section is nearly vertical and median throughout, except
for the posterior half of the a3bdomen. The supra-esophageal ganglion, which is usually spoken of as
¢‘the brain”(s.0. g.),is a complex organ, composed of internal, medullary masses ( punktsubstanz balls),
and cellular tissue which completely invests them. It is made up of the fused ganglia of at least
two segments, those of the first and second antenns. This fusion is complete from the early stages
of development, and the relations of the parts are now extremely complex. They are best illus-
trated by a comparison of the series of transverse sections (Pls. LIV, LV, Figs. 211-219) with
those made in a horizontal plane (Pl LviI, Figs. 238-243), and it will be seen that there are four
pairs of fibrous masses in the brain, intimately connected together.

These compact and finely granular masses in the interior of the ganglia of invertebrates were
described by Leydig twenty-five years ago under the name of Punktsubstanz and later by Dietl
(1876) as Marksubstanz. As Krieger remarks, the latter name is bad, since it confuses this tissue
with the spinal marrow of vertebrates, with which it has nothing to do. It is essentially a felt of
very fine fibers. We will therefore speak of it as the Punktsubstanz, or, to use a more descriptive
term, the fibrous substance 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 compact mnass, which is
slightly constricted laterally (Pl. LvII, Fig. 242, of.) and which is divided in front (Pl. LIV, Figs.
210, 211), where it gives off two diverging stems of fibrous tissue (sometimes called optio nerves) to
the optic ganglia in the stalks of the compound eyes (see also Pl. LvII, Fig. 240 of.).
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Next in point of size are a pair of large lateral balls, which appear kidney-shaped in transverse
section (Pl. Lv, Fig. 216,1.1.). Each is virtually segmented at the lower snrface into two lobes (PL
LviI, Fig. 242, 1. f.). These lobes are closely united to each other, and Ly a pedicel or stalk of
fibers to the lower posterior extremity of the anterior, optic mass. A third pair of fibrons masses
(PL. v, 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, ».
au., also Pl. Lv, Figs. 212-214, a. 0., nau.) The nerve of the first pair of autennme consists of
cells and fibers, which pass to a mass of deeply staining cells (a. o.), the ear, and to the tissues of
the antennular stalk. The fourth pair of fibrous masses (P’l. Lv, Figs. 217, 218, gf., also Pl Lv11,
Fig. 243) are intimately associated with the last and with the common bridge of tissue (Pl LV,
Fig. 216, of.) which unites them all. From these arise the fibrous elements of the antennal nerves,
which supply the green gland and the tissues of the appendage (Fig. 216, . ag.). From this
same region (Fig. 218, fo.) the commissures which surround the wsophagus and unite the brain to
the ventral nerve cord also originate (Fig. 220). These commissural bands meet immediately
behind and below the wsophagus, where they fuse (Pl Lv, Figs. 222, oem.) and join the ventral
chain of ganglia. This last consists of the ganglia of the remaining eighteen segments of the
body. Each gauglion is double and is made up of two fibrous balls, united by a transverse
commissure, and of a thick envelope of verve cells. Longitudinal commissures of cells and
nerve fibers unite the successive ganglia, which form a double chain. These relations are well
shown in Fig. 196 and by the horizontal section (Pl. Lv1l, Fig. 243). The first six thoracic ganglia
are very closely crowded together (Fig. 196, g. 4-9) and form what is usually known as the
infra esophageal ganglion (ganglia of mandibles, 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 five pairs of thoracic legs and their segments. The fiber balls of each
ganglion are pear-shaped masses, disposed vertically, with the large end of the pear turned toward
the base of the appendage. The abdominal ganglia are more widely separated and the longitud-
inal commissures are consequently more marked (Fig. 196, g. 15-20; see also the series of trans-
verse sections, Pls. Lv, LvI). The nerves, always difficult to distingnish, owing to the close
similarity of their cells to those of the surrounding ectoderm, are best exemplified in the case of
the antennular and antennal nerves already mentioned.

The relations and course of the fibers, which are very complicated, are partially indicated in
some of the sections. There is a marked transverse commissure of fibers in the anterior half of
the large optic swelling (Fig. 213), and at its posterior extremity, where it fases with the lateral
and antennal masses (PL L1, Fig. 198, gf.).

The optic stalks or lobes, bearing the compound eyes (Pl L1v, Figs. 209, 210, and Pl. LvII,
Figs. 239-242), consist of an irregular series of fibrous masses, in shape of a distorted letter L.
The angle of the letter L is continuous with the fibrous substance of the brain, while its shorter limb
proceeds to the compound eye and its longer forms a large swelling in the upper part of the stalk.
There is a nauplius eye (Pl. L111, Fig. 197; PL L1v, Figs. 209, 210, oc.) borne on a median papilla,
whick projects downward between thé eye stalks. The details of the structure of the eyes are
given in Section IX.

The alimentary tract of the larva is a somewhat complicated structure, and the relations of its
parts are best understood by reference to sections taken in more than one plane. We can recognize
five well-defined portions: the eesophagus, the masticatory stomach, the midgut, the hindgut or
intestine, and the appendages of the midgut. These are shown in a semidiagrammatic way in the
cut (Fig. 2), and the longitadinal section (PI. L111, Fig. 196) and series of transverse and horizontal
sections (Pls. Lv-Lvri) illustrate the structures in more detail.

It is interesting at this poinfgo compare the larva shown in Fig. 196 with the longitadinal
section of an advanced embryo (Pl xLvIIIL, Fig. 168). In both we recognize the foregut, a tabe bent
on itself, consisting of the eesophagns and masticatory stomach (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 (f.,
overlying mg® in Fig. 196) and bebind this the large lumen of the hindgut, which gradunally tapers
into that of the narrow, tubular intestine. Between this fold on the one hand ard the stomach on
the other we find in the embryo an enormous space filled with yolk, which is partially walled in
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with endodermal epithelium near the point where it communicates with the camty of the gut.
This in the larva corresponds to the midgut (Fig. 196, mg.) and its diverticula.

The esophagus (Figs. 196, 218-220) is a straight, vertical tube, with very thick walls, which
are thrown into longitudinal folds. There is an anterior and posterior fold and two lateral ones,
which give to the lumen of the asophagus the shape of the letter X when seen in transverse
section (Pl. LvIi, Figs. 241, 242). The walls of the masticatory stomach resemble those of the
cesophagus, and the folds of the latter are continuous with the valvular stractures 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 pyloric 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), but no gastroliths are found in Alpheus.

The midgut appears in the longitudinal section (Fig. 196, mg.) as a short, restricted cavity.
It is, however, a spacious chamber, as we see by examining a series of sections made in other planes
(Pls. Lv-LvII). It consists of seven parts or divisions: a dorsal, unpaired, median division (mg.
in all the figures), and, opening from this, a pair of anterior lobes (mg.), a pair of posterior (mg.?)
and a pair of ventral lobes (mg.?). All these parts are lined with a peculiar columnar epithelium,
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 formed.
The epithelium of the midgut passes imperceptibly 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
since also the endoderm is formed very gradually 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 pronourced.
Correlated with this distinction is the fact that the foregut is a blind sac and completely cut oft
from communication with the yolk uutil very late in embryonic life (Pl. xLvII, Fig. 168). The
anterior lobes contain the remnant of unabsorbed yolk (Figs. 218, 237, y.), and in cases where the
lining epithelinm is unformed, the food yolk is in contact with the brain. These lobes 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 anterior dorsal wall of the body. In a very late
embryo which is about ready to hatch 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 diverticula are devoid of epithelium, so
that the endoderm extends itself most rapidly forwa.rd on the dorsal median line, and thence spreads
to the ventral floor.

The posterior lobes (mg.?) are the first to develop (see Pl L1, Fig. 185, mg.%). They lie to one side
of and below the hindgut (Pl. LvI, Figs. 226-230, mg°., g9."*). Up to this stage their position is never
dorsal to other parts of the digestive tract. It isfrom these lobes that the gastric gland or so-called
¢liver” arises. Each lobe is simple until a short time before the embryo hatches, but in the newly
born larva it is divided into three lobules. This division is effected in this manner: The lower
median part of the primary lobe (Fig. 228, gg.') is constricted off by the growth of a fold from the
side next to the hindgnt, downwards and outwards, to form a secondary lobule (gg9.?). 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 midgut to the unpaired central portion is best
shown in a horizontal section (Figs. 236-238). It seems quite probable that a part of the epithelial
lining belonging to the enlarged section of the hindgut is endodermal in its origin, but Just how
much it is impossible to say.

The ventral lobes (Fig. 224, mg.%) are ventro-lateral diverticula from the central portion of the
midgut and are completely lined with colamnar epitheliam.

An examination of the structure of a young Alpheus of this species, ten days old, throws much
light on the anatomy of the larva just considered. The alimentary tract has at this time essen-.
tially its adult structure. The gastric glands open into it by short ducts at a point just behind
the masticatory stomach. They consist of three pairs of lobes or ceca. One pair, corresponding
to the posterior division of the midgut (Fig. 226, mg.?), is imperfectly divided into threc lobules,
as in the early larva. They extend backward, below and to one side of the gut. The two remaining



MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

ward on either side of the masticatory stomach to a point about on a level with the
y segment. The ventral is the larger and looger of these, and two lobules are con-
om it near its extremity. They correspoud to the veutral lobes of the midgut (mg?
The dorsal pair represent the anterior lobhes (1mg.'), which are now entirely withdrawn
| region, and naturally contain no foud yolk. The gastric ceea are all fillod with a
id which stains feebly in carmine. The gastric’epithelium for a short distance behind
re glands communicate with the stbmach has marked histological peculiarities. The
bent surface is increased by folds which nearly obscure the lumen of the tabe. The
mar and resemble the glandular cells of the liver and probably have the same origin
In the masticatory stomach there is a strainer of hairs developed on the ventral
alls which are greatly thickened, as we saw in the larva. The dorsal wall is thin,
large valvular fold on the ventral side.
1lar system of the adult is already outlined in the larva in all its essential character-
alls of the blood vessels are exceedingly delicate, so that it is not easy to ascertain
.ion by means of sections alone. The heart (Pl. L111, Fig, 196, H.) is a short tubular
ened between the dorsal body wall and the enlarged section of the hind gut. It is
the pericardial sinus (p. 8.) to the body wall and surrounding organs by means of
nective tissue (al@-cordis). The walls of the heart are quite thin, and its cavity is
led into three compartments by the growth downward from its roof of two sheets of
is (Pl. Lvi, Fig. 231, and Pl L1, Fig. 186).
veral arteries which lead from the heart, three, and possibly five, can be distinguished.
e heart is continuous with the large superior abdominal artery, which traverses the
e to the dorsal wall of the intestine (Figs. 196, 232, 235, a. 8. a.). Near its origin
t, the sternal artery (Fig. 196 shows a trace of this vessel between ganglia 12 and 13,
r.) is given off, and passes directly downward to the ventral nervous system, which it
a point between the third and fourth thoracic ganglia. This is continued backward
vous system and forms the inferior abdominal artery (Figs. 229-234, a. . a.) Anteri-
gives off the unpaired ophthalmic artery (Figs. 196, 215-229, op, a. op.), which runs for-
gion of the eyes and brain. It is not an ophthalmic artery, strictly speaking, bat from
lies arterial blood to the brain aud anterior cephalic region generally. In Figs. 215,
cut in partial longitudinal section, where it evidently communicates with the blood
ding this part of the brain. The antennal arteries can not be clearly distinguished
1t in a much earlier stage trains of cells are seen at the surface of the egg passing
her side of the middle line toward the eye stalks, which possibly represent the anten-

he sinuses already mentioned, there is a large sternal sinus (Fig. 196, sts. 8.). This
xtensive space between the thoracic ganglia and the alimentary tract and ¢ liver,”
ther similar spaces, is more or less completely filled with sernm and blood corpuscles.
3 of gills are present at this stage. They are developed from simple pouches or folds
o the bases of the thoracic appendages (Figs. 193, 230-233, br >5). The outer sur-
imary fold soon becomes divided into a number of secondary folds or gill plates, and
ich has moulted twice and is twenty-four hours old, the branchia has the structure
195. The adult gill is precisely similar to this, except that it has a greater number of
re definite branchial vessels. In the early larval stages the skin and especially the
tes (Fig. 193, bg.) probably serve as important respiratory organs.

t to its muscular system the first larva appears to differ but little from the adault,
1 extensor muscles of the abdomen are most prominent (Fig. 196, mu. f., mu. e.). The
8 of a double rope of fipers, fuse 1 completely together and very much twisted. They
she sides of the thorax to the terminal telson (Fig. 227-235, mw. f.). The extensor
1) are smaller, but otherwise similar to the latter, both in origin and extent. They
3 the sides of the digestive tract. Their attachment to the carapace is shown in

most prominent muscles are the adductors of the mandibles and great chele. The
8 uf a large band of fibers which pass from one side of the body to the other directly
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over the nervous system (Fig. 221, ad. m.). Closely associated with it are the muscles of the
maxille. The large flat tendor to which the adductor muscle of the forceps is attached, is well
developed at the timne of hatching. It isformed by the infolding of a sheet of ectoderm cells ut the
point of articulation of the fingers of the claws, and in a plane at right angles to their plane of action.
The outer ends of the cells of this infolded sheet now oppose each other and secrete the chitinous
tendon, while to their morphologically ¢rnner ends the muscle fibers are attached.

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

The green gland (Pl rLim, Fig. 198, ag.) at the base of the second antenna is a well-defined
structure. It consists of a blind tube, which passes up close to the brain as far as the anterior saés
of the midgut, and of a solid, disc, 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 outer wall is applied the
solid nodular body. Neither at this stage nor at any previous one have I been able to detect an
opening to the exterior.

In the adult the tubular 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. Itsurrounds the brain
and esophagus 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. Its function is plainly different
from that of the epithelinm which forms the wall of the tube and to which the secretive product of
the gland is due.

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

With this sketch of the structure 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 of the larval
and adult forms.

IL—THE ORIGIN OF OVARIAN EGGS IN ALPHEUS, HOMARUS, AND PALINURUS.

(a) Alpheus.—The ovaries of Alpheus are paired cylindrical bodies which extend between the
alimentary tract and dorsal blood vessels, from just behind the eyes to the end of the third or
fourth abdominal somite. Owing to the transparency of the skin in this species (A. saulcyi) they
are extremely conspicuous, giving to the female an intense green or yellow hue, according to the
color of the egg (Pl. 1v). The oviducts open in the usual way by means of a slit-like valve on the
basal joint of the third pereiopods.

In PL xxvI, Fig. 11, the condition of the adult ovary is shown, as it appears two or three days
after the eggs then carriéd on the abdominal appendages had been laid. The ovarian ova are
ripe by the time the young are ready to leave the shell, and the new ova are laid in a few hours
after the hatching of the larval bréod. Thus there is a constant succession of young, and females
are not commonly found without either 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 (Fig. 11). It is essentially a sac lined with ger-
minal epithelium. The external layer of the sac (0. W.) is muscular and contains numerous nuclei.
Between the epithelinum and fibrous coat there is a wide space filled with blood. This may be
unnaturally large in the preparation owing to the disturbing effects of the reagents employed,
but it is not wholly abnormal. The germinal epltbehum consists, for the most part, of a single
layer of large cubical cells. The nuclei are large and granular, and the cell outlines are often
distinct. The function of these epithelial cells is twofold: (1) They give rise to ova; (2) They
form the epithelinm of the egg follicle.

There is no germogen or polynuclear mass of protoplasmn from which the ova are de\'eloped
but the eggs appear to originate directly from epithelial cells. The new eggs begin to develop,
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while the ovarian lobe is yet crowded with ripe ova ready to be laid, on the ovarian wall next the
middle line of the body. The process seems to be as follows: The nuclei of the cells of the ger-
minal epithelium increase in size along a certain tract. The cells grow rapidly and are slowly
dehisced or pressed into the cavity of the sac. Each is surrounded by a coat of follicle cells.
This is formed Ly the ingrowth of the germinal epithelium 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 (e¢) no larger than the epithelial cell, and the maturer egg (¢') every stage can be
traced. The yolk appears very early as a fine granular deposit in the protoplasm of the cell.

In this species the development is nearly direct, there being no zoiéial atage, and the egg
contains more than nine times as much yolk as the egg of Alpheus minus, in which the first larva
is a zoéa-like form. The materials for the yolk must be derived directly from the blood, and in this
form the germinal epithelium is bathed with the blood current. Where there is an enormous food
yolk blood must be supplied to the developing ova in more than the usoal quauntity. This is often
accomplished by reéntrant blood sinuses which penetrate all parts of the ovarian stroma, as in
the lobster (Homarus) and in the cephalopods, which are precocious in development and conse-
quently deposit a great store of yolk in the egg. In the latter the follicular epithelinm is folded
in a remarkable manner about the egg to increase its nutritive surface.

The germinal vesicle (Fig. 11, G. V.) is filled with coarse chromatin grains, and in the early
phases grows relatively faster than the rest of the egg. In the egg, (e,' to the left) which is 33 inch
in diameter, the diameter of the germinal vesicle i8 one-half that of the entire egg. The chromatin
. grains increase in size until there are formed, as in an egg like the last, 8six or more large masses
of chromatin, or nucleoli. The older eggs are spherical ; their food yolk is often vacuolated, as in
later stages, and they are invested by a single membrane, the chorion, which is a chitenous secre-
tion of the follicular cells.

In the ripe ovary of this Alpheus the mature eggs fill the ovarian sac, except at the lower
portion next the middle line, where, as already stated, the young ova first make their appearance.
These mature eggs are closely crowded and irregular in shape, and their balk greatly distends the
body of the prawn. The chorion is now fully formed and closely invests the vitellus. The yolk
is in the form of spherules, usually fused and always vacuolated in preparations which have been
subjected to alcohol and turpentine. In the ripe egg the nucleus was not seen, but it is quite
probable that careful sectioning would show that it lay at the surface, as is the case with the ripe
ovarian egg of the lobster, which is often left in the ovary, after the bulk of the eggs are laid.
We thus conclude 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.

(b) The Lobster (Homarus americanus).—The ovaries of the lobster consist of two lobes or rods
of 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, which is a felt of muscle and connective tissue fibers with very small
nuclei, and of a loose framework of germinal epithelium, which penetrates all parts of the lobe.
The latter is a syncytinm and consists of a matrix in which great numbers of small nuclei are
embedded. These nuclei, with sarrounding protoplasm, give rise (1) to ova and (2) to cells of the
egg follicle.

The growth of the ovarian egg from the epithelial nucleus is illustrated in Pl. xxv, Figs. 3, 6.
Fig. 6 is from a section through the posterior end of an ovarian lobe of a lobster obtained from the
Baltimore markets in January. Fig. 3 shows the central portion of 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. Tle germogens, the centers of dispersion of new eggs, lie nearly
in the long axis of the lobe. We can therefore trace in a single good section at this stage the de-
velopment of the egg throngh every stage, from the indifferent nuclei of the ovarian stromna to the
large peripheral ova. The ovary is suppliedewith blood by means of sinuses which penetrate to
all its parts (Bl 8.). The sinuses are definite reéntrant channels with thin membranous walls.

The ovarian tissue (Ct. S.) consists of a fibrous matrix in which numerous oval granular nuclei
are embedded. The process of the conversion of the epithelial cells into eggs is shown in Fig. 3.
The epithelial nucleus (O, 0?) swells out, becomes spherical, and its chromatin has the charac-
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teristic granular appearance.of the germinal vesicle of the young egg. The first trace of the yolk
(0% 0%, 0% appears in the outer granular layer which surrounds the germinal vesicle. This layer
represents primarily the cell protoplasm, in which the yolk is formed. The cell takes on a definite
shape and is very early invested with a follicular coat (F. C.). In an egg a little older (O7) the
nucleolus has appeared, and in still older eggs (Fig. 6, O, O!) a delicate chorion (Ch.) can lLe
seen. This is secreted by the cells of the follicular envelope (F. C.). The growing eggs pass out
from the central to the peripheral parts of the lobe ir the sheets of stroma between the blood
sinuses. Distinct yolk spherules are very early seen (O7) and are of uniform size, but in maturer
eggs (Fig. 6, O, O') the germinal vesicle is sometimes surrounded by a central layer of small
spherules and a peripheral layer of larger ones. The germital vesicle is centrally situated and
always contains a single excentric nucleolus, besides stellate masses in the chromatin reticulumn.*

(¢) The Spiny Lobster (Palinurus).—In the spiny or rock lobster from the Bahamas the ova
originate exactly as in Homarus, and the structure of the ovary is essentially the same. There
are several nucleoli, as in Alpheus. The ovary is not nearly so richly supplied with blood sinuses
as in the cases just considered. This is perhaps correlated with the fact that the amount of yolk

* Since the above account was written I have been able to study the structurs of the ovary more thoroughly,
and the subjoined notes ‘are largely extracted from a preliminary notice 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 lumen of the
ovarian lobes. The lobe or tube itsclf consists of the proper ovarian tissue and the outer muscular wall, which is
very thick, The stroma is characterized by the presence of gland-like structures, blood sinuses, and immatnre ova.
The glands are in close relation with the growing eggs. They are plaited or folded structures, and consist of a single
layer of colamnar cells, the boundaries of which are indistinct. The lumen of the fold usually contains a granular
residue, but often yolk and degenerating nuclei. It seems possible that these structures are comparable to yolk
glands, and that their function is to supply the growing ova at this stage with a part of their massive food yolk.
Three days after the extrusion of the eggs the glandular creca have much thicker walls; the rapidly dividing cells
are smaller, and their nuclei lie at varions levels. In another ovary of about the same age the glands are relatively
very large. - The columnar cells are greatly elongated, their nuclei lie at the deeper or outer ends of the cells, and
the lumen of the gland is often completely obscured. The gland forms a kind of egg tube, abutting upon and partly
inclosing the growing egg. The columnar cells stop short at the sidesof the egg, so that the glandular cecum resem-
bles a narrow bag with an egg pushed into its mouth. The glandular cells are directly continuous with those of the
follicle. The axial portion of this ovarian lobe is composed of hollow spaces, blood sinuses, and loose stroma, in
which very young eggs occur. Degenerating cells occur not only in the stroma, but probably in the developing ova
also. In Peripatus Nove Zealandie the yolk is described by Lilian Sheldon as arising not only from tho egg proto-
plasm, but also from the follicle cells (57).

When ten to fifteen days have olapsed after egg-laying (eggs in egg-nauplius stage), the gland-like bodies
bave almost wholly disappeared. The walls of the cmca are shrunken and crumpled, and the latter have been
crowded to the extreme periphery of the ovary. The ovary now contains a solid core of immatnre eggs, stroma, and

sbloodvessels. This is continuous with radial sheets of similar tissne which extend from the center toward the pe-
riphery. The outer and more mature massos of ova are thus divided into more or less continuous, longitudinal bands.

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 Angust 21 ; egg embryos in a late 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 last.
1t is now about eleven months since the eggs were laid, yet the diameter of the largest ovarian ova is only about one-
half that of the mature eggs. The ovarian wall is thinner than in previous stages, and in the axis of the lobe there

" are still sheets of very small, immature ova.

It seems that the bodies which have been described as probable yolk glands are present in the peripheral
parts of the ovaries only dnring the limited period of from two to three weeks after the eggs are laid, and when the
organs are recovering from the changes which follow this event. Their structure is quite unlike that of bloodvessels
or sinnses with which they are intricately associated, and their relation to the growing eggs seems to imply that
they have some function to perform in the nourishment of the peripheral ova. Their short existence, on the other
hand, might lead us to suspect that they were more or less rudimentary structures, or that they were noncerned with
the secretion of the gluey substance with which the eggs are eoated at the time they are laid. Their trne function,
however, remains to be determined. '

Ovaries which I have examined, taken in summer (July) from lobsters ( ¢ paper shells” ) which have recently
moulted and which do not carry eggs, present very thin walls, and the largest ovum measures in diameter about one-
half that of the mature egg. These lobsters have probably hatched a brood the present season and have afterwards
moulted. (Compare the ovary of the lobster taken June 30 above.)

Some allowance is to be made for individual difference, but the slow growth of the ovarian egg, which we
bave traced from the summer when eggs were laid to tie following snmmer when these eggs were hatched, 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
Nassau, Palinurus begins to spawn in June.

(d) Comparison.—Ishikawa describes very fally the ovaries and ovigenesis of the prawn At-
yephyra compressa and coucludes that the ovum “originates from the iuner lining of the ovary and
is at the beginning a cell with a nucleus and one, two, or rarely three nacleoli.’ The mature egg,
according to this observer, has two membranes, one of which is due to the ¢ hardening of the
peripheral 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 seems to be an error here in regard to the origin of the chorion. In the Decapod Crus-
tacea it is the rule that the choriou it secreted gradually during the growth of the egg by the cells
of the egg follicle. The large glandular cells found in the oviducts of Atyephyra poseibly secrete
the viscid fluid by which the eggs are attached to the swimmerets, yet this point needs comfir-
mation.

'The chorion was found in the ovariafi egg of Paguras by Mayer (39), who says:

Das Eierstocksei von Pagurus ist in der ersten Zeit seines Bestehens eine echte Zelle mit Protoplasma, Kern und
Kern-Korperchen. Spiiter fildet eine Einlagerang von Deutoplasma und die Bildung einer Hiille aus Chitin statt.
Eudlich wird der Kern unsichtbar; das Ei stellt dann eine Cytode vor. '

Das fertige Ei verlisst den Leib des Krebses ohne Kern und mit einer Hiille versehen.

This description answers for Alpheus in all essential points.

The ripe egg of the crayfish (Astacus fluviatilis) is inclosed by a single envelope, the chorion.
According to Ludwig and Waldeyer it i3 not known whether this is a product of the egg or of the
follicle cells. Huxley (26) merely states that ¢ a structureless vitelline membrane is formed between
the vitellus and the cells which line the ovisac.” The ovisacs burst and the ova pass through the
ovary into the oviduct. When laid, the eggs ¢ are invested by a viscous, transparent substance
which attaches them to the swimnmerets of the femnale and then sets.” Here as in other forms the
chorion is clearly the secretion product of the ovisac. .

In Cranyon vulgaris Kingsley (31) finds that the late ovarian ova resemble the newly laid
eggs. There is a thin structureless envelope (chorion), but no trace of an inner vitellive membrane.

Ludwig’s general statement that the egg cells of ail Arthropods are surrounded by a vitelline
membrane (Dotterhaut), the product of the egg itself, is certainly erroneous. He divides the egg
membranes into primary egg membranes, those which are derived from the protoplasm of the egg
itself or from its follicle cells, and secondary egg membranes, those formed by the wall of the oviduct
or otherwise. Balfour, following Van Beneden, restricts the term vitelline membrane to structures
derived from the protoplasm of the ovum, and chorion to those formed by the cells of the follicle
or oviduct. In the category of secondary structures would fall also those secreted by special
glands, found, according to Ludwig, in Trombidium, Chilopoda, and nearly all Crustacea, and the*
winter eggs of Daphnia and Tardigrada, which is due to a moult or direct separation of epithelinm
from the body of the mother. '

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

Nous entendons la membrane vitelline dans le sens ot M. Claparéde I'a si nettement détinie dans son travail sar.
les vers Nématodes: C’est la couche externe du protoplasma de l'@uf, qui, ayant acquis une deusité plus grande que
1a masse sous-jacente, se sépare de celle-ci par un contour net et tranché. Elle est & Peuf ce que 1a membraue cellu-
laire est & la cellule ; elle se forme de la méme manidre.

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 closely with
what takes place in Alpheus and Homarus." According to Van Beneden and Bessels (60) the
young ova are at first protoplasmic cells, the nucleus of which becomes the germinal vesicle. The
ovarian egg is a cell without a membrane, and in the cell protoplasm refringent vesicles are devel-
oped which form the yolk elements. According to these authors 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 vesicle, and, secondly, of nutritive yolk elemernts (called by
them deutoplasm because of secondary origin), which are also suspended in the protoplasm of the

egg.
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In iasects 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 secreted in the oviduct,

There is no simple rule to express the appearance of egg membranes in a diversified group
like the Arthropods, and, considering that these structures are purely secondary to the cell and
expensive products however formed, this is what we should expect. Their function is cliefly pro-
tective, and where a chorion is present in the ovary a yolk membrane is not developed, but the
latter is present, as in spiders, when the shell is a later product. Erdl (15) describes three egg-
membranes for the lobster, but it is clear, as Mayer has already shown, that the inner, delicate
membrane which has been described for the decapod egg, is a secretion product of the blastoderm.

III. SEGMENTATION OF THE EGG OF ALPHEUS MINUS.

In the small green Alpheus of the southern coast we have a peculiar modification of the usual
process of segmentation, which seems to be’anomalous.

The fertile egg is pervaded with .a remarkably fine reticulum, which incloses yolk spherules
of minute and uniform size. The nucleus is central, or nearly so,* and counsists of an ill-defined
mass of protoplasm, in which a fine chromatin network is suspended. In the next phase (Pl. xxvi,
Fig. 14) the nucleus is elongated and about to divide. Division appears to be direct and irregular.
* At a somewhat later stage the phenomena of the most interest occur (Figs. 12,13). Each product
of the first nucleus has developed a swarm of nuclear bodies (S. 8.), which seem to arise by fragmen-
tation. These bodies take the form of spherical nuclei in clear masses of protoplasm. The yolk
frequently has a tendency to segment about the nuclear masses, in the same way that it divides
about a single nucleus to form & yolk pyramid. This yolk segmentation seems to be normal; but
it is very irregular. In oue case there were two large segments, which nearly divided the egg in
two, besides several smaller ones. Nuclear matter consists either of small particles or of indefi-
nite reticulated masses, resembling the first nucleus (Iig. 14). Clear areas are sometimes found
with nuclei which appear to be breaking down. About eight nuclear swarms or clusters are present
in the stage shown in Figs. 12, 13. The nuclei vary in size from refringent particles to bodies of
ordinary nuclear appearance.

Figs. 25 and 26 represent two sections of one of the clear areas in the same egg from which
Fig. 12 was drawn. This clear field has several degenerating nuclei near its border. The largest
one (8. C.) is included in both sections. A small chromatin mass with indistinct body lies next
it (8. C.?), and other similar bodies occur in different sections. The cell S. C. cantains two chro-
matin balls, and in Fig. 26 (the next section but one in the series) this body appears to be dis-
charging through its broken-down wall numerous minute elements (8.) into the clear field. In
Fig. 22 a small protoplasmic area occurs, in which a siugle nucleus lies. This Lody is granular
and contains o large chromatin ball. Figs. 5 and 23 are also from the sawme egg. Here we sce
structures similar to the cell just mentioned. They are surrounded by yolk and consist of a deli-
cate reticulum in which usually one large nucleolus is suspended, besides great numbers of small
chromatin particles. '

Various stages of growth are here represented, and it might appear at first sight that we have
a case of endogenous cell formation. - I see no reason to suppose that the eggs examined are abnor-
mal, and I conclude that we rather have in this species a remarkable modification of the usual
indirect cell division, attended by an equally remarkable degeneration of naclear 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 of the nuclear bodies just consid-
ered, but the intermediate stages have not been traced. This probably corresponds to stage vi of
A. saulcyi, at the period just before invagination, but it is quite unlike anything which I have seen
in other species. The yolk is now irregularly segmented into blocks or balls, but probably not
with reference to these cells.

This case is interesting when we compare it with the degeneration of cells to be described in
another section, and from a cytological pomt of view it deserves careful study.

* In single sections the nuclens isstrictly cemral bnt wluther it is 8o wnth respect to the entlre egy it is not casy
to determine. Minot states that the egg nucleus is always eccentric.—Am. Naturalist, Vol. xx111, 1889.
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IV.—THE DEVELOPMENT OF THE EMBRYO.

STAGE I.—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 closely, and to Alphous
saulcyi, also the from Bahamas, which has large eggs and a mnearly direct development. Except
where it i8 necessary to mention specitic differences, these three species will be treated as one form.

In June two Alphei (A. saulcyi) laid eggs in an aquarium, but the ova were in each case
unfertilized, and for the most part failed to adhere to the swinmerets. Oue of these eggs, hardened

_at an interval of five hours after it was laid, is shown in section on Pl. xxvii, Fig. 17. I regard
the nucleus of this egg as the female pronucleus. It consists of clear protoplasm, which staius
feebly and sends out processes on all sides into the yolk, aud of an indefinite chromatin network
suspended in it. The massive yolk is composed of corpuscles of uniform size, excepting at the
periphery where they are much smaller. Numerous small lacun® occur, representing parts of the
yolk which were soluble in the reagents employed. The chorion, or inner egg-membrane, is
transparent, tough, and very distensible. It frequently splits into thin layers when subjected to
the hardening and embedding process, thus showing the manner in which it is formed in the
egg-follicle. It thus appears that the unfertilized egg of Alpheus is incapable of segmentation.

The first segmentation nucleus has been observed in a few cases. That shown in Fig. 16 is
possibly preparing for division. It possesses a fine reticulum ; it is lenticular in shape, and granular
in appearance, and is surrounded by protoplasm which spreads into the yolk. The once divided
nucleus and the next phase with foar cells were not obtained in Alpheus, but the latter was seen
in an allied prawn (Pontonia domestica), and is shown in Fig. 27. Oue 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 section through the entire egg, three of the

_eight cells present are met with, and one of 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 eight cells present, two
are undergoing division in different planes. As before, the cells cousist of a chromatin network

- of various shapes surrounded by a clear protoplasmic body, which sends out processes between the

¥ surrounding yolk spheres. It is important to notice that the products of the segmentation of the

v first nuclous pass gradually and uniformly to the surface of the egg. At this stage they have not
¥ reached the surface but are visible throngh the egg shell. The yolk in these specimens consists of
f spheruales or angular blocks (Fig. 28, Y. 8.), which are largest in the center of the egg, and con-
P tain very few vacuoles.
;e The fourth phase of segmentation is attended by the cleavage of the superficial parts of the
3 . yolk (Fig. 10) around the nuclei, thus giving rise to sixteen hblastomeres or partial yolk pyramids.
- A , The division of the yolk proceeds but a short distance below the level of the nuclei, so that all the
] yolk-pyramids open by their inner ends into the common yolk mass which fills the segmentation
o cavity of the egg. The base of the pyramid, which abuts on the surface is polygonal in shape, and
;' : at its middle point some distance below the surface, the nucleus is seen with its investments of

protoplasm. The nucleus is large and granular, and the protoplasm which surrounds it reaches
out on all sides into the yolk. We may look upon the yolk pyramid as a cell in the strict morpho-
logical sense, its protoplasm being concentrated about the nucleus. The blastoderm or primitive
egg envelope arises throngh the multiplication and consequent redaction in size of these huge
yolk elements. The surface bas then the usual appearance of a fine mosaic of hexagonal plates
or cells, the nuclei and surrounding protoplasm of which lie at the surface.

v 4 The fifth 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 of
a3 ~each is parallel with it. This particular egg was taken in a period of ¢rest,” but in others the

v nuclei are in karyokinesis, the division being always radial or in a plane at right angles to a
E " surface tangent.

o The segmenting egg of Hippa talpoides is shown in Fig. 1 (32-cell stage), and a section of a
later phase in Fig. 4. The egg appears to have undergone a total segmentation when seen
from the surface, but this is not quite so marked as represented in the sketch. The yolk pyramids
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(Fig. 4, Y. P.) agree with those in Alpheus and are probably formed in a similar way. In Pale-
monetes vulgaris the history of segmentation appears to be essentially the same. The nucleus
and base of one of the yolk pyramids of this form is shown in Fig. 24. Here we see that the peri-
nuclear 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 unite with a
thin septum (Sep.) which forms the boundary wall between two adjacent yolk pyramids.

Segmentation proceeds with a regular rhythm up to the fifth stage, but beyond this it soon
becomes irregular. A blastula is thus formed, consisting of a single layer of cells or blastoderm,
and the inclosed central yolk. All the nuclei reach the surface and take part in forming -the
blastoderm, so that allthe protoplasm of the egg which is at first central or internal, comes gradually
to assume in the course of segmentation an external position with respect to the food yolk. The
‘blastodermic cell is the direct descendant of the yolk pyramid. It isimprobable that the yolk con-
tains any active protoplasm, excepting that which radiates from the nuclei, and which is descended
from the perinuclear protoplasm of the first segmentation nucleus.

STAGE II.—THE BLASTODERM AND INVAGINATION.

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

The egg represented in Fig. 47 is about 15 hours older than last described (Fig. 15). Cell
division, which is now irregular, has become accelerated over a part of the egg so that a germinal
area or disk (G.D.) representing the future embryo is formed. The side of the egg shown in
Fig. 47 corresponds to that occupied by the germinal disk. In reverse view there are much fewer
nuclei. The egg has thus lost its radial symmetry and become two sided. Invagination 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 characteristics
of the yolk pyramids. The cell is polygonal in surface views; the nucleus is surrounded by yolk
and the cleavage planes between adjacent cells (Fig. 38, Sep.) are still present.

This stage is characterized by the passage of large numbers of cells from the surface 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. Iur all these sections
the cleavage of the yolk can still be seen. Many of the blastoderm cells (Fig. 39, a.) are in different
phases of division, the dividing plane being always perpendicular to a surface tangent. It is
probable, therefore, that the nuclei with their perinuclear protoplasm, leave the yolk pyramid
and pass by ameboid movement into the interior. It is, therefore, evident that while morpholog-
ically the yolk pyramid is a cell, the elements which pass into the egg have also the value of
cells in a physiological sense. Six nuclei are met with in Fig. 38, one of which has wandered
some distance from the surface. In the next (Fig. 39) two cells (a. a'.) are in the aster phase
of division; one (a?) has passed just below the surface, and another (a?) is near the center of the
egg. These cells (a, a? a’,) are sectioned again in the following figare (Fig. 40). Various phases
of the process 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. It is thus evident that these cells
feed essentially like ameeba, by taking the food directly into the protoplasm of the cell.

The critical stage at which ceils begin to pass from the superficial to the central parts of the
yolk was obtained in an egg just thirteen hours older than the fifth segmentation phase, shown in
Fig. 15. There are about a dozen yolk cells in this egg, and one of these is in karyokinesis. The
remainder lie very near the surface, but for the most part are separated from it by a thin layer of
yolk spheres. It is thus clear that the migration of cells to the central parts of the egg begins

* In the lobster the primary yolk cells arise by delamination, and as suggested in Section V, this is possibly true
of Alpheus.
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before all the protoplasm, that is, the nuclei and perinuclear protoplasm of the yolk pyramids,
has reached the surface. In the slightly older phase, shown in Pl xxx, Fig. 46, all the proto-
plasm which does not pass inward is strictly superficial. The yolk has the same appearance as

. in previous stages, aud, as already noticed, the cleavage planes (Sep.) between yolk pyramids are

still met with. Very soon, however, the ceutral portion of the yolk segments into balls or angular
blocks (Fig. 46, Y. B.), apparently with reference to these wandering cells. A section through the
germinal disk of an egg seven and one-half hours older than that shown in Fig. 47 is given in Fig.
57. The cells in the area of the germinal disk are quite closely crowded, and the saperficial seg-
mentation of the yolk is still apparent. We now have a primitive epiblast, or external layer of
cells, and a primitive hypoblast, composed of yolk cells which bave migrated from the blastoderm.

The invagination stage immediately follows that last described (Pl xxx1). A slight depres-
ion occurs at a point on one side of the germinal disk, where the cells are multiplying most
rapidly, and numerous cells pass downward into the yolk. The invagination is nearly solid, and
the segmentation cavity is still filled with the great mass of yolk and with primitive hypoblast.
In the crayfish (Astacus fluviatilis) the invaginate cavity becomes a closed chamber 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 of the embryo is illustrated by a series of transverse sections (Pl. xxx1). The
cells in the center of the egg represent the primitive hypoblast or yolk cells. The nuclei are
large and granular, and sometimes occupy the center of a yolk ball. 1In Fig. 49 the posterior edge
of the embryo is sectioned, and the three following sections (Figs. 60-53) pass through the region
corresponding to the invaginate area (Ig.). TFig. 52 represents the entire section, of which Fig.
51 is a part. The pyramidal cells, 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
nucleus, the cell boundaries are lost, and the protoplasm of the cell blends oft into the yolk and
ingulfs its finely divided particles (Fig. 50). Numerous cells (Figs. 52-54, b, b1 %) have already
wandered from the point of invagination into the egg and a considerable distance forward under

*the germinal disk (Fig. 54, G. D.). These cells are more or less intimately united by pseudopodal
extensions of the protoplasm. A coarse reticulum is thus formed, the meshes of which are filled
with yolk. In front of the invaginate cells, the germinal disk (Fig. 65, G. D.) is still one cell
thick. At the close of the invagination stage the primitive hypoblast has received a consid-
erable accsssion of wandering cells. This stage is usually described as the “egg-gastrala,”
in accordance with the theory that it represents an ancestral condition, and that the cavity
formed at the surface is the remnant of the primifive digestive tract. The discovery of delami-
nation, the actual separation of the inner ends of the cells of the blastula by karyokinesis before
any invagination occurs, as I have described in the lobster, and the occurrence of this or of mul-
tipolar emigration in Alpheus, together with the fact that in the typical decapod the invagination
has no direct relation to the digestive tract or to to the mouth and anus, point to the view already
expressed in a preliminary paper upon the lobster (23), that the invagination stage has no refer-
ence to an ancestral invaginate gastrula. It seems to me more probable that the egg with primary
yolk cells corresponds to the ccelenterate planula stage, and that these yolk cells, which originate
from the blastula and which partially or entirely degenerate, represent the remaius of a primitive
hypoblast. According to this- view the invagination is a secondary process, which became so
indelibly impressed upon the ancestors of the Decapods that it has remained in the ontogeny of
present forms. The conditions which are found in the crayfish can not be regarded as in any
sense general or typical.

STAGE III.—OPTIC DISKS AND VENTRAL PLATE FORMED.

This stage (Fig. 58) is characterized by a thickening of epiblast which gives rise to the the-
racic-abdominal or ventral plate in front of and around the point of ingrowth, by the simultaneous
spreading of invaginate cells below the surface; and by the appearance of the optic disks (0. D.),
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two patches of ectoblast on either side of the middle line in front of the ventral plate. When
the living egg is examined by reflected light these structures appear as misty white patches sep-
arate from each other. (See Fig. 2.)

The principal cell mass is the thoracic-abdominal plate (Fig. 58, Ab. P.), from which the
thoracic-abdominal process is developed. The position of the pit (Ig.) is faintly marked by the
arrangement of the cells at that point. The optic disks are due to the rapid multiplication of epi-
blastic cells around definite centers. Each is joined to the ventral plate by a lateral band or cord
of cells (L. Cd.), on which the appeudages are subsequently budded off. A transverse cord (T.
Cd.) soon bridges over the space between the optic disks, thus inclosing a triangular area, which
corresponds largely to the sternal region of the adult. The extension of the invaginate cells below
the sarface is only partially indicated by the shaded nuclei. They advance forward and backward
from the point of ingrowth, but principally upward, that is, toward the center of the egg, along
the lines joining the optic disks tu the ventral plate (Figs. 59, 60). The embryo covers nearly
one hemisphere of the egg. It is V-shaped, but the angle between the arms of the V varies much
in different eggs. There is a warked contraction of the embryo which takes place immediately
after this phase, that is, the area of the surface occupied by the embryo becomes appreciably
smaller. A similar contraction of the embryo has been observed in Astacus (54) and Crangon (31).
With the extension of the epidermis there has been a corresponding activity among the wandering
gells, Their relations are well shown by sections through the entire egg ( Figs. 56, 59, 60), in which
we can still distinguish the primary yolk cells (P. Y. C.) from the cells derived from the invagi-
nation (S. Y. C.). The cells of the first have large, granular nuclei and send out processes into
the yolk. The others are smaller and are probably multiplying more rapidly. It soon becomes
impossible to find any distinction between these wandering cells. The yolk is irregularly seg-
mented into balls (Figs. 60, 63, Y. B.), inside of which the migrating cells are usually found. -The
epiblastic cells of thé surface, which are the direct déscendapts of the yolk pyramids, have definite
boundaries, but some of the cells of the ventral plate (Pl. 1x, Figs. 61, 63) tend to form a syn-
cytium, as already seen, while the wandering cells are independent, free-moving elements.

The lateral section (Fig. 56) passes through the outer edge of the ventral plate, and the
next toward the middle line (Fig. 60) encounters 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 all direc-
tions from the region of the ventral plate (Ab. P.). Fig. 59 represents a median longitudinal
section through the embryo and entire egg, and Fig. 63 a part of a section highly magnified through
the ventral plate and region of ingrowth. Tbe cells immediately below the surface (8. Y. C.)
are characterized by large and very granular nuclei, which stdin with much less intensity than the
superficial epiblast. This shows that they are multiplying rapidly, and the finely divided yolk in
their neighborhood shows also that the cell protoplasm is rapidly absorbing food. A series of trans-
verse sections of this embryo is given in PL. xxx111. The plane of section in Fig. 61 is oblique and
passes in a posterior direction. In Fig. 62 the lateral cords (L. Cd.) are crossed and numerous
wandering cells are encountererl, while anterior to this (Figs. 68, 69) the optic disks are cut. The
optic disks (Figs. 64-67) consist of a single layer of epiblast. Their cells are flat and polygonal,
cell boundaries are distinct, and the long axis of the oval nucleus is parallel with the sarface.
When the cell divides this position is reversed, the plane of division being perpendicular to a
tangent at the surface. From the optic disk the eye and its ganglia are developed.

STAGE IV.—THICKENING OF THE OPTIC DISKS AND RUDIMENTS OF THE APPENDAGES.

An embryo a few hours older than the last described is shown in Fig. 72. On the thickened
cords of 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 antennme A (I.), and, close to the ventral plate, the mandibles
(Md.). Some of the central cells (C. M.) of the optic disk have large, granular nuclei. These
mark the area of most active cell division, and form an ingrowth or thickening, which is the radi-
ment of the optic ganglion.

Glancing at a series of longitudinal sections through this egg (Figs. 70-71, 73-75), we notice

S. Mis. 94—26
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several important changes since the last stage. The ventral plate is more extensive and the
wandering cells are more numerous. The primary and secondary wandering cells can no longer be
distingunished, but all the cells within the yolk are similar in character. They have large, granu-
lar nuclei, and multiply by ordinary karyokinesis (Fig. 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
found near the lateral cord,and in Fig. 70 one is seen just under the optic disk. In Fig. 75
the section is median and corresponds closely with the similar longitudinal section of the last
stage (Fig. 59.). The transverse cord (T. Cd.) is seen to consist of a single layer of flat epiblastic
cells,

The structure 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 syncytium beneath the
surface of the plate and the fine degree of fragmentation which the yolk suffers in the presence
of the cell protoplasm. At the surface, the cell walls are quite distinct, as already seen, but as
soon as the cells pass below it, the protoplasm extends itself in psendopodia-like processes and
incloses particles of yolk. Under these favorable conditions of nourishment these elements, which
must be regarded as the mother cells of the mesoderm and the endoderm, multiply rapidly and
spread to all parts of the egg. If this section is compared with that of the invaginate stage (Fig.
54), and with a similar section of Stage 111 (Fig. 61), it is easy to understand the relations of the
ventral plate to the wandering cells, and the way in which the thickening of the plate is brought
about. At the second stage comparatively few cells take part in the invagination, and the most
of these pass directly into the yolk. But, almost simultaneously with this migration of cells there
occurs a migration of cells from the surface of the ventral plate. Thus this becomes thickened
and cells continue to be supplied to the yolk. This thickening of the plate is possibly due to cell
division in both planes; that is, to delamination and emigration. (Compare cells EC, EC'?, Fig. 85.)

The process by which the optic disk becomes thickened at this stage is quite similar, althoagh
there is no true invagination concerned in it. This is shown by a series of connective sections
(Figs. 76-83) passing through the entire disk. The anterior rim of the disk is cut in Fig. 76, and in
Fig. 83 the rudiment of the first antenna. This thickening is mainly the result of the migration of
epiblastic cells from the sarface. After leaving the surface, the cell wall usnally becomes indefi-
nite. The relations of the optic disks to the entire egg are seen in Fig. 84. The central yolk is
segmented as shown in Fig. 74, and a yolk cell nsually lies within the segment.

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

The embryo represented in Fig.'93 is, approximately, three days old (temperature at Nassau
78-80° F.). It occupies nearly one entire hemisphere of the egg, the opposite side of which is
covered with flat epithelial cells like those seen at the periphery of the figure. The shape of the
embryo proper is nearly that of an equilateral triangle, one angle of which corresponds to the
ventral plate, and the other two to the optic disks. A line drawn through the first of these angles
and the middle of the opposite side would therefore correspond with the longitudinal median
axis of the embryo.

The rudiments of the second pair of antennz, A (II), have now appeared, and we therefore
have present at this stage buds of three pairs of appendages, namely, the first and second pairs of
antenn® and the mandibles. All are developed nearly simultaneously, but the second pair of
antennwe seem to lag a little behind the rest. In respect to the order of appearance of these
appendages, allied species of Crustacea differ slightly. The central parts of the ventral plate
(ADb. P.) and optic 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 cells. In all other parts of the egg
the superficial cells form a uniform stratum one cell deep. This irregularity is due to the gradual
migration from the surface of individual cells in these three places. The first pair of antenns
are closely associated with the optic disks, and the mandibles abut against the ventral plate on
either side of the middie line. The appendages start on the lateral cords from definite centers of
cell division, and the cells tend to assume a radial and concentric arrangement around each center.

The space between the optic disks is now completely bridged over by a sheet of closely
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crowded cells (T. Cd.), and the backward extension of this, and the approximation of the lateral
cords has quite closed over the central or sternal region of this part of the embryo (St. A.). Cell
outlines are very distinct at the surface in preparations, and they are sometimes well defined in cells
which have passed from the surface to parts below it, in both the region of the optic disk and
that of the ventral plate (Fig. 80, Ec.), but elements closely associated with yolk are usually amee-
boid. The nucleus of the epiblastic or epithelial cell on the confines of the embryo, or on the extra-
embryonic surface of the egg, has the shape of a flattened, round, or oval disk. Epiblastic nuclei
in the appendages and other parts of the embryo, where there is rapid cell division, are angular
in consequence of crowding, and deep-lying nuclei are generally spherical.

The arrangement of the embryonic cells of the superficial epiblast in beautiful curves and rings
around definite centers—orthogounic systems of curves—is not nearly so pronounced as in the embryo
crayfish (Astacus fluviatilis), according to the delineations of Reichenbach and Winter. Reichen-
bach states that in the crayfish the superficial embryounic cells multiply about a given center, like
that of the “head fold” (optic disk), or ¢thoracic-abdominal rudiment,” according to definite
laws. This was discovered by Sachs in the growing tips of plants. According to Sachs, Reich-
enbach, and others, the cell nuclei always divide in one of two opposite planes; that is, they either
separate along a radius drawn from a given center, thus giving rise to radial string.s of cells,
or in a plane at right angles to this, producing new strings. Thus there is developed about the
-initial cell a series of concentric circles and radiating lines of cells. The positions of the equa-
torial plates of dividing nuclei, which some eggs of Alpheus show in abundance, do not indicate
the prevalence of such a law in the earlier stages. The early embryo of Alpheus is much less
diffuse than in the crayfish, and the different cell groups soon impinge on each other, and their
relations are disturbed. . ;

Several transitional stages between the last two embryos figured (Figs. 72 and 93) will now be
examined. The first is represented by three longitudinal sections (Pl. xxxvI, Figs. 88-90), and is
about seventy hours old. It is from the same prawn as the segmented egg shown in Pl. xxvii, Fig.
15. These sections give somd interesting facts with reference to the roéle of the wandering cells.
The first (Fig. 88), which is nearly median, cuts the ventral plate and below it the cells which are
migrating from it into the yolk. A continuous layer of celis extends anteriorly to the transverse
cord (T. Cd.). In this region a wandering, mesoblastic cell (Y. C.) is nearly in contact with the
superficjal epiblast. The next section touches the outer edge of the ventral plate (Fig. 89),
which is warked by large granular nuclei, and crosses the lateral cord and rudiments of the ap-
pendages (A. I, A.II, Md.). The folds of the latter arise through the ingrowth of saperficial cells.
Here another cell (Y. C.!) is close to the outér surface 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
diametrically opposite direction. In Fig. 90 we see still more of these wandering cells, in this
instance, chiefly above the embryo.

In the middle of the optic disk some of the large granular cells visible from the surface (Fig.
93, C.M.), are met with, and one of them (Fig. 90, Ec. dotted line extended) has just passed below it.

Figs. 86 and 87 are parts of longitudinal sections of an embryo six hours older than the last.
The first exposes the optic disk (O. D.) and gives evidence of the further increase of the latter by
the emigration of cells from the surface, and it is quite probable that some of the wandering, meso-
blastic cells (Y. C.) have already attached themselves to it. (Compare Fig.90.) In the next (Fig.
87) the inner edge of the optic disk (O. D.) and the outer 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 contact with the surface cells of the embryo in the neighbor-
hood of the appendages.

Fig. 91 is from an embryo twelve hours older than the last. The plane of section passes
obliquely through the optic disk, cutting the anterior half of one (to the left) and the posterior
part of the other. A study of this section and of the series to which it belongs, shows us beyond
a doubt what is the fate of large numbers of wandering cells, present at this time. As has been
already shown by preceding fignres (see Figs. 73, 88, and others), the cell mass constituting the
thoracic-ubdominal plate is now the principal 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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upon the optic disks, the bases of the appendages, and other parts of the embryo. They also
pass to the extra-embryonic surface of the egg. In Fig. 91 one of these wandering cells (Y. C.)
is approaching the sarface, while another (Y. C.') nearly touches it; and in Pl. xxIx, Fig. 34,
which represents a portion of a section from a later series (Fig. 108) greatly enlarged, we find
two yolk elements (Y. C.) quite at the sarface. They are triangular in outline, one of the flat-
tened sides being applied to the surface of the egg. Histologically their nuclei are more gran-
ular and stain with less intensity than the nucleus of the ordinary epiblastic cell (Ep.), which
appears spindle-shaped in vertical section. But between a cell like that seen in Fig. 91 (Y. C.!),
where the long axis of the nucleus is at right angles to the surface, or cells like those shown in
Fig. 34, 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 illustrated in the next stage.

The egg already described (Fig. 93) shows some important changes. The structure of the optic
disks and ventral plate is readily seen in the transverse (Figs. 92, 94, 95) and lateral longita-
dinal sections (Figs. 96,97). The optic disk, which in stage 111 consisted of a single stratum of cells,
(Fig. 69), is now a thick cell-mass two-thirds the size of the ventral plate. In it we still distin-
guish a small area of cells with large granular nuclei (Fig. 93, C. M.), which, as we see in Figs. 96,97,
C. M., 0. D, is clearly differentiated. It occupies a position just withoat (or external with respect
to the longitudinal median axis) the center of the disk. The nuclei of surroanding cells are not
more than half their size. These large cells do not all lie at the surface, but form a solid mass
extending into the yolk. The evidence of karyokinetic figures shows that these cells are dividing,
and usually in planes perpendicular to the surface. This results in the crowding of the cells, and
also in their migration from the surface to parts below it.

In Fig. 90 there is a cell (éc.) whose nacleus has sunk below the level of the surrounding cells,
" but the cell protoplasm still reaches up to the surface. Such cases render one cautious in pro-
nouncing positively upon the emigration of cells, but sections like that given in Fig. 94, and the
fact that cell divisions seem to be for the most part in one plane, convince me that the thickening
is partly, if not largely, due to this cause. 1n Fig. 95, a large cell, the polar star of which is just
below the surface, is delaminating. Cases of this kind were rarely noticed, but were observed at
a later stage (Pl. xxx1x, Fig. 102, ec.). That wandering cells attach themselves to the optic disk,
thera is little doubt. They can be traced in all stages of progress from the region of the ventral
plate to the neighborhood of the disk (Fig. 90, Y. C.) until they finally come in contact with-it.

The thickening of the optic disk described in Stage 111 (Pl. xXx111, Fig. 69), is therefore effected :
(1) partly, perhaps largely, by emigration of cells from the surface; (2) partly by delamination;
(3) by the accession of wandering cells; (4) by the indirect cell division of the elements constitut-
ing the deeper part of the disk.

Chromatin grains make their appearance somewhat abruptly at this stage (Fig. 96, 8.12,) and
they serve to explain in some degree the peculiar granualar nature of nuclei in earlier stages. They
originate by the degeneration of cells in the ventral plate and in other parts of the embryo, and
probably correspond to what Reichenbach has called in the crayfish ‘¢ secondary mesoderm cells.”
Their history has been fully traced and will be discussed in Section V1.

The structure of the ventral plate (Fig. 92) resembles that of an earlier stage (Fig. 85) with
the difference that the nuclei are considerably larger and contain from one to several large spore-
like masses of chromatin. This cell nass has not increased in bulk at a rate corresponding with
the growth of other parts, since elements are being continually subtracted from it and 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 emigration from the surface (Fig. 98, Ab.).

An embryo six hours older than the last is represented by three longitudinal sections (Figs.
98-100). The optic disks resemble in size and general shape the three pairs of rudimentary limbs.
The abdominal fold is not yet formed and the labrum is undeveloped. The stomoda®um (Fig. 8,
Std.) is just making its appearance as a slight invagination of epiblast on the middle line between
the first pair of antenuz. The number of chromatin bails (S) and degenerating cells (8. C.) has
greatly increased. We see them in all parts of the embryo. Sporelike nucleoli are seen in cells
of the epiblast and are confined to no part of the embryo, but they are most characteristic of the
ventral plate and optic disks.
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In Fig. 98 several independent chromatin balls (8) are seen in the yolk, and the granular
cells of the ventral plate are very marked. A large nucleus of one of the cells (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 crowded down from a level nearer the sarface. The cell protoplasm,
however, shows that it still belongs to the surface tier of cells. This is also true of the small len-
ticalar ngcleus next it on its anterior side. Just anterior to this cell is another (Ee.') which is in
the act of dividing in the usual way. It seems probable that had this division been effected one
or more of the adjacent cells must have been crowded quite below the surface. It is difficult,
however, to always determine whether cells whose nuclei are a considerable distance below the
surface do not send up stands of protoplasm to meet it. We find in the ventral plate, inde-
pendent cells multiplying by karyokinesis, and, as evidences of delamination in this region are rare
or altogether wanting, we are convinced that, as in the case of the optic disks, this thickening is
largely due to the migration of cells from the surface. :

There is at this stage a fairly well-defined sheet of cells (Figs. 99, 100, Mes.) extending forward
from the ventral plate on either side. The nuclei are oval or elongated, and their long axes are
parallel with the surface, that is, at right angles to the major axes of the superficial epiblast cells.
This layer of cells 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 cells
is not difficult. They are wandering cells which have settled down on these parts of the embryo.
They form a part of the future mesoblastic tissues ; exactly what part they play will be discussed
later on. They multiply by indirect division and extend into the folds of 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 considered. A series of longitudinal sections (Pl
XxXX1X, Figs. 101-105) illustrates the structure of an embryo twelve and a half hours older than
the one last described. The thoracic-abdominal fold (Fig. 104, Ab.) can now be recognized, and
the stomodeum (Fig. 105, Std.) has the form of a straight, narrow tube, between the buds of the
first and second pairs of antenna. The space between these two structures is filled with yolk
fragmeuts, among which are scattered, numerous chromatin particles (S) and cells derived from
the thoracic-abdominal fold. The epiblast-of the sternal region (Fig. 103, 98, St. A.) is no longer
a simple layer, but is slightly thickened. This thickening seems to be partly due to rapid cell
division in one plane. The cell nuclei are elongated or wedge-shaped and stand perpendicular to
the surface. As will be seen later it is also due to the accession of wandering, mesoblastic cells.

The stomodzum is a relatively long straight tube with very slight lumen, and is sarrounded
with chromatin grains and &cattered cells. It is formed at a considerable distance in front of the
point of invagination, and one to two days earlier than the proctodsum.

The thoracic-abdominal fold seems to arise by the sinking down of the epiblast along a defi-
nite line. There is thus formed a narrow transverse pocket (Fig. 106, Ab. C.), which is quite deep
and perpendicular with the surface, Numerous cells continue to pass from the thoracic-abdom-
inal fold to various parts of the embryo, and to join the sheets of cells (Fig. 103, Mes.) already
mentioned. In Fig. 103 the four segments of the embryo are well shown. This section crosses
the optic dise (O. G.), the buds of the three appendages, and the edge of the thoracic-abdominal
fold. The sheet of mesoblastic cells (Mes.) is most marked opposite the folds of the appendages.

The optic disks are now large masses of cells united by a transverse cord which is thickened
slightly on the middle line. In Fig. 102, three cells are met in karyokinesis, one in the abdominal
area and two side by side in the optic disks. The former exemplifies the common method of cell
division, while the latter is a good example of the less common delamination. As has been already
seen, karyokinetic figures of dividing cells are commonly met with in Alpheus at all stages, except-
ing the species A lpheus minor, where the division is at first probably direct. I have seen nuclear
figures at the yolk segmentation stage of Crangon, also in Hippa, Pontonia and Homarus, and Rei-
chenbach found them in abundance in Astacus. Indirect 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 study only
the rapidly achieved result, the phases of nuclear division may be easily missed. .

Fig. 108 is a median longitudinal section of an embryo preserved a few hours later than
the last. This sbows the thoracic-abdominal fold and cleft (Ab. Ab. C.) previously referred to.
The sternal area between the latter and the stomodeum now lies next the egg shell, but soon
changes its position (Fig. 125, 8t. A.), owing to the forward growth of the thoracic-abdominal fold.
The labram, here undeveloped, soon grows backward toward the latter, helping to bend the
@sophageal tube and probably slightly altering the position of the mouth (Fig. 125).

The proctodeeum arises as a solid invagination of the epiblast, at a considerable distance behind
the abdominal cleft (Fig. 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 Fig, 126, Pd.

The relation of the embryo to the rest of the egg can be seen in Fig. 108, which belongs to
the same species as Fig. 106. Besides the shell, which is unnaturally distended, the egg is sur-
rounded by a delicate embryonic membrane (Mb.). This membrane is secreted early by the super-
ficial epiblast, as shown by the fact that it does not conform with the thoracic-abdominal fold.

Wandering cells (Fig. 108, Y. C.) become gradually less abundant, but still continue to pass
to the outer surface of the egg next the epiblast. The transition from the wandering, ammboid
cell to the flattened mesoblast cell, lying close to the sarface, can be best followed at this stage.

The fully developed egg-nauplius (Fig. 111) is about a week old. Embryos from the same
prawn vary slightly in size and in the degree of development, and also in the general character of
the cells. In some, the cells are larger and fewer in number, in others they are smaller and much
more numerouns. The embryo is usually at one pole of the oblong egg. That represented in Fig.
111 is about one-eightieth inch long, and if the entire end of the egg were shown the drawing wounld
be nearly twice as large.

The relation of the embryoto 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 increases appreciably in 8ize and also changes its shape, at first being
spherical, but gradually becoming oblong. At this period the long axis of the embryo (using this
term to apply to the more obvious embryonic tissues of the egg) is parallel with the short axis of
the egg, while in the course of growth the embryo spreads over one side of the egg, until its long
axis coincides with that of the latter.

The optic disks have become large oval masses of cells which project from the surface, and
may now, for the tirst time, be appropriately called lobes. They represent the eye and eyestalk.
The blocks of cells (8. O. G.) in intimate relation with the optic lobes are the ganglia of the antennze,
and represent a large part of the future brain. The appendages are all simple, but a bud soon
grows out from the posterior sides of the second pair of antenn:e.

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. I.) are also present. The ganglia
of the second pair of antenna are developed in close union with the ganglia of the antennaules.
Together they form the supra-cesophageal ganglion or * brain.” The stomod:eum {Std.) appears
from the surface as a distinct mass of cells extending behind the labram (Lb.).

The thoracic abdominal fold, at first vertical to the surface, bends up and grows forwarﬂ
toward the labrum, and a shallow groove which warks 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 dorsal position through the median notch until, at a considerably later period, it comes to
lie on the ventral side of the fold near its apex. The mass of cells (H.) behind the anus probably
represents the heart. Near the mandibles and maxille, cells are seen with large granalar nuclei.
These are cells which have migrated from the yolk to this part of the embryo. Nuclei of epithelial
cells are sprinkled over the entire surface of the egg, but increase in number as we approach the
embryo. )

The section through the entire egg (Fig.127) shows some of the general characteristics of the egg-
nauplius. The thoracic 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 few of which are represented, and con-
tains numerous wandering cells. Some of these (Y. C.2) are settling down on the ventral nervous
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plate, while others (Y. C. Y. C.!) have wandered far and wide through the yolk. The embryo is
raised considerably above the general surface of the egg and the shell more closely invests
the egg than shown in the drawing. The embryonic membrane is not represented.

Fig. 125 is a nearly median longitudinal section, and shows the relations of the thoracic-ab-
dominal fold, the esophagus, and the ventral or sternal surface hetween them. The loose and

-irregular arrangement of cells immediately below the surface is most marked, and also the granu-

lar natare of the nuclei which is such a constant charagtet. Numerous degenerating cells (S. S. C.)
are seen near the esophagus, and amebiform cells can be traced from the thoracic abdominal fold
to the surface immediately bebind it. ’

The structure of this embryo is illustrated more completely by a series of transverse sections
(Figs. 114-124), the first two of which (Pl. xLI, Figs. 114, 115) traverse the optic lobes, and the
third cuts the brain. The central mass of large cells which was noticed in the optic disks can no
longer be distinguished. The lobe (O. L.) is composed of similar cells with granular nuclei, thé
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 be traced in their passage from the yolk to the optic lobes, brain, ventral nervous plate, and
other parts of the embryo. Between the lateral halves of the brain there is a shallow median fur-
row (Fig. 116, M. F.). This is continued backward into the mach broader and deeper depression in
which the convex ventral side of the abdomen fits (Pl. xL11, M. F.). The three following sections
(Figs. 117-119) pass through the esophagus,and the ventral nerve thickening immediately behind it.

About the eesophagus (Fig. 117, Std.) numerous chromatin balls (8., S. C.) 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 éssentially of a single layer of cells. Those ¢lements which enter it undoubt-
edly go to form the musculature of the limb while the cells of somewhat similar appearance, which
are derived from the ectoblast, represent the ganglia and nerves. On either side of the cesophagus
the yolk has undergone important physical and chemical changes. The yolk spheres or blocks
are full of vacuoles and have a corroded and granular appearance, while in contact with the
embryonic cells there is a residne of small refractive granules. These vary considerably in size,
and some of them stain lightly in hematoxylin and represent the last stages in the degeneration
of chromatin. The eroded and altered yolk (A.Y. 8.) is represented in many of the sections.
Between the esophagus and bases of the antennse the yolk is absorbed, leaving a protoplasmic
reticulum (Fig. 117, Ret.).

In Fig. 118 the mass of cells representing the mandibular ganglion (Md. G.) is sectioned, and
in the following figure, 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 yolk o join the
ventral nerve-thickening. The latter, which is the rudiment of the nervous system, is at this
stage scarcely thickened at all, on the middle line, below the level of the mandibles. Thus in Fig.
121 the buds of the first maxillee (Mx. I.) 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 (Fig. 120, Mes.) take up a position against the
epiblast of the body wall. The nuclei of the latter stain intensely and become flat, spindle shape
in section, and probably represent the nuclei of muscle cells.

The structure of the abdomen at this stage is shown in I'igs. 120-123. The body wall of the
dorsal side consists of a single layer of columnar epiblast, while the ventral wall is thickened.
The hind gut (Fig. 122, Hg.) is a tube, the wall of which consists of a single layer of cells. It is
laterally compressed so that the lumen is hardly appreciable. The intervening cells (Mu.) largely
represent the rudimentary flexor and extensor muscles of the abdomen. A comparison of Figs.
123 and 125 shows that cells extend from the thoracic-abdominal fold on all sides into the yolk.

The cells 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 surface 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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nuclei have the usunal characteristics—irregular shape and granular contents. They are sur-
rounded Ly a small irregular body of protoplasm which does not readily stain and which is often
difficult to observe. In Pl.xx1x, Fig.33, several of these wandering cells are seen greatly enlarged.
Sometimes, as here, the perinuclear protoplasm appears to join that of neighboring cells, but in most
cases there appears to be no such connection between them.

The endoderm, though not represented in the drawings, makes its appearance as a distinct cell
layer at this time. In an embryo a few hours older than that represented in Fig. 125 the endo-
derm has the form of a narrow sheet of rather large cells, between the yolk and the rudimentary
heart, near the body wall. In the space corresponding to the heart, blood corpuscles can already
be detected, besides scattered mesoblastic cells. Both the latter and the entoblast are derived
from the wandering cells which come out of the yolk.

STAGE VII.—RUDIMENTS OF SEVEN PAIRS OF APPENDAGES.

Fig. 110 represents a phase intermediate between the egg-uanplius (Fig. 111) and the present
stage (Fig. 130), and is of special interest for the light which it throws on the history of the wan-
dering cells. The structare of this embryo is illustrated by Pl. xL1v, and Figs. 136, 137, 144, 145.
Fig. 137, which represents a section just behind the base of the first antenn® (A. 1.), may be com-
pared with Fig. 117, Numerous yolk elements are found in the vicinity of the wsophagus, where,
as will be seen (Fig. 134, Mu.), they become speedily converted into muscle cells and somatic meso-
blast. In Fig. 136 several wandering cells attached to the body wall, have all the characteristics
of blood corpuscles, a deep staining granular nucleus, and a clear irregular cell body. The blood
ce!l and mauscle cell are both derived from wandering mesoblastic cells, and in the early stages of
their metamorphosis they resemble each other, so that it is not always possible to distinguish
them. Undoubted blood cells, however, have already made their appearance. .

Figs. 144, 145 show that the yolk is pervaded by a great number of cells. These originated in
the way described, chiefly by migration from the ventral plate and thoracic-abdominal fold, and
also by subsequent multiplication in the yolk. At this period some of the cells migrate to the pole
of the egg opposite the embryo and apparently assist in forming a conspicuons dorsal plate (Dp.).
In this embryo they have not quite reached the surface. A stracture is eventually formed which
reminds one of the ‘“dorsal organs” of various Crustacea. This and the wandering cells will re-
ceive further consideration later on.

The embryo of Stage VII is represented in Fig. 130, Pl. xLiv. Figs. 111, 109, 110, and 130
form o consecutive series of embryos, each but a few hours older than the preceding. In the first
(Fig. 111) the optic lobes, first and second pair of antenns®, and mandibles are all simple appen-
dages, and are quite similar in general appearance. The abdomen and part of the thorax are
represented by a simple fold, the thoracic-abdominal fold. In the secoud embryo (Fig. 109) the
parts are more compact and the secoud 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 ontward from the middle line. The anus is dorsal. The abdomen
extends forward until it nearly meets the labrum and has a slight groove or depression at its ex-
tremity. All the appendages have assumed a more oblique position with respect to the long axis
of the body, and the second antennz are now the largest. .

In the fourth phase (Fig. 130) we see the same changes carried still further. The optic lobes
are large convex disks which join each other on the middle line and are ntimately united to the
brain. The anus is terminal. On at least the first pair of anteunw hairs are developed, although
there is not perhaps 8o marked a contrast between the first and second antenne in this respect as
would appear from the figure. The first and second maxillee and the tirst and second maxillipeds
are present as rudimentary buds.

The general structure of the embryo (Figs. 129, 131) agrees with that of preceding stage.
The embryonic tissues counsist of cells of various sizes and shapes, from quite large cells down to
particles no larger than the balls of chromatin which are suspended within the nucleus, and from
the sphericul to the lens-shaped, spindle-shaped,and wedge-shaped forms. Generally all the nuclei
agree in containing codrse grains of chromatin or nucleoli. These vary much in size and number
in different nuclei according to the condition of the cell. In degenerating nuclei, the chromatin
residue is aggregated into fewer and larger masses.
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Wandering cells are now scattered thronghout the entire egg. They occur in abundance 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 longitudinal section through an embryo like that shown in Fig. 130. The
outer or superficial cells are generally columnar and have distinct boundaries. Their nuclei are
spherical, elongate, or wedge-shaped. They divide in both planes, but most commonly in the
plane perpendicalar to the surface. When we compare this section with the similar éne (Fig. 125) of
the preceding stage the most striking difference is the great increase in the length of the thoracic-
abdominal fold and the ventral thickening of the nervous system. Some 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 tissue envelopes.

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

A comparison of the transverse sections (Figs. 128, 132-135) with corresponding sections of
the previous stage (Figs. 115, 117, 121, 124) shows some interesting changes. The brain is larger

,and more compact, and some of the cells next the yolk are flattened (Fig. 132, Mes.) and bear a
resemblance to muscle or connective tissue cells. They originate from the cells marked Ct. S. in
Fig. 116, and come from the yolk. Like the cells already mentiouned in the optic lobes and ventral
nervous system, they seem to represent a rudimentary perineurinm, but, as a well-developed covering
of the nervous system is not present until a considerably later stage, they are probably transitory.
Fig. 134 corresponds closely with Fig. 117. It shows the section of the cesopbagus and of the
ganglia of the second antennz. In the younger stage the ganglion (seen to the left in Fig. 117,
at the base of the appendage) is a small, loose mass of cells associated with the surface epiblast,
while in the older embryo it is in contact with the wall of the sophagus, is more compact, and its
cells are somewhat differentiated. The central nuclei are smaller and stain most intensely. The
esophagus (Std.) is suspended to the body walls by rudimentary muscles (Mu.), the cells of which
are much elongated. They are derived from migrating mesoblastic cells like those seen in the
earlier stage (Fig. 117, S. C.), or like the one shown in this figure to the left of the cesophagus.
Fig. 137, which is from a stage intermediate between the two just considered, gives additional
evidence of this rdle of the wandering cells. Fig.128 furnishes a very interesting comparison with
Fig. 121. In the latter, cells abound in the yolk adjoining the rudiment of the ventral nervous
system, which is represented by the primitive epiblast on the middle line. In the older stage
scattered mesoblast cells are greatly reduced in number and the ventral thickening is very
marked. Cells of recent derivation from the yolk (Mes.) at the base of the appendage can also be
distinguished.

In Fig. 133, as in Fig. 124, the plane of section is just behind the thoracic-abdominal fold.
Here we recognize a tier or plate of tall, columnar cells (End.), the nuclei of which lie at the deeper
ends of the cells or on the side away from the yolk. In the presence of these bodies the food yolk
(Fig. 135, A. Y. 8.) is absorbed or converted into a granular residue. This layer represents the
entoblast or the epithelium of the mesenteron already described. Numerous wandering cells are
encountered (Figs. 124, Mes.; 135, Y. C.), which take up a peripheral position, and from the first are
closely associated with the epithelium of the hindgut. Thgqy unite the mesenteron to the hindgut,
and it is itnpossible to say exactly where the one begins and the other ends. Between this entc.
blastic plate and the surtace epiblast (Ect.) numerous cells are interpolated (Figs. 133, 135, Mes.),
which are undoubted mesoblast. They are directly continuous with the layer of mesoblast (Fig.



410 MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES.

128, Mu.) which extends throughout the abdomen between the hindgut and body wall. Mesoblast
cells derived from the yolk (Fig. 129, Mu.) are also seen nnderneath the epiblast on either side
of the body. ''he nuclei of these cells stain very deeply, and the cell protoplasm is prolonged
- into a short fiber or forms an irregular body. In the latter case the cells have the appeatance of
blood corpuscles.
The heart originates in the mesoblast (Fig. 135, Mes.), between the entoblast and ouater wall
of the body, just behind the thoracic-abdominal flexure.
At this time fibrous substance (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
antennge. It is distinctly fibrous and apparently originates from the protoplasm of surrounding cells.

STAGE VIIL.—SEGMENTATION OF THE NERVOUS SYSTEM—AT LEAST EIGHT PAIRS OF APPRN-
DAGES PRESENT.

We have two longitudinal sections (Figs. 138, 139) to illustrate this stage. If we compare
the latter figure with the corresponding one of the previous stage (Fig. 131) we see at a glance.
that a long step forward has been taken in development. Between these, 1 have obtained one
intermediate phase, which is a trifle older than the embryo giveu in Pl xLIV, and can be best
described by showing in what respects it differs from it.

' The rudiment from which the nervous system is formed (Stage viI) is a plate of cells extend-
ing from the optic lobes to the apex of the abdomen. Anteriorly in the brain (Fig. 132) it is very
thick, bat gradnally thins out 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 vii and vIII the
portion of nervous thickening between the esophagus, which passes through it, and the thoracic-
abdominal fold is partially segmented into cell masses, the primitive ganglia.

The cells of this ectoblastic thickening may be roughly divided into a surface layer, the nuclei
of which are large and contain diffuse granulea of chromatin, and a deep cell mass with sinalier nuclei
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 from this a well-marked surface layer (reti-
nogen) of larger cells. The superficial, epiblastic cells on the inner or ventral side of the thoracic-
abdominal fold are large and columnar. The nuclei are very much elongated and closely crowded
together, and lie at all levels, This implies rapid cell division in this layer in a plane perpen-
dicular to the surface, and as a result of this, the thickening of the ectoblastic 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 cells, and the smaller

- superficial cells adjoining it are arranged in parallel lines. Something resembling this was noticed

. in Stage vI (Pl xLi, Fig. 120, B. Z.). It corresponds to the budding zone (Knospungszone) which
Reichenbach figures and describes in the crayfish. He detects it in a very early stage (Stage E,
embryo with rudiments of the mandibles, corresponding nearly to Stage v of this paper), and finds
that it consists of a transverse zone of cells containing large nuclei at the extremity of the abdo-
men, helow the notch of the telson. From it the segments following the mandibular segment are
gradually budded off.

The present stage is characterized by the segmentation of the nervous 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 also a median vertical ingrowth or constriction which tends to
divide the plate into a double cord. It is, however, discontinuous at the middle of each block, so that
the ventral nervous system consists of a double chain of ganglia, each pair of which are united by a
transverse commissure or band of cells, and each ganglion is similarly joined to the one behind or
in front of it. Distinct commissures pass from the brain around the eesophagus and unite the
former to the ventral nerve chain. The first pair of post-oral ganglia contain two masses of fibrous
substance united by transverse fibers as in the brain. The ganglia following these also coitain
punktsubstanz. It is developed as a #mall 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 commissures in each pair of ganglia (Pl. xLvI1, Figs. 1560, 161, P%.).

A mass of fibrons or granular substance appears in each optic lobe in the gangliogen next the
brain. Fibers pass from it to the punktsubstanz of the brain, which sends fibers down to the
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circam-cesophageal commissures to the first post-oral ganglia. The fibrous masses unite on either.

- side of the ventral chain to form a double longitudinal commissure. Thus at an early stage the

optic lobes, brain, and ventral nervous system are intimately connected by fibrous tissue.

All the segments of the body are now marked off as seen in Fig. 139. The first post-oral
segment is she mandibular (g. 1v), and following it are the segments of the maxillee the maxilli-
peds and the first pereiopod. The second thoracic ganglion lies in the angle made by the
thoracic-abdominal flexure. The third, fourth, and fifth thoracie, and the six abdominal segments
constitute the thoracic-abdominal fold.

In the superficial parts of the brain large elements are met with which multiply by mitosis,
but have a distinet histological character. They consist of a large spherical nucleus containing a
diffase chromatin network, and a granular cell body withoant definite wall. They are the ganglion
cells, which are abundant in all later stages.

The optic 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
cap on the other part of the lobe, thickest on the outer side of the lobe and rapidly thinning out
toward the middle line to a single layer of cells. 'The nuclei are elongated and wedge shaped, and
cell division takes place commonly in a plane perpendicular to the surface, corresponding to the
long axis of the vertical nuclens. The gangliogen .consists of a deeper portion next the brain,
containing a ball of fibrous tissue, and a part next the retinogen or eye rndiment. Below the thick-
est portion of the eye the cells have large nuclei, which show a tendency to arrange themselves in
rows radiating from the deeper half of the lobe. These large, clearer celis also extend down to
the food yolk, and in lateral longitudinal 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. Section 1x). ’

The heant (Fig. 139, H) is now a broad and greatly flattened chamber between the body wall
and endoderm ( End). It extends forward a considerable distance between the epiblast and yolk,
and is continued backward into the superior abdominal artery (4. a. s.). Itis filled with serum
and blood corpuscles.

The endoderm is a more conspicuous layer (End.), and the wandering cells are reduced in numn-
bers. They are still seen in all parts of the egg, approaching the body wall, the nervous system,
the endodern plate, and other parts of the embryo (Fig. 139, y. c.).

STAGE IX.—EMBRYO WITH EYE PIGMENT FORMING.

A sketch of the embryo at the time when eye pigment has already formed is shown in Pl
xLviI, Fig. 158. The optic lobes are huge pear-shaped masses meeting on the middle line in
front and arching outward and backward on either side of the brain. The ocular pigment appears
a8 a thin, dark-brown crescent near the outer surface of the lobe. Pigment is first, formed at the
posterior end of the lobe nearest the base of the antennules, and spreads upward over its larger
convex end. The brain is constricted into two portions corresponding to the antennular and
antennal segments.

The segments of the abdomen are faintly marked off at the surface, and the telson plate which
overlaps the mouth, is deeply forked at its extremity. (Compare with spatulate telson of the first
larva, Pl. xx1, Fig. 9.) The plumose setz which garnish the posterior edge of the telson are now
represented by short stumps.

The first pair of antenna are stout, simple appendages, tipped with sete and folded backward
along the sides of the body. The second pair of antenns just inside of the latter, are biramous.
They are also hairy at the tips, and the embryonic membranes surround them like the fingers of
a glove.

The present stage is illustrated by Pls. XLvI and XLvII. The drawings are made from different
embryos, all of which are of the same age, excepting thdse represented by Figs. 152, 158, 159, and
161, which are a trifle more advanced. '

In the first series (Pl. XLVI, Figs. 146-151) the pigment cells are just forming in the eye. They
are first developed in the thickest part of the retinogen next the food yolk. A siugle section, like
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Fig. 146, shows the complete history of development of the retinal layer from its one-celled con-
dition toward the median line (already seen at an earlier stage, Fig. 130, Stage v1I) to the point
farthest from the middle line, where pigment is formed. The fibrous nerve tissue of the gan-
liogen now consists of three masses, a ball nearest the brain, which is the first to appear, and two
smaller masses between it and the retinogen. Huge ganglion cells (gc.) are of frequent 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 special section.)

The brain at this time (Figs. 146-148) differs from that of the previous stage chiefly in point
of size. It is composed of nerve cells and large ganglion cells (gc.), which occar chiefly near the
outer surface, and central fibrous tissue. It rests against the food yolk, and in the living embryo
it is bathed with a current of blood (B.8.). The fibrous tissne of the brain has the form of a letter
H with a wide and short transverse bar. In frout of the transverse commissure (Fig. 147, T¢.)
the fibrous substance is prolonged on either side into the optic lobes; bebind, it extends down to
the ventral nerve cord, on the inner side of the esophageal ring (Fig. 148, ocm.).

The ventral nervous system, like the brain, is bathed with blood, which fills a large sinus
between it and the yolk. This communicates with extensive blood sinuses extending along the
sides of the body (Figs. 148-154, B. 8.). In some cases the food yolk, usnally in an altered or finely
divided state, is in close contact with the nerve chain (Fig. 157). Cells extremely flattened and
spindle-shaped in section, are found in small numbers closely applied to the nervous system (Figs.
152, 157, pr.), and forming a rudimentary perineurium. In most cases they are undoubtedly iso-
lated cells, and do not constitute a membrane. They originate from the wandering cells and
correspond to cells similar in shape and origin which appear between the yolk and nervous system
at a much earlier period (Stage viI, Fig. 131, Mes.). The brain and ventral eord are not as yet

" differentiated from the superficial epiblast, but anteriorly, flattened epiblastic cells begin to appear

between the nerve cells and cuticle. Ganglion cells (Fig. 150) also make their appearance in the
cord, commonly at either side, close to the surface.

There is direct continuity of fibrous substance 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. Ineach
single ganglion there is a ball of this tissue which is united to its fellow in the same segment by a
transverse commissure (Fig. 151), and to the preceding and following ganglion by longitadinal com-
missures. It is as a rule completely inclosed by the ganglion cells, but is separated from the yolk
or blood sinus often by a unicellular layer (Fig. 150), and in the antennular and anteunal segments of
the brain (Figs. 147,148) the cells next the yolk are discontinuous. In the circumesophageal cords
the fibrous tissue also is withont a cellular cortex on its inner or central side (Fig. 149, fs.). With
slight changes these relations are maintained in the hatched larva (see Pl., Lv., Figs, 220-222).
The foregut is at this time a tube with definite walls and wide lumen (Figs. 148, 152, fg.). At
about its middle it is bent abruptly backward on itself in an acute angle. The first portion, lead-
ing from the mouth to the angle, is the csophagus and is directed forward ; the hinder blind eund of
the tube lies in nearly a horizontal plane, and represents the masticatory stomach. The walls of
the foregut consist of a single layer of columnar cells with large nuclei. They end abruptly next
the yolk, but the cavity of the tube is screened from the latter by a thin membrane of flattened
cells. A sheet of elongated or spindle-shaped cells surrounds the wall of the foregut and extends
over the nervous system (Figs. 148, 149, Mes.), while just below the cesophagus and behind the
mouth a bundle of elongated cells grows over the nerve cords to the roots of the mandibles repre-
senting the adductor muscles, which become so prominent in later stages. These relatious are
easily 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 cesophagus to the epiblast of the body wall.

Wandering cells also pass into the blood sinuses from all parts of the egg, and become
converted into blood cells and connective tissue elements. In Fig. 148 we see two such cells on
the edge of the blood stream, and in Fig. 152, (yc.) several of these bodies are iu contact with
the blood current on the side of the egg opposite the embryo. The relations of the epiblast, wan-
dering cells and blood corpuscles in this part of the egg are seen in detail in Fig. 161, where a single
large wandering cell is already balf snbmerged in the blood. The various other drawings illus.
trating this stage (Figs. 1564, 155, 160, yc.) point to a similar fate for a portion of the wandering
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cells. This subject of the rdle of the wandering cells in Alpheus is one of the most difficult and
at the same time the most interesting which has been met with in the study of its life hiatory,
and a full discussion of it is reserved for another part of this paper (Section vir).

A new structure, the carapace (Figs. 148-151, 160, cp.), is seen for the first time at this period.
It takes the form of a lateral longitudinal outgrowth of ectoderm on either side of the body in the
region of the thorax. These longitudinal folds represent the branchiostegites, which form the outer
wall of the branchial cavity. In Fig. 160 the structure of the rudimentary carapace and the way in
which it originates is very clearly shown. The epiblast cells at the surface multiply and the cell
protoplasm is prolonged downward into long strands or spindles. Meantime 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, which thus becomes a respiratory organ. This structure is essentially maintained up to lar-
val life (v. Fig. 195).

The hindgut or intestine (Figs. 150, 157, Hg.) has a considerably larger lnmen than in the pre-
ceding stage, but its histology is essentially the same. The walls are composed of a single tier of
large colimnar cells. The cell protoplasm is granular, and projects into the lumen of the tube,
and the cell wall is usually distinct. There is an -outer investmeut of mesoblast as in earlier
stages, which is closely associated with the surrounding cells of the developing abdominal muscles
(Figs. 150, 160, mu. f.). The muscle fibre appears as an outgrowth of the cell protoplasm of the
muscle cell. The nucleus elongates until it becomes rod-shaped. The fiber is homogeneous,
nonstriated and stains feebly in borax carmnine, but not at all in h@motoxylon. The intestine com-
mubnicates 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 of the telson plate opposite the labrum.

Fig. 157 shows the continuity of the epithelia of the hind and midguts, and illustrates in a very
satisfactory manner 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 vesiculated, have less definite bonndaries, and extend pseudopodia-like pro-
cesses into the yolk. The endoderm begins near the point marked vac. Fig. 1567. Here the lamen
of the tube enlarges, and the endoderm extends forward over the flexure of the nerve cord and
upward over the sides of the body. Posteriorly it is separated from the body wall by the blood
sinus which represents the heart and its arteries (H). The yolk next the endoderm is eroded and
granulated. The formation of the endodermn thus begins near the abdominal flexure, in the egg-
nauplius stage, at the point where the hindgaut communicates with the cavity of the mesenteron,
and advances gradunally forward on all sides. It is composed of cells (Fig.157, . ¢,) which migrate
from the yolk and assume an extreme peripheral position with respect to it. They eventually
acquire cell walls, unite and inclose the yolk which they continue to feed upon, apparently by first
producing chemical changes in it and then absorbing its particles. In the early stages the
mother cells of the endoderm and mesoderm can not be distinguished with certainty. However,
since the endoderm originates as a distinct epitheélial layer behind the ventral plate, and thence
spreads forwards, slowly walling in the mesenteron, it is obvious that the bulk of the anteriorly
wandering cells are mesoblast.

The extensive blood sinuses which are now present have already been mentioned. In the
angle between the optic lobes in front, there is a large bLlood space (Fig. 152, b. s.), and blood
passes from the heart upward and forward nearly around the egg in a thin irregular stream
between the skin and food yolk. Mesoblast cells grow forward from the abdominal region and
line the outer 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 heart is not a very definite structure at this stage. It lies above the
endoderm, nearly opposite the angle of the thoracic-abdominal fold. Its walls are delicate, and
appear in sections as thin strands of mesoderm cells. The nuclei are elongated and the cell proto-
plasm is produced into long processes. The pericardial space surrounding it is filled with blood.

In Stage vrr (Figs. 144, 145, Dp.) we noticed 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 is shown in Fig. 153
(Dp.). This is from an embryo intermediate between Stages VIII and 1X, in which eye-pigment
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is not yet formed. The plate is slightly thickened at its center, where there is an inconspicnous
pit marking the point of ingrowth. Aas the invaginated cells pass into the yolk they degenerate,
giving rise to spore-like particles which spread in incredible numbers through a large part of the
egg. Some of the wandering cells in this region doubtless degenerate before reaching the surface.
A part of a similar section is shown in more detail in I'L. v, Fig. 36. The particles vary consider-
ably iu size, stain uniformly and iutensely and the yolk about them is granular or finely divided.
At a corresponding stage in the lobster (Homarus americanus), I have observed a large diftuse
patch of cells which probably answers to the structure just described. In this case the embryo rests
on the side of the oblong egg and the cell plate is at one end of it, at a point about 90° behind the
embryo. This position seems to be quite constant, while in Alpheus the plate is nearly opposite
the embryo, at the stage when it is most conspicuous.

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 rudmentary
condition. The abdomen has grown forward until the tip of the telsou now extends beyond the
optic lobes. The embryonic telson is fringed with seven pairs of setw, and resembles the larval
telson, except that the median notch is deeper. Seen from the exterior the eye-pigment has the
form of an oval disk.

The longitudinal section, P1. xLVI1I, Fig. 168, shows most of the important changes which have
occurred since the last stage. These chiefly concern the eye, the nervoussystem, and the midgat.

The ectodermal pigment cells (retinular cells) of the retinogen have spread inward until they
cover its whole inner convex surface (Pl. xLVILI, Fig. 167). Near the outer surface of the eye the
crystalline cone mother cells (cc) can be recognized, and between the eye and the gauglia of the optic
lobe there is a narrow space which communicates freely with the blood sinus (B. 8.) on the outer side
of the lobe. Wandering cells are frequently seen rear this blood sinus, and in the space between
the eye and ganglia flattened cells also occur, which find their way in thither from the yolk. In
the optic 1obe another fibrous mass has developed near the eye (Fig. 164-7). In horizontal section
(PL xvLv1r, Fig. 159) the relations of the fibrous tissue of the brain and optic lobes is clearly shown.
In each lobe there is a chain of four fibrons masses united by a xtalk of fibers to the anterior
or optic swelling of the brain (of).

The structure of the brain (Figs. 159, 169, 170) begins to approach in complexity that ot the
larva, which was described in the first section of Part 11 of this paper. The lateral fiber-balls, so
conspicuous in the later stages have now appeared (Fig. 159 and Pl xLiXx, I'ig. 174, {f.). They are
developed in close union with the large central fibrous mass, which supplies the optic lobes, and
probably belong primarily to the antennular segment. Below this and nearer the middle line there
is a less definite fibrous ceuter (gf.) which supplies the antennal segment. With this, the a:so-
phageal commissures are directly continuous (Figs. 171, 174 ocm.).

The complete chain of ventral ganglia can be seen in Fig. 168. This section is not perfectly
median, but cuts a fiber-ball of each ganglion. The skin or hypodermis is now differentiated
from the nerve elements and consists of a thin layer of flat cells. The fibrous masses of the gan-
glionic ehain are also imperfectly surrounded by peculiar cells, the nuclei of which are spindle-
shaped in section. These also occur in the brain, and in either case must be regarded as metaimor-
phosed ectoderm cells, or more probably as intrusive mcsclasg. A transverse section of the nerve
cord in the thoracic region is shown in Fig. 172, and corresponds veiy nearly in plane of section
with Fig. 151 of the last stage. The fusion of the ganglia is now more complete, and the tibrous
balls and commissure are relatively larger. (Compare with this, Fig. 176, a section of the thoracic
ganglion of thelarva.) In the abdominal ganglia the fibrous elements have essentially the same
relations, but lie at a deeper level, being separated from the adjoining tissues by at most a single
layer of nerve cells. In Fig. 168 we see that the yolk comes in close relations with the nerve
cord behind the @sophagus to the endodermal fold (f) near the point of union of the mesenteron
and hindgut. Wandering cells approach the cord and become flattened against it, as already ob-
served in much earlier stages. ’
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The two divisions of the foregut, cesophagus, and niasticatory stomach, have the relations
already described. The wall consists of a single layer of tall columnar cells. In the masticatory
division the wall has begun to thicken next the yolk screen, its cells being cuneiform, and the
nuclei elongated and crowded below the surface. From the auterior wall, muscle or connective
tissue cells extend forward under the brain. ' -
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F16. 1.—Diagrams of transverse sections through the alimentary tract of an embryo of Alpheus saulcyi which is
gearly ready to hatch, to show the origin of the gastric gland from the postero-lateral lobes of the midgut. Section
1 cuta the hindgut and lobes of the ‘‘liver,” Section 111 the hindgut where it merges into the mesenteron. gg', gg*,
Secondary lobulesof mg'; HG, hindgut; my!, postero-lateral lobes of midgut.

The-development of the mesenteron can be understood by reference to Figs. 162-165, 168, and
185. The endodermal epitheliim spreads by the division of its own cells and by a¢cession of cells
from the yolk, both forward over the nervous system and upward against the sides of the body.
This is shown in the series of horizontal sections (Fig. 162-165). 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 tlexure, into a transverse vertical fold. Simultaneously with the apward growth of this
ventral fold, two dorsal longitudinal folds grow downward, and finally unite with the ventral fold
and with each other, thus constricting off fromn the alimentary tract two lateral pouches, the pri-
mary lohes of the ¢ liver.” The folds grow forward and the constriction proceeds gradually with
the growth of the embryo. This process is illustrated by the diagrams (Fig. 1) which were drawn
from an embryo near the point of 'hatching. The histology of the endoderm as shown in Fig, 173,
is essentially the eame as in the previous stage. The cells are prisimnatic, and the nucleus spherical,
and, as in all stages, filled with numerous nucleoli or chromatin balls. The cell walls are very
delicate and the protoplasm often contains large vacuoles.
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Fi10. 2, —Semidiagrammatic representation of tho alimentary tract and its appendages in the
first larva of Alpheus sauleyi. The middle line of tho body is also shown. FS, foregut; gg 1-3,
secondary lobules of postero-lateral lobe of midgut; IS, hindgut; mg, midgut; mg 1-3, an-
terior, lateral, and postero-lateral divisions of midgut; 1no, mouth.
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Wandering cells still occur in all parts of the yolk, though in far less abundance than in
earlier 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 couspicuous in Fig. 168 just in front of the
optic lobes. This corresponds in position with the dorsal plate (Fig. 153 dp.), and is probably a
remnant of it. The small clusters of cells beneath it and the degenerative products which occur
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. 108,) now extends over
the dorsal side of the egg between the epiblast and the yolk, from the heart to the optic lobes and
region of the head.

Aunteriorly we can distinguish in transverse section three vessels—a median impaired one,
which answers to the ophthalmic artery, and a pair of lateral vessels, the antennary arteries.
The vascular walls are extremely delicate and countain flattened cells, the nuclei of which in longi-
tudinal sections appear almost linear. Seen from the surface of the egg the blood vessels have
the appearance of two bands of tissue, passing backward from near the poiut of union of the
optic lobes. Between and at either side of the optic lobes, and beneath and to each side of the
brain, we find blood spaces packed with corpuscles (I'igs. 166-169, B. 8.) It is not possible, in
most cases, to distingunish at this phase trne sinuses (veins) from arteries. The structure of the
heart is shown in Figs. 164 and 168 (H.), and is essentially the same as in Stage I1X.

In Fig. 173 there is a small solid cluster of peculiar cells (R. 0.) on either side of the alimen-
tary tract, between it and the heart. This I regard as the rudiment of the reproductive organ.
The cells are clearly differentiated from the surroanding cells. The nuclei are very large, spher-
ical, and stain lightly and diffusely. They are enveloped in a capsule of mesoderm cells, like those
forming the walls of the heart, and they originate from similar elements. In Stage 1x (Fig. 157)
these cell masses were first recogoized. They are then distinct from the surrounding elements,
and the nucleus contains a very delicate reticulam. Each cell claster is 8o small that unless the
sections are uniform and complete it is very easily overlooked. The muscles bave developed in
various parts of the body (Figs. 168, 171, 172, mu., nu. f., mu. e., g. m. a.), but most striking at
this stage are the great flexor and extensor muscles of the abdomen.

The green gland (Fig. 170, A. @.) is another organ which we now meet with for the first time.
It is an irregular tube, closed at both ends, and lies at the base of the second antenna, extending
up a short way between the body wall and brain. In the previous stage all the tissue at the root
of this appendage is very loose and reticular, and no lumen can be seen. I have been unable to
detectyany opening of the gland to the exterior, nor should we expect to find any, since, as we
have already seen in Section I, there is none in the larva. It must be regarded as a mesodermic
structure.

STAGE XI.—EMBRYO OF ALPHEUS HETEROCHELIS NEARLY READY TO HATCH.

The later stages (Stages vi-X) have had reference to a single species of Alpheus, namely,
Alpheus saulcyi, the larva of which is described in the first section. The embryo of Alpheus
heterochelis at about the time of hatching is considerably less advanced than the embryo of the
first species at a similar period, and will serve in many respects as a convenient connecting link
between the larva described in Section I and the last stage. The embryo of Alpheus heterochelis is
represented by a longitudinal vertical section and by a series of transverse ones (Pls. L, L1). The
longitudinal sections of Stage X, of this stage, and of the larva (Figs. 168, 180, 196), form a very
iuteresting series for comparative study.

The eye and the ganglia of the eye stalk (Figs. 177-179, 187) have become highly specialized,

-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 compact, and is completely
separated from the skin. The foregut is larger than in the previous stage, and the walls
of the masticatory stomach have become very much thickened. It is screened from the yolk
by a membrane composed of large cells, which extend backward over the nerve cord. A double
band of muscles (Figs. 168, 180, g. m. a.) passes upward from the anterior wall of the masticatory

stomach 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 coagulum,
and, anteriorly next the head, with vesiculated and eroded remnauts of yolk. The endoderm lines
all but the anterior third of this cavity, extending farther forward on the dorsal wall. A few
wandering cells are still present in the peripheral parts of the cavity next the advancing edge of the
endoderm. Those elements, represented in Fig. 182, prove to be endoderm cells mechanically
detached from the wall of the mesenterou. The primary lobes of the midgut (“liver”) are larger
but otherwise similar to those described in Stage x. The endoderm cells are greatly vesiculated,
and the cell 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. It is no longer dorso-ventrally flattened, but in transverse section it is
triangular in appearance. One side of the triangle is toward the intestine and one apex next the
body wall. Its suspension in the pericardium is very delicate. The ectoderm cells send down
spindle-shaped processes (Fig. 186), the Ectoderm pfeiler of Reichenbach, and to these, meso-
dermal elements become attached. The cavity of the heart is imperfectly divided by lateral
partitions into three longitudinal compartments. In Fig. 186 the partitions are imperfect and
represented on each side by a siugle rudimentary muscle fiber. The walls and partitiens of the
heart are composed of delicate muscle fibers, which are distinctly striated. In the abdowinal
muscles, striations can also be made out. '

STAGE XII.—THE FIRST LARVA.

We now reach the stage with which this paper began, the first larva of Alpheus saulcyi.
The histological structure of the zoéa in the species with a regular metamorphosis differs only in
minor particulars from the larva already described. The organs are all very much smaller, and
the cells are relatively larger and less compact. The mesenteron is about half filled with the
unaltered and unabsorbed food yolk. Wandering cells are almost entirely absent, and the endo-
dermal walls are nearly complete. The partition between the masticatory stomach and the midgut
is absorbed aitl communication between them is established.

The anterior and median lateral divisions of the midgut are present, but the posterior lateral
lobes are represented ouly by spaces not as yet walled in by endoderm. There is a slight dorsal
median fold of endodermal cells. In the larva of the same species three days’ old 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 histological changes in this
period are not of a very extensive character. The organs which experience the most rapid growth
are the gills (Pl Lut1, Fig. 195.). These have now acquired 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 complicated. 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. xxj, Fig. 3) the eyes are completely covered by the carapace.
The ganglia of the eye stalks-and brain are intimately fused together. The nervous system and
all the tissues have undergone greater or less histological changes. These can be more conven-
iently considered in a still older larva.

‘The period of metamorphosis, strictly speaking, is passed in about twenty-four hours after
the time of hatching. The structure of an Alpheus ten days old, which had spent its entire life
in an aquarium will now be briefly considered. It is sexually immature aund some of the organs,
like the “liver” and green gland, are less complicated, but otherwise the structure is essentially
that of the adult foria.

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 same parts present in all. In the last two the fibrous tissue is rela-
tively much greater in bulk, and ditferentiation of the fibers and fibrous tracts has advanced much
farther.” The brain consists of the same fibrous masses surrounded with a thinner cortex of nerve
and ganglion cells.

S. Mis. 94—27
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The anterior or optic enlargement is continuous on each side with the ganglia of the eye stalks.
Its two halves are united by transverse fibers. The lateral enlargement is markedly kidney-shaped,
and from its hilus there issues a complex system of fibera. A great part of these fibers issue from
the ganglion cells inclosing the lateral ‘Lall, pass out in a bundle to the middle of the brain,
and thence up to the optic gauglia, apparently without crossing. The fibrous substance of the
lateral enlargement has a pyramidal structure—that is, its tissue is permeated with pyramidal blocks
of a denser substance which stains faintly with carmine. The apices of these pyramids point
toward the center of the ball. Below the lateral enlargement and nearer the middle line there is
the antennular mass from which the auditory nerve issues. This is bilobed and has the same gen-
eral relations a8 in the first larva (Pl. Lv, Fig. 216, lf). The antennal enlargement, which is
closely connected with the latter, is now a much more conspicnous mass than in the earlier stage.
From it issue the antennal nerve and the msophageal commissures.

The alimentary tract has undergone_very important changes, of which mention was made in
Section 1. What corresponds to the foregut of the larva comprises that portion of the tract from
the mouth to the duct of the gastric glands. It is divisible into a straight and vertical portien,
the wsophagus proper and a masticatory stomach. The latter consists of two parts, an anterior
section continuous, with the cesophagus, and probably corresponding with the gastric mill,
and a pyloric portion or strainer. In transverse section the cardiac section appears circa:
lar and the walls are rather thin and slightly folded. As this passesinto the pyloric division the floor
of the tract rises into a broad tongue-shaped process, which is surmounted by a particalar strainer
of hairs. This median fold is continuous throughout the pyloric division, where it narrows into a
crest. The lateral walls, which are greatly thickened and studded with hairs, approach each other
80 that only a small lumen is left, through which the food is strained as it passes over the net-
work of hairs. These two sections of the stomach correspond to portions of the tract marked Ms.,
Fig. 196. They are of epiblastic -origin, and in passing to the midgut the epithelium suddenly
changes as it does in the larva. .

The ducts of the three glands unite on each side and thus form two commch ducts. The
epithelia of the gastric ceca of the ducts and midgut are directly continuous and pass gradually
into each other. They consist of a delicate layer of connective tissue which forms a capsular in-
vestment and the large columnar cells already described. In the liver” many of these cells are
in the process of active secretion, and as a result of this activity 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
former size and has the form of a distended bladder projecting into the cavity of the gland. The
contents of the cell consist of a light granular fluid and when the cell breaks down this is dis-
charged into the lumen of the gland.

Just how much of the wall of the alimentary tract behind the glandular ducts is of endoder-
mic origin it is impossible to say, since from the first there is no sharp morphological boundary
between the hindgut and mesenterou. But it is certain 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 gastric caca.

The heart is very much compressed from above downward as in the adult. The walls of blood
vessels consist of a single layer of cells which secrete a homogeneous limiting membrane. As
in the early larva, the heart and pericardium are screened from the digestive tract and other organs
by a horizontal membrane. The reproductive organs are still in the rudimentary condition
already described.

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 studied chiefly for the sake of comparison with Alpheus.

Alpheus sauleys and A. heterochelis are both typical examples of centrolecithal segmentation
with the formation of yolk pyramids. They possess a massive food yolk and hatch as mysis-like

* The concluding sections of this memoir were written after the l1apse 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.
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larvee. On the other hand, the Bahaman variety of Alpheus heterochelis and Alpheus minor (from
Beaufort, North Carolina) agree in having a relatively smaller yolk and in hatching as zma-like
forms. They differ, however, in their segmentation, the first species agreeing in this respect with
A. sauleyi, while in A.minor yolk 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 Bahaman
heterochelis. The segmentation, however, has remained unaltered. The peculiarities which we
tind in the early stages of A. minor can not therefore be laid to the door of the yolk alone, but must
be regarded as a comparatively recent modification 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 few instances, within the species itself.

In the Decapod egg we have, as a result of segmentation, a great central yolk-mass which is
either undivided or imperfectly divided, and which completely fills and obliterates the segmenta-
tion cavity, and a surrouunding layer of cells, the blastoderm. More fally. 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, and a second division follows. With subsequent divisions the cells
approach nearer the surface. The yolk may share in these early divisions but often does not, until
eight or sixteen cells are formed (third or fourth segmentation stage). When there is no pro-
gressive segimentation of the yolk in the early phases, the yolk segments appear either gradually
and on one side of the egg, or make their appearance simultaneously in relation to all the nuclei
present. Segmentation is always rythmical. During oue phase (period of ¢ rest”) the segments
shrink away from the surface and flatten out in the usual way, while at the beginning of the period
which follows (period of ¢ activity”) they swell and stand out prominently. The division of the
yolk often appears total in surface views, while in reality it is not. The constrictions marking
off the segments may be nearly superficial, or they may extend deep into the yolk. Clell division
is usually indirect. The only exception to this rule which I have observed is Alpheus minor (see
p. 397). With each division the protoplasm approaches nearer the surface of the egg, aud the
segments become more pyramidal in shape. These are the ¢ yolk pyramids” which were first
described in the craytish by Rathke in 1829. The bases of the pyramids form the surface of the
egg and their apices fuse in the central yolk mass. The nucleus, surrounded by a rayed body of
protoplasm, lies near the base. By repeated division the pyramids become smaller; the cleavage
planes of adjoining segments become less distinet and the protoplasm draws nearer and nearer the
surface. Before, however, any of the protoplasm is flush with the sarface, certain of the cells
divide horizontally, that is delaminate, and ono of the products of each division migrates into the
yolk below. The surface of the egg is now covered with a single layer of small polygonal cells,
and the pyramidal structare of the peripheral yolk has nearly disappéared. The greater part
of the prétopla.sm of the egg is thus at the extreme outer emis of the reduced yolk pyramids, while
the lesser body of it is represented by the migrating yolk cells.

The invagination stage soou follows, and the large numbers of cells which now become migra-
tory (in Alpbeus penetrating to all parts of the egg), joining the primary yolk cells, represent
mesoblast and entoblast. The process above described will be found to apply, I believe, 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 which this is carried. This account differs from that usually
given in recognizing delamination, following close upon the latter phases of segmentation, or the
origin of cells, from the blastosphere before the invagination appears. This regularly occarring in
such typical forms as Alpheus and Homarus argues strongly for its presence in allied species
where it has possibly been overlooked.

Stenopus hispidus.—I have described and figured the segmentatnon of Stenopus in a paper on the
life history of this form. In one egg which I sectioned before the beginning of yolk segmentation, a
single cell, probably the male pronucleus, is seen at the surface, while anosher cell, the female pro-
nucleus, lies near the center. A single polar body was also present, just 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 became constricted at the surface into eight blastomeres. The superficial
furrows are quite deep during active periods, giving to the egg the appearance of total cleavage.
This egg now resembles that of Penwus as figured by Haeckel, butin the latter form yolk segments
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appear at an earlier phase. The cleavage of the yolk is wholly, or almost wholly, confined to the
surface farrows, dividing planes rarely extending into the yolk below. My 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 occar.

My observations on Pontonia domestion, Palemonetes vulgaris, and Hippa talpoides are very
fragmentary. In Pontouia 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 precisely like those in Alphens saulcyi at a similar stage,
and probably the segmentation of the two is similiar. In FPalemonetes Faxon (17), relying
wholly upon surface views, states that segmentation of the egg begins in two planes almost
simultaneously. These planes are at right angles to each other and pass through the long and
short axes of the egg. Whether this follows close upon the first division of the nucleus I have
not determined. I have an egg with two nuclei near the center of the undivided yolk, and a stage
with thirty-two yolk pyramids. This egg also agrees closely with that of Alpheus saulcys at the
same stage. The nuclei 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 distribated to the yolk pyramids and no delamination has taken place.

With reference to Hippa I can only add the note that yolk pyramids normally occur, and in
the 64-cell stage (Figs. 1, 4) the lines of cleavage between adjacent segments are very distinct and
extend nearly to the center of the egg. At this stage all the.protoplasm is apparently concen-
trated in these cells. Yolk pyramids similar in surface views to those of Hippa occur in Callinectes
hastatus, Platyonychus ocellatus, and Libinia canaliculata.

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

With the first segmentation the protoplasm begins to leave its central position and seek the surface of the ogg;
before the second division is completed it has reached the surface, leaving the yolk in the center. * * * After the
second protoplasmic segmentation is effected the first segmentation furrows appear, the one following close upon the
_other. The iirst to appear corresponds in its direction to the firs? nuclear division; the second is at right angles to

it. * * * InCrangon, so far as I have been able to see, ammboid cells reach the sarface and take part in the
formation of the blastoderm before the process of gastrulation begins. In that form no yolk pyramids occur.

Of cell division he says:

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 protoplasm. * * * In fact I do not recall a single statement of karyokinesis
being witnessed in decapod segmentation excepting in Astacus.

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 section of the egg shown in Fig. 3 and has six nuclei, five of
which are even with the surface, while one is near the center of the egg. The yolk spherules appear
to be fused, owing possibly to the distarbing effect of the reagents employed. This central cell,
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 eventually reach the surface at a certain
point which marks the germinal area. Thus all the nuclei take part in the formation of the blasto-
derm, and the migration of the belated cells is completed before the ¢gastrula” invagination
occurs. I have made no observations on the very earliest phases of segmentation of Crangon, but I
have several eggs sectioned at the sixteen-cell stage, which ought therefore to correspond with
Fig. 4 of Kingsley’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, although belonging to a later phase, will fairly represent the condition of things which
we find in Crangon. Nene of the nuclei are tangent to the surface, but between them and the su:-
face there is still a considerable layer of yolk. Each is surrounded by a large mass of protoplasm,
which staios lightly with haemotoxylon, and has the characteristic rayed appearance. One of these
nuclei 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 Alpheus at the same period. Asalready
stated, the central yolk mass does not contain a single nucleus. The yolk is in the usual form of
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large spherules on angular blocks, which are abundantly perforated with round lacuns. Crangon
agrees essentially at this stage with at least three other species, namely, with Alpheus saulcyt,
Pontonia domestica, and Stenopus hispidus.

It is probable that Figs. 3 and 4 of Kingsley’s paper do not correspond, the latter representing
the older egg, that is, older than the sixteen-cell stage. In the segmenting eggs of Homarus there

is a striking individual variation, which finds expression chiefly in the external characters of seg-

mebntation, but I have never observed this in any related forms, and can not say to what extent it
occurs. Judging 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 saulcyi,
and that toward the close of the yolk-pyramid stage delamination occurs and some of it wanders
back into the depths of the yolk. If this is true, the ‘belated” cell near the center of Fig. 4 of
Kingsley’s paper may represent some of the protoplasm which has taken this roundabout journey.

[While this memoir was in press a paper has appeared by W. F. R. Weldon, on * The Forma-
tion of the Germ-layers in Crangon vulgaris.” (Quart. Jour. Mic. Sci., Vol. xxx111, pt. 3, March,
1892). He makes no mention of the budding of cells from the blastoderm before invagination,
nor of the presence of migrating cells at a later period not derived from the invaginate cells or
ventral plate, hence it is probable that in Crangon primary yolk cells do not occur. In this case
the suggestion just offered does not let us out of the difficulty.] I have not succeeded in obtaining
the segmenting eggs of Callianassa for comparison with the early stages of Callianassa mediterranea,
described by Mereschkowski (40). It seems to me, however, that the diagrams in Mereschkow-
ski’s paper are misleading, and that the process of segmentation in Callianassa, instead of being
peculiar as one might infer, is essentially typical. According to this observer’s account the ‘ blas-
toderm” arises without yolk segmentation. Nuclear division is at first central, and the resulting
cells, sixteen in number, pass gradually to the surface and form a deep layer of protoplasm
inclosing the yolk. This layer, at first raised into hillocks corresponding to.the nuclei, finally seg-
ments into sixteen parts around the latter. These segments are formed simultaneously over the
egg, but the yolk i8 not involved. The c