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INTRODUCTIOI 

C11ianassa is one of the six genera of shrir.ìps belonging to the 

faiaily Callianassidae of the burrovïin tribe Thalassinidea. The 

Thi1assinidea are usually classified as belonging to the order of 

Decapoda and sub-order ;:acrura. This tribe is composed of four 

families which, according to Borradaile's (1903) classification, con- 

tain 125 species. The Callianassidae are divided into tio sub- 

families; namely, the Upogebiinae and the Callianassinae, the latter 

Of which is divided into three genera, of which Callianassa is one. 

The genus Callianassa contains fifty of the 125 species of the tribe. 

In his "ievision du Genre Callianassa", A. :ilne-Edwards (1870) 

described seventeen living and three extinct species of Callianassa. 

Since his time the renaming species have been described. 

Nearly all the meiabers of the Thallassinidea burrow in the sand 

or mud in the littoral zone, but a few inhabit the deeper waters. 

Because of their isolated mode of life they perhaps seem less plenti- 

ful than is really the case. Such isolated forms are interesting be- 

cause they retain many primitive characteristics, and they thus form 

valuable objects of study from the standpoint of their relationship to 

the moro familiar types of crustacea. 

Callianassa californiensis Dana is one of the five species of 

Cal]-ianassa found along our western coast. It was first described by 

Dana in 1854 and in 1357 it was again described by Stimpson under the 

name Callianassa occidenca1is. Schmitt (1921) states that this 

species has been collected by Lockington as far north as Liutiny Bay, 

Alaska, and by Rathbun as far south as the ìouth of the Tia Juana 
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River, San Diego County, California. :.:ilne-Edwards (1370) has re- 

ported specimens from the i1f of :exico, and also states that in- 

asmuch as their food consists largely of small erustacea and 

marine annelids, which are seized at the open ends of the burrows, 

:it is safe to conclude that they rarely come out of their dwelling 

places. Eggs of Callianassa were found in the stomach of one of the 

specimens examined by the present writer. These may have been eggs 

that had become detached from the pleopods, or it may be that 

Callianassa is inclined to be cannibalistic like its kinsman, the 

lobster. Callianassa is in turn used for food by other crustacea 

and by fish. 

Since the classification of the crustacea is based almost en- 

tirely upon the study of external chracteristies, there is a wealth 

of literature on these topics; ho;ïrer, except for several excellent 

and detailed descriptions of the internal anatomy of a fe'-r type forms, 

there is a comparative dearth of literature on this phase of the 

crustacea. Ajnong the various groups of the crustacea the Thalassinidea 

especially have been neglected, probably on account of their mode of 

life. The literature on the genus Callianassa has been confined 

almost entirely to descriptions of the species. Since, because of its 

general organization, this genus may be considered a type form, and 

also since it comprises nearly half the species of the entire tribe, 

it would be of interest to have a knowledge of the internal anatomy of 

one of its members. Accordingly, the writer has undertal:en a study of 

the internal organs (exclusive of the muscles) and a more detailed 

account of the external anatomy of this one species. Several specimens 
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have been examined in the hopo of avoiding extended descriptions of 

mere individual variations. Drairings and photographs have been 

freely used, supplemented by descriptivo material. 

The !riter is indebted to Dr. Tathan Fasten, and to Dr. Florence 

ague, of this college, for suggestions and kindly criticism. She 

also wishes to express her appreciation to Dr. 7. K. Fisher, Director 

of the Hopkins I.Iarine Station of Stanford University, for suggesting 

the problem and for information concerning the habits of Calliarassa 

californiorisis. 

LtATERIALS AND LETHOD 

The specimens used for dissection were preserved in a solution of 

formaldehyde or in Bouin's solution. They were obtained from a slough 

near Loss Landing, about twenty miles north of pacific Grove, Calif- 

ornia, and viere collected by Dr. . K. Fisher, Director of the Hopkins 

L:arine Station of Stanford University, and by the collectors of the 

pacific Biological Laboratories of pacific Grove, California. The 

writer v:ishes to express her appreciation to these individuals for their 

interest and cooperation. 

All dissection, except that of the sense organs, was carried on 

under water with the aid of a Leitz dissecting binocular microscope. 

A high powered binocular microscope and an ordinary compound microscope 

were used for dissecting the sense organs. 

The tissues used for sectioning were taken from specimens that 

were preserved in toto; and, consequently, some of the structuros viere 
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not -flv.', very clear. ::ost of the sections were cut seven microns 

in thickness, and stained with Ehrlich's haeiaatoxylin and counter- 

stained with orythrosin. 

CTERITAL L1ORiIO LOGY 

Qenerd Characteristics 

Callianassa californiensis is a soft bodied crustacean with a 

compressed carapace and a flattened abdomen. The cephalothorax is 

short, comprising only about one-fourth of the total body length. 

In addition to the transverse cervical groove, the carapace is ñirth- 

er marked on each side by a longitudinal groove, the characterf.stic 

"linea thalassinica" (Fig. 4). These grooves mark the division be- 

tween the median and lateral portions of the carapace. The rostruiri 

is very small. The posterior margin of the carapace is setose. The 

bases of the first four pairs of thoracic legs are so crowded to- 

gether that the stornui is practically obliterated (Fig. 1). Although 

these appendages have the customary seven segments, the basipodite is 

very short and is immovably articulated with the ischiopodite so that 

there are virtually only six segrients. The last thoracic semite is 

movable and is only partially covered by the carapace. Because of its 

relative freedom from the other thoracic segments it becomes in effect 

a part of the abdomen. Connected with this peculiarity is the habit 

of carrying the fifth pair of thoracic legs somewhat above and apart 

from the others. The coxopodites of these legs are not so closely 

approximated as the others. These appendages further differ from the 

others in having only six segments, the dactylopodite being missing. 
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Of the abdominal senents the first is the smallest. At its 

junction with the cephalothorx it is very slender, and this 

facilitates turning within the burrow. The remaining abdominal 

somites are much broader than the first. The second segment is the 

longest; the sixth next in length; then the third and fifth, which 

are nearly equal; and lastly the fourth, which is somewhat shorter 

than the first. Abdominal pleura are lacking in the first segment, 

and are very small in the others. 

Very little of the integument is calcified, the most highly 

calcified portions being in the chelipeds. Likewise, the internal 

skeleton or endophragmal system is uncalcified. Hov;ever, the parts 

of this system are cplete, so that the endosterriitos bridge over 

the sternal canal, but the last thoracic sonite is not included. 

Appendages 

The cephalic appendages, the maxillipeds, and the abdominal 

appendages are shovn in plate I, the thoracic legs in plate II. 

The eye-stalks (Fig. 5) are trihedral, the upper face being 

flattened or slightly concave; the inner, flat; and the lower, con- 

vex. The extremeties are sharp and divergent. A small, oval, 

darkly pigmented cornea (co) is placed obliquely in the middle of 

the upper surface. 

Each eye-stalk rests upon the proximal segment of the first 

antenna (Fig. 6), the convex lo.;er surface of the former fitting 

into the concave upper surface of the latter and completely cover- 

ing the aperture of the statocyst (sta). The basal segment of the 
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first antenna also presents a trihedral shape, the upper surface 

being concave; the inner flat; and the outer, convex. The longest 

segment of the peduncle is the third, and from this arise two 

annulated flagella, the upper or outer one (f) of which is thicker 

and somewhat shorter than the lower or inner one (f'). The annular 

segments of the former are shorter than those of the latter. The 

eight terminal segments (with the exception of the last) of the 

upper flagellum each bears a row of blunt finger-like setae 

(Fig. 53, os)on the inner anterior margin. The next to the last 

segment has t'io of these setae; the third from the last, five; and 

in the eighth the nunber has increased to eight. These probably 

ftnction as chemical perceptors and may be referred to as olfactory 

setae. The other segnents of the upper flagellum each bear one or 

two small spine-like setae on the anterior border. J tuft of pluriose 

hairs is also found on each of the olfactory segments, and on the 

following or terminal segment. Except for four or five terminal 

annulations, the lower flagellum bears long non-plumose setae on the 

lower edge; whereas the second and third segments of the peduncle are 

provided with feathered setae principally. 

The second antenna (Fig. 7) is about two-thirds as long as the 

body of the ani.:al. The basal segment bears on its lateral face a 

small papilla (p) through which the antennary gland opens. The 

second segment bears a vestigial scale (sc). This segment and the 

two following are equipped with long plumose hairs on the outer border. 

The long flagellum is provided with a few simple setae of varying 

lengths on each segment, arid on the upper side a few short bush-like 

setae occur at irregular intervals. 
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The mandible (Fig. 8) is a foliaceous organ with a long paip 

and a thin, scale-like body or coxopodite (e) the inner surface of 

vhich is concave. The biting edge of the mandible is unevenly 

serrated, one or two small teeth being placed between the larger 

ones. The mandibular paip (irp) is large compared with the body of 

the appendage, and its terminal seaent is relatively long. 

The first maxilla (Fig. 9) is a very much flattened organ. The 

inner margins of the basipodite (b) and the first podomere (!) 
of the endopodite are equipped with short setae which assist in 

mastication. The second podomere (en.2) of the endopodite is long 

and slender, and bears a tuft of plurnose setae on its distal end. 

The second inaxilla (Fig. 10), like the first, is thin and 

foliaceous, and is provided with masticatory bristles on the cleft 

inner borders of the coxopodito and basipodite (c,b). The small 

ondopodite 
(.E) 

has two terminal tufts of pluiriose hairs. The exopodite 

or scaphognathite (ex) is broad and the upper edge is turned do'rn to 

form a groove. The hairs which border this organ are jointed at the 

baso, and, as in ali of the 1oner setae, consist of a long basal 

portion followed b,' many shorter annulations (Fig. 55). Between the 

bases of these setae are goblet-shaped depressions (g) which, in the 

preserved specimens, seem to contain a granulated gelatinous mass 

that extends on to the basal portions of the setae. 

The first maxilliped (Fia. 11) is characterized by a long, slight- 

ly fleshy basipodite (b). The endopodite is rudimentary; but the 

flattened exopodite is long and broad, and extremely long plumose 

hairs arc found on the distal portion of its inner edge. A long 
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epipoclite (ep), which is without gills, e:tends parallel wi-}i the 

scaphognathite, with which it is asìociated in respiration. 

The second raaxilliped (F. 12) is slender and curves outard. 

Long plunose setae arising frora the inner margin of the endopodite 

completely bridge the space between the two maxillipeds. A sword- 

like exopodite with serrated margins, uon which are orne jointed 

setae, lies behind the endopodite when at rest. ¡ vestigial 

epipodite is also present. 

The third axilliped (Fis. 13) is a highly specializod opercu- 

liform organ, and, because of its size, shape, and unusual thickness, 

it stands out in marked contrast to the other appendages. A short 

and slender stem (c,b) supports an endopodite of remarkable propor- 

tions and structure. The two thick and broad basal seaents (en.1 

and en.2) of the endopodite are immovably articulated, and it is 

to the size and structure of these two segments that the organ owes 

its peculiarity. Each of these two basal segments (ischiopodite and 

ìieropodite) is marked by a longitudinal suture on its innor face. 

In the ischiopodite this suture is serrated. The outer faces (Fis. 

14) of these sog.ents are decidedly convex and are without sutures. 

The remaining three segments of the endopodite form a palp-likc 

strucutre (Fig. 13) which folds over the inner surface of the first 

t.o. Together the two maxillipeds serve as a receptacle for carry- 

ing mud from the burrow. 

The rifnt and left chelipeds are always unequal in size, the 

larger or crushing claw being indifferently on the right or left. 

This asymmetry is much moro marked in tue male thLn in the female 
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(compare Figs. 2 and 3). The basepodite is short and broad at the 

base. In the larger cheliped (Fig. 4) the ischiopodite presents a 

dentate inferior margin; while the ineropodite is characterized by 

a basal spine on its inferior border. 

The proportions of the carpodite fona a classificatory dis- 

tinction in that the length is Onij slightly greater than the breadth, 

but is longer than the propodite. The superior border of the 

carpodite curves inward. The propodite is deeply hollowed out be- 

tv:een the dactyls and a small spine iith denticulated inferior 

border projects botvïeen the bases of the latter. The terminus of 

the movable finger is curved like a hook, and the opposing edges 

of both dactyls are denticulated. ven when the dactyls are closed 

there is a considerable hiatus between their bases. 

The smaller cheliped possesses no spine on the meropodite, and 

the caropdite is much longer than it is wide. Ther is no dentate 

process between the claws. In the fiale the chelipeds are much 

smaller in proportion to the size of the body, and the asymmetry is 

much lesronounced. In other respects, however, they are very siini- 

lar to those of the male. 

The remaining four pairs of pereiopods present no sexual dif- 

ferences. The second pair is also chelate, but exhibits no special 

characteristics. However, the sub-cholate third pair of perelopods 

has become peculiarly modified into a shovel-like appendage for use 

in burrowing. This modification is in the palm, which has become 

flattened and oval, and is much broader than it is long. A small 

dactyl is found on the anterior end. The fourth pair of pereiopods 
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which terminate in a siiixple dactyl, exhibit no characteristics of 

special interest. The last pair aro very similar to the fourth 

pair, but are without a dactyl. 

In the male the pleopods of the first abdominal somite are 

vestigial stylifom structures (Pig. 18) that arc too degenerate to 

be functional; and on the second segment they are entirely lacking. 

In the female the first pair of pleopods (Fig. 15) are uniranous, 

three jointed organs bearing long plumose filanents for carrying 

eggs. The second pair of pleopods (Fig. 1G) are larger and they bear 

a flagelliforu exopodite. Both endopodite and exopodite are fringed 

with long setae, but in the specimens examined only those of the 

endopodite were bearing eggs. 

The remaining pleopods are the same in both sexes. The third, 

fourth, and fifth pairs (Fig. 17) aro broad, foliaceous structures 

.hich extend across the entire width of the abdomen, the inner margins 

of the endopodites of each pair meeting in the ìid-line of the body. 

Although present in many of the Thalassinidea, an "ap1endix interna" 

is lacking in Callianassa californiensis. The exopodites curve 

medially and overlap each other; and the curve of the inner margin of 

the protopodite conforms to the convexity of the ventral surface of 

the abdomen. They thus form a broad paddle for swimming, or for 

aerating the burrow. 

The tail-fan (Fig. 4) is broad and powerful. The short unseg- 

mented protopodite of the uropods supports broad lamellar rami, the 

larger of which is the outer or exopodite. Neither the telson nor 

the exopodite of the uropods is divided by a transverse joint. This 
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is in marked contrast to one family (the Laomedii.dae) f the 

Thalassinidea, in which both rami of the uropods are divided 'by a 

transverso suture. LarZe bundles of iuscle fibers are visible 

through the integument of the uropods and telcon. 

INTERNAL LORPHO LOGY 

Digestive System 

7ith the excejtion of the labrurn and metastoma, the mouth parts 

have been described above. The ].abrum is a fleshy shield-shaped 

structure which fits into the upper part of the mouth. The latter 

is a narrow slit with an expanded upper portion and it is into this 

V-shaped part that the labrum fits. The middle portion. of the upper 

face of the labrwn is elevated into a firm be-like papilla (Fig. 21, b). 

On each side of this papilla is a concavity in which lies the distal 

segment of the mandibular paip (mp), The aasticatory blade (e) of the 

mandible also lies over this concavity and the tip of the palp. so 

that the cutti'ig edges meet in the mid-line. On the under surface of 

the labruìi is a soft rounded papilla (p) which closes the upper part 

of the mouth. Elongated rounded swellings of the esophageal wall form 

the sides of the mouth, and from these the hatchet-shaped metastoma (in) 

project. Each of these blades fits closely over the convex surface of 

the body of the mandible. 

. short muecular esophagus (Fig. 22, o) leads upward from the 

mouth to the stomach. Its dorsal wall is throvm into a broad ridge 

which ecends the entire length and terminates in a papilla (Fig. 2G, oj') 

at the. entrance to the anterior divIsion of the stomach. This ridge, 
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which is continuous wi.th the ventral papilla of the labrum, pro- 

jects into the esophagus sufficiently to make its lumen somewhat 

y-shaped. wo lateral folds also project into the stomach from the 

posterior end of the esophagus. The ral1s of the esophagus consist 

of the inner chitinous lining (Fig. 33, ch), en epithelial layer (t), 

and a broad connective tissue layer (Ct) containing striated muscle 

tissue. The columnar cells of the epithelium vary greatly in length, 

those lining the central portion of the Y-shapcd iwion being ftlly 

twice as long as those along the dorsal or ventral portions of the 

lumen. The nuclei are located near the basal borders of the cells. 

The connective tissue layer contains in its central portion a few 

striated muscle fibers (rn") which rr obliquely, and near its outer 

border a layer of longitudinal bundles of voluntary muscle fibers (m). 

The anterior or cardiac division of the stomach is somewhat 

larger than the posterior or pyloric division, from which it is 

separated by the gastric mill and cardio-pyloric valves. TILe anterior 

portion serves for sorting and storing food, the posterior portion 

for filtering out all except minute particles of food. The entrance to 

the cardiac division is guarded by thin chitinous folds (Figs. 24, 25, 

2G, ev) which arise one from each lateral wall and project mediad. 

Long setae border the inner or free margin of each fold and extend 

across the aperture of the esophagus. On each side, posterior and 

ventral to these valvular folds, re two others (&) which aro continued 

backv:ard and then ujrard to the region of the lateral teeth (it). 

Their edges are also setose, and they serve to direct food into the 

gastric mill, or permit the fine particles to pass to the side of the 
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latter into the pyloric division. Just be1o: the lateral teeth 

the anterior of these folds thickens and elaborates into a setose 

hlpusherU (f) for keeping the food within the rance of the teeth. 

j.1so subserving this same function is a large bibbed tongue-like 

elevation (f') from the ventral floor. Both of these structures 

are provided with short stiff bristles which no doubt aid in 

mastication. The ventral elevation arises between the cardiac and 

pyloric divisions, and,together with a thin, setose-margined fold 

from each side, constitutes a cardlo-pyloric valve. 

Two lateral plates of teeth and a median dorsal tooth, to- 

ether with associated ossicles, cctitute the gastric mill (Fig. 28. 

The principal muscles which operate this grinding mechanisr.i are 

shovrn in Fig. 22. In the following description of tite ossicles, the 

terminology used by Huxley (1880) for those of the crayfish will be 

followed in so far as it suffices. On the dorsal wall of the stomach 

is a large flat ossicle (Fig. 28, ca) which somewhat resembles the 

form of a spread eagle design. This ossido begins at the anterior 

boundary of the cardiac division. The wings of this cardiac ossicle 

spread laterally and connect with the outer surface of a small 

pterocardiac ossicle (pt). The latter is a heavj V-shaped structure, 

the medial bar of which is attached along its entire edge to the 

lateral process of the base of the cardiac ossicle and also to a 

process of the urocardiac ossicle (u); whereas the lateral bar is 

attached only at the tip by a long elastic ligament (i) to the zygo- 

cardiac ossicle (z). Its structure and arrangnent are such that it 

serves as a hinge between the :edial ossicles and the lateral tooth. 



-15- 

Posteriorly the cardiac ossicle is joined to a heavy structure 

corresponding to the urocardiac process of the cardiac ossicle in 

the crayfish. In CaJ-lianassa, however, this is a separate structure, 

and will be referred to as the urocardiac ossido (u). Anterior1y 

it sends out heavy transverse bars, while the main body continues 

backwards. The middle and posterior portions of the body become 

greatly thickened, and from its posterior end a large brownish 

median tooth (mt) projects dovmward. This tooth is inclined 

anteriorly, and its action, combined v;ith that of the ventral 

"pusher" would keep returning the larger particles of food to the 

lateral grinders. A slender bar or prepyloric ossido (pp)is con- 

nected to the posterior end of the rocardiac ossicle. The posterior 

end of the bar is in turn attached a median crescent-shaped 

pyloric ossicle (p). If the prepyloric ossido is stretched out 

( 
as in the diagrari) by muscular contraction the median tooth is raised. 

The elastic joints at each end of the bar provide for recoil of the 

tooth. The lateral zygocardiac ossicle is a large body with a con- 

cave inner surface and a heavy medial border. This thickened medial 

portion gives rise to the lateral plate of teeth (it). The latter is 

a yellov.ish-brown triangular plate, the surface of which is divided 

by transverse furrows into about twenty ridges whose free ends pro- 

ject inward. The middle ridges are the longest; those on tue anterior 

end of the plate are heavy, but they gradually decrease in size 

posteriorly. In the crayfish the large pyloric ossicle extends 

laterally to unite with the zygocardiac osicle. The pyloric ossicle 

of Callianassa, however, is small; and a separate structure, which 



the writer vi11 refer to as the "zygopyloric" os3icle (Fig. 28, zy), 

serves to connect the pyloric and zygocardiac ossicles. The anterior 

portion of the zygopyloric ossicle is inserted into a notch in the 

posterior border of the zygocardiac ossicle; while its posterior end 

conforis to the curve of the crescent of the pyloric ossicle. 

The posterior division of the stomach is almost filled with 

setose pads and ridges. On each side on the dorso-lateral wall just 

posterior to the lateral teeth is a large oval pad (Figs. 24, 25, 26, 

b), the entire surface of which is beset with short hairs. These pads 

lie diagonally so that their posterior ends converge toward the nid- 

dorsal line, posterior to this point is a deep recess or dorsal pouch 

(dp). 

paired ventro-lateral pouches (.'ig. 26, lp) each contain a small 

pad (Figs. 25 and 26, b') which arises from the lateral wall and over 

which a conforming surface of the ventral floor fits like a cover. 

These covers (Fig. 26, r) are united in the mid-ventral line into a 

ridge (Figs. 25 and 2', Vv), the free en of which projects posterior- 

'y into the mid-gut. The pads are densely covered with short hairs. 

ach of the ventral folds or covers is an aggregate of closely-set 

longitudinal parallel ridges, the inner edge of each of which is 

fringed with a row of fine hairs which overlap those of the following 

ridge. 

The wall of the stomach is composed of the chitinous lining with 

its elaborate thickenings, an epithelial layer, and a broad layer of 

connective tissue containing near its outer margin bundles of striat- 

ed muscle fibers running in various directions. The cells of the 
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epithelial layer resen1e those of the esophageal wall, and their 

nuclei are likewise located at the outer borders of the cells. 

The chitinous linir of the stomach terminates in six processes 

( 
b. dorsal, a ventral, and four lateral ones) v,'hich project into the 

1ui.en of the mid-gut and form a valve betreen the stomach and 

intestine. The longest valvular process (Figs. 25 and 26, dv) is a 

median triangular structure freni the dorsal wall. The ventral 

process () is the continuation of the ridge between the surfaces 

which cover the small pads. Each of the outer lateral valves (1v) 

is a triangular process, the base of which is continuous on each 

side with a fold of chitin arising from the posterior end of the 

large oval pad, and on the other with a fold arising from the small- 

er ventro-lateral pad. The inner lateral valves (cv) are curious 

complicated structures that fill the lumen of the intestine. They 

consist of five sia1l hollow chiti:Qus caeca on each side. Each group 

of five caeca originates from a hollow enlargenont of the lateral fold 

of tho posterior division of the stomach. This enlargement is attached 

to the base of the outer lateral valve. The distal ends of the ten 

caeca converge, and they thus forì a sort of conical porous plug 

through which the food may pass. iach caecum (Fig. 27) is beset with 

patches of microscopic hairs (s) that project backward. 

The mid-gut (Figs. 19 and 22, 1) is the longest portion of the 

alimentary tract, extending from the region of the third pereiopod to 

the anterior suture of the sixth abdominal senent. Smith (1909) 

states that :.:r. E. 1-I. Schuster noted the proportionate lengths of mid- 

and hind-guts in several crustacea, among them Callianassa subterranea, 
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but that his drawings were never published. With respect to 

length of mid-gut, Callianassa resembles the lobster, but is in 

marked contrast to the crayfish. The vralls of the mid-gut are 

delicate, consisting of only two layers, an inner one of epitheliuzn 

(Fig. 30, e) which is thrown into longitudinal folds, and an outer 

one of connective tissue (et). 

Qn each side of the anterior end of the mid-gut a short, 

flattened evagination of the latter rojects anteriorly as a flap 

along the lateral walls of the stonuh for only a few millimeters. 

These are the remnants of anterior i. testinal caeca. The epithelial 

lining of these caeca is prominently convoluted. t its beginning 

the. mid-gut receives, on the ventral surface, the openings (Figs. 22, 

24, 2G, ) of the ducts of the digestive glands (Figs. 19, 20, 22, dg) 

or hepato-pancreas. ach of these glands, which extend on either side 

of the mid-gut as far as the fourth or fifth abdominal soniite, con- 

sists of innuxaerable slender, hollow caeca which open into a comnon 

duct. This duct traverses the entire length of the gland, and the 

cacca empty into i separately or in pairs (Fig. 23) on all sides 

throughout its entire length. The cacca of each gland are so arranged 

that they form a sort of concavity on the medial surface. The con- 

cavities fit around the mid-gut, and each also incloses an hepatic 

artery (ha), which thus lies near the hepatic duct. The right and left 

digestive glands are never equal in length, one always exceed±ng the 

other by four or five millimeters. The longer one is arbitrarily on 

the right or left side. 
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The entire gland is surrounded by a very thin transparent r.em- 

brane. The distal ends of the caeca are lighter in color (Fig. 23) 

than the remaining portion. Each caccura consists of a single layer 

of colurnar cells (Fig. 32, e) surrounding a large luz.ien, and au 

extremely delicate investing serous membrane (sra). The cytoplasm 

of those cells is highly vacuolated, the vacuolation becoming more 

prominent toward the distal end of the caocun. Part of the fluid 

produced by the cells of the caeca consists of globules of yellow oil. 

A short intestinal caecum (Fig. 22, e) arises at the junction of 

the mid-gut and hind-gut. It originates on the right dorso-lateral 

surface of the intestine, and, after proceeding a short distance 

ateriorly, curvos up'rard and to tL left, passing over the dorsal 

surface of the intestine arid over and around the left gonad. In r.iany 

casos the caecum passes directly under the ovary,or testis,,without 

encircling it. From there the caecum proceeds posteriorly as far as 

the telson, following an irregular course ventral to the gonad. In 

one specimen the caecum went through the tissue of the ovary. This 

robab1y happened during the embryonic development, but since the 

ovary was mature it may have occurred during the ripening of the latter. 

The walls of tiic caecum (Fig. 31) aro made up of the swae layers 

as those of the maid-gut, and, as in the mid-gut, the epithelial layer 

is t:rovni into longitudinal folds. Although an excretory function 

has commonly been ascribed to the intestinal cacca of decapods, this 

ocarcely seems tenable. In view of the fact that it arises from the 

mid-gut, it is quite probable that its function is to increase 

absorptive surface. It is suplied v;ith arteries, both from the 
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superior abdominal artery and from branches of the sixth lateral 

segmental artery. 

The hind-gut (Fig. 22, hg) extends from the point of origin 

of the inteotinal caecum to the anus, located in the n±d-ventral 

surface of the telson. The walls of the hind-gut (Fig. 29) are 

very thick compared with those Of the mid-gut. iext the chitinous 

lining (ch) is a layer of coluinar epitheliura (e) that is throrn 

into e. few deep lori±tudinal folds. Surrounding the epithelial 

layer is a layer of connective tissue (et). This stroria extends 

into the folds of the epithelium. Lonitudinal bundles of 

3triated muscle tissue (m) are found scattered in that part of the 

conr.ective tissue layer that projec:s within these folds. Outside 

the connective tissue is a prominent layer of bundles of striated 

muscle fibers (n') arranged circularly. The outer layer, víhich is as 

wide as the muscular layer, consists of a strana of connective tissue 

(et') similar to the preceding one, but containing fewer fibers and 

more cells. 

A mass of glandular tissue (Fig. 22, igl) surrounds the intestine 

at the junction of nid- and hind-guts. It is raade up of small tubules 

(Fig. 2, tu) which are held together by connective tissue that is 

continuous with the outer layer of the intestine. Each tubule 

consists of a single layer of secretory cells surrounding a central 

lumen. The cytoplasm of these cells seems to be filled throughout 

with coarse granules that stain a deep violet in Ehrlich's 

haematoxylin. The lumen apparently is not lined with epitholiuìa, but 

a colloidal matrix extends from the inner borders of the cells towards 
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the central cvity. Both longitudinal and transverse sections were 

made of the intestine and gland, but in neither case was there an 

indication of any duct leading from the gland into the intestine or 

the caecura. Clots of blood (ob) occur in the connective tissue 

supporting the tubules. A very few scattered tubuies of this type 

vere found toward the posterior end of the rectum. 

Circulatory System 

The heart is located in the pericardial sinus between the 

cervical groove and the posterior margin of the carapace. The doraal 

surface of the heart G'i. 34) is unequally hexagonal in outline. 

The depth of its posterior wall and the sharpness of its anterior 

part cause the organ to appear somewhat wedge-shaped. Supporting 

bands of fibers extend from the angles of the heart to the peri - 

cardial walls. There are two dorsal ostia, two dorso-lateral ones, 

and two that are ventro-lateral in position. paired antennary 

arteries (Fig. 34, a) are given off from the middle of the anterior 

margin of the heart and pass along the lateral walls of the stomach 

where they lie above the bladder (Fig. 37, bi) of the antennary gland 

to which they adhere. They send branches to the stomach, to the end- 

sac of the antonnary gland, and to the antennae. A smaller median 

ophthalmic artery (o) arises between the antennary arteries, and 

passes over the dorsal wall of the stomach to supply the eyes, the 

brain, and the portions of the green gland in this region. 

From the anterior margin of the ventral wall of the heart, paired 

hepatic arteries (Fig. 36, ho.) arise. These dip downward to the 
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diostive glands, giving off branches to the ventral wall of the 

stomach, the terior portion of the liver and the gonads, and then 

extend posteriorly, ¿ne on the iedian side of each 1and. Toward 

the distal end of the liver the hepatic artery ra1aifies throughout 

the organ, and a few branches extend to the intestine. 

The large superior abdominal artery (Fig. 35, saa) originates 

from the base of the posterior wall of the heart, and proceeds caudad 

between the gonads (Fig. 19). From this artery arise six pairs of 

lateral segmental arteries, the branches of which supply the muscles 

and gonads, the nain trunk extending on around to supply the aviim- 

Lierets. Considerable asyrmaetry occurs ir connection with the 

intestinal caecum. Jn extra branch originates from the left one of 

the fifth pair of lateral arteries (Fig. 37) and this sends branches 

to the caecum, to the intestinal gland, and to the intestine. The 

lateral arteries of the sixth segment extend caudad throughout the 

length of the somite and into the telson, giving off several 

branches to the muscles and to the uropods. On the medial side of 

the left artery several branches pass to the caecum. The intestinal 

gland, hovievr, receives orbranc1i each from the right and the left 

artery. Throughout its course the superior abdominal artery gives 

rise to nuiìerous ventral arteries vthich lead to the intestine and to 

the gonads. In the diagrem (Fig. 37) the former are represented by 

the intersegmental branches on the right side, the latter by those on 

the left side. 

The sternal artery (Fig. 35, sa) arises just below the superior 

abdominal artery, and, passing over one gonad but between the digestive 
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glands, goes downward and forward on either the right or the left 

side of the intestine until it reaches the ventral nerve cord in the 

sternal sinus. At this point it passes through the nerve cord between 

the third and fourth thoracic ganglia (sixth and seventh thoracic 

sornites) and i»iediately divides (Fig. 38) into an anterior thoracic 

branch (at) and a posterior branch or inferior abdominal artery (iaa), 

which lie just beneath the nerve cord. The anterior thoracic artery 

sends large branches to the three anterior pairs of walking legs and 

to the mouth parts. The inferior abdominal artery supnlies the fourth 

pair of pereiopods and then extends backward to the fifth thoracic 

ganglion where it divides into to large arteries which supply the 

last pair of walking legs. These arteries follow the course of the 

nerves which sup:1y these appendages. From one of these arteries 

(usually the left) a slender branch (iaa') is given off to supply 

the floor of the abdomen. The portion of the inferior abdominal 

artery which extends into the abdomen is therefore merely a branch 

from a senental artery. It is so small that in a non-injected speci- 

men it cannot be traced beyond the third abdominal soriite. 

Herrick (l)O9), in his Hatural Jiistory of the nerican Lobster, 

calls attention to the common error of stating that the svrimnmerets 

receive their blood suppl from the inferior abdominalartery instead 

of from the lateral senental branches of the superior abdominal 

vessel. However, he states that the inferior abdominal artery 

"supplies a small part of the ventral surface of the abdomen, but none 

of the appendages." In Cal]ianassa and the crayfish, at least, the 

inferior abdominal artery does supply the fourth and fifth pairs of 
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walking legs; and, since the sternal artery divides between the 

third and fourth pairs of walking legs, it seems logical to suppose 

that this is also true in the lobstur. 

prora the arterial branches the blood empties into sinuses, which 

in Callianassa are rather spacious, and it is then carried from the 

ventral sinus to the gills b means of afferent branchial veins. From 

the gills other veins conduct the aerated blood to the pricardial 

sinus. 

Respiratory System 

The gills of Callianassa are reduced to ten pairs, all of v.hich 

are arthrobranchiae. Two small ones are present on the arthroidial 

iiembrane of the third maxiliped, and two on each of the next four 

somites. The gills increase in size from before backwards (Fig. 39). 

In structure they are phyllobranchiae, and are attached near the 

ventral end of the main axis (Fig. 40). Calman (1909) calls atten- 

tion to the interesting fact that aiong the Thalassinidea both phyllo- 

and trichobranchiae are found, and also gills of an intermediate 

character. However, in the majority of the Thalassinidea the gills 

are trichoòrartcìuiate. There are about one hundred pairs of lnzninae 

(Fig. 41, 1) in one of the posterior gills cf Callianassa 

californiensis. Blood is carried to the laminae by means of the 

afferent or external canal (a) of the stem of the gill, and is re- 

turned by the efferent or internal canal (e). The ten afferent 

branchial veins are sup;lied from five channels leading from the 

ventral sinus. The off erent canals of the two branc}ìiae of each 
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somite empty into a common channol, so that the blood i conveyed 

from the gills to the pericardial sinus by five branckìio-pericrdial 

channels . The scaphonathite for maintaining the branchial current 

of water has already been described in connection with the second 

jaxilla. 

largo epipodite (Fig. li, op) is present on the first maxilli- 

ped, and a vestigial one on the second (Fig. 12). The former extends 

backiard under the branohiostegite parallel with the soaphognathite, 

and cooperates with the latter in maintaining the respiratory current. 

Callianassa has several adaptations for carrying on respiration 

within a burrow. First, the large cheliped acts as an operculurn to 

prevent objects froii falling into the burrow. Second, the dene1y 

bristled t1oraoic appendages strain out tue sand, and it may be 

that these are folded so as to form a sand-free reservoir of water 

beneath the body, such as Smith (1909) mentions in the case of 

Atelecyclus. The last and most important adaptation is that the 

three pairs of broad posterior swL'aerets keep a current of water 

circulating. 

Excretory Sj item 

The antennal or green gland (Figs. 42 and 43) in Callianassa is 

a large complicated structure, opening to tne exterior through a 

papilla (Fig. 7, p) on the lateral face of the basal segment of the 

second antenna. The end-sac (ì'ig. 43, es) occupies the space at the 

base of the antenna, extending into the basal segment of the latter, 
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and a ventral porjeotion (es'j even fills the basal portion of the 

iand±ble. large bladder or vesicie (bi) lies along the lateral wall 

of the stomach just below the antennary artery, and ex-tends caudad as 

far as the anterior pericardial wall where it meets the gonad, liver, 

and lateral intestinal caecu.i. jbout midway of the length of the 

vesicle is a medial porjection (Fig. 42) which passes beneath the 

stomach and joins a similar structure from the opposite side. There 

is, however, no connection between the cavities of the two vesicles 

at this point. Qn the lateral side, arborizations of tue bladder (b) 

extend into the branchiostegite, entirely surrounding the 

branchiostegal muscle (Fig. 43, brn). In the anterior region the 

cavities of the two sides of the bladder are connected at two points,-- 

one by a broad channel over the brain and another by a smaller 

extension which encircles the esophagus. In the region cf the brain 

the vesicle raiifies extensively, filling all the spaces around the 

nerves and esophagus and projecting into the eye-stalks as far as 

the cornea. Iinor portions ramify among the thoracic rìuscles. The 

duct (u) leading from the bladder to the papilla lies along the 

dorsal surface of the end-sac. 

The walls of the bladder consist of cohuinar eDithelium (Fie;. 44, 

ebl) surrounded by a thin membrane of connective tissue (et). The 

epithelium of the bladder invests the end-sac and forms the septa of 

the latLer, resembling in this respect the green gland of pandalus 

described by VIeldon (1891). The connective tissue continues around 

the end-sac, extending inward to support the labyrinth. Inì the 

vesicle proper the bladder epitheliurn consists of narrow granular 



-27- 

cells which stain deeply with haematolin. The nuclei are rounded 

and granular and are usually found near the bases of the coils. 

Irear the point where the cavity of the end-sac opens into the 

bladder, numerous mucous cells (mu) appear in the epitheliura of the 

latter. js the bladder epithelium (ebit) invests the epithelium 

of the end-sac the cells become shorter, the cytoplasm stains 

more deeply with hanatoxyiin, and the nuclei are placed more 

nearly in the center. 

The cavity (c) of the end-sac is lined with a single layer of 

epithelial cells (oes) which project irregularly into it. These 

cells are pale and finely granular, with rounded granular nuclei 

very similar to those of the bladder opithelium. Hovrever, these 

nuclei may range from the bases to the free borders of the cells where 

they often seem to project beyond the margin of the cytoplasm. 

Occasional patches without epithelium may occur. Irregular clots of 

a homogeneous substance are found within the cavity of the end-sac. 

Reproductive Systrì 

a. Reproductive System of Liale.-- The testes (Fig. 46) consist 

of paired slender rods of tissue v;hich throughout most of their 

course lie dorsal to the liver, one on each side of the superior 

abdominal artery. These organs arise in the sixth abdominal segment, 

at the same level as the intestinal caecum, and extend anteriorally 

beneath the digestive gland to the region just posterior to the third 

pleopod. At this point they curve around the liver until the dorsal 

surface is reached, and then continue anterioraily, one on each side 
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of the superior abdominal artery. The testes are associated with the 

artery to the point where the latter leaves the heart. Then, 

still lying on the dorsal surface of the liver, th continue for- 

v;ard beneath the heart to the anterior nargin of the latter, where 

they unite. They thus resemble a ioop of thread with the free 

ends pointing posteriorly. Near the anterior margin of the 

seventh thoracic sornite each testis gives off a slender trans- 

parent vas deferens (vd) which passes postero-laterally for a short 

distance, then extends laterally and ventrally as an enlarged 

vesicula seminalis (vs), finally narrowing into a slender ductus 

ejaculatorius (d) which finds exit on the medial surface of the 

distal end of the fifth pereiopod. One vas deferons arises some- 

what anterior to the other. 

The germinal epit}elium of the testicular vralls (Fig. 48) could 

not be identified, a thin capsule of connective tissue (et) being 

the only layer that was recognizable. This connective tissue 

appears to follow the walls of the compartments in which the sperma- 

tozoa are differentiating and developing. The younger cells appear 

in compact groups (sp'), but separate as the spermatozoa (sp) mature 

and push out into the lumen of the testis. The iiature spermatozoa 

(Fig. 51) are spheroidal bodies with a light cap-like structure at 

one end. 

In the vas deferens the spermatozoa are agglutinated into spheri- 

cal spermatophores (Fig. 50) which have a thick case (sph). They 

are about 0.2 mm. in diameter. The wall of the vas deferens (Fig. 49) 

consists of an outer layer of fibrous connective tissue (ct), a 
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circular band of involuntary ausc1e cells (ri), and an inner layer of 

columnar epithelium (ep). The cells of the latter are elongated, 

being scarcely vider than the nuclei, '.thich are located near the 

bases. The distal borders of these cells present ragged edges as 

though cilia were centented together into tufts. Vfithout doubt 

definite cilia could 'ce distinguished if fresh tissues viere properly 

fixed and preserved for sectioning. Fasten (1917) has found cilia 

bordering the epithelial cells of the vasa deferentia of four species 

of crustacea, among them types belonging to the Llacrura and knomura. 

b. ieproductive Syste of Female.-- The ovaries (Fig. 45) also 

consist of tvro long tubular bodies which extend anteriorally from 

the sixth abdominal segment along each side of the superior abdominal 

artery. They lie dorsal to the liver throughout their entire course. 

In the region of the first abdominal seient the ovaries diverge 

slightly to form a 1oop, uniting just beneath the anterior portion 

of the heart. 

The oviducts (od) arise opposite the third pereiopods and imme- 

diately expand into a glandular portion. They pass in a more nearly 

direct course to the exterior than do the vasa deferentia. Each 

oviduct opens on the medial side of the base of the third pereiopod, 

but because of the narrowness of the thoracic sternum, the two 

openings are almost contiguous. The intestinal caecum usually loops 

around the left ovary and extends posteriorad beneath it, or else 

passes under it directly. In one specimen the caecum passed through 

the tissue of the ovary instead of around or under it. In only one 

instance was the caecum looped around the right ovary. 
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As in the wall of the testis, the ermiÌial epitheliuríi of the 

ovarian wall could not be distinguished. The connective tissue coat 

(Fig. 47, et) is like that of the testis. From a fold of tissue (gr) 

on one side of the ovary, cells differentiate and develop into ova. 

As the ova mature they become surrounded by a capsule or follicle 

and migrate outward from the germinal region. The ova have pale 

granular nuclei '.rith a single nucleolus. Deutoplasmic granules are 

evenly distributed throughout the cytoplasm. 

Nervous Systu 

The central nervous system (Fig. 52) is composed of a brain or 

supra-esophageal ganglion (sg) and a ventral nerve cord consisting of 

a sub-esophageal ganglion (sgt), five thoracic ganglia (Iv-VIII), 

and six abdominal ganglia (l-6), united by double corw!uissures. The 

brain is formed b.r the fusion of the three anterior pairs of cephalic 

ganglia, and each half is seen to consist of a dorsal anterior lobe, 

a median ventral portion, and a postero-lateral lobe. The anterior 

lobes supply nerves (e) to the eyes, and the postero-lateral lobes 

each give off a nerve (a) to the antenna. The nerves vihich supply 

the antennules arise from the median ventral surface. ¡ single 

median nerve (), which arises from the posterior margin of the brain, 

extends upward over the dorsal wall of the stomach and branches to 

supply the gastric muscles and the lateral walls of the stomach. 

Several small nerves from the dorso-lateral margin of the brain supply 

the green gland. The brain is connected with the sub-esophageal 
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ganglion by esophageal comriissures, and the latter are connected by 

a transverse conimissure below the esophagus. The sub-esophageal 

ganglion is formed by the fusion of the last three pairs of cephalic 

ganglia, and the first three pairs of thoracic ganglia. ITumerous 

nerves lead from the esophageal connectives and the sub-esophageal 

ganglion to the mouth parts, esophagus, and stomach. 

The two halves of the nerve cord are united in the thoracic 

region except between the third and fourth thoracic ganglia (sixth 

and seventh thoracic soniites) where they are separated by the sternal 

artery. Each thoracic ganglion sends a large nerve trunk dovmward 

to the corresponding walking legs. These nerves in turn give rise 

to branches to the gills, thoracic muscles, and integument. 

The fifth thoracic ganglion is somewhat anterior to the last 

pair of perelopods so that the nerves supplying these appendages must 

proceed backward a short distance before leading downward into the 

latter. 

Both the first and second abdominal ganlia (the former of vthich 

is quite small) are located in the second abdominal somite. This is 

probably due to the shortening of the first abdominal segment, and 

apparently the nervous system has not been modified in accordance 

with the other structures. Each abdominal ganglion, except the first, 

gives off paired nerves to the corresponding appendages, and the 

sixth also supplies the telson. The lateral nerves (ns) arising from 

the sixth abdominal ganglion supply the muscles and skin. Arising 

posterior to these are two nerves (u) which supply the uropods, and 

medial to the latter are two others (th) which supply the telson and 
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hing-gut. J single median nerve (i) arises from the dorsal surface 

of this ganglion to supply the intestine and gland. The commissures 

between he third and fourth and fourth and fifth abdominal gvnglia 

are quite widely separated; and those between the fifth and sixth, 

although not separated, are very distinct. 

In each segment, except the first, two pairs of nerves are 

given off from the connectives between the ganglia in the abdomen. 

In general, the more anterior pair supplies the ventral muscles and 

integument, and the posterior one supplies the lateral and dorsal 

regions particularly. 

Sense Organs 

a. Statocysts.-- These are of the type usually found in the 

I,lacrura. They open to the exterior by a wide aperture which is 

roughly triangular in shape, and which is closely covered by plurnose 

setas that originate from the postero-lateral lips and then project 

diagonally across it (Fig. 6). The laterally compressed sac contains 

numerous loosely agglutinated grains of sand. Two rows of plurnose 

sensory setae project from the lower wall of the sao. In structure 

these "auditory" setae resemble those of the crayfish described by 

Huxley (1880). 

b. Eyes.-- The eyes are placed in the middle of the upper surface 

of short sub-triangular eye-stalks (Fig. 5), so that the stalk pro- 

jects beyond the cornea. The latter is deeply piiiented, and the 

facets, which are all of the hexagonal type, number less than ono 

hundred. 
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C. Olfactory Organs.-- As sugested under "appendaes»' the 

nearly cylindrical, modified. setae (Fig. 53, os) on the distal 

extremity of the outer flagellum of the first antennae probably are 

capable of receiving stimuli of a ohnical nature. These, like the 

pluniose setae, consist of a basal portion followed by several 

annulations. They do not, however, possess filsnients; but are smooth 

and blunt, with a large hollow center, giving a soniowhat swollen or 

caecal appearance. The size of the central cavity and the extrenely 

delicate cuticle of these organs render them somewhat pendent. In 

all, there are about thirty-five of these organs on each of the first 

antennae. 

d. Auditory organs.-- Whether or not crustacea are capable of 

detecting sound vibrations has been a much disputed question. As a 

result of numerous experiments performed r various investigators, 

the general concensus of opinion seems to be that crustacea are not 

capable of hearing in the strict sense of the terni. However, it is 

quite possible that the filaments of certain plumose setae can 

perceive vibrations in the water to the extent of notifying the 

anial of the approach of an enemy. The rapidity with which certain 

forms burrow when approached would seem to indicate that this is 

the case. The setae (Fig. 54, as) referred to above as occurring 

irregularly on the upper surface of the flagellum of the antennae of 

Callianassa may be of this nature. They do not occur on the distal 

seaents; but on the basal two-thirds of the flagellum they average 

one to every two or three segments. In structure they are 

comparatively short and heavy and aro non-annulated. The filaments, 
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which arise on all sides of the main axis, seem to be more thickly 

set than those of the plurriose setae on other parts of the body. 

e. Tactile Organs.-- By far the majority of the sense organs 

of crustacea are tactile, and these take the form of both simple 

(Fia. 54, .) and feathered setae (Fig. 55). They occur in places 

on all parts of the body of Callianassa, more particularly on the 

appendages. This animal is unusually well supplied with setae, 

especially with those of the plumose type. The majority of those on 

the flagella of the antennules and antennae are simple, but the 

feathered type prevails on the other appendages. They serve not 

only for tactile organs but also for straining out the sand, and the 

latter no doubt accounts for the plentiful supply of setae on 

Callianassa. 

DISCUSSION 

Externally, Callianassa bears several points of resemblance to 

the lobster, crayfish, and hermit crab. Borradaile (1903) lists the 

following characteristics that suggest the latter: reduced gills, 

soft abdomen, small pleura, non-chelate third legs, freedom of last 

thoracic sternite, and manner of carrying fifth legs. They differ 

from the paguiidea in having a sysnnietrical abdomen, a broad tail fan, 

and chelate second legs, and in the likeness of the fifth legs to the 

others. In the broad tail-fan and the structure of the first and 

second legs Callianassa resembles the Hephropsidea, but differs from 

them in the points in which it resembles the paguridea. 
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Internrdly, Callianassa californiensis differs in several 

respects from the type Carias of crustacea heretofore described. 

In other forms the creen gland opens through a papilla on the 

ventral surface of the base of the second antenna instead of on the 

lateral face as in Callianassa. The freedom of the last thoracic 

somite and its virtual addition to the abdomen, together with the 

smallness of the first abdominal soite, is associated with 

correspondin3 chances in the nervous and circulatory systems. For 

example, the last thoracic ang1ion does not lie within the last 

thoracic soraite, but sends nerves backvrards to supply the structures 

of this somite. The ganglion of the first abdominal sonite is very 

small and is located at the anterior end of the second, the former 

being supplied chiefly from the coirnissural branches. The inferior 

abdoninal artery terminates as a branch from the artery which 

sup'lies the left fifth poreiopod. 

To the riter' s knowledge no gland, such as that described in 

Callianassa californiensis at the junction of r:iicl- and hind-guts has 

been reported in any other crustacean. The processes of the pyloric 

valve are unusually complicated, due to the presence of the two 

groups of five chitinous caeca. 

Very few decapods are entirely without gills on the last thoracic 

so:ite. Callianassa has none of any type on this segment. 

In the length of the rid-gut and unpaired caecum Callianassa 

reser.i'oles the lobster. There are two rows of seneory hairs in the 

statocyst, as in the lobster and crayfish. Like the latter, 

Callianassa possesses the maximum number of gnglia found in any of 



the decapods, 'out the fusion of the tvio halves of the nerve cord 

is not nearly so complete. 

Callianassa reser'bles the paguridae in that the lver lies 

chiefly in the abdominal region, and further in the complexity of the 

vesicle of the excretory system. The Caridea also have an extensive 

bladder. Calman (1909) makes the follovrin statement rer.rding the 

development of the Thalassinidea: "The earliost larva is a Zoea, 

which in some cases (Callianassa and Calocaris) resembles that of 

Caridea in having the three maxillipeds hiramous and natatory; but 

in others (Upogebia and Jaxea) only the first and second are present 

on hatching, . ...... The testes are tubular as in the Caridea. The 

greater part of the testes and ovaries lie within the abdomen, while 

in the paguridea they lie wholly within the abdomen. 

In most I,:acrura the spermatozoa are in rod-like 1asses; but in 

Callianassa the spermatophores are separate, resembling the Brachyura 

in this respect. 

SU12ARY 

1. Callianassa is a primitive soft bodied burrowing shrimp with 

a compressed carapace and a flattened abdomen. The last thoracic 

soinite is movable. 

2. The mandibles, maxillae, and. first and second maxillipeds are 

thin, foliaceous structures. The third maxillipeds are huge, fleshy 

organs adapted for carrying mud from the burrow. The cholipeds are 

extremely unequal, especially in the male. The first pair of walking 

legs are equal and chelate; the second, subcheiate with a flattened 
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oval propodite adapted to shoveling sand; the third tenninates in 

a simple dactyl, and the fourth is without a dactyl. Pleopods are 

lacking in the first abdominal somite and vestigial in the second. 

In the female these appendages are ínctiona1 egg-bearing organs. 

The broad posterior pleopods are used for aerating the burrovr. The 

tail fan is broad, and both uropods and telson are without a trans- 

verse joint. 

3. The mid-gut is the longest portion of the alimentary canal. 

paired vestigial caeca, vfriich are nothing more than folds of the 

intestine overlapping the stomach, mark the beginning of the mid-gut, 

and a short slender caecum marks its junction ith the hind-gut. Jt 

this point a large mass of glandular tissue, of unknown function, and 

apparently without a duct, surrounds the intestine. Tile liver is a 

long unbranched organ with slender caeca which empty directly into 

a main duct. The filtering and sorting mechanism of the stomach is 

extremely complicated, the most unusual structure being two groups of 

five chitinous caeca each, which form a part of the pyloric valvular 

processes. 

4. The circulatory system closely resembles that of the crayfish. 

The superior abdominal artery supplies the pleopods; the anterior 

thoracic artery supplies the first three peippods and the mouth 

parts; and the inferior abdominal artery supplies the fourth and fifth 

pairs of perelopods. A slender branch from the artery to the left 

fifth pereiopod supplies the floor of the abdomen. 



5. The ilis are reduced to ten pairs of arthrobranchiae of 

the phyllobranchiate type. They are present on the third to the 

seventh thoracic somites inclusively. The first maxilliped 

possesses a large epipodite, the second a vestigial one. 

G. The excretory system cor.sists of an end-sac and a large 

vesicle which extends backward as far as the pericardium, sending 

a diverticuiwa under the stomach to meet the one from the opposite 

side. The vesicle ramifies extensively in the branchiostegite, and 

around the esophagus and brain. The epithelium of the bladder 

invests the epithelium of the end-sac. 

7. The ovaries and testes are long tubular un'oranched organs, 

extending fra the sixth abdominal segment to the region of the 

third pereiopods v.there the right and left organs unite. The oviduct 

opens on the base of the third pereiopod, the vas deferens on the 

distal end of the coxopodite of the fifth pereiopod. The spermatozoa 

are spheroidal and are grouped into separate spherical spermatophores 

about 0.2 mm. in diameter. 

8. In general the nervous system resembles that of the crayfish, 

but the sub-esophageal ganglion is small and the t''ro halves of the 

nerve cord are not fueed in the posterior somites. The last tìioracic 

ganglion and the first abdominal ganglion (which is insignificant) do 

nct lie iithin their respective sor:iites. 

9. The statocysts have a double row of sensory hairs and the 

aperture is wide. The eyes are small and pigmented and are placed in 

the middle of the upper surface of a short eye-stalk. Olfactory setae 

are confined to the last few segments of the outer flagellum of the 
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first antenna. They are long and number about 35 on each antennule. 

A fev short bshy setae occur irregularly on the flagellum of the 

second antenna. 

10. In addition to the general external appearance, Callinassa 

californiensis exhibits several internal features of a primitive 

nature. These may be briefly enumerated as follows: 

a. The relative length of the mid-gut. 

b. The lack of fusion of the two halves of the nerve cord in the 

posterior somitos. 

e. The unbranched, tubular forni of the ovaries and testes, and the 

slight differentiation between these organs. 

d. The non-lobulated form of the liver. 

e. The wide aperture of the statocysts. 

PRoBL1.:S SUGGSTD 

There are several interesting problems that might be undertaken 

in connection with Callianassa, some of which apply to the crustacea 

in general. 

1. The function of the gland at the junction of mid- and hind-guts. 

2. The function of the intestinal caecum. 

3. The complete life-history. 

4. Oogenesis and spermatogenesis and the cyclical changes of the 

gonads and their ducts. 

5. The method. of fertilization in burrowing forms. 
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6. The relationship of the food habits of the individual 

species of crustacea to the difference in length of the various 

divisions of the alirientary tract. 

7. The correlation, if any, between the number of sensory 

hairs in the auditory sac of decapods and the habits of life 

(burrav:ing or pelagic) of these anirials. 

8. The furction of the plumoso setae of the antennal flagellum. 

9. The reason for the syinrìetry of the chelipeds and sorae of 

the internal organs, and the correlation, if any, between these. 
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plate ii 

Explanation of Figure 

Fig. 4. Outline drawing of dorsal view of raale Callianassa 

californiensis. Natural size. 
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b, basipodite 

c, coxopodite 

co, cornea 

en, endopodite 

eri.1, first podomere of 

endopodi te 

en.2, second podomere of 

endopodite 

epipodite 

-5- 
Abbreviations 

ex, exopodite 

f, inner fla{ellui of first 

ant cima 

f' outer flagellum of first 

antenna 

mp, mandibular paip 

p, opening of green gland 

Sc, vestigial scale 

sta, statocyst 

plate iii 
ixplanation of Figures 

Fig. 5. Dorsal view of left eyestalk. X 3. 

Figs. 6 and 7. Dorsal view of left first and second antenna. X 3. 

Fig. 8. posterior view of left mandible. X 3 

Figs. 9 and 10. posterior views of first and second maxillae. X 3. 

Figs. 11 and 12. posterior views of first and second maxillipecis. X 3. 

Figs. 13 and 14. Inner and outer views respectively of third 

rmxil.iped. X 3. 

Figs. 16 and 16. posterior vievrs of first and second pleopods of 

female. X 3. 

Fig. 17. One of the posterior pleopods. X 3. 

Fig. 18. vestigial first pleopod of male. X 3. 
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plate Iv 

Explanation of Figure 

Fig. 19. photograph of dorsal view of viscera after removing dorsal 

integument and muscles. (Specimen was photographed under 

water.) agm, anterior gastric muscle; cae, intestinal caecum; 

dg, digestive gland or liver; ex, soaphognathite; i, intestine; 

cv, ovary; pgm, posterior gastric muscle; saa, superior 

abdominal artery. X 1.5. 
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plate y 

Explanation of Figure 

Fig. 20. photograph of viscera as seen from the side. aa, anterior 

thoracic artery; gg, green gland; h, heart; od, oviduct; 

ov, ov', ovary; sa sternal artery; saa, superior abdominal 

artery; st, stomach; vo, nerve cord. X 1.6. 
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plate VI 

Explanation of Figures 

Fig. 21. Labrum and metastoma, with mandible in position or the 

right, b, beak-like papilla of labruILi; o, body of mandible; 

m, metastoma; mp, mandibular paip; p, Tentral papilla of la- 

brum. X 3. 

Fi-g. 22. Lateral view of digestive system. ag, anterior division 

of stomach; agm, anterior gastric muscle; o, caecum; dg, 

digestive gland; do, point at which duct of digestive gland 

enters mid-gut; hg, hind-gut; i, mid-gut; Igl, intestinal 

gland; o, esophagus; pg, posterior division of stomach; pgm, 

posterior gastric muscle; sa, sternal artery. X 2. 

Fig. 23. Cross section of digestive gland showing arrangement of 

caeca around duct. o, caecum; d, hepatic duct; ha, hepatic 

artery. X 3. 
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Abbreviations 

a, chitinous folds 

b, oval setose pad 

b', round setose pad 

ca, cardiac ossicle 

cv, caecal valve 

do, opening of duct of liver 

dp, dorsal pouch 

dv, dorsal valve 

ev, esophageal valve 

f, anterior flpushert 

f', ventral "pusher" 

i, mid-gut 

1, ligament 

lp, lateral pouch 

lt. lateral tooth 

lv, outer lateral valve 

mt, median tooth 

o, esophagus 

op, papilla from ridge of 

esophagus 

p, pyloric ossicle 

pp, prepyloric ossicle 

pt, pterocardiao ossicle 

r, cover of round pad 

r', same, opened outward 

s, patches of setae 

u, urocardiac ossicle 

vv, ventral valve 

z, zygocardiac ossicle 

zy, flzygopy1oriI ossicle 

plate vii 

Explanation of Figures 

Fig. 24. Longitudinal section of stomach. X 3. 

Fig. 25. Showing floor of stomach alter i'aking longitudinal in- 

cision in roof and spreading out sides (median tooth not 

shovm). X 3. 

Fig. 26. Roof of stomach. X 3. 

Fig. 27. Individual caecun of pyloric valve. X 20. 

Fig. 28. Ossicles of gastric mill. Lateral ossicles are shown 

spread out on right side of diagram. X 3. 
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Abbreviations 

Cb, blood clot 

ch, chitin 

et, connective tissue 

et', outer layer of connective 

tissue of hind-gut 

e, epithelium 

plate viii 

ra, longitudinal muscle 

pi', circular layer of muscle 

m'e, oblique muscles 

sm, serous membrane 

t, epithelium of esophagus 

tu, tubule of intestinal gland 

Explanation of Figures 

Fig. 29. portion of transverse sectiàn of wall of hind-gut in 

region of intestinal gland. X 170. 

Fig. 30. portion of transverse section of wall of mid-gut. X 170. 

Fig. 31. Portion of transverse section of wall of intestinal 

caecum. X 170. 

Fig. 32. Transverse section of hepatic caeca. X 170. 

Fig. 33. portion of transverse section of wall of esophagus. X l0. 
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Abbreviati ons 

a, antennary artery 

at, anterior thoracic artery 

bi, bladder of green gland 

o, arteries to caecum 

do, dorsal ostium 

g, artery to intestinal gland 

ha, hepatic artery 

i, artery to intestine 

iaa, inferior abdominal artery 

jrjt asymmetrical continuation of 

lo, dorso-lateral ostium 

rn, arteries to muscles 

o, ophthalmic artery 

r, artery to gonad 

sa, sternal artery 

saa, superior abdominal artery 

t, artery to telson 

u, artery to uropod 

vo, ventral ostiun 

l-5, arteries to corresponding 

inferior abdominal artery pereiopods 

plate ix 

Explanation of Figures 

Fig. 34. Dorsal view of heart. X 4. 

Fig. 35. Lateral view of heart. X 4. 

Pig. 36. Ventral view of heart. X 4. 

Fig. 37. Dorsal vicw of circulatory system. The main portions of 

the bladder and end-sac of the antennary gland are shown along 

the antennary artery on the right side. X 2. 

Fig. 38. Sternal artery and its principal branches. X 2. 
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plate X 

Explanation of Figures 

Fig. 39. photograph of gills. X 2.5. 

Fig. 40. posterior view of one of the posterior right gills. X 3. 

Fig. 41. cross section of gill, a, afferent canal of stern; e, 

efferent canal; 1, lamina. X 3. 
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plate XI 

Explanation of Figures 

FigS. 42 and 43. Dorsal and lateral views respectively of antennal 

or green gland. b, ramifications of bladder in branchioste- 

gite; 'ci, bladder; 'cm, branchiostegai muscle; es, end-sac; 

portion of end-sac extending into bnse of mandible; o, 

esophagus, u, ureter. X 4. 

Fig. 44. portion of transverse section of end-sac. bi, bladder; 

e, cavity of end-sac; et, connective tissue; ebi, epitnelium 

of bladder; ebi', bladder epitheiiurn investing end-sac; ees, 

epitheliuríi of end-sac; mu, mucous cells. X 90. 
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plate XII 

Explanation of' Figures 

Fig. 45. Female reproductive system. od, oviduct; ov, ovary. X 2. 

Fig. 46. Mäle reproductive system. d, ductus ejaculatorius; t, 

testis; vd, vas deferens; Vs, vesicula seminalis. X 2. 



F
 

a
 

A
 

.
1
1
L
 
J
'
'
 

;
 

i
r
 
-
 

z
 

'
:
i
 

'
z
 



-55- 

plate )ÇIIT 

Explanation of Figures 

Fig. 47. Cross section of ovary. Ct, connective tissue coat; 

gr, germinal region; o, mature o1nAr.; o', iìunature ovum. X 80. 

Fig. 48. Longitudinal section of testis. ct, connective tissue; 

sp, spermatozoa, sp', raaturing spermatozoa. X 170. 

Fig. 49. portion of vas deferens wall (cross section). et, eon- 

neotive tissue; ep, glandular epithelium; ni, smooth muscle 

layer. X 170. 

Fig. 50. Spermato9hore (cross section). sp, spermtozoa; spia, 

spermatophore case. X 170. 

Fig. 51. Spermatozoa. X 1500. 
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plate xiv 

xplanation of Figures 

Fig. 52. Dorsal view of nervous system. a, nerve to antenna; 

e, nerve to eye-stalk; i, to intestine and intestinal gland; 

ins, to niuscles and integument; sg, brain; sgt, sub-esophageal 

ganglion; t, nerve to telson; th, to telson and hind-gut; 

u, to uropods; Iv-VIII, ganglia of corresponding thoracic 

somites; l-G, ganglia of corresponding abdominal somites. X 2. 

Fig. 53. portion of outer flagellum of first antenna showing 

olfactory setae on the eighth from the last segment. os, 

olfactory setae. X GO. 

Fig. 54. portion of second antenna. as, auditory(?) setae; ts, 

tactile setae. X 60. 

Fig. 55. Portion of border of scaphognathite showing bases of 

setae. g, goblet-snped depression between setae; ps, 

plunose setae. X 170. 
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