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The stomatogastric nervous system of the reptantian Decapoda Crustacea, particularly
the small isolated stomatogastric ganglion containing the 25-30 motor neurons that
control the muscles of the gastric mill and the pyloric filter of the stomach, is an im-
portant preparation for research in comparative neurophysiology. Unfortunately
there are no comprehensive descriptions of the neuromuscular system of the stomach
in these animals. Therefore, since the stomatogastric motor neurons are identified by
reference to the muscles they innervate, it has been difficult to identify neurons within
or between species.

The most important features for classifying the muscles of the decapod stomach are
the ossicles to which the muscles attach. In the latter part of the last century Mocquard
demonstrated that the stomach ossicles of the decapods could be compared in different
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groups despite the large variations from group to group. A summary of Mocquard’s
(1883) classification scheme, with some modifications, is given. The scheme recognizes
33 ossicles in seven categories (cardiac gastric mill, I-VII; lateral supporting cardiac
ossicles, VIII-XV; ossicles of the cardio-pyloric valve, XVI-XVIII; supporting
ossicles of the dorsal pyloric stomach, XIX-XXI; supporting ossicles of the ventral
pylorus and ampullae, XXII-XXVII; supra-ampullary ossicles, XXVIIT-XXX;
supporting ossicles of the lateral pylorus, XXXI-XXXIIT). Where necessary, com-
ments are then made on the ossicles of the three divergent species studied, the blue
crab, Callinectes sapidus (Brachyura) ; the lobster, Homarus americanus (Macrura) and the
spiny lobster Panulirus argus (Palinura). Most of the thirty-three ossicles are found in
each of the species, but there are some major differences between species. Callinectes,
for example, has the most complex ossicle system and Panulirus the most reduced.

A complete description of the stomach muscles of the three species is then presented.
A new and flexible terminology is used in these descriptions. The stomach muscles
are divided basically into five major groups by their location on the gut (cardiac sac,
gastric mill, ventral cardiac, cardio-pyloric valve and pyloric). Callinectes has the most
complex muscle system with 41 muscles and 51 muscle bundles, Homarus has 37 muscles
and 49 muscle bundles, and Panulirus has 38 muscles but only 44 muscle bundles.
Nevertheless it was clearly possible to identify homologous muscles in these species, at
least thirty muscles being common to all three species. Most of the variation between
species occurs in the intrinsic muscles (those confined to the stomach wall) of the gastric
mill and the cardio-pyloric valve groups.

The gross anatomy of the stomatogastric nervous system is described for the three
species. In the main the earlier terminology of Orlov was used but it was also con-
venient to classify the system into four broad groups (class 1, oesophageal motor
neurons; class 2, sensory fibres; class 3, neurosecretory fibres; class 4, the stomatogastric
ganglion and its associated input and output nerves). Again it was not difficult to
identify the same gross nerve trunks in the three species. This was particularly true
of the major axis of the stomatogastric ganglion system (stomatogastric nerve, stomato-
gastric ganglion, dorsal and lateral ventricular nerves, pyloric dilator nerve, and the
pyloric nerve) of class 4 and of the general course of the postero-lateral nerve and
posterior stomach nerve of class 2. Differences between the three species do occur,
for example in the branching pattern in the pyloric region and the nature of the
lateral nerves leaving the stomatogastric ganglion and dorsal ventricular nerve.

In Panulirus an almost complete description of the innervation of the stomach muscles
by the individual stomatogastric ganglion motor neurons is also given. This description
is partly based on physiological data published elsewhere. Where possible the descrip-
tion in terms of the motor neurons is also given for Homarus and Callinectes, but present
physiological data are incomplete for these species. It should be noted that there is
evidence that some homologous stomatogastric ganglion motor neurons travel along
quite different nerve trunks in the different species. In Homarus, for example, the
median ventricular nerve carries the axons of the ventricular dilator and lateral
cardiac motor neurons, whereas in Panulirus this nerve carries the axons of the ventri-
cular dilator and the inferior cardiac motor neurons.

In conclusion summary tables and diagrams are presented for the muscle and
nervous anatomy, and it is suggested that the classification schemes presented here
should provide the basis for consistent identification of the stomatogastric motor
neurons throughout the reptantian decapods.

INTRODUCTION

Over the past century several papers have described the skeletal elements and musculature of
the stomach of various decapod Crustacea (see, for example, Balss 1944). Among the earlier
comparative writers, Mocquard (1883) excels in the number of species examined and the
quality of his observations and illustrations. More recent papers describe the stomachs of
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single species, for example the lobster, Homarus americanus (Williams 1907) ; the crayfish, Astacus
Sluwviatilis (Ringel 1924) ; the blue crab, Callinectes sapidus (Cochran 1935) and the rock lobster
Jasus lalandii (Paterson 1968). These descriptions are not altogether complete, however, and
ignore or are at slight variance with some of Mocquard’s observations and with those of
Nauck (1880). Accounts of the pyloric stomach musculature are particularly fragmentary so
that the recognition of homologous muscles across major taxonomic groupings from published
data 1s difficult or impossible.

We have become impressed with the need for reasonably accurate identification of the
skeletal and muscular elements because of our interest in the comparative neurophysiology of
the stomatogastric ganglion (Maynard 1966, 1969, 1972; Dando & Selverston 1972). The motor
neurons of this ganglion are identified according to the muscle or muscles they innervate, and
their intra-ganglionic connexions and output patterns are associated with the role such muscles
play in producing stomach movements. Accordingly we must know the muscle anatomy of the
species under study and, for comparative purposes, identify homologous muscles or muscle
groups in members of different families or super-families.

This paper re-examines the stomachs of three divergent forms under current study, the
lobster, Homarus americanus (Macrura); the spiny lobster, Panulirus argus (Palinura); and the
blue crab, Callinectes sapidus (Brachyura). Our observations on the skeletal elements add little
to those of Mocquard and serve primarily as a summary and an essential basis for the subse-
quent myoanatomy. Our observations on the stomach muscles are more complete than those
published by Cochran, Williams, Ringel, or Paterson, and provide the basis for a consistent
terminology among the three groups. We have attempted to utilize information about locus,
general form, neighbouring ossicles or muscles, and muscle connexions, in interpreting homo-
logies. There is clear indication, however, that muscles may shift origins and insertions on the
stomach, that both muscles and ossicles may fuse, divide or disappear, and that the form of
muscles and ossicles may vary greatly. Accordingly our interpretations will not always agree
with those suggested by other authors, and must be considered subject to revision as more
information, particularly about specific innervation, becomes available.

There is also apparently no published description of the complete anatomy of the nervous
system innervating the stomach of any higher decapod (see, for example, Balss 1944 ; Bullock &
Horridge 1965). The best of the available studies are those of Orlov (19264, b, 1927, 1929) and
Keim (1915) on Astacus, Allen (1894) on Homarus, and Mocquard on a wide variety of species.
We have therefore given a gross description of the stomatogastric nervous system of the three
species under study. Additionally in Panulirus, for which we have the most physiological data,
we give an almost complete description of the innervation of the stomach muscles by the
individual motor neurons of the stomatogastric ganglion. This has also been done, where it is
possible, for Homarus and Callinectes.

MATERIALS AND METHODS

Dissections were made from fresh material, and from specimens preserved in formalin,
alcohol, or Bouin’s fixative. Some preparations were digested in KOH for the study of stomach
ossicles. Intra-vital methylene blue techniques were used to stain nerves, or occasionally muscle
fibres in fresh preparations. Freehand drawings were made with the aid of ruled paper, and a
micrometer grid in the dissecting microscope used for examinations.



