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Abstract Martin, J. W. & Laverock, M. S. 1992. On the distribution of the crustacean dorsal organ.— 
Acta Zoologica (Stockholm) 73: 357-368. 

An oval, dorsal organ, variously bearing four minute pits around a central pore and/or encircled 
by a cuticular border, has been reported for the cephalic region of various groups of living and 
fossil crustaceans. Although varying somewhat in location and in size, the organ appears 
basically uniform in organization in at least two of the major crustacean taxa: Branchiopoda 
(especially Laevicaudata) and Malacostraca (Decapoda and Syncarida). Little is known about 
its ultrastructure and function in various groups, and it is likely that the term 'dorsal organ' 
also has been applied to several nonhomologous structures. In particular, the embryonic dorsal 
organ, reviewed recently by Fioroni (Fioroni, P. \9S0.^Zoologische Jahrhucher (Anatomie) 
104; 425-465) and apparently functioning in nutrition and ecdysis, is not the topic of this 
paper; that organ is similar in name and location only and appears in embryonic uniramians, 
chelicerates, and crustaceans. The function of the dorsal organ in branchiopods is in ion 
regulation, possibly a secondary modification of the original function in marine crustaceans, 
which is unknown. In larval decapods, the organ probably functions as a chemo- or mechano-
receptor. We review the known occurrence of the crustacean dorsal organ, describe the 
similarities and differences in structure in various taxa, and review the competing hypotheses 
concerning its function. Phylogenetic implications are discussed. 

Joel W. Martin, Natural History Museum of Los Angeles County, 900 Exposition Boulevard, 
Los Angeles, CA 90007, U.S.A. 

Introduction 

While attending a symposium on decapod Crustacea 
hosted by the Zoological Society of London (Fincham & 
Rainbow 1988), we reaMzed that a striking similarity exists 
in the external organization of a cuticular organ—herein 
referred to as the dorsal organ—that appears in two very 
different and only distantly related groups of Crustacea, 
the Malacostraca and Branchiopoda. Independently, this 
organ, or at least one very similar to it, was described by 
Miiller & Walossek (1988) in an exquisitely preserved 
Upper Cambrian taxon showing maxillopodan affinities. 
A subsequent search of the literature has revealed that 
many other crustacean groups, and some non-crustacean 
arthropods, have a similar organ, either as adults or as 
larvae, but that the hterature on these organs, although 
rather extensive, is scattered. 

The various structures and organs found on the head 
of crustaceans differ greatly among taxa. In fact, the term 
'dorsal organ' seems rather imprecise, the name having 
been given to a variety of structures that may not be 
homologous. The organ to which we refer is located in 
the anterior region of the head and is small, oval, and 
may bear four small bumps or pits that more or less 
surround a central pore. It is usually slightly elevated 
relative to the surrounding cuticle, and may be sur­
rounded by a cuticular border. 

Special mention should be made of a large body of 
literature dealing with a different structure, an embryonic 

organ that unfortunately has also been given the name 
'dorsal organ'. This embryonic structure, which appar­
ently aids in the processes of nutrition and ecdysis in 
several different arthropod groups, including insects, che­
licerates, and crustaceans, was reviewed by Fioroni 
(1980). It is particularly well known in the Peracarida; 
reviews and discussions can be found in the works of 
Stromberg (1965, 1967, 1972) on isopod embryology and 
Meschenmoser (1989) on amphipods. 

The purpose of this paper is to review the occurrence 
of the cuticular (non-embryonic) dorsal organ in the Crus­
tacea, describe the organ in some detail as it appears in 
the Decapoda and Branchiopoda, discuss homologous 
and non-homologous structures in similar locations in a 
variety of taxa, and alert other workers in the field as to 
the possible presence of such organs in other taxa. 

Materials and Methods 

We examined living and freshly preserved material of various Branchi­
opoda (Anostraca, Notostraca, Conchostraca, Cladocera) and decapod 
Malacostraca (including the Caridea, Brachyura, and Nephropoidea). 
Data on fossil taxa were kindly supplied by D. Walossek, Crustacea were 
collected in the field or borrowed from museum or private collections. 
Scanning electron microscopy preparation generally followed the outline 
given by Felgenhaucr (1987). Original illustrations were made with a 
Wild M5APO stereoscope with camera lucida; other illustrations were 
taken from the literature as indicated in the text and figure legends. 
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General Description of the Dorsal Organ 

External morphology 

The dorsal organ discussed in this paper has a character­
istic location and external morphology. It is located on the 
midline of the anterior head region, often just posterior to 
the eyes but occasionally further back on the carapace 
(e.g. see Decapoda, below). The organ consists of an oval 
region usually demarcated from the surrounding cuticle by 
a thin cuticular border. The shape may be slighly flattened 
on one side or otherwise distorted, but most often it is 
oval and is slightly elevated with respect to the surround­
ing cuticle; in spinicaudatan branchiopods it is even borne 
on a stalk. Within the cuticular borders four small bumps 
or pits are found that in decapod larvae and in syncarids 
(but not in branchiopods) bear minute papilliform projec­
tions in their central depression. A fifth structure, which 
in some eumalacostracans takes the form of a pore, is 
found more or less centered within the square formed by 
the four peripheral bumps. In other Crustacea this 4 + 1 
arrangement of pores/pits is not seen; again, we stress 
that homology is not proven and the interpretation is 
open to question. 

Internal morphology 

the extent of this network, both in the neck organ and in the gills, 
is related to the salinity of the culture medium. The most abundant 
organelles are mitochondria. They often form aggregations in inti­
mate contact with the tubular membranes reminiscent of mitochon­
drial pumps (Copeland 1966, 1967). Na*K^ ATPase is found on the 
apical and baso-lateral cell boundaries. An unusual feature of the 
neck organ epithelium is the absence of a basal lamina. Scanning 
electron microscopy of the organ in young nauplii (Hootman et al. 
1972) shows continued development of the gland by growth and 
enlargement of the epithelium from a flat cap-like structure into a 
hemispherical dome having deep channels through the epithelium 
and covered by a thin cuticular film. 

Rieder et al. (1984) described a slightly different struc­
ture in their study of the spinicaudatan Limnadia lenticu-
laris. For this species, Rieder et al. examined in detail 
the external and internal structure of the organ and 
described five different cell types in the organ's epi­
thelium. A central cell, containing many mitochondria 
and ribosomes and having well-developed microvilli, is 
surrounded by a ring of two other cell types, which have 
fewer organelles. Unlike Artemia, Limnadia has four 
nerve fibers that extend through the epithelium to the 
overlying cuticle (Rieder et al. 1984), although there is 
no external indication of four sensory pits as seen in 
decapod larvae and syncarids. Based on the ultrastructure 
of these cell types, Rieder et al. suggested that the organ 
functions in the regulation of chloride ions. The structure 
is apparently the same in the family Leptestheriidae, 
although it has not been illustrated (see Rieder et al. 
1984). 

A detailed knowledge of the internal structure of this 
organ is at present confined to the larval stages of the 
Decapoda (see Laverack & Barrientos 1985) and to sev­
eral Branchiopoda (e.g. Rieder et al. 1984, for Concho-
straca (Spinicaudata); Criel 1991, for Artemia; Dejdar 
1931, for 'cladocerans'). 

The study by Laverack & Barrientos on decapods 
showed that the central pit is the opening of a single-
cell gland, while the four surrounding depressions are 
composed of two sensory cells, each carrying a double 
cilium that branches peripherally to end in a highly modi­
fied cuticle (Laverack & Barrientos 1985; Laverack 1988, 
1990). This arrangement suggests that the organ of larval 
decapods is either a chemoreceptor, with branched end­
ings within a porous cuticular region, or that it is a 
baroreceptor responding to change in hydrostatic pressure 
(see Laverack 1988, 1990). 

In branchiopods the internal structure is different. A 
summary of our knowledge of the ultrastructure of this 
organ in Artemia was given by Criel (1991, pp. 180-182), 
based mostly on the work of Copeland (1966, 1967), 
Freeman (1989), Hootman & Conte (1975), Kikuchi 
(1972), and Lowry & Conte (1985), and we quote her 
below: 

The ultrastructure is similar to that of the branchial gills of the 
adult described by Copeland (1966, 1967). As in the gills, dark and 
light cells were found initially (Conte et al. 1972; Kikuchi 1972). 
Later, improved techniques only revealed one cell type (Hootman 
& Conte 1975; Lowry & Conte 1985) in which an apical, a central, 
and a basal zone can be discerned. The apical plasmaiemma is 
infolded into irregular loops which are in contact with the cuticle. 
A major ultrastructural characteristic which suggests a salt secretory 
role is the smooth tubular network which fills the central cytoplasmic 
zone. Sinusoids from this labyrinth open directly into the hemocoel 
on the basal and lateral cell surfaces. Kikuchi (1972) has shown that 

Known Distribution in the Crustacea 

Branchiopoda 

The dorsal organ is best known in the Branchiopoda, 
where it has been variously termed a salt gland, dorsal 
organ, Nackenorgan or nuchal organ (neck organ). The 
organ has been most thoroughly described for larval ano-
stracans, because it is primarily a larval organ and because 
of the amount of attention lavished on the developmental 
biology of the genus Artemia (e.g., see Criel 1991). The 
structure is also known from notostracans, conchostracans 
(both Spinicaudata and Laevicaudata), and many species 
of 'cladocerans' (now split into four orders; see Fryer 
1987), Only in the Laevicaudata does the organ display 
the 4 -h 1 arrangement (Martin & Belk 1988), and no 
central pore is known in any group. The list of examples 
below is not meant to be exhaustive. 

Anostraca. The dorsal organ in anostracans has been 
known since at least 1851, when Leydig described it in 
larval stages of Branchipus stagnalis and Artemia salina. 
Subsequent workers have also mentioned or described 
this structure in adults and in larvae (Fig. lA), some 
including excellent illustrations (e.g. Claus 1873; Sars 
1896). Sars illustrated for Branchinectapaludosa (pi. VII, 
fig. 2) an oval area on the head of a mature male; he 
labeled this oval area 'c' (reproduced here as Figs IB, C). 
Unfortunately, in the corresponding legend, Sars stated 
'Lettering as in fig. 1,' which did not contain the structure 
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Fig. 1. Illustrations from the literature of dorsal organs (arrows) in the Branchiopoda.—A. Nauplius of Artemia.—B. Adult Branchinecta 
paludosa.—C. Frontal view of head of B. paludosa.—D. Hatching larva (metanauplius) stage of Triops cancriformis.—E. Later ('neonatal') stage 
of Lepidurus arcticus.—F. Dorsal view of eyes and organ in adult notostracan (T. cancriformis).—G. Lateral view of head of adult limnadiid clam 
shrimp (Spinicaudata).—H. Dorsal view of heilophore larval stage of Lynceus (Laevicaudata).—/. Lateral view of head of adult lynceid.—J. 
Leptodora kindtii (Haplopoda).—K. Female Evadne spinifera.—L. Female Pleopis polyphemoides (both Onychopoda). (A From photograph in 
Schrehardt 1986; B,C after Sars 1896; D-F after Longhurst 1955; G, I after Martin 1988; H after Gurney 1926; / after Caiman 1909 (from 
Lilljeborg 1901); K,L after Smirnov & Timms 1983.) 

or the letter 'c', and the structure is not mentioned in the 
corresponding text. The structure is easily observed in 
other anostracan genera (e.g. see Fig. 3A, 
Streptocephalus). Its location suggests that it is similar in 
origin and function to the dorsal organ of the Concho-
straca and Notostraca, but it seems to lack the 4 + 1 
arrangement seen in laevicaudatan (lynceid) conchostra-

cans and in larval decapods. The morphology and 
ontogeny of the dorsal organ in Artemia were recently 
reviewed by Criel (1991, p. 180), who described it, based 
on earlier work by Conte et al. (1972), Hootman & Conte 
(1975), and Hootman et al. (1972), as 'a dome-Uke gland 
situated atop the cephalothorax [sic; actually head only] 
of the larva, composed of 50 to 60 cuboidal epithelial 


