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Foreword

This NOAA Technical Report NMFS is part of the subseries ‘‘Marine Flora and Fauna
of the Eastern United States’’ (formerly ‘‘Marine Flora and Fauna of the Northeastern
United States’’), which consists of original, illustrated, modern manuals on the iden-
tification, classification, and general biology of the estuarine and coastal marine plants
and animals of the eastern United States. The manuals are published at irregular in-
tervals on as many taxa of the region as there are specialists available to collaborate
in their preparation. These manuals are intended for use by students, biologists,
biological oceanographers, informed laymen, and others wishing to identify coastal
organisms for this region. They can often serve as guides to additional information about
species or groups.

The manuals are an outgrowth of the widely used ‘‘Keys to Marine Invertebrates
of the Woods Hole Region,’’ edited by R.I. Smith, and produced in 1964 under the
auspices of the Systematics Ecology Program, Marine Biological Laboratory, Woods
Hole, Massachusetts. Geographic coverage of the ‘‘Marine Flora and Fauna of the
Eastern United States’’ is planned to include organisms from the headwaters of estuaries
seaward to approximately the 200-m depth on the continental shelf from Maine to
Florida, but can vary somewhat with each major taxon and the interests of collaborators.
Whenever possible, representative specimens dealt with in the manuals are deposited
in the reference collections of major museums.

The ‘“Marine Flora and Fauna of the Eastern United States’’ is being prepared
in collaboration with systematic specialists in the United States and abroad. Each manual
is based primarily on recent and ongoing revisionary systematic research and a fresh
examination of the plants and animals. Each manual, treating a separate major taxon,
includes an introduction, illustrated glossary, uniform originally illustrated keys, an-
notated checklist (with information, when available, on distribution, habitat, life history,
and related biology), references to the major literature of the group, and a systematic
index.

Manuals are available from the National Technical Information Service, United
States Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161, either
as a paper copy or microfiche, for a charge. Manuals are not copyrighted, and so can
be photocopied from the NOAA Technical Report NMFS Circulars and Reports
available in most major libraries and listed at the end of this manual.

The National Marine Fisheries Service (NMFS) does not approve,
recommend or endorse any proprietary product or proprietary
material mentioned in this publication. No reference shall be made
to NMFS, or to this publication furnished by NMFS, in any adver-
tising or sales promotion which would indicate or imply that NMFS
approves, recommends or endorses any proprietary product or pro-
prietary material mentioned herein, or which has as its purpose
an intent to cause directly or indirectly the advertised product to
be used or purchased because of this NMFS publication.

Text printed on recycled paper
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ABSTRACT

This manual includes an introduction to the general biology, a selected bibliography, and an
illustrated key to 11 genera and 17 species of copepods of the Crustacea, Subclass Copepoda,
Order Cyclopoida, Families Archinotodelphyidae, Notodelphyidae and Ascidicolidae, associated
with ascidians from the Atlantic Coast of the United States. Species distributed from the Gulf
of Maine to Long Island Sound are emphasized. An annotated systematic list, with statements
of the world distribution and new records of association with hosts, and a systematic index are

also provided.

Introduction

The 8000 to 10,000 species of Crustacea belonging to the
Subclass Copepoda occupy many niches in the ecosphere
(Bowman and Abele 1982). Copepods are small, often less
than 0.5 mm and rarely exceeding 10 mm in length
(Kaestner 1970). They lack compound eyes and a carapace,
although a cephalic head shield drawn out as an antero-
medial rostrum is characteristic. Their segmented bodies
are usually divided into a broad forebody and a narrow
hindbody, separated by a major body articulation. In some,
however, the taper of the body is more gradual. The genital
apertures are on the last thoracic segment. There are 5 pairs
of cephalic appendages and up to 7 pairs of thoracic ap-
pendages, the structure and numbers serving as important
diagnostic features in classification. The postgenital ab-
dominal segments of the hindbody never bear appendages,
but two caudal rami extend from the posteriormost
segment which includes the telson. The development of a
copepod includes a series of naupliar and copepodid
stages.

Most of the copepods are benthic, demersal, or plank-
tonic free-living organisms in freshwater, estuarine or
marine habitats. Some are free-living in such semiterrestrial
habitats as wet moss, moist soils or leaf litter (Reid 1986).
Many species have developed the capability of living as
ectosymbionts or endosymbionts of other marine in-
vertebrates or freshwater and marine fish (Gotto 1979;
Kabata 1979). As might be expected, the bodies and ap-
pendages of copepods have undergone extensive adaptive
morphological changes in concert with their radiation into
so many different habitats. Symbiotic species, for example,
with their needs to emphasize modes of attachment to a
host and enhanced reproduction, may lack many of the
defining characters of the Copepoda given above and their
affinities with the group may only be determined by study-
ing their developmental stages (Kaestner 1970). Gotto
(1979), Kabata (1979) and Marcotte (1982, 1986) discuss
the evolution of the diversity of body forms in the Copepoda
and speculate on the different modes of feeding, loco-
motion, reproduction, and development required for their
diverse life styles.
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Figure 1
Pararchinotodelphys gurneyi, female; (A) habitus, dorsal view, showing divisions of body; (B) urosome, ventral view, showing segmental
composition, caudal rami and fifth legs; (C) antenna with terminal prehensile hook; (D) maxilliped; (E) first leg with components
labelled. As = anal segment; Al = first antenna (antennule); Cr = caudal ramus; Gc¢ = genital complex; L5 = fifth leg; Ph =
prehensile hook.



The order Cyclopoida is one of the 8 orders of the
subclass Copepoda (Kabata 1979; Marcotte 1982) and con-
tains about 450 species (Bowman and Abele 1982). In this
classification, still controversial, the other orders are the
orders Calanoida, Harpacticoida, Misophrioida, Mormo-
nilloida, Monstrilloida, Poecilostomatoida, and Siphono-
stomatoida. The copepods in the orders Cyclopoida and
Poecilostomatoida differ from those in the other orders by
universally possessing uniramous antennae (the second pair
of appendages of the cephalon) rather than biramous anten-
nae. While some copepods in the order Siphonostomatoida
also have uniramous antennae, others have biramous
antennae with extremely reduced exopodites. Cyclopoida
and Poecilostomatoida differ from all Siphonostomatoida
by having an open buccal cavity, rather than a siphonlike
extension, containing buccal stylets and formed by fusions
of the labrum and labium. The major differentiating char-
acters between the orders Cyclopoida and Poecilostoma-
toida relate to the structure and function of the mandibles;
the cyclopoids are basically gnathostomous (having biting
or chewing mandibles) rather than poecilostomous (hav-
ing falcate nonbiting mandibles or none) (Kabata 1979).

In the following brief diagnostic discussions, significant
anatomical terms used in the keys are in boldface type and
are explained in the text; an index to these is provided on
p- 38.

The order Cyclopoida is an assemblage of free-living
benthic, demersal or planktonic freshwater and marine
species and many symbiotic species. Three of the families
in the Cyclopoida, the families Archinotodelphyidae, Noto-
delphyidae, and Ascidicolidae, are marine symbionts in
ascidians (there are a few records of occurrences in other
invertebrate hosts) and are the subjects of this manual. The
other three families which we include in the Cyclopoida
are free-living species: the family Cyclopinidae, benthic or
demersal in marine littoral zones; the family Cyclopidae,
benthic, demersal or planktonic in freshwater or, less com-
monly, in the marine littoral zone; and the family Oitho-
nidae, planktonic in the marine littoral and oceanic pelagic
zones.

In general, an adult female cyclopoid copepod has its
body segments organized as in most Crustacea into explicit
functional regions, the tagmata. The term segment is used
here to denote a major section of the body distinguished
by clear articulations or by the presence of one pair of
bilaterally arranged appendages. In the least modified
cyclopoid females, as in females of the family Cyclopinidae
or Archinotodelphyidae (Fig. 1A), the tagmata consist of
a cephalosome bearing paired appendages consisting, from
anterior to posterior, of the pre-oral cephalic antennules
and antennae, the post-oral cephalic mandibles, maxillules
and maxillae, and the thoracic maxillipeds, a metasome
(Fig. 1A) of four free thoracic segments, each with a pair
of biramous swimming legs, and a five-segmented urosome
(Fig. 1, A and B). The urosome, set off from the meta-
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some by the major body articulation, is composed of the
segment of the reduced fifth legs ( = the sixth thoracic seg-
ment), a genital complex ( = the seventh thoracic segment
fused with the first abdominal segment) which has a ven-
tral gonopore and lateral or dorsolateral oviducal apertures,
from which ovisacs are suspended at times of reproduc-
tion, and three additional abdominal segments. The least
modified males of the order Cyclopoida are distinguished
from females in their body segmentation only by having
six segments in the urosome rather than five. Their genital
segment (= the seventh thoracic segment), which bears
small sixth legs not present in females, remains free of the
first abdominal segment. In both sexes, the terminal ab-
dominal element ( = the anal segment) includes the telson
with its pair of posterior caudal rami and dorsally directed
anus. The caudal rami are flattened protrusions, each of
which has four terminal, plumose setae as well as one small
dorsal and one small lateral seta.

The forebody, consisting of the cephalosome and the
metasome, is often referred to as the prosome (Gooding
1957) and is wider than the urosome. This arrangement
in cyclopoids, whereby the major body articulation falls
in front of the segment of the reduced fifth legs, is known
as the podoplean condition. This contrasts with the gym-
noplean condition of copepods of the order Calanoida in
which the major body articulation falls posterior to the seg-
ment of the fifth leg and the urosome, therefore, bears no
appendages (Giesbrecht 1892; Marcotte 1982).

As might be expected from the long evolutionary history
of the Copepoda, none of the extant species of the order
Cyclopoida can be considered archetypical with respect to
its appendages. However, many investigators (Schellen-
berg 1922; Lang 1946, 1949; Lindberg 1952; Illg 1955,
1958; Dudley 1966) have recognized that species of the
family Cyclopinidae have more appendicular features that
might be referable to ancestral cyclopoids (plesiomorphic
characters) than representatives of any other family in the
order Cyclopoida. The most basic features of the cyclopoid
appendages which are listed below, therefore, draw upon
those characters which might be found in some species of
cyclopinid. It is recognized, though, (Illg 1955; Dudley
1966) that extant species of the Cyclopinidae actually show
mixtures of generalized and specialized characters.

In cyclopinids, the antennule is uniramous and has 10
to 26 segments. It is geniculate in males and has locking
distal articulations used in holding the female during
copulation. The uniramous antenna is 4-segmented, con-
sisting of a 2-segmented protopodite and a 2-segmented
endopodite, armed apically with setae only. The buccal
cavity is open. There is a well-developed labrum anchored
anterior to the mouth, but only a small labium, possibly
represented in part by paired lobes called paragnaths
posterior to the mouth. The biramous mandible has a
2-segmented protopodite and a biramous palp with a
2-segmented endopodite and an exopodite of up to 4
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Figure 2
Lateral views of representative females and males of Notodelphyidae; (A) Notodelphys monoseta, female; (B) Doropygopsis longicauda,
female; (C) Doropygus laticornis, female; (D) Pachypygus macer, female; (E) Gunenotophorus curvipes, female; (F) Doropygopsts longicauda,
male; (G) Doropygus laticornis, anamorphic male; (H) Doropygus laticornis, metamorphic male. Bp = broodpouch; GA1 = geniculate
antennule; L5, L6 = fifth and sixth legs; Ss = spermatophoral sac.



segments. The mandible is gnathostomous with a medial,
coxopodal, gnathal plate which can work under the labrum.
The biramous maxillule has a 2-segmented protopodite
with medial setose endites as well as a lateral epipodite and
a 1-segmented endopodite and exopodite. The uniramous
maxilla is 6-segmented. The basal 3 segments have setose
endites and there is a claw, as well as setae, on the endite
of the third segment. The 3 small, distal segments, armed
with setae, are considered by some investigators to be an
endopodite, although there is no ontogenetic reason to con-
sider that this appendage is biramous. The maxilliped of
the first thoracic segment of the body is uniramous and
has up to 7 segments and up to 18 setae apportioned to
the segments. The four pairs of thoracic, biramous swim-
ming legs are similar in the Cyclopinidae and the Archi-
notodelphyidae (Fig. 2E). These appendages have flattened
protopodites, each with a clearly indicated coxopodite
and basipodite, the latter supporting the two rami, the
3-segmented exopodite and endopodite. The endopodite
is armed only with setae while the exopodite has lateral
and apicolateral spines and medial and apicomedial setae.
There is a quadrate plate, called the copula or intercoxal
plate, which links the contralateral legs on each metasomal
segment and allows the paired legs to serve as a single unit
during swimming. The uniramous, 2- to 3-segmented fifth
legs on the first urosomal segment have up to 7 setae. The
sixth legs, found only in males, consist of apposed sub-
triangular plates on the ventral surface of the second
urosomal segment. Each is armed with 3 setae.

Diagnoses and Relationships of Families
of Cyclopoid Ascidicolous Copepods —

Family Archinotodelphyidae

The family Archinotodelphyidae is the smallest family of
ascidicolous copepods, consisting of only three genera and
six species. These live in simple ascidians of several families
(Hansen 1923; Lang 1949; Illg 1955; Monniot 1968, 1987),
and, paradoxically, one species, Nearchinotodelphys indicus
Ummerkutty (1960), in a boring bivalve mollusc. The
family is of interest with respect to the phylogeny of
Copepoda because of its suggested position evolutionarily
between the many marine representatives of the cyclopoid
family Cyclopinidae and the now substantially numerous
species of the symbiotic family Notodelphyidae (Illg 1955;
Dudley 1966).

A major common feature of the family Archinotodel-
phyidae and the family Cyclopinidae is the generalized
cyclopoid habitus or general aspect of bodily organization
of the females. In the northeastern United States, the
female of Pararchinotodelphys gurney: Illg (1955) from the
ascidian Styela partita is a representative example in regard
to its habitus (Fig. 1, A and B). The urosome may, how-
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ever, be variable among archinotodelphyid genera. Lang
(1949) reported the urosome of female Archinotodelphys typicus
as having 6 segments. There is no broodpouch and the em-
bryos are carried in external ovisacs.

The appendages of archinotodelphyids differ from those
of cyclopinids in the following ways: the antennule has 15
to 17 segments rather than 10 to 26 as in cyclopininds; the
antenna (Fig. 1C), although 4-segmented as in cyclopinids,
has fewer setae and an apical, articulated, prehensile hook,
which is absent in cyclopinids. The prehensile hook is the
only clear appendicular modification of archinotodelphyids
related to their symbiotic existence in ascidians. The max-
illule, peculiarly, may be more specialized in cyclopinids
than in archinotodelphyids by having fewer endites on the
protopodite and, in some cases, by lacking the epipodite
possessed by all archinotodelphyids. The maxilliped (Fig.
1D) has 3 to 5 segments and fewer setae than do cyclo-
pinids. In no cyclopinid does the maxilliped have less than
5 segments and, in some species, may have as many as
7 segments.

Similarities in appendages between archinotodelphyids
and cyclopinids exist in the structure of the mandible, max-
illa, and the metasomal legs (Fig. 1E), which conform in
all details of segmentation and have a similar armature.
In addition, the males, known only in Archinotodelphys
profundus Monniot and Nearchinotodelphys indicus Ummer-
kutty, have geniculate antennules as do cyclopinid males.

Family Notodelphyidae
The Copepoda of the family Notodelphyidae have been

almost universally described as inhabitants of ascidians
although some descriptions of species have given as their
provenance washings or mud from unspecified marine col-
lections or collections from other colonial marine inverte-
brates that could be confused with compound ascidians.
One major criterion defines all females of the species of
the family Notodelphyidae: the formation of an internal
broodpouch (Fig. 2, A through E) within which the em-
bryos develop until they are released for the free-living
phases of the life cycle. Another feature defines both males
and females of the family: the presence of a prehensile hook
on the apex of each uniramous antenna (Fig. 3, B and C).
Both of these are doubtlessly basic adaptations to help
adults or their developmental stages avoid the filter-feeding
entrapment mechanisms and the powerful flushing and
back-flushing which occur in the ascidian’s branchial bas-
ket. These defining characteristics of the Notodelphyidae,
however, persist even in those highly modified species
which occupy loci in the ascidian host where they or their
embryos are not subject to filter-feeding entrapment.
The vividly colored eggs or embryos in the broodpouches
of females are easily seen when the ascidian hosts are
dissected and, largely because of this, adult females are
much better known than are the smaller, white or yellowish
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males. Features of identification of notodelphyid genera
are usually based on females and the characters used in
the key in this manual are so restricted. The habitus is one
of the most important features for the identification of the
genus of a notodelphyid female. The presence of the brood-
pouch causes the bodies (Fig. 2, A through E) to deviate
to varying degrees from the habitus of the generalized
cyclopoid female. The least modified females of Notodel-
phyidae, living in the branchial baskets of solitary asci-
dians, are those of species of Notodelphys (Fig. 2A), which
are very active and can leave the ascidian under adverse
conditions. The broodpouch does show some bulging
laterally and dorsally and occupies both the fifth and sixth
thoracic segments ( = segments of the fourth and fifth legs).
Because the segment of the fifth leg is incorporated in the
pouch and the major body articulation falls behind it, the
urosome carries no legs and a secondary gymnoplean con-
dition exists, a peculiarity in the Cyclopoida.

As other examples, species of Doropygopsis (Fig. 2B),
Doropygus (Fig. 2C), and Pachypygus (Fig. 2D) are laterally
compressed and have large gibbous broodpouches that
occupy only the last metasomal segment ( = segment of the
fourth legs). Because the fifth legs are found on the first
urosomal segment, species of these genera show the
podoplean condition. The development of this large pouch
causes the prosome in these females to tilt ventrally relative
to the urosome and, in all of these genera, a progression
of restrictions in motility accompanies its formation. No
adult females of species in these genera are known to leave
their hosts. In species in other genera, also found in bran-
chial chambers of solitary ascidians, the broodpouch: may
extend more anteriorly into the metasomal segments or the
body may be grossly inflated and a lobed broodpouch may
superficially cover much of the fused metasome as in
Gunenotophorus (Fig. 2E). Fifth legs are absent in species
of this genus.

Adult females of species which occupy cysts have the
most profound modifications of body form among noto-
delphyid associates of solitary ascidians. In females of such
species as Scolecodes huntsmani, living in cysts in the sub-
endostylar blood vessels of its hosts (Illg 1958; Dudley 1968)
and Scolecimorpha joubini, living in cysts in the tunic wall
(Illg and Dudley 1961), the bodies are vermiform and show
much fusion of segments. Broodpouches are very capacious
and long, occupying only an extended sixth thoracic seg-
ment in S. huntsman: and the whole lengthened metasome
in S. joubini. But however much the bodies of notodelphyids
in cysts in solitary ascidians are modified, it is in the
notodelphyid associates of compound ascidians where
specialization reaches extremes. All of these species from
compound ascidians have bodies that are so changed
toward a vermiform or globular habitus that it is sometimes
difficult even to recognize that they are copepods. Among
these, the species that occupy the branchial baskets of
zooids are less modified than those that are found in the

common cloaca, postabdomens of zooids, or the matrix of
the colony (Illg and Dudley 1961, 1965). Representatives
of these extremely modified notodelphyids from cysts in
solitary ascidians or from compound ascidians have not
as yet been collected from the Atlantic coast of North
America.

Although we have insufficient material to use males of
the Notodelphyidae in the key, we have collected a male
of Doropygopsis longicauda (Fig. 2F) and males of two species
of Doropygus, D. laticornis (Fig. 2, G and H) and D. curva-
tus. A few generalities are given here in the expectation
that other males in the family will be found. Additional
information on males in this family can be found in Dudley
(1966, 1986) and in the discussion of Male Dimorphism
below. A caveat must be given that the mere physical
presence of both males and females in a single specimen
of a host is not a sufficient criterion for a common specific
identity because concurrent infestation of a single ascidian
by more than one species of notodelphyid can occur.

The males of species of such genera as Doropygopsis
and Notodelphys are found in the branchial baskets of their
hosts but have been seen by us to leave their hosts and
can swim actively. They have a generalized cyclopoid
habitus, very similar to that of males of cyclopinids or
archinotodelphyids. They are about 1/2 to 2/3 the lengths
of their corresponding females but differ from them by
having 6 urosomal segments and by having sixth legs
(Fig. 2F) on the ventral surface of the second urosomal
segment. T'wo spermatophoral sacs (seminal vesicles) are
visible within the second urosomal segment and the sixth
legs overlie the two spermiducal openings from these sacs.
Otherwise, except for their geniculate grasping anten-
nules (Fig. 2F), these males conform closely in their
appendicular structure to the females, and can, in fact, be
identified by using the characters of the appendages of the
females.

In species of Doropygus, there are anamorphic, creeping
males, which, like the female, have lost considerable
motility and which are only about 1/2 the length of the
females (Fig. 2G). Their appendages are very similar to
those of the females, but, unlike the males of Notodelphys,
anamorphic males of Doropygus do not have geniculate
antennules. Such males are found in the branchial baskets
of their hosts or, even more commonly, on the peribran-
chial wall in the atrium along with various immature
copepodid stages. Neither they, nor the late copepodid
stages, leave the host. However, in addition to the anamor-
phic male, a second kind of male has been found in
D. laticornis, appearing by metamorphosis from fifth
copepodid males placed in cultures. These males (Fig. 2H)
have a cyclopoid habitus and legs adapted for swimming,
and can indeed swim actively, but their mouthparts are
so reduced that it is unlikely that they can feed. The
development of male dimorphism in this and other species
of Notodelphyidae is discussed below.



In addition to using the habitus and the segmental
modifications of the body as described above, the features
of the cephalosomic appendages (Fig. 3, A through G) are
primarily invoked in identifying the females of notodel-
phyids to genus and species. The identification may also
depend on the structure of the first through fifth legs (Fig.
4, A through E) and the caudal rami (Fig. 4, D, F, and G).

In making these determinations, the posture, contours,
segmentation of the appendages and their features of arma-
ture and ornamentation furnish useful characters. Segmen-
tation concerns the numbers of constituent articulated
elements of appendages, which we refer to as segments,
but which could also be called articles or podomeres.
Armature consists of spines (shorter, stouter elements with
elaboration, if any, consisting of a row or rows of spinules
or tooth-like projections [Fig. 4A] and setae [Figs. 3A, 4A],
longer and more flexible and slender, with elaborations,
if any, consisting of fine hair-like processes in marginal
rows). Such a fully elaborated seta is referred to as plumose
(Fig. 4A); aesthetascs, localized on the antennules, and
thought to be chemoreceptors, are flattened, blunt-ended,
transparent elements (Fig. 3A); and hooks or claws, more
massive, are suggestive of prehensile function in most cases
(Fig. 3, B and C). Characteristic placements of spines and
setae on the various appendages serve as diagnostic char-
acters. Ornamentation consists of specializations of any
cuticular surface, such as hairs (Fig. 4A), spinules (Fig.
4E), flanges, pits, and pores.

There is an extremely wide range of structural varia-
tion in appendages through the family Notodelphyidae.
Appendicular characteristics that differ little from those of
the generalized cyclopoid, as well as highly specialized
features, can be found in the same species. However,
notodelphyids that have very intimate relationships with
their host ascidians, such as those living in cysts in solitary
ascidians and all of those occupying compound ascidians,
have such specialized appendages that most similarities to
the generalized cyclopoid have been lost. In adult females
of many of these, one or more pairs of appendages may
even be missing and it is often difficult to determine
homologies of the persistent appendages or their com-
ponents. Only developmental evidence and the retention
of the defining familial characteristics of prehensile anten-
na and broodpouch allow the placement of these species
in the family Notodelphyidae.

In the least modified Notodelphyidae, found in the bran-
chial baskets of solitary ascidians, the appendages have a
number of points of similarity to the appendages of the
species of the family Archinotodelphyidae but are some-
what further removed from those of the family Cyclopi-
nidae by reductions in segmentation and setation. Evolu-
tionarily, the Archinotodelphyidae appears to lie between
the other two families. This relationship between the three
families has been discussed in detail by Illg (1955, 1958)
and Dudley (1966).
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In comparing the appendages of the notodelphyids with
those of the archinotodelphyids, we use only the features
of species of the least modified genera Notodelphys, Doro-
pygopsis, Notodelphyopsis, and Doropygus. As an aid to under-
standing the structure of appendages and caudal rami we
present illustrations for Doropygus demissus (Figs. 3, A
through G; 4, A through G) as representative of the genus
Doropygus whose species are the most commonly en-
countered notodelphyids in the eastern United States.

Similarities in the appendages in the most generalized
notodelphyids and archinotodelphyids lie in the presence
of the articulated, prehensile hook on the apical segment
of a uniramous antenna (Fig. 3, B and C); concurrence
in the overall construction of the biramous mandible (Fig.
3D) and the biramous maxillule (Fig. 3E), although there
are differences in the two families in numbers of setae on
protopodites and rami; the 4 pairs of metasomal legs con-
form to the general cyclopoid type of segmentation and
armature. In Doropygus (Fig. 4, A through C), however,
the proportions of the rami of the legs differ from those
of cyclopinids and archinotodelphyids. In legs 2-4 there
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