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Abstract

Aphotopontius mammillatus Humes, 1987 associated with a vestimentiferan from a deep-sea hydrothermal vent in the
Ž .Gulf of California Guaymas Basin , 1993 m depth, is redescribed on the basis of new morphological data and reexamination

of additional specimens from the type locality. About twenty morphological characteristics unknown for this species are
described and discussed. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

A species of the genus Aphotopontius Humes,
Ž .1987 Dirivultidae was found by us among the

epifauna of vestimentiferans from a deep-sea hy-
drothermal vent of the Guaymas Basin and identified
as a new species. The initial purpose of investigation
was to describe this species and stimulate discussion
of its feeding and movement on the basis of func-
tional analysis of corresponding morphological struc-
tures. The results were presented at the Sixth Interna-

Žtional Conference on Copepoda Ivanenko and Hept-
.ner, 1996 .

) Corresponding author.

Right from the beginning of investigation it was
clear that our species is close to A. mammillatus
Humes, 1987 described from the same region and
found in the Galapagos Rift and the East Pacific
Rise. However, presence of a stout longitudinal crest
on the genital double-somite and a posteromedial
projection on the pedigerous somite 5 in all females
was interpreted as a significant distinction of our
species from all congeners. During reviewing of the
taxonomic part of our results presented for publica-
tion in the Proceedings of the Conference we ob-
tained a good collection of A. mammillatus from
type locality kindly sent by Dr. A.G. Humes. Exami-
nation of the new material and its comparison with
our collection demonstrated its identity with A.
mammillatus. What is more is that all specimens
from the type locality have the same morphological
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peculiarities that were revealed by us as differential
characteristics of the ‘new’ species but were not
recorded in the original description.

The purpose of the present publication is to re-
describe A. mammillatus with special attention to
the morphological details observed before. All mor-
phological differences revealed are commented upon
in the list and discussed. The functional morphology
of this species is a subject for separate publication.

2. Material and methods

Copepods were collected by Dr. L.I. Moskalev
ŽInstitute of Oceanology, Russian Academy of Sci-

.ence during the dives of the deep-sea submersible
Ž .DSRV ‘Pisces XI’ in RV ‘Mstislav Keldish’ cruise

Ž .No. 12 station No. 1528 in 1986 at the Guaymas
Basin, Gulf of California. The abundant epifauna of

Ž .large about 1.7 m in length vestimentiferans form-
ing dense layers was scraped off by a manipulated
net. It consisted of copepods, nematodes, polynoid
polychaetes, gastropods, and isopods. The collection
was sorted on board and fixed in 70% ethanol.

All measurements and dissections were made in
lactic acid, following the method used by Humes and

Ž .Gooding 1964 . Specimens were stained by adding
a solution of chlorazol black E dissolved in 70%

Ž .ethanolr30% freshwater Ferrari, 1995 . Antennule
were dissected with rostral part of the cephalothorax
to investigate its distal part in details. The drawings
were made using a camera lucida RA-7U 4.2 LOMO
mounted on LOMO ML-2 and LOMO BIOLAM-I
microscopes.

For observation with SEM the copepods were
stained in OsO4 for 4 hours, dehydrated through
graded ethanol, critical point dried, mounted on alu-

Ž .minium stubs, coated with gold Felgenhauer, 1987 ,
and examined with a scanning electron microscope
HITACHI S-40 A. To remove the debris and lipid
drops from surface the specimens were placed in a

Ž .dilute solution 3 drops in 100 ml of distilled water
Ž .of a detergent Tween-80 for 30 min. Then the

copepods were shaken and washed in 5 times in
distilled water.

The terms ‘seta’ and ‘spine’ are used in the text
Ž .only for setiform or spiniform elements connecting

with hipoderma, ‘setula’ and ‘spinula’ only for epi-
cuticular structures.

3. Redescription

ŽAphotopontius mammillatus Humes, 1987 Figs.
.1–6

Aphotopontius mammillatus Humes, 1987, pp. 645,
646, 696–701, 779–781, 783, figs. 29–31; Humes,
1989b, pp. 840, 847, 848; Humes, 1990b, p. 302;
Humes, 1991b, p. 385.

A. moskaleÕi Ivanenko and Heptner, 1996, p. 67.
Nomen nudum.

Material examined: 213 females, 5 males from a
vestimentiferan, in 1993 m, Gulf of California,
Guaymas Basin, 27802.6X N, 111823.0X W, 18 October
1986, DSRV ‘Pisces XI’ dive no.190r15, deposited
in The Zoological Museum of Moscow State Univer-

Ž .sity, Russia Me 1184–1189 . Five females de-
posited in The Museum of Natural History, London
Ž . Žre. no., 1996. 1030–1034 as A. moskaleÕi Iva-

.nenko and Heptner, 1996 ; 5 females placed in the
ŽSmithsonian Institution, Washington, D.C. USNM

. Ž268298 as A.moskaleÕi versus A. mammillatus
.Humes, 1987 .

Twenty-two females and 6 males from washings
of vestimentiferans, in 2012 m, Guaymas Basin,
27800.5X N, 111824.5X W, 29 July 1985, DSRV ‘Al-

Ž .vin’ dive no. 1607, deposited in ZMMU Me-1192 .
Ž . ŽFemale: Body Fig. 1a, b . Length the sum of

.prosome and urosome measured separately 0.86 mm
Ž .0.82–0.88 mm based on 16 specimens. Tergites of
pedigerous somites 2–3 with lateral projections; those
of somite bearing leg 4 formed, as in Fig. 1c.

Ž .Urosome Fig. 1c–f, Fig. 6A–C consisting of 5
articulating somites. Pedigerous somite 5 with acutely
flared posterolateral angles and dorsal posteromedial

Ž . Žwide projection Fig. 1c, Fig. 6C not shown by
.Humes, 1987 . Genital double-somite laterally con-

stricted just anterior of mid region and has dorsal
Ž .longitudinal crest not shown by Humes, 1987 ob-

Žservable from both dorsal and lateral sides Fig. 1d,
. Ž .f, Fig. 6A, C . Anal somite Fig. 1d, e, Fig. 6B

ornamented ventrally with small flattened spinules
Ž .arranged in rows not shown by Humes, 1987 ;

dorsal flap of anal opening located in the middle part
of the somite.
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Ž . Ž . Ž .Fig. 1. Aphotopontius mammillatus Humes, 1987. Female. a Body, dorsal. b Body, lateral. c Fifth leg with lateral part of tergum of
Ž . Ž . Ž . Ž . Ž .segment bearing leg 4. d Urosome, dorsal. e Urosome, ventral. f Urosome, lateral. g Armature of caudal ramus, ventral. h Antenna,

anterior.
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Ž . Ž . Ž .Fig. 2. Aphotopontius mammillatus Humes, 1987. Female. a Antennule, dorsal. b Antennule, detail of segments 2–4, ventral. c
Ž . Ž . Ž . Ž . Ž .Antennule, detail of segments 2–5, anterior reduced seta arrowed . d Mandible, lateral. e, f Tip of mandible. g Maxillule, posterior. h

Maxilla, posterior.
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Ž . Ž . Ž .Fig. 3. Aphotopontius mammillatus Humes, 1987. Female. a Maxilliped, posterior. b Maxilliped, detail of ramus, anterior. c Leg 1,
Ž . Ž . Ž . Ž . Ž .anterior. d Inner prominence and spine on basis of leg 1, anterior. e Leg 2, anterior. f Leg 3, anterior. g Leg 4, anterior. h Leg 5,

anterior.
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Ž .Caudal ramus Fig. 1d–g, Fig. 6B, D elongate,
armed with 6 setae and ornamented with small flat-

Žtened spinules on ventral side not shown by Humes,
.1987 ; the innermost terminal seta plumose only

Ž .medially Humes, 1987: bilaterally plumose .
Ž .Rostrum as in male: Fig. 4f weakly developed;

its region with a pore in the lower angle and sensilla
in the upper angles.

Ž .Oral siphon Fig. 5A–C short and robust. Labrum
Ž .with a proximal pore as in male: Fig. 4f . Labrum

and labium with setose papilliform ornamentation
surrounding siphonal opening.

Ž .Antennule Fig. 2a–c, Fig. 4a, Fig. 5D, Fig. 6E
Ž .14-segmented Humes, 1987: 10-segmented with

setae on the frontal inner surface. First basal segment
Ž .Fig. 4a; not shown in Humes, 1987 unarmed. The
second and longest segment with 15 setae unequal in
length. Segment 3 with 8 unequal setae, one of
which is very reduced and indicated on Fig. 2c and

Ž .Fig. 5D. Segments 4 not shown in Humes, 1987
almost included in previous segment but with arthro-

Ž . Ždial membrane in all 15 examined females Fig.
.5D . Segment 5 short and armed with 2 setae. Seg-

ment 6 with 4 setae and anterior pore associated with
Ž .the proximal pair of setae Fig. 2c . Segments 7–10

nearly similar in length, each segment armed with 2
setae: one seta near the middle part, another seta near
the distal edge. Segment 11 with 2 setae and aes-
thetasc near the distal edge. The group of three

Ž .terminal segments 12–14 looks like a single seg-
ment with indistinct boundaries under light micro-
scope, but SEM examination revealed articulation
Ž .Fig. 6E ; the segments armed with 2, 4 and 8 setae,
respectively.

Ž .Antenna Fig. 1h . Coxa small, basis elongate.
Exopod 1-segmented armed with 3 smooth setae.
Endopod 2-segmented, first segment with inner distal
row of spinules and unarmed; second segment with
spinules, claw and 4 setae, one of which extremely
reduced.

Ž .Mandible Fig. 2d–f with stilet-like gnathobase
lacking serration and having 5–6 terminal teeth; palp
absent.

Ž .Maxillule Fig. 2g, Fig. 5E, F bilobed; inner lobe
two times longer than outer lobe. Inner lobe with 5
setae: 4 well developed terminal setae carrying nu-
merous rows of long setules and 1 joined anteriorly
reduced seta; the lobe ornamented with long setules.
Outer lobe, separated proximally, armed with 3 un-
equal setae bearing setules.

Ž .Maxilla Fig. 2h with a smooth syncoxal segment
bearing a slightly sinuous clawlike basis and lobe,
unilaterally carrying setules.

Ž .Maxilliped Fig. 3a, b 5-segmented, comprising
short syncoxa, long basis and endopod consisting of
three articulating segments. Syncoxa with distal in-
ner seta. Basis with inner seta and distolateral se-
tules. First endopodal segment with 2 small and 1
elongated setae, second segment with distal seta,
third segment with terminal claw and seta; all setae
on posterior side.

Ž .Legs 1–4 Fig. 3c–g biramous, with 3-seg-
mented rami excepting 2-segmented endopod in leg
4. Intercoxal sclerite and 2-segmented protopods in
all legs. Outer edges of all exopodal segments ser-

Ž .rated not shown in Humes, 1987 . Formula for the
Žarmature is as follows: Roman numerals—pines,

Arabic numerals—setae; left numerals—lateral,
middle—terminal, right—medial elements; ))—

.segment absent .

protopod exopod endopod
coxa basis

Leg 1 0-1 1-I I-1; I-1; II,5 0-1; 0-2; 1,5
Leg 2 0-1 1-0 I-1; I-1; III,I,4 0-1; 0-2; 1,5
Leg 3 0-1 1-0 I-1; I-1; III,I,5 0-1; 0-2; 1,I,3
Leg 4 0-0 1-0 I-1; I-1; III,5 0-1; )); I,1

Ž .Leg 1 Fig. 3c with 1–2 sharp tips on the inner
Žside of the mammilliform basis Humes, 1987: only

. Ž .1 ; leg 2 Fig. 3e with a patch of setules on the basis
Ž . Ž .not shown in Humes, 1987 ; leg 3 Fig. 3f with
endopod having all inner setae bipinnate and a spini-

Žform terminal tip on the distal segment. Leg 4 Fig.
.3g with outer side of the distal endopodal segment

Žhaving a porelike structure and setules not shown in
.Humes, 1987 .

Ž . Ž .Fig. 4. Aphotopontius mammillatus Humes, 1987, from type locality. a Female, proximal part of antennule, dorsal. b Male, body, dorsal.
Ž . Ž . Ž . Ž .c Male, body, lateral. d Male, urosome, dorsal. e Male, pedigerous segment 5 and genital segments, ventral. f Male, antennule, rostral

Ž .region and proximal part of labrum. h Male, leg 5, ventral.



( )V.N. IÕanenko, M.V. HeptnerrJournal of Marine Systems 15 1998 243–254250



( )V.N. IÕanenko, M.V. HeptnerrJournal of Marine Systems 15 1998 243–254 251

Ž .Leg 5 Fig. 1c, e, Fig. 3h 2-segmented; armed
with 1 and 3 setae, respectively.

Ž .Leg 6 Fig. 1d, f, Fig. 6C represented by 1 seta
and a short point near the genital openings.

Ž . ŽMale Fig. 4 b, c : Length 0.61 mm 0.60–0.63
. Ž .mm based on 4 specimens. Urosome Fig. 4d, e

consisting of 6 articulating somites. First urosomal
somite with dorsal posteromedial wide projection but
not as pronounced as in female. The genital somite
without substantial differences from the first descrip-
tion.

All appendages excluding antennule and leg 5 as
in the first description or in female.

Ž .Antennule Fig. 4f, Fig. 6F 15-segmented
Ž .Humes, 1987: 12-segmented with the setae and
spines on the fronto-lateral surface. First basal seg-

Žment articulating with cephalosome not shown in
.Humes, 1987 short and unarmed. Second segment

Ž .included in the second segment in female has the
same length as the basal segment and with short seta.

ŽThird segment Humes, 1987: figured as two-seg-
.mented long and with 14 setae: 11 anterior and 3

distolateral. Segment 4 comparatively short and with
2 setae. This segment followed by a group of three

Ž .short segments 5–7 looking like a pile of plates
with indistinct boundaries between them. Each seg-
ment bears a seta or spine looking altogether like a
single compact group on the frontal side of the
antennule. The main portion of these segments hid-
den inside segment 4 and can be distinguished rela-
tively well under the light microscope. Segment 8
has a big process looking like an open mitten with a
thick and long spine attached to the center of the
‘palm’. The spine has an inner cavity and a small

Žsubterminal setula. In the first description from
Humes, 1987, the broad branch of the ‘mitten’ is
figured and described as a separate stout double-
pointed spine. But we did not see any articulation in
all specimens inspected including specimens from

.the type locality. Segment 9 has the same length as
the preceding segment and bears a sharp spine.

Segment 10 nearly twice as long as the preceding
segment, with two toothlike processes and two jointed
setae: subterminal and lateral. Segment 11 about
twice as short as the preceding segment, with one
toothlike process, seta jointed to this process and two
subterminal setae. Segment 12 slightly longer dis-
tally then the segment 11 and with 2 setae. Segment
13 twice as long as the preceding segment and has
three toothlike processes and two setae. The penulti-

Ž .mate segment 14 nearly cylindrical, with three
sharp processes, one thin and long seta and aes-
thetasc in the middle part of the segment; the aes-
thetasc as long as the segment. The terminal segment
Ž .15 with two tiny claws and 10 setae.

Ž .Leg 5 Fig. 4 e, h located ventrally, its free
segment with 5 setae two of which on inner side;
these two setae oriented parallel or nearly parallel to
each other and have a form of Turkish yataghan

Ž .blade Humes, 1987: straight, needlelike with inner
cavity.

ŽDistribution after Humes, 1987, 1989a,b,
.1990a,b, 1991a,b and present data : the linear zones

of deep-sea hydrothermal activity in an area between
278N at north, 00848X N at south, 1118W at west, and
868W at east in depth range 1993–2633 m.

4. Discussion

The original description and figures of A. mam-
millatus Humes, 1987 are detailed but two classes of
new morphological characteristics having different
taxonomic value can be indicated.

Ž .I The characteristics not indicated before or
misinterpreted for A. mammillatus but indicated for
some other dirivultids:

Ž .I.1 The posteromedial projections on dorsal side
of the somite bearing leg 5 shown for Stygiopontius
mucroniferus Humes, 1987.

Ž .I.2 The longitudinal crest on dorsal side of the
genital double-somite shown for Rimipontius
mediospinifer Humes, 1996. Because the longitudi-

Ž . Ž . Ž . Ž .Fig. 5. Aphotopontius mammillatus Humes, 1987. Female. SEM photos scsscale . A Prosome, ventrolateral 0.1 mm . B Oral siphon,
Ž . Ž . Ž . Ž . Žventrolateral 0.05 mm . C Distal part of oral siphon 0.0075 mm . D Antennule: second and third segments, ventral. articulation

Ž . Ž .between 2nd and 3rd segments indicated by white arrow, reduced seta of 2nd segment indicated by black arrow. 0.015 mm . E Inner lobe
Ž . Ž . Ž .of maxillule with small seta arrowed, ventral 0.02 mm . F Small seta on the inner lobe of maxillule arrowed 0.0075 mm .

a1santennule; a2santenna; lms labrum; m1smaxillule; m2smaxilla; mxpsmaxilliped.
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nal crest was clearly seen by us under light micro-
scope but was not observed by Dr. Humes during our
results discussion we have examined specimens from

Ž .type locality under SEM. The photos Fig. 6A, C
clearly show the crest which is visible especially
well in the case of genital double-somite deformation
Ž . Ž .shrinkage Fig. 6C occurred during critical point
drying. It is obvious that the crest is a tough beam in
the dorsal wall of the long genital double-somite
which can be interpreted as a thickening of the
segment wall as it was suggested by Humes.

Ž .I.3 The anal somite with flattened spinules ar-
ranged in rows on ventral side indicated at least for
A. limatulus Humes, 1987; Exrima dolichopus
Humes, 1987, E. singula Humes, 1987; S.lauensis
Humes and Dojiri, 1980; S. quadrispinosus Humes,
1987; S. paxillifer Humes, 1989a.

Ž .I.4 The caudal ramus with flattened spinules on
ventral side shown only for DiriÕultus dentaneus
Humes and Dojiri, 1980 and E. singula Humes,
1987.

Ž .I.5 The innermost terminal seta of caudal ramus
plumose only medially and it was shown for
Ceuthoecetes aliger Humes and Dojiri, 1980; C.
acanthothrix Humes, 1987; S. pectinatus Humes,
1987.

Ž .I.6 The setose papilliform ornamentation of dis-
tal part of oral siphon, observable under SEM and
shown for labium of Stygiopontius hispidulus Humes,

Ž .1987 by Boxshall 1990 .
Ž .I.7 The additional segment in antennule of fe-

male separated distally from the second segment.
The articulation of this segment shown for Scotoe-

Žcetes introrsus Humes, 1987 Huys and Boxshall,
.1991 , DiriÕultus dentaneus Humes and Dojiri, 1980

Žand the single representative of the family Ec-
.bathyriontidae Humes, 1987 .

Ž .I.8 The second segment in antennule of male is
not divided in two segments. The characteristic varies
in different genera of the family, different sexes of
one species and need to be verified.

Ž . Ž .I.9 The group of three short segments 5–7 in
antennule of male. Full articulation of these seg-
ments was illustrated only for Scotoecetes introrsus

Ž .Humes, 1987 by Huys and Boxshall 1991 , but their
incomplete segmentation was indicated for males of
many species of the family.

Ž .I.10 The gnathobase of mandible without lateral
setules as in the first description and in A. forcipatus
Humes, 1987.

Ž .I.11 The exopods of legs 1–4 serrated as is
common for many species of the family.

Ž .I.12 The patch of setules on the basis of leg 2
presented only for Stygiopontius regius Humes, 1996.

Ž .I.13 The leg 5 with two blade-like innermost
Ž .setae. The blade-like straight or curved innermost

setae illustrated for three other species of the genus
ŽAphotopontius A. acanthinus Humes and Lutz,

1994; A. atlanteus Humes, 1996; A. probolus
.Humes, 1990a and also for the genera Ceuthoecetes

Ž .C. aliger Humes and Dojiri, 1980 , Chasmatopon-
Ž . Žtius Ch. thescalus Humes, 1990b , DiriÕultus D.

.dentaneus Humes and Dojiri, 1980 , Rimipontius
Ž .R. mediospinifer Humes, 1996 , and Stygiopontius
Ž .S. regius Humes, 1996; S. serratus Humes, 1996 .

Ž .I.14 The leg 5 with proportions of segments and
comparative length of setae vary from those of the
first description. It can be explained by the fact that
we figured a dissected leg.

Ž .Two new features I.1, I.2 and strong lateral
constriction of the genital double-somite of female
can be separated as the main distinctions of A.
mammillatus from 9 currently described congeners
ŽHumes, 1987, 1989b, 1990a, 1996; Humes and

.Lutz, 1994 .
Ž .II The characteristics not indicated for Dirivulti-

dae and interpreted by us as primitive for the family:
Ž .1 the rostral region with a pore and a pair of

Ž .sensilla; 2 the antennule with additional basal seg-
ment, presumably, not homologous with other seg-

Ž .ments bearing setae and aesthetascs; 3 the distal
part of the female antennule following the segment

Ž . Ž .Fig. 6. Aphotopontius mammillatus Humes, 1987, from type locality. SEM photos scsscale . A Female, genital double-somite and part
Ž . Ž . Ž .of abdomen, posterolateral longitudinal crest arrowed 0.04 mm . B Female, anal somite and caudal rami, dorsal flap arrowed 0.03 mm .

Ž . Ž . Ž . Ž . Ž .C Female, pedigerous somite 5 and genital double-somite, dorsal 0.05 mm . D Female, right caudal ramus, ventral 0.0075 mm . E
Ž . Ž .Female, three segmented distal end of antennule, dorsal 0.015 mm . F Male, antennule segments 4–8, its posterodistal edge arrowed,

Ž .0.01 mm .



( )V.N. IÕanenko, M.V. HeptnerrJournal of Marine Systems 15 1998 243–254254

11 bearing aesthetasc consists of 3 articulating seg-
Ž .ments; 4 the second segment of endopod of an-

Ž .tenna with 5 elements: claw and 4 setae; 5 the
Žinner lobe of maxillule has 5 setae, one very small a

reduced seta having the same position indicated for
.Asterocheres flustrae Ivanenko and Smurov, 1997 ;

Ž .6 the endopod of maxilliped is 3-segmented and
armed with 2q1,1,1 setaeqclaw, respectively.

ŽAccording to the results, dirivultids currently 50
.species in 10 genera display a mosaic distribution of

many characters not indicated for A. mammilatus in
its first record. It may be that some of these charac-
ters are common among other dirivultids. Therefore,
addition of the new morphological data to the origi-
nal description is valuable not only for a better
knowledge of A. mammillatus but also for other
species of the family. It can give a reference point
for conceptions about the taxonomic structure of
dirivultids and the relationships of subordinate taxa.
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