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The following 24 reports deal entirely or in part with the description of cellular

elements in the coelomic fluid of holothurians : Becher (1907) ;
Boolootian (1962) ;

Boolootian and Giese (1958) ;
Crescitelli (1945) ;

Cuenot (1891) ;
Dawson (1933) ;

Bendy (1898); Endean (1958); Gerould (1896); Haanen (1914); Hamann
(1883) ; Herouard (1889) ; Hogben and van der Lingen (1928) ;

Howell (1885) ;

Jourdan (1883); Kawamoto (1927); Kindred (1924); Knoll (1893); Kollmann
(1908); Ohuye (1936, 1938); Semper (1868); Theel (1920); Van der Heyde
(1922). Although great variation and confusion exists among these descriptions,
at least nine basic categories of holothurian coelomocytes appear to have been
described to date :

1. Nucleated cells containing red pigment, generally believed to be hemoglobin,
and one or more yellow refractile granules. Kindred (1924) and Hyman (1955)
refer to these cells as hemocytes, the name adopted here.

2. Amoeboid cells with homogeneous cytoplasm or cytoplasm containing a

variety of granules and vacuoles and with bladder-like, petaloid, or filiform pseudo-
podia.

3. Weakly amoeboid cells partially or completely filled with colorless spherules
called morula cells by Endean (1958).

4. Small spherical to oval cells that may bear one to three filiform pseudopodia
have been described by three authors, Jourdan (1883), Ohuye (1936), and Endean

(1958). This category of coelomocytes will be called lymphocytes in the present

report.
5. Coelomocytes called crystal cells containing large crystalline bodies of various

shapes.
6. Small spherical bodies devoid of a nucleus, but occasionally containing a

colored granule, called minute corpuscles by Kawamoto (1927) and Ohuye (1936).
7. Masses of yellow-brown granules have occasionally been reported in the

coelomic fluid of holothurians. These aggregations will be called brown bodies

in the present report.

8. Flagellated cells called vibratile cells were reported by Kindred (1924),
Boolootian and Giese (1958), and by Boolootian (1962).

9. Highly refractile fusiform cytoplasmic bodies called fusiform cells.

To test the validity of this system of classification of holothurian coelomocytes,
and to determine how uniformly these cell types may be distributed among holo-

thurians, the author completed a survey of the coelomocytes of eleven species of

holothurians, representing four orders and five families.

1 Now at the Department of Biological Sciences, Illinois State University, Normal, Illinois.
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MATERIALS AND METHODS

The coelomocytes of the following eleven species of holothurians, common in

Puget Sound and the San Juan Archipelago, were surveyed and described :

Order Dendrochirota : Cucumaria htbrica, C. miniata, C. pipcrata, Eupcntacta
pseudoquinquesemita, E. quinquesemita, Pentamera populijera, Psolidium bnUatum,
P'solus chitonoides

Order Aspidochirota : Parastichopus californicus
Order Molpadonia : Molpadia intermedia

Order Apoda : Leptosynapta clarki

Direct observations of coelomic fluid were made under oil immersion, using
both ordinary light microscopy and phase contrast microscopy. Samples of coelomic

fluid were withdrawn from the perivisceral coelom with a 10-ml. hypodermic
syringe fitted with a #27 stainless steel needle. Whenever possible, the sample
was taken from the region of the introvert of a fully extended holothurian. Com-
monly, holothurians would contract partially during the sampling process. As
the contraction occurred, the coelomic fluid was automatically forced into the syringe.

Changes in the morphology of the coelomocytes, presumably due to contact

with glass and metal surfaces, were kept to a minimum by repeated previous

exposures of the inner surfaces of the syringe and needle, and the surfaces of the

slides and coverslips to coelomic fluid of the same species of holothurian. Appar-
ently these exposed surfaces were covered by an invisible coating of protein or

other material derived from the coelomocytes or coelomic fluid. A different syringe
and needle were used for each species studied and were cleaned by rinsing them
with distilled water and filtered sea water. No attempt was made to seal the

preparations to prevent drying. Fresh mounts without seals remained in excellent

condition for 30 to 60 minutes and often a single preparation remained usable for

several hours. Because of the ease with which fresh preparations were obtained,

new samples could be taken at frequent intervals.

Coelomocytes were vitally stained using a modification of the technique developed

by Dawson (1933). Slides were prepared with 0.025% solution (w/v) of the

vital dye in absolute alcohol, instead of saturated solutions of the dye in alcohol

as used by Dawson.

Coelomocytes were vitally stained with solutions of the following dyes : neutral

red, Janus green B, brilliant cresyl blue, methylene blue. Bismarck brown, and
toluidine blue. Optimum staining of the coelomocytes occurred within 15 minutes.

Permanent mounts of coelomocytes were made as follows : Wet smears of

coelomic fluid were fixed with osmium or formalin vapors for 30 minutes. Follow-

ing fixation the smears were dried to insure adherence of the cells to the surfaces.

Dried smears were dipped in distilled water to remove adhering salt crystals before

staining and mounting. Erhlich's hematoxylin and eosin were used in routine

staining. Smears of coelomic fluid of species possessing hemocytes were also

stained according to the technique of Ralph (1941) for hemoglobin detection.

Samples of coelomic fluid from the water vascular system were taken from a

tentacle or from the polian vesicle in dissected specimens. To determine the

varieties of coelomocytes present in the hyponeural sinus and the hemal system
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of holothurians, sections of the digestive tract and body wall were prepared. The
tissues were fixed in Bouin's fixative, dehydrated in an ethyl alcohol series, sec-

tioned at 10 microns, and stained with Erhlich's hematoxylin and eosin.

RESULTS

Of the nine types of holothurian coelomocytes recognized in the literature, only
six (hemocytes, amoebocytes, morula cells, lymphocytes, crystal cells, and brown
bodies) were found to be normally present in the coelomic cavities of the eleven

species of holothurians investigated by the author. The three remaining coelomo-

cyte types (minute corpuscles, fusiform cells, and vibratile cells) appear to be
either artifacts or cells foreign to the coelomic cavities in which they were found.

Any one of the coelomocyte types found in a specific species was found in all of the

coelomic compartments with the exception of the hyponeural system in which no

coelomocytes were observed. The relative members of coelomocyte types appear
to vary from one coelomic compartment to another within a given specimen.

1. Hemocytes (Plate I; Fig. A)

Hemocytes were present in the coelomic fluid of seven of the eleven holothurian

species investigated : Cucumaria lubrica, C. miniata, C. piperata, Eupentacta pseudo-

quinquesemita, E. quinquesemita, Molpadia intermedia, and Pentamera populijera.

Hemocytes were abundant enough to impart a scarlet color to the fluids of the

perivisceral coelom and the water vascular system of C. miniata, C. piperata and

Molpadia intermedia, and to the fluid of the water vascular system but not the

perivisceral fluid of C. lubrica. The perivisceral coelomic fluid of C. lubrica and
the fluid of the water vascular system of C. lubrica, E. pseud oquinquesemita, and
E. quinquesemita were pink due to the presence of hemocytes. In all other cases

where hemocytes were present, they were too few in number to impart color to

the coelomic fluid.

Isolated hemocytes, or hemocytes in small clusters, appeared straw-yellow in

color when viewed microscopically. The shape and size of holothurian hemocytes
varied slightly even within a single species. The hemocytes of the Dendrochirota

varied from flattened or oval biconvex discs to spherical cells. Disc-shaped cells

measured 4 to 6 microns in thickness; the faces of oval cells measured 12 to 16

microns along the shorter axis and 13 to 23 microns along the longer axis.

Spherical hemocytes measured from 9 to 11 microns in diameter.

The hemocytes of the Dendrochirota were generally smooth in outline, but

occasionally a small filiform pseudopodium, seldom more than 5 microns in length,

was formed. Hemocytes in drying preparations produced bleb-like cytoplasmic

protuberances measuring up to 5 microns in length. The blebs eventually pinched
off from the hemocytes and appeared in the coelomic fluid as small structureless

spherules similar to minute corpuscles. A single hemocyte occasionally produced
several of these cytoplasmic spherules and eventually the entire cell cytolyzed.

The hemocytes of the Dendrochirota studied possessed a thin hyaline ectoplasm
and a pigmented endoplasm in which were located the following cytoplasmic inclu-

sions: (1) one, infrequently two, excentrically placed nuclei. Disc-shaped or oval

biconvex hemocytes had nuclei that were disc-shaped, approximately two microns
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PLATE I

A. Two hemocytes of Cucumaria miniata. The lower left cell is in the process of pro-

ducing a bleb of cytoplasm that would later be pinched off as a minute corpuscle.

B. Two amoebocytes of Cucumaria miniata. The upper left cell is in the bladder or

petaloid stage ;
the amoebocyte to the right is in the filiform stage.

C. Two morula cells (trephocytes) of Cucumaria miniata. The cell on the left shows
the nucleus.

D. Two lymphocytes of Cucumaria miniata.

E. Two crystal cells : a rhomboidal crystal cell from Eupcntacta quinquesemita and an

imperfect star-shaped crystal from Psolus chitonoides.
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thick and 4 to 6 microns in diameter. Spherical hemocytes had spherical nuclei

approximately 4 microns in diameter. All nuclei appeared coarsely granular. In
favorable preparations stained with methylene blue, one to three minute bodies

interpreted as nucleoli were observed.

(2) Several small Janus green B-positive granules were located near the nuclei.

Occasionally these granules appeared to be in actual contact with the nuclear

membrane.

(3) One to six yellow refractile granules, 1 to 3 microns in diameter, were
characteristic of all but a few hemocytes found in dendrochirotes. Yellow refractile

granules appeared to intergrade with the Janus green B-positive granules described

above, and may possibly be derived from them. Among the granules possessing
characteristics intermediate between the Janus green granules and the yellow
refractile granules were the following: (a) Larger than average Janus green
granules containing a clear vacuole; (b) still larger Janus green granules with
vacuoles containing a dense, slightly yellow material; and (c) large yellow refractile

granules possessing an enclosing membrane stainable with Janus green B.

The inclusion of a yellow refractile granule in blebs of cytoplasm produced
during the cytolysis of a hemocyte was not uncommon.

The hemocytes of Molpadia intermedia differed in size and shape from the

hemocytes of the Dendrochirota. The hemocytes of Molpadia were rod- or cigar-

shaped, measuring 20 to 33 microns in length and 4 to 7 microns in diameter. The
hemocytes of Molpadia often were bent on their long axis forming L-, J-, or V-
shaped cells. Occasionally, but not commonly, oval or disc-shaped hemocytes,
similar to those of the Dendrochirota, were observed in Molpadia. Each cell

contained a single spherical, excentrically placed nucleus measuring approximately
4 microns in diameter. The nuclei often appeared to fit tightly against the cell

membrane of the rod-shaped hemocytes. One or two yellow refractile granules
were also characteristic of the hemocytes of Molpadia.

A hyaline ectoplasm was not visible in the hemocytes of Molpadia, but when
preparations were allowed to stand, thin ectoplasmic filaments were extended
from the cells. Hemocytes of Molpadia cytolyzed sooner than those of the

Dendrochirota.

The hemocytes of all seven species of holothurians stained a deep brown when
subjected to Ralph's technique for the detection of hemoglobin. This color change
is considered a positive indication that hemocytes contain hemoglobin.

2. Amoebocytes (Plate I ; Fig. B}

Amoebocytes were observed in the hemal systems and in all the coelomic

cavities, with the exception of the hyponeural systems, in all eleven species of

holothurians studied. With the exception of hemocytes in Cucumaria miniata and

Molpadia, amoebocytes are apparently the most abundant coelomocyte type in any
species studied.

Amoebocytes changed form during the period of even brief observations. The
changes involved the form of the pseudopodia, redistributions of the cellular in-

clusions, and even affected the form of the nucleus. Consequently, difficulty is

encountered in attempting a general description of holothurian amoebocytes. How-
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ever, the behavior of the amoebocytes of the eleven species of holothurians investi-

gated was remarkably similar.

All amoebocytes possessed clear hyaline ectoplasm that produced pseudopodia
and a granular endoplasm containing the single nucleus and various cytoplasmic
inclusions. The pseudopodia of holothurian amoebocytes were of two forms,

petaloid or bladder-like, and filiform. Careful observations of fresh preparations
revealed that all amoebocytes possessed petaloid or bladder-like ectoplasmic pseudo-
podia that radiated in any direction from the central endoplasmic mass of the

cell. One to several such pseudopods existed at any one time. Each pseudo-
podium appeared to consist of a thin ectoplasmic layer of cytoplasm enclosing a

clear, colorless bladder or vacuole. Amoebocytes with bladder-like or petaloid

pseudopodia float freely in the coelomic fluid, slowly rolling over and over.

In fresh preparations, the petaloid pseudopodia appeared to collapse, and a

redistribution of the cytoplasm produced branching filiform pseudopodia of con-

siderable length, often intermeshing with the filiform pseudopodia of other amoebo-

cytes. Petaloid amoebocytes were capable of direct transformation into amoebo-

cytes with filiform pseudopodia, but the transformation of filiform pseudopodia into

petaloid pseudopodia was never observed.

The granular endoplasmic mass of an amoebocyte measured from 6 to 13

microns in diameter; petaloid pseudopodia measured 5 to 15 microns in length;
filiform pseudopodia were commonly up to 50 microns or more in length.

The nuclei of amoebocytes varied in shape depending on the configuration of

the cell body. Spherical nuclei measured 4 to 5 microns in diameter
;

oval nuclei

4 to 5 microns along the long axis and 2 to 3 microns along the shorter axis.

Bean-shaped to flattened nuclei were situated like caps in the endoplasmic mass of

amoebocytes with all pseudopodia extended in one direction. The nuclei appeared

granular ; preparations stained with methylene blue revealed one or two structures

interpreted as nucleoli.

The nuclei of amoebocytes were usually obscured by endoplasmic granules

ranging from fine Janus green B-positive granules to yellow-brown refractile

granules measuring as much as 2.5 microns in diameter, and by small vacuoles.

All the granules in any one amoebocyte were not positively stained with any one

vital dye, but all of the granules in any amoebocyte were stained by at least one

of the vital dyes used.

Commonly, amoebocytes were observed to contain one or more pycnotic nuclei

in addition to their own normal one ; occasionally, whole hemocytes or other

coelomocytes were observed within an amoebocyte. As many as three hemocytes
were observed within a single amoebocyte of Cucumaria miniata.

3. Morula cells (Plate I; Fig. C}

Morula-like coelomocytes were found in the hemal system, perivisceral coelom,
and the water vascular systems of the eleven species of holothurians investigated.
Morula cells were observed in all connective tissue layers of sectioned material and
were particularly abundant in the connective tissue of the dorsal mesentery in the

region of its junction with the gut.
Morula cells were spherical cells ranging in diameter from 8 to 20 microns

;

they varied in size within a single species. The general proportion of morula
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cells to the entire number of coelomocytes varied among different individuals in

any one species.
The clear hyaline cytoplasm of a morula cell contained colorless spherules

measuring from 0.5 to 5.5 microns in diameter. The spherules of any one morula
cell were uniform in size. The spherules completely filled the cell, obscuring the

single oval to spherical nucleus. The nucleus measured from 3 to 5 microns
in diameter.

Morula cells were capable of feeble amoeboid movements; a morula cell oc-

casionally extruded a short, blunt hyaline pseudopodium, seldom over 4 microns
in length. After the pseudopodium was extended the spherules flowed, rolling
over one another, into the pseudopodium.

Morula cells in the coelomic fluid and mesenteries were intensely basophilic ;

preparations stained with toluidine blue showed each spherule to be composed of

an inner core that stained pale blue and an outer shell that was metachromatic
and stained pink to violet. The cytoplasm around the spherules stained a pale blue.

Morula cells present in the connective tissue layers of the body wall were

eosinophilic rather than basophilic; morula cells in the hemal system, or closely
associated with it, were amphiphilic.

Few cellular inclusions other than the spherules were observed in morula
cells. Rarely a Janus green B-positive granule or a small yellow refractile

granule was observed in the hyaline cytoplasm of the morula coelomocytes.

4. Lymphocytes (Plate I ; Fig. D}

Lymphocytes were present in the fluid of the perivisceral coelom, the water
vascular system, and the hemal system of all eleven species of holothurians studied.

Lymphocytes in their basic form were spherical cells 6 to 8 microns in diameter
with clear hyaline cytoplasm. A single, finely granular spherical nucleus, 3 to 6
microns in diameter, nearly filled the entire cell. One or two tiny nucleoli were

occasionally visible. One or two Janus green B-positive granules were the only
cytoplasmic inclusions. Two such granules present in the same cell were usually
situated at opposite poles of the cell. Filiform pseudopodia up to 15 microns in

length were characteristic of large lymphocytes. No pseudopodium, once formed,
was ever observed to be retracted. The pseudopodia were located on the poles of

the cells where the Janus green B-positive granules were located. Lymphocytes
with one pseudopodium and a Janus green B-positive granule at its base were as

common as lymphocytes with two pseudopodia at opposite poles of the cell. Oc-

casionally triangular lymphocytes were observed with a filiform pseudopodium
extending from each of the angles. A Janus green B-positive granule was usually

present at the base of each of the three pseudopodia. The pseudopodia of

lymphocytes were commonly branched. The branching pseudopodia of lymphocytes
were never as complex as the branching filiform pseudopodia of amoebocytes.

5. Crystal cells (Plate I ; Fig. E)

Coelomocytes containing crystals were observed in the fluids of the perivisceral
coelom and water vascular system of all the holothurians studied with the exception
of Leptosynapta clarki. Crystal cells were not observed in the fluids of the hemal

system of any of the species.
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The crystals were commonly rhomboidal
;

the size and proportions of the

rhomboids varied greatly even within a single organism. Crystals ranged from tiny

rhomboids, so small their form was recognized with difficulty, to rhomboids

measuring 24 microns in length and 16 microns in width. A single rhomboidal

crystal measuring 11 microns on a side was observed in Eupentacta quinquesemita.

The rhomboidal crystals were, however, seldom more than three microns thick

regardless of their other dimensions. The average rhomboidal crystal measured

5 to 6 microns on a side, 5 to 6 microns long, 4 to 5 microns wide and 1 to 2

microns thick.

The cells enclosing these crystals appeared only large enough to house the

crystal. The thin layer of hyaline cytoplasm surrounding the crystal was visible

only when viewed from a favorable angle. The nuclei of crystal-bearing cells were

difficult to see. The single nucleus was often flattened and closely applied to the

crystal. Occasionally, it was impossible to locate any nucleus in a crystal cell;

whether one existed or not is open to question.

One or two Janus green B-positive granules were commonly observed in the

clear cytoplasm surrounding the crystal. Occasionally a large yellow refractile

granule, similar to those seen in hemocytes and amoebocytes, was observed in the

cytoplasm of crystal-bearing coelomocytes. Not uncommonly two or three crystals

were found within a single cell. The extra crystals were piled one on the other

in such a manner that three superimposed crystals gave the appearance of a

6-pointed star. Solid 6-rayed star-shaped crystals, measuring 6 microns from

point to point and 2.5 microns thick, were also observed. Rhomboidal crystals

with knobs or spines borne on the acute angles were commonly observed. Im-

perfect rhomboids and irregular rhomboidal crystals were common.
In addition to cells containing typical rhomboidal and star-shaped crystals,

Psolus and Psolidium possessed coelomocytes containing crystals larger and more
elaborate in form. These crystals appeared as imperfect stars with one to six

rays elongated into long spine-like processes. The spines measured up to 43

microns in length. Entire crystals occasionally measured over 70 microns in

length. Often the basic star was aborted and appeared as an oval plate from which

two, three, or four spines projected in the same plane.

The ends of the long spines were sometimes expanded into rhomboidal-shaped
structures giving the appearance of a spear head. Surrounding each of these

large crystalline structures was a single cell. The clear hyaline cytoplasm
stretched web-like between adjacent spines. One or two yellow refractile granules
or one or two fine Janus green-positive granules were often observed near the

central mass of the crystal. The yellow refractile granules measured up to 4

microns in diameter.

Small irregular bits of crystalline material were rarely observed within vacuoles

in small spherical cells. A thin layer of hyaline cytoplasm surrounded the vacuole ;

the nucleus and usually one yellow refractile granule were forced to one side of

the cell by the vacuole.

No crystals were stained by any of the vital dyes used. Crystal cells were

nearly impossible to recognize in fixed material because the crystals, which dis-

solved under the slightest osmotic stress, were lost during the staining and
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dehydration process. When the crystals dissolved, the coelomocytes containing
them collapsed.

Crystal cells were the least abundant coelomocyte type in any species studied.

In the case of Cucumaria miniala one crystal cell per slide preparation was usually
the most one could expect to find. On several occasions, however, there ap-

peared to be an abundance of crystal cells (up to five or ten) in a single preparation.
Within a day, however, the number of crystal cells in the same animal was reduced.

6. Minute corpuscles

Spherical minute corpuscles, 1 to 6 microns in diameter, appeared in fresh

preparations of coelomic fluid of all eleven species of holothurians investigated.
The number of minute corpuscles increased as the preparations aged, due to the

fragmentation of other coelomocytes ; minute corpuscles apparently are enucleate

fragments of cytolyzed amoebocytes or hemocytes. Occasionally a cytoplasmic
granule was included in the spherical mass of the minute corpuscle. Minute

corpuscles originating from hemocytes were differentiated from those originating
from amoebocytes on the basis of the straw yellow color of the hemoglobin in-

cluded in them. The production of minute corpuscles by the fragmentation of

hemocytes and amoebocytes was easily observed.

7. Fusiform cells

Fusiform cells were occasionally observed in the coelomic fluid of all eleven

species of holothurians investigated. Fusiform cells were structureless columns
of cytoplasm tapering at either end. Only once was a nucleus seen in a fusiform
cell. Several times one to three Janus green B-positive granules were observed
in the cytoplasm. Usually, fusiform cells contained no visible inclusions. Fusiform
cells ranged from 1 to 3 microns in diameter and up to 15 microns in length.

Fusiform cells were not present in every specimen of a given species. Their
relative numbers increased with repeated handling and sampling from a given
specimen.

8. Bro^vn bodies

Brown bodies are aggregations of yellow to brown granular material accumulated
in the coelomic cavities, hemal systems, and tissues of holothurians. All the holo-

thurians in the present study possessed brown bodies. Masses of brown body
granules accumulated in the anterior regions of the water vascular system and in

the posterior regions of the perivisceral coelom among the suspensor muscles of

the cloaca, and, to a lesser extent, in the walls of the respiratory trees. Brown
bodies were also commonly observed in the walls of the tentacles of the dendrochirote

and aspidochirote holothurians. Accumulations of brown bodies were also noted

in this cavity of the blind, regenerating gut of Parastichopus. Masses of yellow to

brown granules were also observed embedded in the gut and body wall tissues of

holothurians.

Brown body material in Leptosynapta clarki accumulated in the stalked ciliated

funnels and urns found along the junction of the mesenteries that support the gut
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and the body wall; in psolids brown body material was deposited between the

peritoneum and the wall of the ventral sole in addition to the locations mentioned
above.

The yellow to brown granules commonly observed in amoebocytes resemble

granules of brown body material
; spherical cells, approximately 10 microns in

diameter and completely filled with yellow to brown granules 0.5 to 3 microns in

diameter, were interpreted as amoebocytes filled with brown body granules. Smears
of brown bodies revealed this material to be composed of degenerating cells filled

with yellow granular material plus occasional morula cells and hemocytes presum-
ably trapped in the aggregation. One brown body taken from Cucumaria wiiniata

contained numerous crystal cells.

9. Vibratile cells

Occasionally small oval cells, ranging from 5 to 7 microns in length and bearing
one or two flagella up to 23 microns in length, were observed in fresh preparations
of holothurian coelomic fluid. The clear hyaline cytoplasm of these cells was
filled with minute yellow granules, 0.5 micron in diameter. No nucleus was
observed.

The vibratile cells were not regularly observed in any species, and were never

recognized in fixed material.

DISCUSSION

Of the nine types of holothurian coelomocytes described in the literature only
five, hemocytes, amoebocytes, morula cells, lymphocytes, and crystal cells, appear
to be normal cellular elements in holothurian coelomic fluid. Of these five, two,

hemocytes and crystal cells, were found to occur in all holothurians investigated

(see Table I). Based on the literature and on the findings of the present investiga-

TABLE I

Coelomocytes found in eleven species of holothurians

Species
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tion, hemocytes are apparently limited mainly to certain groups of the Dendrochirota
and Molpadonia. Boolootian (1962) gives the first report of hemocytes for a

member of order Apoda, Synapta maculata. Crystal cells have not been observed
in the order Apoda. Because amoebocytes, morula cells and lymphocytes were
found in all holothurians in the present investigation, and because of their many
reports in the literature, one may conclude that they are likely present in all holo-

thurians. Apparently any coelomocyte type may occur in any of the coelomic

compartments in any one organism, although no coelomocytes have yet been
observed in the sinuses.

Little doubt exists that minute corpuscles and fusiform bodies are artifacts and,

therefore, cannot be considered normal coelomocyte types. Minute corpuscles are

formed by the cytolysis of hemocytes and amoebocytes. Fusiform bodies appear
to be fragments of torn tissues and show increased numbers in samples of coelomic

fluid taken from roughly handled specimens.
Vibratile cells have been reported for Parastichopus (Stichopus) californicus by

Kindred (1924), Boolootian and Giese (1958), and Boolootian (1962), and for

Caudina chilcnsis by Kawamoto (1927). The irregularity with which such cells

were observed in the present investigation leads me to consider them as contaminants

or as protozoan symbionts. Observations of flagellated cells with the appearance
of vibratile corpuscles increased when care was not taken in rinsing needles and

syringes with filtered sea water. Surface contaminants on the holothurian could

easily have been introduced into the sample as the needle was inserted in the

organism. The possibility exists that some vibratile cells might represent intact

or fragmentary cells torn free from the flagellated peritoneum. The majority of

the vibratile cells, however, differ markedly from the flagellated peritoneal cells.

Most vibratile cells have longer, more conspicuous flagellae than do the peritoneal
cells. Vibratile cells also usually contain numerous yellow cytoplasmic inclusions

lacking in peritoneal cells.

Brown bodies apparently are masses of degenerating cells laden with yellow-
brown granules. They apparently do not represent a separate coelomocyte type,
but are formed by the aggregation of degenerating coelomocytes, the most abundant

being granule-laden amoebocytes. The yellow granules most likely represent ma-
terial that is derived from or gathered by amoebocytes, temporarily stored, and

eventually eliminated from the holothurian. Brown bodies are probably normally
found in the coelomic fluid of all holothurians.

The variety of amoebocytes in holothurians appears to represent different mor-

phological stages of a single coelomocyte type. Petaloid amoebocytes transform

directly into the amoebocytes with filiform pseudopodia often listed as a separate

category of coelomocytes in the literature. Any classification of coelomocytes that

includes a variety of amoebocyte types appears to the author to be artificial.

Amoebocytes have been assigned many functions
; among these functions are the

phagocytosis of foreign materials and tissue debris from the coelomic fluid, the

initiation of the clotting process of the coelomic fluid, the absorption or uptake of

nutrients from the holothurian digestive tract, and the transport of these nutrients

throughout the holothurian body. The author feels that these assigned functions

deserve further investigation.

Morula cells are referred to as trephocytes by Liebman (1946, 1947) who

assigns them the role of food storage. Lymphocytes apparently have no definitely
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established function, but seem likely to be the stem cell form from which the other

coelomocyte types are derived. Crystal cells have at present no known function

nor is the chemical nature of the crystalline material known. The suggestion has
been made that some of the cells bearing the more elaborate crystals might be

related to the mesenchymal ossicle-forming cells of the body. There is, however,
no direct evidence at the present time to support this claim.

The distribution of hemocytes among the holothurians is of interest. Hemo-
cytes are usually assigned the role of oxygen transport, but many actively burrow-

ing forms apparently lack hemocytes as do most of the largest and most active

holothurians, the aspidochirotes.
Much remains to be learned concerning the function of the various coelomocyte

types before the physiology of holothurians can be fully understood.

SUMMARY

1. The coelomocytes of eleven species of holothurians, representing four orders,
were surveyed and described. Eight of these species have not before been

surveyed for their coelomocyte contents.

2. The results of the investigation indicate that holothurian coelomocytes fall

into five basic categories : hemocytes, amoebocytes, morula calls, lymphocytes, and

crystal cells.

3. Brown bodies do not represent a separate coelomocyte type, but are normally
found in holothurian coelomic fluid.

4. Amoebocytes, lymphocytes, and morula cells are believed to be present in

the coelomic fluid of all holothurians. Hemocytes appear to be limited mainly
to certain groups of the orders Dendrochirota and Molpadonia. Crystal cells have

not yet been observed in order Apoda.
5. Any coelomocyte type present in a given species may be found in any of

the coelomic compartments, with the exception of the hyponeural sinuses in which

coelomocytes have not yet been observed.
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