Cumacea of the NEP: equator to Aleutians and intertidal to the abyss
Part 1. Introduction and General Comments
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Introduction
The Order Cumacea is a relatively small one, much smaller than either the Order
Amphipoda, or the Order Isopoda. Even so, over 1032 described species were listed in
the order up to 1992 (Bacescu 1988, 1992), and that number has continued to swell.
Most areas of the globe probably contain many undescribed species. If we use a
multiplier based on the percentage of undescribed taxa known from the NEP, the world
cumacean fauna would be expected to reach well above 1800 eventually. It's members
are relatively uniform in size and external form, all looking like small balls or tubes on a
stick. This structure results from the presence of a more or less globose carapace (which
can become considerably flattened) combined with a tapering thoracic region, and a long
narrow abdomen terminating in the two uropods. The flavor of the group is well
presented by Stebbing (1893), which while rich in detail, is very readable. Cumaceans are
relatively important members of the benthic community, being the second most abundant
group of crustaceans retained on a 1mm screen (Barnard and Given 1961).
Definition
The definition of the order from Schram (1986) is: "Carapace short, fused to at
least first three thoracomeres, can fuse with up to six, laterally enclosing a branchial
cavity, with lateral lappets that extend anteriad and mediad to form a pseudorostrum; eyes
generally fused, located on an anterior occasionally bell-shaped lobe; mandibles without
palps; anterior three thoracopods as maxillipedes, the first with elaborately lobed
branchial epipod and exopod extending forward under pseudorostrum as siphon, the
second with fused coxae from which arise elongate endopods; posterior thoracopods
often biramous; pleopods generally absent on females and sometimes reduced or absent
on males; telson may be either free or fused with the sixth pleomere."
Relation to other Arthropods
Relationships with other groups are not settled, as is the case with all higher level
arthropod systematics. Discussion of these issues are virtually endless, but useful
reviews and analyses are provided by Schram (1986), Watling (1981, 1983), Wheeler et
al (2004), and Schram and Koeneman (2004). It is likely that the closest relationship
with extant groups is with the Tanaidacea. Bousfield (1995) presents an explicit
classification which includes the extinct early forms (interpretation of which has severely
complicated arthropod phylogeny), placing the Cumacea, along with the Tanaidacea, the
Mictacea, and the Speleogriphacea in the superorder Hemicaridea.
Cumacean Phylogeny
The molecular phylogeny of the order has been preliminarily explored using COl
gene sequences. The results largely conform to the morphology based expectations. The
analysis placed the Pseudocumatidae as the sister group to all other cumaceans, with the
remaining families split into two primary clades. The first, with articulated telsons,
contains the Lampropidae and Diastylidae, the second, with the telson fused to the last
abdominal somite, contains the Leuconidae, the Bodotriidae, and the Nannastacidae.
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Families with no members sampled for this analysis are presumed to follow the
trend shown by the sampled taxa, with the Gynodiastylidae joining the first clade, and the
Ceratocumatidae joining the second. The taxon sampling of the analysis was limited, and
the results are probably subject to refinement. Bodotriids were much more heavily
sampled than other families, and showed evidence of polyphyly. The three subfamilies
of the Bodotriidae were divided between the two major subclades of clade 2, with the
Vaunthompsoniinae joined with the Leuconidae, and the Mancocumatinae joined with
the Nannastacidae. The bodotriid subfamily Bodotriinae had representatives split
between the two subclades. This initial analysis needs to be repeated, with either a
broader sampling of taxa (also more evenly distributed among families), and/or use of
information from other molecules. Additional information on various phylogenetic
hypotheses for the Cumacea are discussed in Haye (2002).
History of Investigation
Information on this group is very scattered. The older literature has been
analyzed (Bacescu 1973), but since then no similar compilation is available. A useful
resource is provided by Bacescu in the Cumacea sections of the Crustaceorum Catalogus
(1988, 1992) which covers all taxa described to that point. Investigations of cumacean
taxonomy and ecology have, at best, been infrequent in North America. S. I. Smith
worked on the eastern seaboard on cumaceans late in the 19th century. No other work
was done by researchers here until 1912, when Caiman evaluated the holdings of the U.S.
National Museum. Additional work was done by Zimmer, another European, somewhat
later (1936, 1943). Not until the 1930's did an indigenous researcher appear, Josephine
Hart in Canada. Her early papers described a number of forms. Western North Pacific
and Arctic forms were investigated by Russian workers, with Natalie Lomakina (1958)
providing a most useful monograph (in Russian) covering that fauna. Not long after,
Sigeo Gamo began a long series of investigations of the Japanese fauna, some of which
have relevance to NEP taxa.
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This set the stage for a young student looking for a subject; Robert Given, who
pursued research into the cumaceans of California as his thesis work at USC. This was at
the time of considerable ferment in peracarid systematics and ecology centered at USC
and lead by Robert Menzies and J. Laurens Barnard. The strenuous efforts of Olga
Hartman in investigating the polychaete annelids from this area paralleled and augmented
the crustacean investigations. Shortly after Given submitted his thesis, enactment of the
Clean Water Act jump-started environmental sampling in the nation's nearshore waters.
The growth of environmental consulting firms which derived from this fueled further
investigations of cumaceans. My mentors, Bruce Benedict and Brad Myers, both then at
Marine Biological Consultants, identified and prepared capsule descriptions and drawings
of many undescribed species from California waters encountered during environmental
monitoring surveys. They utilized the information in Givens thesis, and expanded upon
it. Early on (in 1974) they created a handbook of the described and provisional cumacean
taxa they had encountered. This was widely distributed and led to the stabilization of
much of the nomenclature of local cumaceans. Many of their provisional names are still
in use, although some have been superceded by formal descriptions. Other than the
forms described by Given (1961, 1964), Lie (1969, 1971) and Gladfelter (1975), the
known fauna persisted as provisional species until Watling and McCann (1997) described
a number of common local species. While species have been formally described often in
recent years (i.e. Gerken 2005a/b, Donath-Hernandez 2011), the number of undescribed
provisional species remains high, and grows whenever underexplored habitats are
investigated. Of the six families which occur in the NEP, there are three where described
forms outnumber provisionals, one where they equal them, and two in which provisionals
outnumber described forms. Nearly half the species known from the coverage region
remain to be described.
General Morphology, Sexual Dimorphism, Ontogeny
Morphology of cumaceans is fairly uniform. A standard introduction, such as that
of Stebbing (1913) or Schram (1986) should be consulted for description of the features
of the group, although Watling and McCann (1997) also provide a good summary of their
morphology . The cumacean website (http://nature.umesci.maine.edu/cumacea.html) can
also be reviewed. In nearly all Cumacea there is substantial sexual dimorphism in
external morphology. For this reason most new species descriptions provide descriptions
of both males and females, and it is important to understand how to differentiate the
sexes. There are some consistent trends which can be relied upon in interpreting
specimens: males are usually larger than females, male carapaces are usually less
inflated, and consequently longer for their diameter, than female carapaces; males and
females will differ in the number of thoracic appendages bearing epipods; males in some
families have pleopods lacking in the female; antenna two is greatly enlarged in sexually
mature males, and goes through a series of elongations during the juvenile preparatory
molts.. There is also considerable difference related to growth. A good discussion of the
changes which occur with successive molts is given by Bishop (1982).
The attainment of sexual maturity leads to difference in appearance from both the
molts that precede, and those that follow the reproductive molt. Secondary sexual
characters will tend to be undeveloped until one or two molts prior to the reproductive
molt. In these last pre-adult forms morphology will be in transition, with the secondary
sexual characters developing, but not fully formed. This is particularly evident in those
families where males have pleopods. For several molts prior to the reproductive molt the
juvenile males will be developing pleopods; first as peduncles only, then with both
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peduncles and rami, and finally with fully developed setose pleopods. Similar
development is seen in the transition from juvenile male to fully adult male in size and
relative development of the epipods of the thoracic limbs, and in the length and setosity
of antenna two. After the reproductive molt there may be one or more post-reproductive
molts. In these the males tend to develop gerontic conditions of overornamentation, with
development of elaborate setal diversity and accentuated sculpture of the carapace and
abdomen. The setal diversity is particularly well developed on the uropods, where a
gerontic male may boast five or six different types of setal elaboration on the peduncles
and rami. These can be quite misleading as they alter the overall appearance of the
animal considerably. Such gerontic individuals must be carefully evaluated to understand
what species they actually represent.
Ecology of Cumaceans
Cumaceans are for the most part detritivores, filtering fine organic particulates
from interstitial or bottom boundary layer waters, or from resuspension of bottom
sediments during forward burrowing. Zimmer (1933) reports on the life position of
several species in sediments. In the examples he used, the animals maintained a
connection with the sediment surface, with the pseudorostrum and the siphon formed
between it and the maxillipeds open to the bottom waters. The rest of the animal was
buried beneath the surface of the sediments. Animals in sandy sediments may be more
completely buried in the sediments, with only the tips of the uropods and the tip of the
pseudorostrum exposed (Hale 1943). This difference is probably related to the greater
abundance and oxygenation of water in coarse sand sediments than in muddy bottoms. A
subset of the group, including many of the bodotriids, are not detritivores, but
micrograzers. They pick up individual grains of sand and rotate them in the mouthparts,
licking off the associated microflora and fauna with mouthpart setae (Hale 1943).
In their turn cumaceans are fed upon by predators of many types, including
polychaete worms, nemerteans, other arthropods, and fishes. According to Bacescu and
Lima de Quieroz (1985), who surveyed the previous literature on consumption of
cumaceans by fishes, they form an important portion of the gut contents of several
species of rays, in addition to the flatfishes, gadids, and acipenserids previously reported
from European waters (Zimmer 1941). Personal observations on the contents of light
traps show that both isopods (cirolanids) and ostracods (cypridinids) will eat cumaceans
while confined in the collection container. They tend to consume the carapace and
thorax, and leave the abdomen behind (like eating a popsicle and tossing the stick).
Nicotheid copepods (genus Sphaeronella) are about the only organisms reported
to parasitize cumaceans. Hansen (1920) reported five species of Sphaeronella brood
parasites from various cumaceans.
Swimming is very common in cumaceans, particularly in males (Champalbert and
Macquart-Moulin 1970). Females also take off from the bottom on excursions into the
water column, but these are generally of shorter duration (Fage 1945). Males and
females may also swim at different times, with only a brief overlap when both are in the
water column. Different groups segregate themselves by preferred swimming time (Hale
1953) during the hours of darkness.
Movements on and in the bottom are of several types. Burrowing can be either
downward or backward into sandy sediments, depending on species (Hale 1943). Such
motions are extremely rapid and hard to observe. In muddy sediments, forward motion
may be undertaken with the gradual loosening and resuspension of sediments by
movements of the maxillipeds during deposit feeding, followed by slow movement
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forward into the cavity created. Hale (1943) observed some bodotriids "hopping" across
the surface of the sand. I have observed such hopping or springing behavior in the
nannastacid Cubanocuma in shallow dishes. They will sit quiescent on the bottom for a
minute or two, then "pop" into the water column, probably by a strong flexure of the
abdomen and uropods, and swim about in a frenzied manner.
Constituent Families
The order contains eight recognized families: Bodotriidae, Ceratocumatidae,
Diastylidae, Gynodiastylidae, Lampropidae, Leuconidae, Nannastacidae, and
Pseudocumatidae. All but the Gynodiastylidae and Ceratocumatidae are represented in
the NEP. Off and on other families have been suggested, most frequently the removal of
the Campylaspinae from the Nannastacidae and its elevation to family status, but these
are not currently recognized. Stebbing (1913) for instance, treated many of the groups
now at the subfamily level as families, recognizing 26. Bacescu introduced a ninth
family, the Archaeocumatidae (see Bacescu 1988) and included it in the Crustaceorum
Catalogus. It has not achieved wide acceptance and is viewed as part of the Lampropidae
here.
Key to the Families of Cumacea present in the NEP (modified from Watling and
McCann (1997) and Gamo (1967)
la.
lb.
2a.
2b.
3a.
3b,
4a.
4b.
5a.
5b.

With freely articulated telson
2
Without freely articulated telson
4
Telson with 0 or 2 terminal setae
3
Telson with 3 or more terminal setae
Lampropidae
Endopod of uropods 1 segmented; males with 5 pleopod pairs
Pseudocumatidae
Endopod of uropods 2-3 segmented; male with 2 pairs of pleopods
Diastylidae
Uropod endopod uniarticulate
Nannastacidae
Uropod endopod Particulate
5
Male with 0 or 2 pairs of pleopods; female with exopods on pereopods 1-3
Leuconidae
Male with 5 pairs of pleopods; females with exopods only on pereopod 1
or on pereopods 1-4
Bodotriidae

North East Pacific Cumacean Fauna
Investigations of the fauna and its members continue on several fronts, but there
are currently a relatively diverse fauna of cumaceans already known from the region
Most investigations have been focussed on the shallow shelf, so that cumacean fauna is
best represented in any list of known taxa. Few cumaceans are found intertidally,
although investigations there have yielded some forms. An inventory of the families
represented in the region shows there are 171 species-level cumacean taxa distributed
among them. Of this number 43% (73) remain to be described. The most speciose
families are Diastylidae - 49 species (18 provisional), Nannastacidae - 46 species (30
provisional), Leuconidae - 30 species (6 provisional), Bodotriidae - 25 species (14
provisional), Lampropidae - 10 species (5 provisional), and the Pseudocumatidae - 2
species (1 provisional). These totals are undoubtedly not comprehensive, as many
portions of the NEP have not been adequately sampled for the group. In particular, the

