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COPEPODA FROM DEEP-SEA HYDROTHERMAL VENTS
Arthur G. Humes

ABSTRACT

Copepods belonging to the orders Poecilostomatoida and Siphonostomatoida are described
from deep-sea hydrothermal vents in the eastern Pacific (Galapagos Rift, East Pacific Rise,
Juan de Fuca spreading zone, and Guaymas Basin) and on the Mid-Atlantic Ridge at 26°08.3'N,
44°49.6'W and 23°22.160'N, 44°57.072'W. Based on a study of 44 collections of copepods
from deep-sea vents, 27 new copepods are described: POECILOSTOMATOIDA: Clausidi-
idae: Hyphalion captans new genus, new species; Erebonasteridae new family: Erebonaster
protentipes new genus, new species; family uncertain: Laitmatobius crinitus new genus, new
species. SIPHONOSTOMATOIDA: Dirivultidae Humes and Dojiri, 1980: Aphotopontius
new genus, with the following new species: 4. forcipatus, A. arcuatus, A. baculigerus, A.
flexispina, A. limatulus, and A. mammillatus; Stygiopontius new genus, with the following
new species: S. quadrispinosus, S. cinctiger, S. flexus, S. hispidulus, S. mucroniferus, S.
pectinatus, S. sentifer, and S. verruculatus, Exrima new genus, with two new species: E.
singula and E. dolichopus; Rhogobius contractus new genus, new species; Scotoecetes introrsus
new genus, new species; Ceuthoecetes acanthothrix new species; Ceuthoecetes cristatus new
species; Ceuthoecetes introversus new species; Nilva torifera new genus, new species; Ecba-
thyriontidae new family: Ecbathyrion prolixicauda new genus, new species; family uncertain:
Fissuricola caritus new genus, new species. In addition, new records of Ceuthoecetes aliger
Humes and Dojiri, 1980, are included.

Although all these copepods are probably associated with invertebrate hosts, only three
associations are known with some degree of certainty: Erebonaster protentipes with a Nu-
culana-like protobranch bivalve, Stygiopontius sentifer with the polychaete Alvinella, and
Stygiopontius pectinatus with the shrimps Rimicaris chacei and Rimicaris exoculata. Species
of Aphotopontius, Stygiopontius, Exrima, Ceuthoecetes, and Nilva occur in washings of ves-
timentiferans, the polychaete Alvinella, the gastropod Neomphalus, and the bivalves Bath-
ymodiolus and Calyptogena, but whether there is a real association in these cases between
copepod and host is uncertain, The prominent mandibular palp of Erebonaster protentipes
is remarkable among the Poecilostomatoida. Only one copepod genus, Stygiopontius, has
been found at vents both in the eastern Pacific and on the Mid-Atlantic Ridge.

The unexpected discovery in 1977 (Corliss and Ballard, 1977) of abundant vent
fauna on the Galapagos Rift (Grassle, 1983) has led to subsequent studies that
have provided much information on the characteristics of deep-sea hydrothermal
vent areas. In these aphotic environments under high water pressure the water
temperature in the vents ranges to 14.72°C, substantially above the 2.01°C ambient
temperature of the area away from the vents (Hessler and Smithey, 1983). For
dense populations of organisms in the immediate vicinity of the vents the base
of the food chain is chemosynthetic production of organic carbon by bacterial
oxidation (Jannasch, 1983) by means of chemoautotrophic bacteria. The amount
of suspended food in the water at the vents has been estimated at 300-500 times
greater than immediately outside vent areas and four times greater than in pro-
ductive surface waters (Ballard and Grassle, 1979). The zoological composition
of vent communities is relatively constant and the life span of a given vent is
rather short (Desbruyéres and Laubier, 1983). It is clear that the copepods in vent
areas live under very different conditions than copepods in the upper water column
and shallow seas.

Areas of sea floor spreading, where hydrothermal discharge takes place, include
the Galapagos Rift, the East Pacific Rise, the Guaymas Basin in the Gulf of
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California, and the Juan de Fuca spreading zone. Hydrothermal vents in these
regions of the eastern Pacific, believed to persist for only several years to several
decades (Grassle, 1985), support communities composed of remarkable assem-
blages of macroscopic invertebrates (Grassle, 1983; Newman, 1985), including
many large vestimentiferan worms (Jones, 1985). On the Mid-Atlantic Ridge,
with black smoker-type venting, in 3,620 and 3,700 m near 26°08'N, 44°49'W,
several types of organisms, including fishes, anemones, vestimentiferans, shrimps
and brachyurans have been observed (Rona, 1985; Rona et al., 1986).

Although marine copepods are best known as free-living in planktonic or shal-
low-water habitats, a growing number of species associated with invertebrates in
the deep sea (in depths of 1,000 m or more) has been recorded during the last
few decades. Some of these associated species are shown in Table 1. In addition,
there are other copepods known from the deep sea that probably live in association
with invertebrates but whose hosts are unknown. Among these may be cited
various siphonostomes: Altopontius altus Stock (1985a), in 5,300 m, from the
Central Indian Basin, several siphonostomes from Greenland and Iceland in depths
of 2,500-4,060 m in the northeastern Atlantic (Boxshall, 1979), and Hyalopontius
(=Megapontius) pleurospinosus Heptner, 1968, in 3,860-7,100 m, from the Ku-
rile-Kamchatka Trench.

Two siphonostomes have been described from hydrothermal vent areas: Ben-
thoxynus spiculifer Humes (1984), from the Juan de Fuca spreading zone off the
coast of the state of Washington, and Ceuthoecetes aliger Humes and Dojiri
(1980a), from the East Pacific Rise and the Galapagos Rift. In addition, Dirivultus
dentaneus Humes and Dojiri (1980b), was found on the vestimentiferan Lamel-
librachia barhami Webb in 1,125 m off southern California. A large free-living
calanoid copepod, Isaacsicalanus paucisetus, has been described by Fleminger
(1983) from the East Pacific Rise.

It has been my good fortune to be able to study large collections of copepods
from several deep-sea hydrothermal vent areas, both in the eastern Pacific and
in the mid-Atlantic. In the course of this work more than 22,000 copepods in 44
collections from deep-sea vents have been examined in detail. Twenty-seven new
species in 11 new genera, including 2 new families, comprising both Poecilosto-
matoida and Siphonostomatoida, are described here. In addition, one already
known species, Ceuthoecetes aliger, is reported. A list of the taxa considered in
this work, including related forms known from deep-sea areas, follows.

POECILOSTOMATOIDA Thorell, 1859 647
Clausidiidae Embleton, 1901 647
Hyphalion new genus 647
Hyphalion captans new species 649
Erebonasteridae new family 655
Erebonaster new genus 655
Erebonaster protentipes new species 656
Family uncertain 663
Laitmatobius new genus 663
Laitmatobius crinitus new species 663
SIPHONOSTOMATOIDA Thorell, 1859 668
Dirivultidae Humes and Dojiri, 1980 668
Aphotopontius new genus 669
Aphatopontius forcipatus new species 670
Aphotopontius arcuatus new species 676
Aphatopontius baculigerus new species 681
Aphotopontius flexispina new species 685
Aphotopontius limatulus new species 691

Aphotopontius mammillatus new species 696
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Stygiopontius new genus 702
Stygiopontius quadrispinosus new species 702
Stygiopontius cinctiger new species 707
Stygiopontius flexus new species 711
Stygiopontius hispidulus new species 715
Stygiopontius mucroniferus new species 719
Stygiopontius pectinatus new species 723
Stygiopontius sentifer new species 724
Stygiopontius verruculatus new species 730

Exrima new genus 734
Exrima singula new species 735
Exrima dolichopus new species 736

Rhogobius new genus 739
Rhogobius contractus new species 740

Scotoecetes new genus 747
Scotoecetes introrsus new species 749

Ceuthoecetes Humes and Dojiri, 1980 755
Ceuthoecetes aliger Humes and Dojiri 1980 755
Ceuthoecetes acanthothrix new species 755
Ceuthoecetes cristatus new species 759
Ceuthoecetes introversus new species 759

Nilva new genus 763
Nilva torifera new species 763

Ecbathyriontidae new family 768

Ecbhathyrion new genus 770

Ecbathyrion prolixicauda new species 770
Family uncertain 778

Fissuricola new genus 778

Fissuricola caritus new species 782

MATERIALS AND METHODS

The copepods reported in this study were collected by means of box cores or slurp guns operated
by deep-sea submersibles (ALVIN, CYANA, Pisces IV) at vents in the eastern Pacific, or by dredge
(RESEARCHER, RESOLUTION) on the Mid-Atlantic Ridge. Many thousands of specimens, picked from
the sediment and preserved in 10% formalin for several days, then changed to 80% ethanol, were
available for examination. The copepods associated with shrimps were first noticed in the gill chambers
of the shrimps. Later other specimens were found in sediment in jars containing shrimps preserved
in ethanol or were washed from the gill chambers by gently pipetting 70% ethanol over the gills.

All specimens were studied and measured in lactic acid, following the wooden slide method described
by Humes and Gooding (1964). Several dissections of each species, including both sexes if available,
were necessary in order to determine the structure of the mouthparts and appendages. The length of
the body does not include the setae on the caudal rami. The segments of the first antenna were
measured along their posterior nonsetiferous margins. In the formulas for leg armaturc Roman nu-
merals represent spines, Arabic numerals indicate setae. All drawings were made with the aid of a
camera lucida. The letter after the explanation of each figure refers to the scale at which it was drawn.
The abbreviations used are: A, = first antenna; A, = second antenna, L = labrum, MD = mandible,
MX, = first maxilla, MX, = second maxilla, MXPD = maxilliped, and P, = leg 1.

Order POECILOSTOMATOIDA Thorell, 1859
Family Clausidiidae Embleton, 1901
Hyphalion new genus

Diagnosis. —Clausidiidae. Body not modified or transformed. Urosome 6-seg-
mented in female, 5-segmented in male. First antenna 6-segmented. Second an-
tenna 3-segmented, third segment with 3 long recurved claws. Labrum with pos-
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Table 1. Associated deep-sea copepods (in 1,000 m or more) and their hosts
Copepod Depth (m) Locality Host
Poecilostomatoida
Clausiidae
Pherma curticauda- 1,282 off Lower California from an unidentified poly-
tum chacte
C. B. Wilson,
1923
Rhabdopus salma- 1,390 SI°10'N, 11°47'W from tube of Salmacina se-
cinae tosa, a polychaete
Southward, 1964
Serpulidicola jose- 2,506 west of Ireland, 50°27.3' to from tubes of Josephella sp.,
phellae 50°26.8'N, 13°20.9' to a polychaete
Humes, 1979 13°19.9'W
Serpulidicola om- 1,020- continental slope between on Omphalopoma stellata, a
phalopomae 1,450 British Isles and France, polychaete
Southward, 1964 46°38'N, 05°13'W to
48°33'N, 10°07'W
Nereicolidae
Selioides bolbroei 1,345 Denmark Strait, 65°24'N, on Harmothoe nodosa, a
Levinsen, 1878 29°00'W polychaete
Position uncertain 4,706 Gulf of Gascogne, 46°30.8'N, on Opheliidae, undeter-
Ophelicola drachi and 10°19.5'W and 44°22.9'N, mined polychaetes
4,475 04°54.8'W
Pseudanthessiidae
Solitaricola bipes 1,035 off Sri Lanka Flabellum sp., a solitary coral
Stock, 1985
Siphonostomatoida
Brychiopontiidae
Brychiopontius fal- 4,426—  west of Ireland, 50°04.7'N, from Oneirophanta mirabilis,
catus 4,435 15°44 8'W a holothurian
Humes, 1974
Dirivultidae
Benthoxynus spiculi- 1,580 Axial Seamount, Juan de from tubes of vestimentiferan
fer Fuca spreading zone, (not Lamellibrachia or Rif-
Humes, 1984 48°59'N, 130°02'W tia)
Ceuthoecetes aliger 2,595 East Pacific Rise, 20°51'N, washed from tentacular
Humes and Dojiri, 109°4.9'W crown of large vestimenti-
1980 feran
Ceuthoecetes aliger 2,482 Galapagos Rift, 00°48.1'N, washed from tentacular
Humes and Dojiri, 86°07'W crown of large vestimenti-
1980 feran
Dirivultus dentaneus 1,125 off southern California, washed from tentacular
Humes and Dojiri, 32°19.6'N, 117°19.08'W crown of Lamellibrachia
1980 barhami, a vestimentiferan
Nicothoidae
Choniostoma enaulis  3,008—  North Atlantic, 34°57'N, from cyst on Dendromunna,
Boxshall and Lin- 3,016 32°55'W an isopod
coln, 1983
Hadrothoe crosnieri 810- southwestern Madagascar, from rostrum of Aristeus viri-
Humes, 1975 1,020 21°26.5'S, 43°11I'E Ilis, a penaeid shrimp
Homoeoscelis frigida 1,836 south of Jan Mayen, in branchial chamber of
Hansen, 1923 69°13'N, 08°23'W Diastylis polaris, a cuma-
cean
Homoeoscelis frigida 1,395 south of Jan Mayen, in branchial chamber of

Hansen, 1923

69°31'N, 07°06'W

Diastylis
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Table 1. Continued

Copepod Depth (m) Locality Host
Sphaeronella brad- 1,373 Chatham Rise, east of New  from Haploniscus, an isopod
fordae Zealand, 45°24.5'S,
Boxshall and Lin- 173°59.8'E
coln, 1983
Sphaeronella nan- 1,039 west of Ireland, 64°45'N, in marsupium of Nannonis-
nonisci 29°06'W cus simplex, an amphipod

Hansen, 1923
Position uncertain

Gomphopodarion 4,426-  west of Ireland, 50°04.7'N, from Oneirophanta mirabilis,
byssoicum 4,435 15°44.8'W a holothurian
Humes, 1974

teroventral margin entire. Mandible with 3 spines and 1 seta. First maxilla with
5 setae. Second maxilla with first segment having 1 seta, second segment with 3
spines and 1 seta, Maxilliped in female 2-segmented, second segment with ex-
tremely long seta; in male, 4-segmented, first segment with ! inner seta, second
segment enlarged, triangular; long terminal claw.

Legs 1-4 biramous with 3-segmented rami. Leg 5 2-segmented, second segment
with 3 spines and 1 seta.

Type-species. — Hyphalion captans new species.
Gender neuter.

Etymology. — The generic name is a combination of the Greek word hyphalos,
meaning under the sea, and the diminutive suffix -ion.

Hyphalion captans new species

Figures la—i, 2a—j, 3a—¢, 4a-d
Type Material. —4 99, 5 33, and 7 copepodids in 2,007 m, Guaymas Basin, Gulf of California, 27°00.5'N,
111°24.6'W, S August 1985, DSRV ALviN dive no. 1613. Holotype ¢, allotype, and 7 paratypes (2 99,

3 48) deposited in the National Museum of Natural History, Smithsonian Institution, Washington,
D.C.

Female.—Body (Fig. 1a) elongate, flattened. Length 2.06 mm (1.94-2.17 mm)
and greatest width 0.63 mm (0.62-0.64 mm), based on 4 specimens. Greatest
dorsoventral thickness 0.40 mm. Segment bearing leg 1 fused with cephalosome.
Epimeral areas of pedigerous segments rounded. Ratio of length to width of
prosome 1.67:1. Ratio of length of prosome to that of urosome 1.18:1.

Segment bearing leg 5 (Fig. 1b) 109 x 264 um, with fifth pair of legs arising
slightly ventrally. Genital segment 176 X 290 um, much broader than long in
dorsal view, its lateral margins roundly expanded. Genital areas located dorso-
laterally on expanded portions of genital segment (Fig. 1c), each genital area
bearing 2 small setae 26 um and 29 um. Four postgenital segments from anterior
to posterior 176 x 220, 148 x 185, 104 x 148, and 99 X 121 um. Anal segment
(Fig. 1d) with 2 pairs of broad anteroventral striated scales approximately 13 X
IS5 um.

Caudal ramus (Fig. le) elongate, 187 x 59 um, ratio of length to width 3.17:
1. Outer lateral seta 65 um. Dorsal seta 70 um. Innermost terminal seta 91 um.
All these setae smooth. Outermost terminal seta 117 um and minutely barbed.
Two long median terminal setae 244 um (outer) and 400 gm (inner), both with
minute barbules along their midregions.
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0.5 mm

o)

Figure 1. Hyphalion captans new genus, new species, Female: a, dorsal (scale A); b, urosome, ventral
(B); c, genital area, dorsal (C); d, anal segment, ventral (C); e, caudal ramus, dorsal (D); f, egg sac,
ventral (A); g, egg sac, ventral (A); h, rostrum, second antenna, and labrum, ventral (D), 1, first antenna,
ventral (D).
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Egg sac containing 1 egg, 374 x 231 um (Fig. 1f), or 2 eggs, both approximately
350 x 230 um (Fig. 1g).

Body surface smooth, without visible sensilla.

Rostrum (Fig. 1h) broad and projecting forward. First antenna (Fig. 1i)
6-segmented and 390 um long. Lengths of segments: 10 (22 um along anterior
margin), 96, 96, 43, 39, and 44 um, respectively. Formula for armature: 3, 195, 9,
5,2 + 1 aesthete, and 7 + 1 aesthete. All setae smooth except few on segments
3-6 with minute barbules. Second antenna (Fig. 2a) 3-segmented and 330 um
long including terminal claws. First and second segments with single seta. Third
segment recurved, bearing 3 inner subterminal setae, terminally with 3 very long
recurved sickle-shaped prehensile claws, longest 145 um, and 2 setae. All setae
and claws smooth. Second antennae capable of being drawn toward each other
midventrally (Fig. 1h), with 6 claws forming kind of basket.

Labrum (Fig. 1h) broad and unornamented, its posteroventral margin rounded
and entire.

Mandible (Fig. 2b) flexed, bearing terminally 3 barbed spines and 1 haired seta.
Paragnath (Fig. 2¢) minute rounded lobe with few setules. First maxilla (Fig. 2d)
thumb-shaped with 5 setae (4 long minutely barbed, 1 short smooth). Second
maxilla (Fig. 2e) 2-segmented. First segment massive with 1 delicately haired seta.
Second segment smaller, bearing 3 spines, barbed or spinulose, and 1 haired seta.
Maxilliped (Fig. 2f) 2-segmented. First segment unarmed. Second segment with
2 very small inner setae, terminally with 2 small setules and 1 very prominent
long (230 pm) barbed seta. In preserved specimens 2 long setae of opposite max-
illiped crossing each other like fencers’ swords (Fig. 2g).

Ventral area between maxillipeds and first pair of legs as in Fig. 2g, with very
small median sclerotization in front of intercoxal plate of leg 1.

Legs 1-4 (Figs. 2h, j, 3a, b) biramous with 3-segmented rami. Armature as
follows:

P, coxa 0-1 basis 1-I exp I-0; I-1; IILI,4
enp 0-1; 0-1; L,5

P, coxa 0-1 basis 1-0 exp I-0; I-1; IILI,5S
enp 0-1; 0-2; ILL3

P, coxa 0-1 basis 1-0 exp I-0; I-1; IILLS
enp 0-1; 0-2; ILIL2

P, coxa 0-1 basis 1-0 exp I-0; I-1; ILLS
enp 0-1; 0-2; LIII,1

Intercoxal plate of leg 1 smooth, but in legs 2—-4 with small spinules on anterior
surface. Inner seta on coxa of all 4 legs sword-shaped. Inner spine on basis of leg
1 55 um long, minutely barbed. Spines on all legs barbed, those on exopods similar
to that shown in Fig. 2i.

Leg 5 (Fig. 3c) 2-segmented. First segment 78 X 65 um, its dorsal seta 75 um.
Second segment 156 x 70 um, ratio 2.23:1, outer marginal spine 83 um, subter-
minal spine 88 um, terminal spine 146 um, and seta 99 um. All 3 spines barbed,
but seta smooth.

Leg 6 probably represented by 2 setae on genital area (Fig. 1c).

Color of living specimens unknown.

Male. —Body (Fig. 3d) resembling that of female in general form. Length 1.75
mm (1.71-1.82 mm) and greatest width 0.53 mm (0.50-0.55 mm), based on §
specimens. Greatest dorsoventral thickness 0.34 mm. Ratio of length to width of
prosome 1.90:1. Ratio of length of prosome to that of urosome 1.17:1.
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Figure 2. Hyphalion captans new genus, new species. Female: a, second antenna, antero-outer (scale
C); b, mandible, anterior (E); ¢, paragnath, anterior (F); d, first maxilla, anterior (E); e, second maxilla,
antero-inner (G); f, maxilliped, inner (C); g, maxillipeds and region between them and first pair of
legs, ventral (D); h, leg 1 and intercoxal plate, anterior (D); i, spine on outer side of second segment
of exopod of leg 2, anterior (F); j, leg 2 and intercoxal plate, anterior (D).
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(scale D); b, leg 4 and intercoxal plate, anterior (D); ¢, leg 5, dorsal (D). Male: d, dorsal (A); e, urosome,

Figure 3. Hyphalion captans new genus, new specics. Female: a, leg 3 and intercoxal plate, anterior
dorsal (H).
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Figure 4. Hyphalion captans new genus, new species. Male: a, maxilliped, antero-inner (scale G); b,
inner spine on basis of leg 1, anterior (C); ¢, leg 5, dorsal (D), d, leg 6, ventral (C).

Segment of leg 5 (Fig. 3e¢) 109 x 205 pm. Genital segment 229 x 200 um, only
slightly longer than wide, in dorsal view with nearly parallel sides. Three post-
genital segments from anterior to posterior 174 X 177, 135 x 143, and 104 x
117 um. Anal segment with 4 ventral scales as in female.

Caudal ramus similar to that of female, but slightly shorter, 151 x 48 um, ratio
3.15:1.

Body surface smooth as in female.

Rostrum, first antenna, second antenna, labrum, mandible, paragnath, first
maxilla, and second maxilla like those of female. Maxilliped (Fig. 4a) 4-segmented
(assuming proximal part of claw to represent fourth segment), but small third
segment obscure and not well defined. First segment with 1 inner smooth seta.
Large triangular second segment with inner surface having 2 small setae, 2 rows
of spines, and distal row of minute spinules. Small third segment with sclerotized
pieces but unarmed. Claw 122 um, recurved, bearing 2 unequal proximal setae
but lacking fine ornamentation.

Legs 1-4 as in female, but inner spine on basis of leg 1 longer, 60 um, and
more slender (Fig. 4b).

Leg 5 (Fig. 4¢) in general similar to that of female. First segment 49 x 39 um,
its dorsal seta 65 um. Second segment 114 x 47 um, ratio 2.43:1, outer marginal
spine 69 um, subterminal spine 75 pm, terminal spine 117 um, and seta 78 um.

Leg 6 (Fig. 4d) consisting of posteroventral flap on genital segment bearing 1
pinnate seta 79 um.

Color unknown.

Etymology. —The specific name captans, Latin meaning grasping or seizing, refers
to the long prehensile claws on the second antennae.

Remarks. — Although the distinctions between the Clausidiidae Embleton, 1901,
and the Clausiidae Giesbrecht, 1895, in respect to many features are not always
sharp, and the two families may actually represent a single group (Humes and
Ho, 1967, see Wilson and Illg, 1955), the concept of the Clausidiidae is a useful
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one. The genus Hemicyclops Boeck, 1859, best illustrates certain general features
of the family: (1) the urosome of the female being 5-segmented where the female
is known (3-segmented in Clausidium Embleton, 1901) and that of the male
6-segmented where the male is known (5-segmented in Clausidium and Tychidion
Humes, 1973); (2) the 7-segmented first antenna (7-segmented also in Clausidium
and Tychidion, 6-segmented in other genera); (3) the 4-segmented second antenna
(3-segmented in Tychidion); (4) the mandible with usually four terminal elements
(five in Tychidion); (5) the maxilliped usually 4-segmented (but may be reduced,
especially in the female); (6) the basis of leg 1 with an inner spine (except in
Cotylomolgus Humes and Ho, 1967, a genus which may actually be close to the
clausiid line), and (7) the full expression of 3-segmented rami in legs 1-4. (Gooding,
1963, discussed in detail the various clausidiid and clausiid genera known at that
time.)

The new genus Hyphalion shows many of these clausidiid features, but at the
same time possesses characters that separate it from the other genera in the
Clausiidae. These include: (1) the 6-segmented urosome in the female and
5-segmented urosome in the male; (2) the 3-segmented second antenna, strongly
prehensile with three large terminal claws; and (3) the 2-segmented nonprehensile
maxilliped with long terminal seta in the female, but 4-segmented prehensile
maxilliped in the male.

The existing genera of the Clausidiidae stand apart from the new genus as
follows: (1) with a 7-segmented first antenna (Clausidium, Hemicyclops), (2) with
a 4-segmented second antenna (Myzomolgus Bocquet and Stock, 1957, Hippo-
molgus Sars, 1917, Conchyliurus Bocquet and Stock, 1957, Leptinogaster Pelse-
neer, 1929, and Cotylomolgus Humes and Ho, 1967); and (3) with 5 elements on
the mandible (Tychidion).

Erebonasteridae new family

Diagnosis. —Body not modified or transformed. Urosome in both sexes 5-seg-
mented. Caudal ramus with 6 setae. First antenna 6-segmented. Second antenna
4-segmented. Mandible with 4 distal setae and large palp bearing 4 setae. First
maxilla slightly bilobed. Second maxilla with clawlike second segment. Maxilliped
4-segmented, larger and more prehensile in male.

Legs 1-4 biramous, 3-segmented. Basis of leg 1 with inner spine. Endopod of
leg 4 with 0-1; 0-2; [II,2. Leg 5 with elongate free segment bearing 4 setae.

Erebonaster new genus

Diagnosis. —Body elongate, not modified or transformed. Segment bearing leg 1
distinctly separated from cephalosome. Urosome in both sexes 5-segmented. Cau-
dal ramus elongate with 6 setae, 1 terminal seta greatly elongated.

Rostrum rounded, prominent. First antenna 6-segmented, with aesthete on
segments 3, 5, and 6, and with aesthete added on segment 2 in male. Second
antenna 4-segmented, with terminal setae but without claws. Labrum finely spi-
nulose. Mandible with 4 distal setae and having prominent palp with 4 large setae.
First maxilla bilobed with 5 setae. Second maxilla 2-segmented, second segment
clawlike. Maxilliped 4-segmented, with 2 setae on first segment and with terminal
claw armed with | seta in female, with 3 setae in male.

Legs 1-4 with 3-segmented rami. Basis of leg 1 with inner spine. Leg 4 lacking
inner seta on coxa, and endopod 0-1; 0-2; II1,2.

Leg 5 greatly elongated, slender, 2-segmented. First segment with | seta, second
segment with 4 setae, | much elongated.
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Leg 6 in male with 2 setae.
Spermatophore elongate, sausage-shaped.

Type-species.— Erebonaster protentipes new Species.
Gender. —Masculine.

Etymology.—The generic name is a combination of the Greek words erebos, a
place of nether darkness, and naster, an inhabitant, alluding to the deep-sea
habitat.

Erebonaster protentipes new species
Figures S5a—e, 6a-h, 7a—¢, 8a—g
Type Material. —55 92, 98 83, and 102 copepodids in 2,022 m, from box cores, Guaymas Basin, Gulf
of California, 27°01.0'N, 111°25.0'W, 19 January 1982, DSRV ALvIN dive no. 1176. Holotype ¢,

allotype, and 143 paratypes (48 92, 95 88) deposited in the National Museum of Natural History,
Smithsonian Institution, Washington, D.C.

Other Specimens.—3 2, 5 88, 7 copepodids from 2 Nuculana-like protobranch bivalves, in box core,
in 2,004 m, Guaymas Basin, 27°00.7'N, 111°24.4'W, 6 August 1985, DSRV ALvIN dive no. 1614; 2
86 from tube core, in 2,002 m, Guaymas Basin, 27°0.7'N, 111°24.4'W, 31 July 1985, DSRV ALvIN
dive no. 1608; 1 8 from tube core, in 2,012 m, Guaymas Basin, 27°05'N, 110°24.5'W, 29 July 1985,
DSRV ALvIN dive no. 1607.

Female. —Body (Fig. 5a) elongate and flattened. Length 1.59 mm (1.49-1.68 mm)
and greatest width 0.43 mm (0.41-0.44 mm), based on 10 specimens. Greatest
dorsoventral thickness 0.22 mm. Segment bearing leg 1 distinctly separated from
cephalosome, with epimeral areas not prominent. Segments bearing legs 2-4 with
epimera expanded posteriorly, somewhat pointed or rounded. Ratio of length to
width of prosome 1.64:1. Ratio of length of prosome to that of urosome 0.76:1,
urosome longer than prosome.

Segment of leg 5 (Fig. 5b) 176 x 396 um. Genital segment (Fig. 5c¢) 231 x 297
wm, wider than long, with expanded lateral margins in dorsal view. Ventral surface
with pair of golden brown, comet-shaped areas (Fig. 5b). Genital areas (Fig. 5c¢)
situated dorsolaterally near middle of segment. Each area with 2 setae 13 um and
78 um. Three postgenital segments from anterior to posterior 132 x 187, 104 x
163, and 154 x 121 um.

Caudal ramus (Fig. 5d) elongate, 265 um long, 26 um wide in proximal third,
and 21 pm wide in distal third, ratio of length to average width approximately
11.5:1. Outer lateral seta 78 um, dorsal seta 31 pm, outermost terminal (slightly
subterminal) seta 83 um, innermost terminal seta 49 um, and 2 median terminal
setae very unequal, outer 85 um, inner 440 um. All setae smooth.

Egg sac (Fig. 5e) elongate, 550 x 176 um, containing many eggs, ranging from
88-104 um in diameter.

Body surface with few sensilla and refractile points as in Fig. 5a, b.

Rostrum (Fig. 6a) prominent and bluntly rounded. First antenna (Fig. 6b)
6-segmented, relatively short, 224 um. Lengths of segments: 26 (66 um along
anterior margin), 73, 6, 7, 9, and 30 um, respectively. Formula for armature: 3,
15, 2 + 1 aesthete, 2, 2 + | aesthete, and 5 + 1 aesthete. Spinules on both sides
of segment 1 and on posterior side of segments 2-6. All setae smooth. Second
antenna (Fig. 6¢) 4-segmented. Formula: 1, 1, 3, and 2 + 4. First segment with
2 groups of outer setules and inner row of hairlike setules. Second segment with
few outer setules and 2 small inner setules. Third segment with distal inner trans-
verse row of spinules. Fourth segment with 2 transverse rows of spinules. All setae
smooth.

Labrum (Fig. 6d) with central oval spinose piece connected to lateral spinose
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Figure 5. Erebonaster protentipes new genus, new species. Female: a, dorsal (scale A); b, urosome,
ventral (H); ¢, genital segment, dorsal (D), d, caudal ramus, dorsal (C); e, egg sac, dorsal (H).
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Figure 6. Erebonaster protentipes new genus, new species. Female: a, rostrum, dorsal (scale C); b,
first antenna, ventral (G); ¢, second antenna, anterior (E); d, oral area, showing labrum, labium, and
mandibles and first maxillae in position, ventral (G); e, mandible, posterior (F); f, first maxilla, posterior
(F); g, second maxilla, posterior {G); h, maxilliped, postero-inner (G).
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bars. Labium (fused paragnaths ?) similarly with central piece (but smaller) and
lateral bars. Mandible (Fig. 6e) bearing 4 distal setae, 2 smooth, 2 unilaterally
pectinate, and having prominent proximal palp bearing 4 long finely barbed setae.
First maxilla (Fig. 6f) bilobed, smaller inner lobe with 2 unequal setae and patch
of minute spinules, larger outer lobe with 3 setae. All setae smooth. Second maxilla
(Fig. 6g) 2-segmented, large first segment with 1 small distal inner seta, smaller
second segment clawlike with 2 very small proximal outer setae. Maxilliped (Fig.
6h) 4-segmented, assuming proximal part of claw to represent fourth segment.
Both first and second segments with 2 inner distal setae. Small third segment
unarmed. Claw 88 um with | proximal inner seta.

Legs 1-4 (Fig. 7a—d) biramous with 3-segmented rami. Formula for armature
as follows:

P, coxa 0-1 basis 1-I exp I-0; I-1; IILI,3
enp 0-1; 0-1; LIL,3
P, coxa 0-1 basis 1-0 exp 1-0; I-1; IILL4
enp 0-1; 0-2; LII,3
P; coxa 0-1 basis 1-0 exp I1-0; I-1; IILIL5
enp O-1; 0-2; LIL,3
P, coxa 0-0 basis 1-0 exp I-0; I-1; LII,3
enp 0-1; 0-2; LIL2

Coxa of legs 1-3 with inner pinnate seta, but coxa of leg 4 lacking such seta;
all coxae with 2 outer rows of spinules. Basis of leg 1 with outer seta and inner
spine 42 um; basis with anterior surficial row of spinules and other spinules near
insertion of spine and on margin between rami. Basis of legs 2-4 with row of
setules on inner margin. Quter sides of both rami with spinules. Spines of exopod
and endopod with extremely minute barbs.

Leg 5 (Fig. 7e) greatly elongated and slender, held in some specimens almost
at right angle to body. First segment 104 X 62 um, its seta 36 um. Second segment
340 x 27 um (width taken at level of seta), ratio 12.6:1. Dorsal seta 25 um, long
terminal stout seta 211 um, and 2 adjacent small slender setac 38 um. All setae
smooth.

Leg 6 probably represented by 2 unequal setae on genital area 13 um and 78
pm (Fig. 5c).

Color of living specimens unknown.

Male.—Body (Fig. 8a) more slender than in female. Length 1.36 mm (1.24-1.64
mm) and greatest width 0.30 mm (0.29-0.32 mm), based on 10 specimens. Great-
gst dorsoventral thickness 0.18 mm. Ratio of length to width of prosome 1.9:1.
Ratio of length of prosome to that of urosome 0.67:1, urosome longer than
prosome.

Segment of leg 5 (Fig. 8b) 104 x 275 um. Genital segment quadrate, 180 X
195 um. Three postgenital segments from anterior to posterior 125 x 159, 117 x
135 and 177 x 100 um.

Caudal ramus (Fig. 8b) shorter than in female, 172 um long, 23 um wide in
proximal third, and 21 um wide in distal third, ratio 7.8:1.

Body surface with few sensilla and refractil