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ABSTRACT

Early classifications involving peneids, stenopodids, carideans, and procaridids are reviewed.
These shrimp-like decapods have at various times been placed together in one suborder or
in three separate suborders. The morphological characteristics of these groups are reviewed
with particular reference to the gills, protocephalic skeleton, and foregut. We conclude

that Dendrobranchiata (Peneoidea and Sergestoidea), Stenopodidea, and Procaridoidea
represent independent evolutionary lines. We suggest that the Caridea is a heterogeneous
group that should be re-examined.

1 INTRODUCTION

There is tremendous morphological diversity among decapod crustaceans. In size they
range from pontoniid shrimp of a few millimeters to the giant Japanese spider crab, which
can exceed 3 m with the legs extended. The shape of a decapod can vary from that of the
coconut crab to that of planktonic sergestid shrimp. Despite this diversity there is a basic
unity to the Decapoda that may be defined as follows: eucarid crustaceans with carapace
fused dorsally to all thoracic segments and extending laterally to form a branchial chamber;
exopod of the second maxilla with large lamellar expansion, the scaphognathite; eight pairs
of thoracic appendages, the first three modified as maxillipeds; branchiae typically arranged
in a series, (a) podobranchiae arise from epipodite with coxal insertion, (b) arthrobranchiae
often in pairs and arise from body wall above coxae, and (c) pleurobranchiae arise above
arthrobranchiae and never paired (Calman 1909; see Burkenroad 1981, for comments on
homologies).

Although the group Decapoda has been relatively well-defined since Latreille the inter-
nal classification of the decapods remains a matter of some controversy (see Abele & Fel-
genhauer 1982, Bowman & Abele 1982). In this report, we will review earlier classifications
and discuss the characters upon which they were based; and review the morphological
diversity of decapods with special reference to four groups, the Peneoidea, Procaridoidea,
Caridea, and Stenopodidea.

2 THE HISTORICAL DEVELOPMENT OF CLASSIFICATIONS

The very early classifications of the Decapoda are reviewed by Bate (1888), Calman (1909),
Balss (1957a), and Glaessner (1969). Briefly, the early classifications (1700’s, early 1800’s)
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Figure 1. Phylogenetic relationships suggested by various authors within the shrimp-like Decapoda.
Original spelling of taxa used by the various authors retained.

recognized two morphological types, a macrurous form with an elongated, subcylindrical
body; and a brachyurous form with the cephalothorax greatly expanded and the abdomen
reduced and folded beneath the cephalothorax. In Figures 1 and 2, we present the phylo-
genetic relationships suggested explicitly or implicitly by a number of authors representa-
tive of the various classifications that have been proposed. We have shown only those sec-
tions of the phylogenetic trees that deal with the groups under consideration here.
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In 1852 Dana (Fig.1a) recognized Peneidea (including the genera Stenopus and Spongi-
cola), Caridea, Astacidea, and Thalassinidea as the four major subdivisions of the Macroura.
He considered the Peneidea as exhibiting the greatest amount of ‘degradation’, and placed
them as the Macroura Inferiora. Dana based his classification on the form of the pereopods,
the condition of the pleuron of the second abdominal somite and the form of the mandi-
bular palp. Dana’s search for the ‘perfect’ taxon may have been the result of his having
undergone a deep religious conversion just prior to leaving on the Wilkes Expedition (Stan-
ton 1975).

Boas (1880), in a major review, subdivided the decapods into the Natantia and Reptan-
tia, and placed the Peneidea (still including Stenopus) and the Eukyphotes (Caridea) into
the Natantia (Fig.1b). In the view of Boas, both the Natantia and Reptantia formed natural
groups. In addition, Boas suggested that the peneid gill type (dendrobranchiae of Bate)
gave rise to both the trichobranchiae and phyllobranchiae.

Huxley (1878) proposed a radical departure from earlier classifications based on an exa-
mination of gill structure. [Bate (1888) and others cite a classification of Huxley’s (1883)
but we have been unable to locate this reference.] He subdivided the decapods into the
Trichobranchiata and the Phyllobranchiata. In the former group he created the Caridomor-
pha, containing the Peneidae, Stenopodidae, and Euphausiidae as independent taxa. The
carideans were placed in the Phyllobranchiata. This classification represents the first rejec-
tion of the Natantia as a natural unit, but it was not widely followed (see Calman 1909).

In the Challenger teport on the Macrura, Bate (1888) extended Huxley’s use of the
decapod gills as a basis for classification (Fig.1c). He recognized the gill of peneids as diffe-
rent from those of the other decapods and proposed the term Dendrobranchiata to include,
under the subgroup Normalia, the Peneidae and Sergestidae. Bate also commented on the
variability of the dendrobranchiate gill, and suggested that the trichobranchiate gill may
have given rise to both the dendrobranchiate and phyllobranchiate gill types. Bate placed
the Stenopidea as a tribe under the Trichobranchiata Normalia, which also included the
Scyllaridae, Palinuridae, Eryonidae, Homaridae, and Astacidae. The Caridea (although the
term was not used) were placed as a series of tribes under the Phyllobranchiata, subgroup
Normalia. Bate, therefore, believed that the natantians were unrelated, and placed them in
three separate divisions of Macrura.

Bates’ classification was not followed by Ortmann (1890), who largely followed Boas
(1880), placing the Stenopidea, Peneidea, and Eucyphidea (= Caridea) as three tribes with-
in the Macrura Natantia (Fig.1d).

Borradaile (1907) published a widely cited and accepted scheme (Fig.1e). He recognized
two suborders, the Natantia, containing three tribes (Penaeides, Carides, and Stenopides),
and the Reptantia, containing all the other decapods. This classification doesn’t follow
Borradaile’s own discussion of phylogeny where he suggests that Caridea and Reptantia
arose independently from an early peneid stem. In fact Borradaile questions whether or not
Natantia is a natural group. The position of the Stenopides is ‘extremely doubtful’ but is
related to lower reptantians because ‘it is trichobranchiate, has a curved mandibular palp
and short endopodite to the first maxilliped, and lacks the copulatory apparatus of the
male peneids and the spine (stylocerite) on the stalk of the antennule which is so character-
istic of the Peneidea and Caridea’. However, some carideans have a curved mandibular palp
and short endopod of the first maxilliped and a stylocerite is present in Stenopus and other
stenopodidean genera (see de Saint Laurent & Cleva 1981, Holthuis 1946).

The classifications discussed thus far were proposed by neozoologists, and rarely con-
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Figure 2. Phylogenetic relationships suggested by various authors within the shrimp-like Decapoda.
Original spelling of taxa used by the various authors retained.

sidered fossils in any detail. Beurlen & Glaessner (1930, see also Glaessner 1960, 1969)
proposed a classification (Fig.2a) that considered the known fossil record and the order of
appearance of the various groups. They subdivided the Decapoda into two suborders, the
Trichelida containing in one division (Nectochelida) the tribes Peneidea and Stenopidea,
and in two additional divisions the fossil Paranephropsidea and the Recent Nephropsidea.
The second suborder, Heterochelida, contained the remaining decapods, including the
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tribes Thalassinidea, Paguridea, and Eucyphidea (Caridea) in the division Anomocarida.
The Caridea were derived from ancestral thalassinoids during the Jurassic. It was suggested
that phyllobranchiate gills, variability of chelae, the main articulation of the pereopods be-
ing between merus and carpus, and the presence of appendix internae on the pleopods all
supported this interpretation. Their classification of the Trichelida differs from their phylo-
geny which shows the Peneidea and Nephropsidea coming off together and later than the
Stenopidea (Fig.2a). This classification suggests that Peneidea, Stenopodidea, and Astacidea
had a common origin, and Beurlen & Glaessner suggested that the ancestor was probably
trichelate with trichobranchiate gills. The above views were not widely accepted among
neozoologists.

While Gurney (1924, see also 1936, 1942) did not review all aspects of decapod classifi-
cation he did propose that the Stenopidea be placed as a separate section in the Macrura
Reptantia. This placement was based on similarities between stenopodid larvae and certain
Thalassinidea (e.g. Laomediidae). Gurney (1942) also pointed out that one stenopodid larva
collected off Bermuda had a maxillule, which suggested a primitive condition.

In a major review of decapod systematics, Balss (1957a) utilized the concept of Natantia
with three tribes, Peneidea, Stenopodidea, and Eucyphidea (Caridea) and the remaining
decapods in the Reptantia. This is inconsistent with his suggested phylogeny (1957b,
p-1801) which has Peneidea (Fig.2b) coming off a main stem followed by Astacura, and a
third branch which bifurcates into the Eucyphidea (Caridea) and Stenopodidea. Balss appa-
rently felt, as did Borradaile, that a practical classification and taxonomy were not neces-
sarily congruent with phylogenetic relationships.:

Burkenroad (1963) considered the evolution of the Eucarida in relation to the fossil re-
cord. He proposed that there were two major lines of decapod evolution, the suborder
Dendrobranchiata, containing the Peneidea and Sergestidea, and the suborder Pleocyemata,
containing the remaining decapods. Burkenroad recognized within the suborder Pleocye-
mata the supersection Natantia containing the Stenopodidea and Eukyphida (Caridea).

Burkenroad’s recognition of the Dendrobranchiata as a distinct evolutionary line was
accepted by de Saint Laurent (1979) in her revision of the classification of the Decapoda
(Fig.2c). However, de Saint Laurent recognized three suborders of the decapods, the Penei-
dea (= Dendrobranchiata), the Caridea, and the Reptantia which include the Stenopodidea.
She also listed 12 morphological features that, in various combinations, characterized the
three suborders. )

In 1981 Burkenroad revised his earlier (1963) classification proposing that four sub-
orders of Decapoda be recognized: Dendrobranchiata, Euzygida (= Stenopodidea), Euky-
phida (= Caridea), and Reptantia, apparently dropping the suborder Pleocyemata. This
classification is somewhat inconsistent with Burkenroad’s cladogram (Fig.2d), which indi-
cates an independent origin for the Dendrobranchiata and Reptantia but a common origin
‘for the Euzygida (Stenopodidea) and Eukyphida (Caridea), which would suggest that
these latter two groups should be in the same suborder.

Neither Burkenroad (1981) nor de Saint Laurent (1979) dealt with the interesting
shrimp genus Procaris described in 1972 by Chace & Manning. There are two known spe-
cies, P.ascensionis from Ascension Island and P.hawaiana from Hawaii (Holthuis 1973).
Chace & Manning (1972) erected a new superfamily Procaridoidea and family Procarididae
for this shrimp, and included it in the Caridea. As discussed below we believe the procari-
dids represent an independent evolutionary line similar to both peneids and carideans
(Fig.2e).
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3 MATERIALS AND METHODS

The many decapod species examined in this study were selected from the authors’ personal
collections or obtained from private sources. Specimens were dissected either fresh or after
preservation in various fixatives. Drawings and photographs of the endoskeletal system
were prepared with the aid of a Wild-Heerbrugg camera lucida in addition to scanning elec-
tron micrographs.

3.1 Preparation of endoskeleton

Selected specimens were freed of as much muscle and membrane as possible without
causing damage to the delicate endoskeleton. For removal of remaining adhering tissues,
dissected specimens were placed in 15 % KOH at room temperature overnight. Each speci-
men was then placed in 5 % KOH and heated for approximately 15 minutes to complete
the clearing process. After clearing, the endoskeletons were rinsed in distilled water for 5
minutes and then dehydrated to final storage in acid alcohol. Exuviae sometimes proved
extremely useful in the study of the branchiae and complex endoskeleton features. Draw-
ings were made from unstained endoskeletons using uneven illumination.

3.2 Preparation of specimens for scanning electron microscopy

The endoskeletons and foreguts examined with the scanning electron microscope (SEM)
were cleared in KOH as described above. Before dehydration the specimens were postfixed
in 2 % osmium tetroxide (in distilled H,O) for two hours. Following fixation, endoskele-
tons were rinsed thoroughly in distilled water (3 changes five minutes each), dehydrated in
a graded series of ETOH, and critical-point dried. Specimens were then mounted on stubs
and coated with 20 nm of gold palladium for observation in a Cambridge S4-10 SEM at
accelerating voltages of 5-30 kV using secondary and backscattered mode.

4 COMPARATIVE MORPHOLOGY

In Table 1, we have listed some morphological conditions that previous authors have indi-
cated were important in characterizing the various groups. Although it is frustrating to
state that the condition is ‘unknown’ or ‘variable’, the facts of the matter are that certain
data are unavailable and that certain features are variable. Below we discuss each one of
these characteristics in so far as data are available.

4.1 Incubation of eggs and the first larval stage

A basic difference among decapods is incubation of the eggs. Dendrobranchiate decapods
release eggs into the water (although Lucifer carries them briefly on the pereopods, Burken-
road 1981), while all other decapods for which data are available carry the eggs on pleopo-
dal setae. Nothing is known of the Procarididea.

The Dendrobranchiata hatch from the egg in the naupliar or protozoeal stage. Nothing
is known of development in the Procarididea.







