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SECTION L

INTRODUCTION.

Statement of the Problem.

THE chromatophores of Crustacea present many problems physiological and morpho-
logical. The first attempt to formulate these problems, and, by experimental methods,
to solve them, is due to Poucmrr. His Memoir, ¢ Changements de Coloration sous
l'influence des nerfs,” is a classic of biological literature. It forms the basis of our
present knowledge of the colour-physiology of Crustacea.

The scope of PoucHETs work is very wide. It includes the histology of the
chromatophores, the chief chemical reactions of the more common pigments, the
phenomena of pigment-movement under various extrinsic stimuli, such as light,
electricity and drugs, the analysis of the effective light-factor, and experimental proof
of the mode of action of this factor. These investigations were carried out chiefly on
Palemon serratus and Crangon vulgaris ; of other forms, young lobsters and Heppolyte
were occasionally employed.

PoucHET regarded each chromatophore or *chromoblaste ” as a single cell con-
taining a single pigment. Associations of pigments, for example, red and yellow as
in the prawn, or red, violet and yellow as in the shrimp, PoucHET regarded as due to
groups of such severally pigmented cells. Change of colour he considered was due
to active protrusion or retraction of cell-processes, carrying pigment outwards or
inwards.

The phenomena of pigment-movement, to which PouchEr chiefly devoted his
attention, were those resulting from the use of black and white dishes in broad
daylight.  On the black background the pigments expand, and the resultant colora-
tion is a dark one in harmony with the tone of the surroundings. On the white
background they contract, and the consequent colourless phase offers no contrast to
the adjacent surfaces. This faculty of adjustment of colour to the tint of the
environment, PoucHET called the ¢ chromatic function.” In the purposefulness of
the reaction he saw the function of pigment, and to the cause of the reaction and
to the mode of action of this cause he devoted his experiments. He showed that
the chromatic function persisted only so long as the eyes of the Crustacea were
intact : eye-amputated specimens becoming and remaining dark in colour, even on
white backgrounds, until the eye regenerated. Then renewed sight was followed by
regained chromatic function. Since the incident light on both backgrounds was the
same, the effective light-component must be some quality of the background, and
without further analysing this factor, and without determining how its effect was
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produced on the eye, PoucHET concluded that background determined the movements
of the chromatophores through the mediation of the eye and nervous system.

In view of the scope of the present paper, we may refer to the points in which
our work differs from, or supplements, PovcaEr's. Whilst fully confirming PoucHET’S
discovery of the paramount importance of background in determining the movement
of chromatophores, we endeavour to analyse this and the other factors involved in
such reactions. PouchEr overlooked the immediate and evanescent results of
contrasted backgrounds. He denied the after-effect of day and night, or of other
forms of stimulation, upon Crustacea. He made no attempt to determine whether
“background” influenced the development of chromatophores; and except in the
case of the larval shrimp, gave no account of the distribution of these structures in
the Crustacea he experimented upon.

In recent years, investigators into the colour-physiology of Crustacea have confined
themselves to special problems such as the phenomena of colour-change, the chemistry
of the pigments, and their physiological rdle. JoURDAIN (1878) pointed out that in
addition to light, electrical and pharmacological stimuli, the temperature of the water
influenced the colour of sensitive Crustacea, and that such changes were naturally
independent of the action of the retina. We showed (1900), in Hippolyte
varians, that rapid movements in the chromatophore could be induced by any decided
stimulation ; that slow changes followed the application of less powerful stimuli,
such, for example, as differently coloured backgrounds in place of strongly contrasted
ones; and that underlying these quick and slow reactions of the chromatophores to
changes of environment, there was at least one intrinsic chromatophoric rhythm, the
after-effect of alternating night and day.

Another special problem offered by the movements of chromatophores is that of
the changes in the retinal pigment. S. ExnNer (1891) and ParkEer (1897), to
mention only two cases, have shown that in the eyes of Crustacea exposed to the
light, the retinal pigment aggregates round the inner ends of the cones, whereas
under the influence of darkness the pigment migrates towards their outer ends ; and
Ex~Er has explained how in bright and dim light the resulting pigment movements
act physiologically as a contractile iris. In these, as in many other recent experi-
ments upon the action of light upon Crustacea, the incident light alone has been
considered. The result of PoucHEYS work in emphasising the importance of reflected
light has been overlooked.

The chemistry of Crustacean pigments has been the subject of Memoirs by MLy
(1881), MoseLEY (1879), KrUKENBERG (1882), Mac MuxN (1884), Zorr (1892),
Hemw (1892), NewsIciN (1896), and others. The most complete investigation is
that of Zorr on the red and yellow pigments of Diaptomus, a Copepod. These
pigments Zopr identifies as two forms of those widely distributed lipochromes now
known as carotins, of which the colouring matter of Daucus carota is the type.
Both the red and yellow carotins of Diaptomus give an absorption band, the line
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I of the spectrum, but in other respects they differ widely from each other. The red
carotin readily unites with alkalies and alkaline earths, gives only a single absorption
band (about the F line), and probably contains oxygen in its molecular constitution.
The yellow carotin does not unite with alkalies, gives the F band and also one
between F and G, and according to the valuable researches of Komr (1902), is an
unsaturated hydrocarbon CyHg The red and yellow colouring matters of higher
Crustacea are probably identical with these carotins, but the constitutions of the blue,
violet and brown pigments are still unknown. With respect to the functions of
these pigments, we have the respiratory hypothesis of MaALy (1881) and the de-
hydration hypothesis of Hemm (1892), but the ascertained facts of the chemistry and
physiology of Crustacean pigments are as yet too slender a basis for profitable
speculation on their functions.

In the present paper we endeavour to make a survey of several of the problems
which the morphology and physiology of Crustacean pigments and chromatophores
present. We bring forward a number of new facts and offer suggestions as to their
significance, but we feel that the time has not yet come when we can profitably
enter upon an exhaustive discussion of all the known phenomena of Crustacean
colour-physiology. We hope, however, after a further spell of experimental and
histological work to be in a position to undertake this task.

As far as we can gather, current opinions holds that the pigment of Crustacea are
sporadic and superficial in distribution; that they are confined to isolated single
cells, chromatophores, of the epidermis or connective tissues, and that they are
“ protective ” in function, or form a waste functionless product of metabolism.

Our investigations of the last four years have led us to regard these opinions as
founded on insufficient evidence. Even the protective function of colour is not firmly
based on experimental evidence. The pigments of Hippolyte, Mysis and Palwmon
are not sporadic, but regular in distribution. They occur not only superficially, but
in relation to deep-seated tissues. They are contained not in isolated cells, but in a
system of organs often multicellular and complex in structure, the different parts of
which are often in actual continuity, and are in functional relation with one another,
and with the eyes through the mediation of the nervous system. Whilst even if
experimental evidence of the protective value of the chromatophores and their
pigments is ultimately forthcoming, we yet require to know at what stage in
what process the pigments have been produced.

From this it will be clear that the whole range of what we may call the pigment
morphology and pigment-physiology of Crustacea has yet to be investigated. We
must ask what is the nature of these chromatophores that produce and distribute
the pigments ? How do they and their contained pigments arise and develop during
the life of these animals? How are they brought to form a system working as a
whole? Is this pigmentary system formed upon a plan common to all the higher
Crustacea (Schizopods and Decapods), or does it show grades of evolution in passing
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from the lower to the higher forms, and from the earlier to the latter stages of
individual development? If we find that the chromatophore-system is in some
sense a transmissible system, we shall have to determine how far inheritance and
how far environment and acquisition determine the final colour-display. Further,
if we find that in a given “species” the chromatophores are not sporadic but of
constant distribution, and if in allied species there are constant differences in the
arrangement of the chtromatophores, we shall have to ask whether the chromatophore-
system itself may not provide us, wn virtue of its form, with a convenient and reliable
taxonomic guide by which the nature and affinities of species and genera may be
determined.

Our experimental work has been carried out during vacation-time in several
laboratories on the coasts of England (Plymouth, Piel, Cullercoats), on the coast of
Normandy (St. Vaast-la-Hogue) and Brittany (Roscoff, Trégastel). During term-
time we have continued the investigations at the Zoological Laboratory, Owens
College, Manchester, and University College, Reading.

We beg to express our grateful thanks to the directors of these marine biological
stations for their kindness in putting at our disposal the resources of their
laboratories. We also wish to acknowledge a grant of £25 from the Grant
Committee of the Royal Society, thanks in a large measure to which we have been
able to continue our researches at Trégastel.

Our sincere thanks are also expressed to Miss D. RicHARDSON for the excellent
drawings of Myses and prawn-larvee that accompany this paper (see Plates 18, 19, 20,
and Plate 22, figs. 29-32).

SECTION Ia.

General Features of the Chromatophore-System of Higher Crustacea.

The pigments of Schizopod Crustacea and of such Decapods as Hippolyte and
Palemon are contained in a system of organs—the chromatophore-system. The
components of this system are the chromatophores. Each chromatophore consists of
a centre, and of branches radiating from that centre. The centre contains one or
more pigments, which pass on appropriate stimulation into the branches. In their
development, the branches resemble those of a growing tree, both in repeated sub-
division and increasing complexity, interlacing in Hippolyte to give rise to the
appearance of networks. The colour and colour-patterns are due to the distribution
of pigments in these branches. When appropriate stimulations recalls the pigments
into the centres, colour and colour-pattern are lost ; the centres are delimited.

In its earliest development, the chromatophore consists of an unbranched body.
As it becomes stellate through the out-growth of branches, the pigments become
functional, so that their movements may be watched even in the embryo. The
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branches considered collectively pass not only to superficial but also to deep-lying
tissues. The pigments flowing into the former give rise to the colour and colour-
pattern. Those flowing into the latter play little or no part in coloration.

Although the chromatophores react as a whole to a given stimulus by
redistribution of their pigments, yet each group of chromatophores has its own rate
of response. Moreover, the pigments themselves respond at different rates.

SECTION IL

TaE CHROMATOPHORE-SYSTEM OF MACROMYSIS FLEXUOSA.
(Plates 21, 22, and 23, fig. 51, and ¢f. Plates 18-21.)

The particular species or colour-form we call Macromysis flexuosa (see Sect. VI.)
is one of the commonest Schizopods and may be used as a type, with the colour-scheme
of which that of other Crustacea may be compared.

On a sandy shore, this animal appears transparent and colourless or of a greyish
tint. Amid dark surroundings and in deeper water, its colour deepens and its
definite pattern becomes manifest. This consists of paired arborisations of a yellow
or whitish colour upon a dark brown background. They occur in each segment of
the tail and less regularly on the carapace, eyes, and limbs. The females are readily
distinguished from the males by the black and yellow markings of the brood-lamelle.
In other respects, the coloration of the two sexes is essentially similar, but, on the
average, the females exhibit the arborescent pattern in a more luxuriant and better
defined form than do the males.

The difference of coloration exhibited by Macromysis flexuosa according to the
light or dark nature of its surroundings can be artificially induced, and it can be
shown that the transparent colour-variety is due to complete retraction of both a
brown pigment and of a yellow or white reflecting substance from the branches of the
chromatophores to their centres; that the dark variety is the expression of the
injection of these substances into the branches; and that grey, yellowish and light
brown varieties are intermediate stages. We conclude that this apparent inconstancy
of colour is but an expression of the varying rates of flow of the two coloured
substances, and that the system in which the flow takes place is itself unchanged.

A. The Chromatophore-centres.

The chromatophore-centres consist of three main groups and of one accessory group.
The main groups are :(—

1. A neural group of centres in relation to the brain and nerve-cord.

2. A visceral group in relation to the alimentary tract, liver, and gonad.
* 3. A caudal group on the upper surface of the tail.
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The accessory group comprises centres on the eye-stalk, in the antenns, tail-fan,
and brood-lamelle of the female.

The neural group is segmentally arranged ; a median or a pair of centres being
placed opposite to each ganglion. The caudal group is median and segmental. The
visceral group is in part median, in part paired, and its segmental character is hardly
less clearly defined. The distribution of the individual components of each group is
rigidly constant.

The further description of these groups may be easily followed by reference
to Plate 21, figs. 13, 15, 18. The neural centres are related to the brain, nerve-cord,
bases of the appendages and skin of the ventral surface. Thus, there is a pair over the
brain; a pair at the bases of each of the antennz and lateral to the connectives
joining the brain and cord ; -a median centre between the first, and another between
the second maxillee, in both cases lying above but closely applied to the ganglia of
these segments; then a pair at the sides of the cord opposite to the bases of the
thoracic limits ; lastly, in the abdomen, each segment has apparently two centres, one
anterior and another (ganglionic in position) posterior. But each of the latter on a
side view is clearly divided into two centres, one—the lower—resting on the ganglion,
and the other—the upper—lying in the flexor muscles. In the last segment the
muscular centre is constantly and specially related to the anal muscles.

The visceral group of centres is disposed as follows. On the upper surface of the
stomach are two median centres. Under the elongated heart, two large and important
centres are found ; one beneath the gonad, close to the junction of the liver lobes, and
the other immediately under the posterior border of the carapace. Both rest on the
sheath of the gut and are therefore well below the epidermis. The anterior one is
vertically above the third thoracic limb and lies between the upper ends of the
pleurse of this segment; the posterior one is similarly related to the sixth thoracic
segment. The rest of the visceral group consists of centres above the intestine.

The caudal group consist of a median dorsal centre, dermal in position, on each of
the abdominal segments and on the last thoracic segment.

If we omit for a moment the accessory group of centres on the ends of the body,
the system formed by the neural, the visceral and the caudal groups presents certain
well-defined features. It is centralised about the median plane and composed of a
constant and largely segmental series of centres developed in relation to the central
nervous system, the gut and the caudal surface.

The accessory group on the other hand shows a relation to outlying structures. On
each of the eye-stalks an optic centre is constantly present behind the cornea. In
the antennal scale five centres occur, one in the peduncle of the antennule and one at
the base of the endopod. Each of the brood-lamellz of the female, which are known
to be the hypertrophied epimera of the last three thoracic legs, bears a row of
chromatophore-centres ; whilst on each of the uropods a single row, and on the telson
a double row, of centres is developed.
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Having regard to the peculiarities of the three chief groups of chromatophores
both in Macromysis flexuosa and other crustacea which, as we shall see, possess these
groups, we shall refer to them as the primary system of chromatophores.

B. The Chromatophore-Branches.

1. The branches of the neural group of chromatophore-centres supply, ¢.e., run in
relation with and invest, the central and peripheral nervous system, the muscles and
skin of the tail, of the anus, of all the appendages, and the skin of the carapace ;
that is, all the superficial and deep organs of the main mass of the body, the alimentary
tract and parts of the tail-surface alone excepted.

2. The branches of the visceral group supply the stomach, « liver,” gonads, part of
the carapace and the intestine.

3. The branches of the caudal group are confined to the skin and extensor muscles
on the upper surface of the tail.

The branches of the accessory group supply the tissues in their immediate
neighbourhood.

The branches as a whole possess well-marked characters. They are frequently of
great length (2 millims. or even more). They subdivide into luxuriant ramifications
which form investing sheaths to the deep organs and terminal arborisations in the
skin. These characters are best developed in the branches of the neural group, which,
in this as in other ways, is the dominant component of the chromatophore-system.

C. The Chromatophore- Pigments.

The majority of the centres contain (1) a large amount of a brown pigment largely
insoluble in alcohol, but converted to a reddish tint and finally decolourised by
oxidising agents such as chlorine, and (2) a smaller quantity of a substance bright
yellow or white by reflected, but greyish by transmitted light. This substance so
generally present in crustacea appears to have a crystalline form. Its chemistry,
however, still awaits investigation.

The brown pigment occupies the greater part of the branch-system and gives rise,
when fully expanded, to the black colour of Macromysis flexuosa. The yellow
substance does not mix with the brown. It occupies a special series of branches and
reacts to stimulation at a slower rate. On the stomach, liver and intestine it is well-
developed, but is largely hidden from view by the paired fern-like expansions filled
with this yellow substance which proceed from the caudal and neural centres. These
expansions confer upon Macromysis flexuosa its characteristic colour-pattern. But
underneath this superficial ground colour of brown relieved by yellow or white
tracery, is a deeply placed system of branches on the gut, in the muscles and over the
nerve-cord, that takes little or no part in the final colour-display.
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D. Histology of the Chromatophores of Macromysis flexuosa.

(Plates 21, 22, figs. 19-23.)

The mature chromatophores are not single cells but are complex organs, the structure
of which varies with their position in the body. In the telson and tail-lobes the centre
of the organ (Plate 22, fig. 28, Membr) consists of a spherical thin-walled bag
('1—2 millim. in diameter), pierced by a number of cells varying from five or six to
eight or nine according to the age of the chromatophore. Each cell projects into the
bag and is produced outwards into a branched fibrillated process. The nucleus is placed
at the central end of the cell. The bag itself is formed by a flattened epithelium
and contains the pigment in a clear or granular matrix.

On the brood-lamellee (Plate 22, fig. 22) each chromatophore is composed of a large
(often *78—75 millim. in diam.) lenticular centre and strongly developed branches.
The central portion is apparently cytoplasmic, finely granular and slightly fibrillated.
It is perfectly continuous with the branches. At the point where these commence or
just beyond their point of origin, a small group of nuclei occurs. The protoplasm of
the branches is markedly fibrillar both in fresh and preserved preparations. The
centre of the chromatophore is bounded by a distinct membrane which appears to be
continued round the branches.

The neural and caudal chromatophores exhibit a third type of structure. They
consist of a large number of cells, fused at the centre with each other and with a
protoplasmic mass in which a more refractive and densely staining body is often
present. The body, however, is not a nucleus; it has no network, and is probably a
product of the activity of the surrounding protoplasm. In these chromatophores the
nuclel are more centrally placed than in the other two types, the branches are stouter
and more numerous, and the centre attains a greater size and a greater capacity for
producing and storing pigment.

In all types of chromatophore the branches of these organs, particularly of the
neural group, attain a great length (2 millims. in extreme cases), and end in a definite
terminal arborisation in the skin and viscera in a simpler manner on the nerve-cord
and muscle.

Repeated experiments of stimulation on the same chromatophore cause it to contract
to the same centre, and to expand into the same branches, and so produce the same
pattern. These chromatophore-endings, however, are frequently so intricate as to give
rise to the appearance of a plate of pigment, for example, on the eye-stalk and on the
surface of the tail. In such cases it is difficult to determine whether the structure is
the same as that just described for the main trunks, or whether the branches
ultimately end in connection with a system of tubes.

Before leaving the histology of the chromatophores, we call attention to a glandular
tissue with which they are intimately connected (Plate 22, figs. 22, 23). Each chromato-
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phore-centre is surrounded by a zone of cells, with very large deeply-staining nuclei ;
and a strand of the same tissue runs from each chromatophore to the next. The
chief development of this glandular epithelium is found at the posterior edge of each
abdominal segment above and below, at which points it forms a broad band of
squarish closely fitting cells, which appear to belong to the deeper layer of the
epidermis. The visceral chromatophores, and those of the brood lamelle (Plate 22,
fig. 22), are also provided with a connecting band of the same curious tissue, which
is, however, more lax and deeply placed. Many of the cells are pyriform, and they
may unite together by their narrow ends. Their protoplasm presents different
degrees of vacuolation and of granularity, indicating phases of secretory activity.

Close as is the relation of this glandular tissue to the centres of the chromatophores,
its position towards their branches is yet equally intimate. But whether these cells
have anything to do with the origin of chromatophores, or with the production ot
their pigments, is at present unknown.

E. Development of the Chromatophores in Macromysis flexuosa (Plate 21, figs. 19-21).

1. The Centres—The earliest stage we have observed in the formation of this
system occurs in embryos of 2 millims. in length, taken from the brood-pouch of the
female. The neural group of centres was represented by the pair over the brain
and at the bases of the antennsze. Later on, as the other appendages develop from
before backwards, the other neural centres appear at their bases. In each segment of
the abdomen only two centres, one anterior and one posterior, are present in the late
embryo. The next group to appear is the caudal, which likewise develops from
before backwards; and, last of all, the visceral. In late embryos the accessory
group is represented by the optic centre, by two centres in the antennal scales, two
in each of the tail-lobes (inner and outer), and by a pair in the telson. Before
birth, therefore, all the centres of the three chief groups, and some of those of the
AcCcessory groups, are present in their definitive position.

We have followed the development of some of the neural centres (Plate 21, fig. 20).
These organs arise as prolifierations of the epidermis, which sink into the deeper
tissues. They are solid ingrowths which, at the earliest stage we have observed, are
already composed of several cells surrounding a granular pigmented enucleate plasm.
This group of cells separates from the surface. The cells grow out to form branches,
which, however, remain unpigmented till a late stage in development. In the
general conclusion that the chromatophores of Macromysis arve products of the
epidermis, we are able to confirm WAGNER (1896). WaGNER has already described
this development for what he calls glands (““ Pigment-drusen ), but he failed to recog-
nise that these glands are the chromatophores.

The changes which subvene in the chromatophore-centres after the birth of
Macromysis are but few, and comparatively unimportant. The only addition made

VOT,. CXCVT.—R, 2 n
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to the three chief groups, is the subdivision of the posterior centre in each abdominal
segment into a dorsal, purely muscular centre and a ventral, mixed one. The addi-
tions to the accessory group consist of a few centres in the antennse and tail-lobes,
and, at the time of maturity, of centres in the brood-lamellze.

2. The Branches—The development of the branches is a much longér process ; for,
whereas the advanced embryo contains all the important centres of the adult, only
the main chromatophore-branches are present at that stage. The luxuriant branching
and definite terminal arborisations of the later stages are not even indicated, and,
consequently, the colour pattern is not yet defined. Tt is only with the extension of
the neural branches into the carapace and tail-terga, and the expansions of these
branches into foliose terminations, that the pattern is gradually developed.

3. The Pigments.—-In the early embryo only one substance is present in the neural
centres. It is of an opaque dead black tone when seen in mass, but is dark brown in
a finely divided state. In ripe embryos the neural centres are still without the
yellow reflecting substance which is present in adult animals. The caudal centres are,
from the first, filled with this yellow substance, to which the dark brown pigment
is subsequently added.

F. Summary.

The chromatophore-system of Macromysis flexuosa consists of three main groups
of centres. Of these groups, the neural is predominant. Its centres are the first to
develop, appearing first on the brain, and later at the bases of the budding appendages.
The caudal group develops after the neural, and the visceral after the caudal. These
groups arise in the embryo, and persist with but very slight modification throughout
life. The same is true of the accessory group of outlying chromatophores : that is,
the chromatophore-system of the adult is fundamentally that of the embryo. The
neural centres develop as thickenings of the epidermis. Groups of cells lose their
connection with the surface, and come into close relation with the sheath of the
nerve-ganglia. The chromatophore now consists of a number of cells surrounding a
central cytoplasmic enucleate mass : that is, the chromatophore at this stage consists
only of a centre in the sense in which we have frequently used that term. Branches
grow out from the cells, ramify again and again, and ultimately terminate in definite
arborisations.  From the time of the earliest appearance of the branches, the
pigments contained in the centre are functional, now flowing out into the branches,
now contracting again to the centres. Thus the inconstancy of coloration of
Macromysis flexuosa is an inconstancy of coloration only. The chromatophore-
system and its contained pigments are constant, and the inconstancy is due to the
ebb and flow of the latter,
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SECTION IIL

CoMrARISON OF THE CHROMATOPHORE-SYSTEM OF OTHER MYSIDAE WITH THAT OF
Macromysis FrLexuosa.

(Plates 18-21 and Table I., p. 365.)

We have examined this system in species of the following genera :—Macromysts,
Sclastomysis, Neomysts, Mysidopsis, Leptomysis, Macropsis, Gastrosaccus, and
Siriella.  In order to delimit the chromatophore-centres, it is necessary to cause the
pigment to flow completely away from the branches and to collect in the centres. This
may be done by placing the animal in the dark, or under the influence of scattered
white light. As this was not done by previous investigators, we are unable to utilise
the incidental references to coloration that occur in the works of SArs (1876, 1879,
and ‘ Crustacea Caspia,” 1893-5) and NoRMAN (1892).

All these genera are characterised by the possession of a common centralised type
of chromatophore-system, which we term the primary system. In some (Macromysis,
Schistomysis, Neomysis, Gastrosaccus, and Siriella) the three constituent groups
of chromatophores described in Macromysis flexuosa ave fully represented. In
others (Leptomysis, Mysidopsis) the caudal group is absent. The neural group
persists in all.

The characters of the primary system are:—paucity in numbers of the
component chromatophores, consequent on their segmental arrangement ; centralised
position of their centres; far spreading and luxuriant branches, the terminal
arborisations of which form investing sheaths about the organs to which they run ;
and above all, persistence of the embryonic chromatophores as those of the adult.

Except Sclustomysts, each of the genera, and the majority of the accepted species,
severally exhibit a constant modification of this common plan, the details of which
can be determined by reference to Table 1., where also it will be seen that Schustomysus
agrees with Macromysis. These modifications are due to the presence of paired or
unpaired chromatophore-centres in particular segments; to the shape and extent of
the terminal arborisations of the chromatophore-branches, and to the distribution
of certain pigments within the centres and along the branches. For example,
Schistomysis arenosa, Sc. ornata, and Macromysis inermis have almost the same
number, and the same general arrangement of Chromat-dphdre-centres, but their
branches and arborisations are so shaped and pigmented as to give each species a
distinctive coloration.

The accessory group in these genera resembles that of the type Macromysis
Sflexuosa in its position on terminal organs, the eyes, antennz, tail-fan, and brood-
lamellee. In some genera the usual centres in the telson are replaced by a pair of
centres at, or just in front of, its base, and ramifying within its substance. In
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Macropsis, additional centres are found in the basal joints of the thoracic legs. The
accessory group is to be regarded as arising from the neural group in connection with
outlying, chiefly nervous structures, and, as such, is part of the primary system. But,
in as much as the process of development of the chromatophore-system in higher
Crustacea (Decapods) is one of decentralisation—resulting in a secondary system, this
accessory group, which already reveals a commencement in the process of decentrali-
sation, may be considered as an incipient secondary system.

The structure of the chromatophores in these genera is similar to that described in
Section IL., p. 304. In all cases that we have examined these organs consist of
several cells. The thickened central ends of these cells either fuse with a central
cytoplasmic body, or project into a central cavity, in either case being bounded by a
membrane. The tapering outer ends of these cells run outwards, and terminate in
excessively fine tubules, or in plate-like arborisations. The contained pigments and
reflecting substances are limited to the dark brown granular pigment (most
Macromysis, Schistomysis, Mysidopsis, Leptomysis, Macropsis), or a red pigment
(Macromysis inermis, Siriella) ; the reflecting substance is usually yellow, but blue
and bluish-green occur in addition (Plate 20, figs. 8, 9). No yellow absorbent pigment
and no blue pigment appear In the chromatophores, though in Macromysis a blue
substance appears at nightfall in the blood, and in the neighbourhood of the
muscular processes of the chromatophores,

We conclude that the littoral and sub-littoral genera of Myside which we have
examined and recorded possess a primaryand an incipient secondarysystem of chromato-
phores essentially similar to those described in the type Macromysis flexuosa.

There are, however, a number of deep-sea genera in which the primary system
is apparently reduced, and the secondary system greatly developed. From Sars’
monographs (1879, 1876) on Norwegian and Mediterranean Mysidee, it appears that
Mysiders, Mysidelle Amblyops, as well as the Erythrops-group (typically, but not
exclusively deep-water forms) possess small, scattered, superficial chromatophores,
The importance of determining the nature of this diffused arrangement will become
clear when the next section has been read. For, in that section, we describe the
dominant part played by the scattered secondary chromatophore-system of Decapod
Crustacea. The chromatophores of deep-sea Mysidee, as of littoral forms, have,
however, only been incidentally noticed by investigators. Until their structure and
arrangement have been ascertained, and until we know whether they respond
divectly or indirectly through the eye to light, a discussion of the relation of this
scattered system with that of Decapods could not be profitably undertaken.
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SECTION 1IV.

Toar CHROMATOPHORE-SYSTEMS OF Drcarop Crusracts; THEIR NATURE AND
DEvVELOPMENT,

(Plates 22 and 23, Table 11.)

A. Introduction.

Owing to the supposed inconstancy and systematic unimportance of the chromato-
phores, the literature of Decapod developiuent contains no complete description of the
origin of these organs. EHrRENBAUM'S work on the shrimp (1890) and Sars’ work on
the Crangonidee (1890) are the least incomplete in this respect. Kven in these
cases, however, the references to chromatophores are quite inadequate, and we are
compelled to describe the arrangement of these organs fully without further reference
to previous work.

In the following section we trace the development of the chromatophore-system
and colour-patterns in Decapod Crustacea of the genera Crangon, Palwemon, Hippolyte,
Galathea, Carcinus and Portunus. The general features of this chromatophore-
system and of its development will first be described, afterwards the manner in which,
in each species its component chromatophores unite to form this system, and, lastly,
a comparison and a contrast will be drawn between this Decapod system and the
Mysidean system that we have already described.

In tracing the development of the chromatophore-system in these shrimps, prawns
and crabs, we have had to content ourselves largely by piecing together the evidence
of newly hatched larvee, of later larval stages obtained by the tow-net, and of
adolescent stages when the animals have taken to the sea-bottom or sea-weed. The
difficulties in the way of rearing these Crustacea from the egg to the adult have so
far proved insurmountable. We hope, however, to overcome these difficulties in
subsequent trials. KEven in the present instance we have been able to rear the
shrimp through several changes, and the prawn (Palwmon) through the “stalked-
eye” stage, and have thus been able to confirm the evidence obtained from specimens

taken at large.

B. General Character of the Chromatophore-system of Decapods.

The general characters of the chromatophore-system of the Decapod Crustacea which
we record, are: The large number and the scattered, irregular arrangement of the
chromatophores; the limited reach and paucity of their branches; the decen-
tralisation of the system as a whole.

The pigments contained in this system are optically of two kinds—-absorbing
and reflecting.  The former remain of the same hue when viewed either by
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transmitted or reflected light, and are merely lighter or darker in tone. Of such
absorbing pigments, red, yellow, brown and violet and diffuse blue are present.
The latter—the reflecting substances—are only effective when viewed by reflective
light, when they appear white, yellow, greenish or blue as the case may be.
Several pigments may occur in the centre of a single chromatophore, and the
evidence goes to show that each pigment occupies one or more “cells” and
processes of these cells, and that the chromatophores are clusters of such. Further-
more, the branches of adjacent chromatophores frequently fuse, suggesting that they
have budded off’ from a common origin. The chromatophore in the tail-muscles of
Hippolyte and Palemon often exhibit this appearance very plainly. In other
specimens of these prawns and in crabs the individuality of the chromatophore-centres
becomes lost : a sheet or column of diffuse pigment is produced, which defies analysis
into separate chromatophores; but in which, nevertheless, governing centres of
pigmentary attraction and pigmentary repulsion still exist. For at nightfall these
diffuse inert-looking masses of pigment are converted into a number of isolated
dots, the spaces between which are filled with a blue pigment. At daybreak the
blue pigment disappears, and its place is taken by a sheet or column of dark pigment.

We are thus led to regard the scattered chromatophores of Decapod Crustacea as
part of a system and not as so many isolated amceboid “cells.” This system is
developed superficially and also in relation to deep organs, particularly the muscles.
Its superficial part when filled with pigment is effective as colour. Its deep part
is either ineffective, being hidden by that of the surface, or has too little pigment to
make an impression on the eye, or, again, it may serve as a background against which
the reflecting substance may be clearly seen.

C. The Development of the Primary and Secondary Chromatophore-systems in
certarn Decapod Crustacea.

1. The shrimp (Crangon wvulgaris) (Plate 23, figs. 35-40), acquires a series of
chromatophores while within the egg-membranes. These centres form two
groups, neural and caudal. The neural group develops as in Mysis from before
backwards ; but, owing to the suppression of the majority of thoracic segments and
appendages in the early stage, few of the neural centres in the thorax are represented
in the embryo or zoea.

At the time of hatching, the zoea possesses neural, caudal and accessory groups of
chromatophore-centres. The neural group is arranged at intervals along the nerve-
cord and at the bases of certain appendages The caudal oxoup is confined to the
upper surface and sides of the tail. There is as yet no visceral group. '1he
acecessory éloup consists of three centres in the antennule, a pair on the carapa,ce,
and at the point of junction of exopod and endopod in both the second and third
l.naxllhpede

The hranches of the neural centres supply the nerve-masses of the head and thorax
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and tail, the appendages, the labrum and the flexor muscles. From the centre at
the base of the second maxilla, an additional long branch is given off to the carapace,
The branches of the caudal centres supply the skin of the tail.

Each centre and its branches are filled with two substances—a claret-coloured
pigment and a yellow reflecting substance. KEven before birth, the chromatophores
exhibit the phenomenon of ehb and flow of pigment and reflecting substance. But
there is no gross colour-effect, even when the branches are filled with these
substances.

We wish to draw attention to certain remarkable features of the chromatophore-
system just described, in the pelagic zoea of the shrimp. As in Macromysis, this
system is composed of neural, caudal, visceral and accessory groups of centres. The
individual members of each group can, in most cases, be safely homologised with
particular centres in Macromysis flewuwosew or M. inermas, the only conspicuous
exceptions being the pair of centres on the labrum, the centres on the carapace and
in the maxillipedes. The branches have a similar spreading character, and in the
second maxilla run upwards to supply the carapace exactly as in Macromysis. They
supply exactly parallél organs in the two cases. The pigments are similar in
character, both an absorbent and a reflecting substance occurring in each centre
in both shrimp-larva and Macromysis. In short, the chromatophore-system of this
zoea is built on the same plan as that of Myside. It is perfectly constant, and
possesses the Mysidean characteristics of grouping, centralisation and paucity of
numbers. We may, therefore, speak of the median and admedian, neural, caudal
and visceral centres as the commencing primary system, and the accessory group as
the commencing secondary system (see Plate 23, figs. 36, 37).

The further development of these two systems requires separate consideration,
The primary system of the zoea is slowly increased during the Mysis-stage by the
addition (1) of centres added to the neural group; (2) of visceral centres. As the
thoracic limbs appear, new chromatophores develop at the bases of the fourth and
sixth limbs. At the same time, the visceral group receives accessions from the
development of a pre- and post-cardiac centre, comparable to those found in
Macromysis. By this time, the shrimp has reached the ¢ Mysis-stage,” the grade ot
development when all the thoracic limbs are present, and when most of them have
their temporary exopods. At this stage the primary chromatophore-system is still
more closely comparable with that of Macromysis, e.g., M. inermas, than it was in-
the zoea, and this primary mysidean system persists. The shrimp retains through-
out life the primary chromatophore-system developed in the egg. The masses of
pigment which, in the adult, occur round the ganglia of the abdomen, at the bases
of the majority of thoracic limbs, and of the mouth part, are simply the persistent
enlarged centres of the neural group. The remaining part of the primary system—
the visceral and caudial groups—also persist, but are obscured by the luxuriant

growth of the secondary system, which we must now describe.
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In the zoea, this system was limited to a few centres in the antennules, maxillipedes
and carapace. Few as they are, their position indicates that these chromatophores
are not represented in Macromysis, for it is characteristic of the Mysidee we describe,
that the appendages and carapace have no chromatophores, but are supplied by
pigment from the branches of the neural centres. In the Mysis-stage of the shrimp,
many additional secondary centres have arisen, one on each abdominal pleuron, a
second pair on the carapace, and several in the joints of the new thoracic limbs,  As
the adolescent stage is reached, a transverse row of superficial centres is established
across the upper surface of each tail-segment, others in the telson and uropods, and
a double longitudinal row now runs along the carapace. In still later stages, the
whole of the upper surface becomes thickly sown with chromatophores, to the pig-
mented branches of which the definitive speckled colour-pattern is due. By suitable
stimulation, this pigment may be caused to retract, and then the persistent caudal
and visceral centres can be identified by their relation to the middle line of the
tail-segment and to the heart. (Plate 23, fig. 40.)

The development of the chromatophore-system in the shrimp is therefore as
follows. In the embryo, a centralised system of caudal and neural groups is established
on the upper and lower surfaces of the body, and a scattered secondary system is
begun in the antennules, carapace and limbs. In the Mysis-stage the centralised
system is fully developed and is clearly comparable with the primary system of a
Macromysis ; the secondary system has increased but slightly, and is only partially
of Mysidean type. At the close of larval life, this latter, scattered and decentralised
system rapidly develops, new centres being added in the skin of the upper surface,
whilst on the under surface the neural group is still dominant. Finally, the secondary
system completely overlays the primary one on the dorsal surface, and establishes the
grey coloration of the adult. The figures 36-40 on Plate 23 illustrate this
description.

We may conclude this section by a short description of the changes in the pigments
and the coloration of the animal. The chromatophores of the zoea contain as we
have said both a claret-coloured pigment and a yellow reflecting substance ; but even
in the Mysis-stage, the centres are not sufficiently numerous and close together nor
are their branches so finely sub-divided as to give rise to anything more than a
general greyish tint when viewed as a whole. In adolescent shrimps, however, the
claret-colour has been replaced by a violet tint and, in some chromatophores, a red
pigment (orange-coloured when seen in the branches) has arisen. Thus, in the adult,
the chromatophores may contain violet pigment, or violet pigment and yellow
reflecting substance, or a red pigment may also be present. These substances have
been already correctly recorded by Poucmrr, who discovered that they behave
differentially with regard to a given stimulus. The shrimp, however, makes little
use of its opportunities. Notwithstanding the great potentialities for coloration
that lie in the possession of three differently coloured substances, each of which is
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somewhat different in tone when seen in mass from what it appears when expanded
into fine branches, the colour of the shrimp merely oscillates between speckled grey of
a lighter or darker shade and a transparent almost colourless tint.

2. Crangon fasciatus.—The banded shrimp possesses, in its zoea-stage, a chromato-
phore-system closely resembling that of the larval common shrimp in general features,
but exhibits slight though constant differences of detail. The most important of these
are (1) the presence of a pre-cardiac elaborately branched element of the visceral
system which in the common shrimp develops very late and remains small; (2) the
violet colour of the pigment which is only attained in the later stages of Crangon
vulgaris; (3) the presence, in the Mysis-stage, of paired neural centres opposite the
bases of each pair of thoracic limbs; (4) the very late appearance of a secondary
system of chromatophores. In almost all these points, Crangon fasciatus agrees even
more closely with the Mysidz than does its more abundant ally. The differences are -
also of interest as showing how constant is the arrangement of the centres, the
distribution of the branches, and the colour and colour-changes of the pigments, in each
species. We have not been able to follow the development of the chromatophore-
system beyond the Mysis-stage in C. fasciatus, but the foregoing account serves to
show that a primary system is developed, even more closely Mysidean in the number
and arrangement of its members than is the system of C. vulgaris. In the adult this
system is concealed, as in the latter species, by superficial scattered chromato-
phores, which are so abundantly developed and pigmented at intervals as to give rise
to that banded pattern, and brown, white, and black colouring distinctive of Crangon
Sfasciatus.

3. Huppolyte varians. (Plate 23, figs. 41-50, and Plate 22, fig. 23A.)—The main
features of the development of the chromatophore-system in this species are similar to
those in the shrimp. The zoea, at the time of hatching, possesses neural and caudal
groups of centres, traces of a visceral group, and of a small accessory group. The
branches are well developed and the ebb and flow of pigment and reflecting substance
is, even before birth, a striking phenomenon. The only general colour-effect is a grey-
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