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ARCHIDACTYLINA MYXINICOLA, NEW GENUS, NEW SPECIES
(SIPHONOSTOMATOIDA), IN A NEW FAMILY OF COPEPODA
PARASITIC ON HAGFISHES (AGNATHA: MY XINIFORMES)
FROM JAPAN

Kunihiko Izawa

ABSTRACT

A parasitic copepod, Archidactylina myxinicola, new genus, new species (Siphonostomatoida:
Archidactylinidae, new family), is described based on specimens of both sexes obtained from
the gill pouches of hagfishes (Agnatha: Myxiniformes) collected from the continental slopes of
the Sea of Kumano, Japan. This is the first record of parasitic copepods from Agnatha. Although
this new taxon generally exhibits eudactylinid facies, it apparently possesses more primitive
features than those found in the Eudactylinidae. This new siphonostomatoid is characterized by
possessing the following features: (1) a sternal suture on the cephalothorax between the max-
illipedal and the first pedigerous somites; (2) incomplete prosome-urosome differentiation; (3)
a free genital somite; (4) ventral copulatory pores isolated from the lateral genital apertures in
the female; (5) no cuticular ornamentation characteristic of the eudactylinids; (6) an indistinctly
18-segmented antennule in both sexes, geniculate bilaterally in the male; (7) uniramous, 5-
segmented antenna; (8) maxilliped on a discrete pedestal and lacking myxal process on the
corpus; and (9) a setation formula of IILLS on the third exopodal segment of legs 2-4 of both

SEXCS.

Although fishes are known to carry many
species of parasitic copepods, members of
the Agnatha are yet to be reported as hosts
for parasitic copepods. Therefore, a search
for parasitic copepods on Japanese hagfish-
es (Agnatha: Myxiniformes) was conducted
and a new form of siphonostomatoid was
obtained from the gill pouches of two spe-
cies of hagfishes occurring on the continen-
tal slopes of the Sea of Kumano, Japan. Al-
though this new taxon possesses eudacty-
linid facies (see Kabata, 1979), it appears
to be more primitive than the Eudactylini-
dae, which has been considered one of the
most primitive families of the siphonosto-
matoids (Huys and Boxshall, 1991). The
Eudactylinidae comprises 10 genera, eight
of which are parasitic on the gill or nasal
lamellae of elasmobranchs and the other
two on the gills of teleosts (Deets and Ho,
1988). In addition to the description of the
new parasitic copepod of hagfishes, a dis-
cussion on the morphological features and
comparisons with the eudactylinids are pro-
vided. The words *‘cyclopiform’ and “‘cal-
igiform” siphonostomatoids used in the dis-
cussion refer to the unmodified siphonos-
tomatoids associated with invertebrates and
to the parasitic siphonostomatoids belong-
ing to the Caligidae and related families,
respectively.
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MATERIALS AND METHODS
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The specimens (140 females and 38 males in all;(__?
were obtained from the gill pouches of 33 Epratretuss
okinoseanus (Dana) and 3 Myxine garmani Jordan and%
Snyder. Hosts were collected over an eleven year pe-%'
riod 1983-1994, during the cruises of the training ship~
Seisui-Maru of Mie University. The fishes were caugh©®
in net-traps set on the upper part of the continentaiﬁ
slopes in the Sea of Kumano, at depths ranging 300-5
600 m located between 33°50'N, 136°10'E andE
34°18’'N, 137°10'E off the Pacific coast of Japan, TheaS
specimens, fixed with Formalin and preserved in al-®
cohol, were examined in lactic acid with a differential®
interference contrast microscope (Olympus BH-2)2
Drawings were made with the aid of a drawing tube@
The terminology is based on Kabata (1979) and Huy{?
and Boxshall (1991). Hierarchy of higher categories ofS
fishes follows Nelson (1994). S

DESCRIPTION
Archidactylina, new genus

Z YdJieN 20

Diagnosis.—Female: Body slender, eudac3
tylinid facies, but lacking cuticular ornamen-"
tation on body surface and appendages. Ma-
jor body articulation probably between fifth
pedigerous and genital somites. Rostrum
fused to cephalothorax. Dorsal shield and
terga of somites bearing legs 2—4 weakly de-
veloped. Cephalothorax, including first pe-
diger, retaining sternal suture separating
maxillipedal and first pedigerous somites.
Genital somite small, separate from fifth pe-
digerous and first abdominal somites. Cop-
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ulatory pores ventral, separated from lateral
genital apertures, each covered by opercu-
lum. Abdomen 4-segmented. Caudal ramus
carrying 6 elements, with long curled pin-
nate setae. Antennule on broad pedestal, in-
distinctly 18-segmented. Antenna unira-
mous, uncinate, and 5-segmented. Mandible
and maxillule eudactylinid. Maxilla brachi-
form, with simple terminal claw. Maxilliped
shorter than antennule and antenna, mounted
on discrete pedestal, uncinate, without my-
xal process on corpus. Legs 1-4 biramous;
rami 3-segmented, without coxal setae.
Third exopodal segments of legs 2-4 with
setation formula of I1LL5. Fifth leg modified
as posterolateral process on somite.

Male: Cyclopiform, slender, with distinct
dorsal shield; terga of pedigers 2—4 without
cuticular ornamentation. Fifth pediger re-
duced. Genital somite large, with lateral
genital opercula. Antennule bilaterally ge-
niculate, indistinctly 18-segmented. Other
appendages mostly as in female. Setation
formulae of legs 14 as in female.

Parasitic in the gill pouches of hagfishes
(Agnatha: Myxiniformes).

Type species.—Archidactylina myxinicola,
new species.

Erymology.—The generic name is a com-
bination of the Greek arch (i) (=beginning,
primitive) and dactylina, a part of the fam-
ily name, with which the new form bears
close affinities.

Gender.—Feminine.

Archidactylina myxinicola, new species
Figs. 1-5

Material Examined.—From Eptatretus okinoseanus:
12 ? 9,3 & 3 from 4 fishes, 20 May 1983; 46 @ ¢,
23 & & from 5 fishes, 21 January 1986; 14 ¢ 2,4 38
& from 5 fishes, 17 October 1986; 6 @ ¢ from 11
fishes, 15 October 1987; 1 @, 1 3 from 1 fish, 15
October 1988; 55 ¢ 9,7 & 38 from 7 fishes, 1 June
1994. From Myxine garmani: 6 ¢ 9 from 3 fishes, 22
October 1983. Holotype ¢ (NSMT-Cr 11550), 20
paratypes (10 @ 2, 10 8 &) (NSMT-Cr 11551) from
E. okinoseanus, 21 January 1986, are deposited in the
National Science Museum, Tokyo. The remaining
specimens are rctained temporarily in the laboratory of
Mie University.

Female (Figs. 1-3)—Total length about 2.5
mm. Body (Fig. 1A, B) elongate, about 6.5
times as long as wide, gently bent ventrally.
Anterior portion of body from cephalothorax
to fifth pediger almost equal in width. Pos-
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terior portion less than half of anterior portion
in width and length. Although indistinct, ma-
jor body articulation apparently between fifth
pedigerous and genital somites. Dorsal shield
and terga of pedigers 2-4 weakly developed.
No cuticular ornamentation on surfaces of
body and appendages.

Cephalothorax longer than wide, with
sternal suture separating maxilliped-bearing
and first pedigerous somites. Rostrum fused
to cephalothorax, with round tip, bearing
pair of sensilla dorsally. Free somites bear-
ing legs 2—4 wider than long. Fifth pedi-
gerous somite somewhat larger than ceph-
alothorax, hunched up at about posterior
one-third. Genital somite (Fig. 1C, D)
small; copulatory pores ventrally located in
narrow transverse depression at posterior
margin of somite, and each lateral genital
aperture covered by operculum. Abdomen
(Fig. 1C) 4-segmented, diminishing in size
posteriorly. First abdominal somite swollen
on ventral side, with longitudinal ventrolat-
eral ridges. Caudal ramus (Fig. 1E) 2.5
times as long as wide, with row of fine se-
tules medially and 6 setae distally; 4 ter-
minal pinnate setae curled ventrally and 2
subterminal naked setae. Egg sacs about 1.2
mm in length, eggs uniseriate.

Antennule (Fig. 1F) mounted on pedestal
almost as long as the first antennular seg-
ment, indistinctly 18-segmented, and flexed
posteriorly at compound segment IX—XII.
Fusion pattern and armature elements of an-
cestral segments as follows: 1-1, H-III-3,
IV-v=-3, VI-2, VII-1, VIII-1, IX-XII-4,
XIII-2, XIV-2, XV-XVI-2, XVII-1,
XVIII-1, XIX-0, XX-1, XXI-2 + aesthe-
tasc, XXII-XXITI-1, XXIV-2, XXV-
XXVIII-9 + aesthetasc. Suture lines
between XXI and XXII-XXHI, and XXIV
and XXV-XXVIII weak.

Antenna (Fig. 1G) about 0.3 mm in
length, longer than antennule, uniramous,
and 5-segmented; first 3 segments stout, un-
armed; fourth segment longer than wide,
with ridgelike sclerite from which an inter-
nal tendonlike structure connecting to fifth
segment. Fifth segment small, with 2 me-
dial setules and terminal claw. Articulation
between third and fourth segments forming
main flexing point of limb.

Oral cone (Fig. 2A, B) short, with narrow
membranes around mouth. Mandible (Fig.
2A, C) 2-segmented; basal segment broad,
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Fig. 1. Archidactylina myxinicola, new genus, new species, female. A, habitus, lateral; B, same, dorsal; C, fifth
pedigerous and posterior somites, lateral; D, copulatory pore and genital aperture, ventral; E, caudal ramus,
ventral; F, antennule, dorsal; G, antenna, medial. cp = copulatory pore; ga = genital aperture. Scales: 0.5 mm
for A, B; 0.3 mm for C; 0.05 mm for D-G.
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Fig. 2. Archidactylina myxinicola, new genus, new species, female. A, oral area, ventral; B, oral cone, lateral;
C, mandible; D, maxillule; E, maxilliped. md = mandible; mx = maxilla; mxl = maxillule; mxp = maxilliped;

oc = oral cone. Scales: 0.05 mm for A-E.

tapered distally; second segment styliform,
with cutting blade armed with fine teeth.

Maxillule (Fig. 2A, D) bilobate, segmen-
tation indistinct; inner lobe extending along
oral cone and bearing 2 long naked apical
setae; outer lobe tipped with 3 unequal na-
ked setae.

Maxilla (Fig. 2A) brachiform, 3-segment-
ed; first segment short and almost fused to
sternal surface; second segment stout, un-
armed; third segment slim, with patch of fine
spinules mediodistally; claw indistinctly 2-
jointed, with rows of fine spinules on medial
and lateral sides of distal joint.

Maxilliped (Fig. 2A, E) shorter than an-

tennule, mounted on discrete pedestal, un-
cinate. First segment (corpus maxillipedis),
about 3 times as long as wide, bifurcate
proximal end articulated to pedestal, with-
out myxal process, but with setule on syn-
coxal portion. Second and third segments
each with setule mediodistally. Terminal
claw simple. Two rounded sternal expan-
sions situated one behind another on mid-
line posterior to maxillipeds, with sternal
suture between them indicating separation
between maxilliped-bearing and first pedi-
gerous somites (Fig. 2A). Similar sternal
expansions and sutures located at interso-
matic portion between legs 2—4.
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Fig. 3. Archidactylina myxinicola, new genus, new species, female. A, leg 1, ventral; B, leg 2. ventral: C, legt
3, ventral; D, leg 4, ventral. Scale: 0.1 mm for A-D. N

4

Legs 14 (Fig. 3A-D) biramous, with 2- leg 2Prp 0-0; 1-0 Exo I-1t; I-1; HLL5
segmented protopod and 3-segmented rami, Enp 0-1; 0-2; 1,2,3
lacking cuticular ornamentation on surfaces. leg 3Prp 0-0; 1-0 Exo I-1; [-1; HLLS
Setae of rami long and pinnate. Formula for Enp 0-1; 0-2; 1,I,3
spines (Roman numerals) and setae (Arabic leg 4Prp 0-0; 1-0 Exo I-1; I-1; TILLS
numerals) on legs 1-4 as follows: Enp 0-1; 0-2; 1,2

leg 1 Prp 0-0; 1-1 Exo I-1; I-1; 1I,2,3 Rarely with formula of ILL5 on third exo-
Enp O-1; 0-2; 1,2,3 pod segment of leg 2. Leg 5 (Fig. 1C) uni-
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Fig. 4. Archiductylina myxinicola, new genus, new species, male. A, habitus, dorsal; B, same, lateral; C, fifth
pedigerous and genital somites, lateral; D, caudal ramus, ventral; E, antennule, ventral; F, antenna, posteromedial;
G, mandible; H, maxillule; I, maxilla; J, maxilliped. Scales: 0.3 mm for A, B; 0.1 mm for C, D; 0.03 mm for
G, H; 005 mm forE, E 1, I.
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Fig. 5. Archidactylina myxinicola, new genus, new species, male. A, leg 1, ventral; B, leg 2, ventral; C, le

3, ventral; D, leg 4, ventral. Scale: 0.1 mm for A-D.

ramous, reaching posterior border of genital
somite; bearing setule dorsally at base and
4 setules distally.

Male (Figs. 4, 5).—Total length approxi-
mately 1.7 mm. Body (Fig. 3A, B) cyclo-
piform, slim, about 6 times as long as wide.
Dorsal shield of cephalothorax and terga of
somites of legs 2—4 moderately developed.
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Cephalothorax retaining sternal suture as in
female, with slight ventrolateral indenta-
tions of dorsal shield at level of maxilli-
peds. Fifth pedigerous somite much re-
duced, with small uniramous legs laterally
and paired sensilla dorsally. Genital somite
large next to cephalothorax, with lateral
genital opercula bearing row of spinules
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along ventrodistal margins and 3 setules
dorsodistally (Fig. 4C). Abdomen 4-seg-
mented. Body constricting anterior to fifth
pedigerous somite, but highly flexible artic-
ulation located between genital and first ab-
dominal somites. Caudal ramus (Fig. 4D)
2.8 times as long as wide; armature as in
female.

Antennule (Fig. 4E) indistinctly 18-seg-
mented, geniculate between ancestral seg-
ments XX and XXI. Fusion pattern and ar-
mature elements of ancestral segments as
follows: I-1, II-1114, 1V-2, V-2, VI-2,
VII-2, VIII-2, IX-2, X-2, XI-XII4, XIII-
2, XIV-2, XV-XVI-4, XVII-2, XVIII-2,
XIX-XX~-1, XXI-XXIII-1 + aesthetasc,
XXIV-XXVIII-12 + aesthetasc. One of 2
setae on segment XV arising from pedestal.

Antenna (Fig. 4F), mandible (Fig. 4G),
maxillule (Fig. 4H), maxilla (Fig. 4I), and
makxilliped (Fig. 4J) generally as in female,
except for maxilla with plume on third seg-
ment (brachium) instead of patch of spi-
nules and maxilliped with additional medial
sensilla on corpus, about at midlength.

Legs 14 (Fig. 5A-D) as in female, ex-
cept for basis of leg 1 with spinulose ex-
pansion on mediodistal corner. Setation for-
mula as in female. Rarely with formula of
11L,L,4 for third exopod segment found on
leg 4.

Erymology.—The specific name is a com-
bination of Myxini, a class to which the
hosts belong, and the Latin cola (=inhab-
iting).

DiscussioN

Although eudactylinid in general appear-
ance, the new form is distinguishable from
the family Eudactylinidae (Kabata, 1979)
by the following features: (1) the sternal su-
ture separating the maxillipedal and first pe-
digerous somites is retained; (2) the cutic-
ular ornamentation which is characteristic
of the eudactylinids on the surfaces of body
and appendages, especially the swimming
legs, is absent. The eudactylinid Hetero-
cladius abyssetes Deets and Ho, 1988, is
also devoid of cuticular ornamentation
(Deets, personal communication); (3) the
copulatory pores are ventral and isolated
from the lateral genital apertures in the fe-
male; (4) the antenna is 5-segmented; (5)
the maxilliped retains the discrete pedestal
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and lacks a myxal process on the corpus;
and (6) the setation formula of IILIL,5 for
the third exopodal segment is retained on
legs 2—4 of both sexes. Thus, a new family,
Archidactylinidae, is proposed to accom-
modate this new genus and species. The
new family is also distinct from all other
siphonostomatoid families by having eu-
dactylinid facies and a combination of the
above mentioned features.

Archidactylina has the genital and ab-
dominal somites separated in the female, as
do Bariaka alopiae Cressey, 1966, and
Jusheyus shogunus Deets and Benz, 1987,
which are monotypic eudactylinids parasitic
on the gills of gnathostome fishes; Bariaka
was reported from a thresher shark (Lam-
niformes) and Jusheyus from a sea bass
(Perciformes). Boxshall (1990) and Huys
and Boxshall (1991) mentioned that Bari-
aka and Jusheyus were the only two si-
phonostomatoid genera that possess a free
genital somite, whereas in all other siphon-
ostomatoids the genital and first abdominal
somites are fused to form a genital double-
somite in the female. As mentioned by
Boxshall (1990), the genital double-somite
of the siphonostomatoids is characterized
by the location of the female genital aper-
tures in about the middle of the double-so-
mite, corresponding to the posterior margin
of the original genital somite, and by the
presence of a maximum of three free ab-
dominal somites. Boxshall (1990) and Huys
and Boxshall (1991) regarded Bariaka as
the most primitive eudactylinid genus in
having a separate female genital somite and
primitive antennules. Deets and Ho (1988)
considered the monotypic Protodactylina
pamelae Laubier, 1966, obtained from one
of the most primitive extant elasmobranchs
(Hexanchiformes) as the most primitive one
based on their cladistic analysis of the 10
eudactylinid genera.

The number of female abdominal seg-
ments in Protodactylina has been described
in two different ways: 3-segmented (Lau-
bier, 1966; Schirl, 1978), and 4-segmented
(Cressey, 1977, as Bariaka pamelae). Aside
from this discrepancy in the number of ab-
dominal segments, these authors agreed
with each other in that the genital apertures
are located near the posterior margin of the
genital segment. This is the case in Bariaka
and Jusheyus mentioned above, and in Eu-
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dactylinodes niger (Wilson) which has a 3-
segmented abdomen (Deets and Ho, 1988)
and Carnifossorius siamensis Deets and
Ho, 1988, which has an unsegmented ab-
domen. Moreover, the genital apertures sit
near the anterior margin of the elongate
genital segment in Eudactylinella alba Wil-
son which has a 2-segmented abdomen
(Deets and Ho, 1988) and at the middle in
Heterocladius abyssetes Deets and Ho,
1988, which has a 2-segmented abdomen.
In the last two species, the genital segment
is undoubtedly fused to the first abdominal
somite.

A female genital segment with posterior
genital apertures is not found in the siphon-
ostomatoids associated with invertebrates,
but it is usual in the majority of the si-
phonostomatoids parasitic on fishes. By
having a pair of rudimentary fifth legs, it is
clear that the genital segment is fused to the
fifth pedigerous somite in the latter case.
Thus, the female genital segment with pos-
terior genital apertures found in the eudac-
tylinids and some other siphonostomatoids
does not incorporate the first abdominal so-
mite regardless of the number of abdominal
segments. Reduction of the abdominal seg-
ments can result from two different pro-
cesses: formation of a genital double-somite
and suspension of somite division, apart
from a secondary disappearance of the seg-
ment boundary (Izawa, 1991).

The female genital system of Archidac-
tylina resembles some siphonostomatoids,
such as Asterocheres reginae Boxshall and
Huys, 1994, and Brychiopontius falcatus
Humes (see Huys and Boxshall, 1991). The
copulatory pores are located ventrally on
both sides at the middle of the genital dou-
ble-somite. The genital apertures, each
closed off by an operculum, are located lat-
erally or dorsolaterally on the same border.
Recognizing that Bariaka alopiae is one of
the most primitive siphonostomatoids, Huys
and Boxshall (1991) have inferred that the
ancestral siphonostomatoid probably had
paired ventral genital apertures in the fe-
male, each aperture containing a copulatory
pore and a gonopore as in Bariaka. They
interpreted that the female genital system of
some siphonostomatoids is derived from
this ancestral type by lateral migration of
the genital apertures, leaving the copulatory
pores in the original position. The female
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genital system of Bariaka, however, differs
from the ancestral genital system in that the
genital operculum is not discernible and
both copulatory and genital pores open in
a common duct (Huys and Boxshall, 1991;
fig. 2.9.29A). In the ancestral female genital
system, the copulatory pore and the gono-
pore have been considered to open sepa-
rately at medial and lateral margins, respec-
tively, within the genital aperture (Huys and
Boxshall, 1991). Therefore, the female gen-
ital system of Bariaka is referable to theo
secondary transformation by lateral migra-: s
tion of the copulatory pore and fusion withs
the gonopore into a common duct. Archi-g
dactylina is considered to retain the pn'mi-g
tive female genital system of the siphon§
ostomatoids, as in some siphonostomatoidsz
associated with invertebrates.

The podoplean tagmosis is not dlscern—n\J
ible in Archidactylina. The major body ar—
ticulation is located between the fifth pe-§
diger and the genital somite in the female®
and between the genital and first dbdommalo
somites in the male in Archidactylina3
However, it seems reasonable to consideé_
that the prosome-urosome differentiation 196
incomplete or the prosome-urosome tagmaﬁ
boundary has not been fixed yet in Archz-m
dactylina. This condition is considered sim-5
ilar to the ancestral copepod condition with-¥
out prosome-urosome differentiation (Huys3
and Boxshall, 1991). The podoplean tag-R®
mosis is also not discernible in the Diche-%
lesthiidae including the fossil form Kaba-R
tarina pattersoni Cressey and Boxshall2
1989, and in the Eudactylinidae. In thé2
“‘caligiform families’ the prosome-uro-2
some articulation exists between the thirdS
and fourth pedigerous somites exclusively.Q
These may indicate that the siphonostoma-=
toids parasitic on fishes formerly considereds
the Caligoida were not derived from the an-y
cestry with podoplean tagmosis, but de-3
rived independently from the ancestral con-
dition with their own tagmosis. In other
words, the tagmosis of “‘caligoids’ cannot
be referred to as a modification of the po-
doplean tagmosis.

Antennules of Archidactylina are indis-
tinctly 18-segmented in both sexes, though
the fusion pattern and setation differ be-
tween the two. The female antennule of Ar-
chidactylina is comparable to that of Pro-
todactylina and Bariaka. It is almost 18-
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segmented in Protodactylina pamelae
(Cressey, 1977, as Bariaka pamelae; Schirl,
1978; Huys and Boxshall, 1991), and in
Bariaka alopiae (Cressey, 1966; Huys and
Boxshall, 1991). The features shared by the
female antennules of Archidactylina, Pro-
todactylina, and Bariaka are: (1) segments
I, XIII, and XIV free; (2) segments IX-XII
form a compound segment; (3) segments
XIX and XXII naked; (4) possession of an
aesthetasc each on XXI and XXVIII. For-
mation of compound segments (IX-XII,
XXI-XXIIT and XXIV-XXVIIl) and pos-
session of a prominent aesthetasc on XXI
are common to most siphonostomatoids
(Huys and Boxshall, 1991). Possession of
the naked segments XIX and XXII is the
same in the male of Archidactylina. The na-
ked segment XIX is noticed also in the fe-
males of Eudactylinodes keratophagus
Deets and Benz, 1986, Jusheyus shogunus
Deets and Bents, 1987, and Eudactylinodes
niger Wilson, Eudactylinella alba Wilson,
and Heterocladius abyssetes Deets and Ho,
1988. This segment, however, bears a seta
in the males of Protodactylina pamelae
Laubier (see Schirl, 1978) and Eudactyli-
nella alba (see Deets and Ho, 1988; Huys
and Boxshall, 1991). No naked segment is
found in the siphonostomatoids associated
with invertebrates, as in Asterocheres re-
ginae (see Huys and Boxshall, 1991).
Though it cannot always be verified in eu-
dactylinids with simplified antennules, such
as species of Eudactylina and Nemesis (see
Kabata, 1970, 1979), possession of naked
segment(s) is considered a common feature
of Archidactylina and the eudactylinids at
least in the females. The naked antennular
segments XVII, XIX and XXII have been
reported in both sexes in the Platycopioida
(see Huys and Boxshall, 1991). The male
antennule of Archidactylina is comparable
to the 16- or 17-segmented male antennule
of Protodactylina (see Schirl, 1978), but the
former retains many more setae (51 ele-
ments including aesthetascs) than the latter
(39 elements). This setation is closer to
those primitive siphonostomatoids, such as
Asterocheres reginae, apart from the naked
segments. The modified joint between XIII
and XIV, which is possessed by the males
of the “cyclopiform”™ siphonostomatoids
(Huys and Boxshall, 1991), is not discern-
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ible in Archidactylina, as in the eudactylin-
ids.

The 5-segmented antenna of Archidac-
tylina is interpreted to be composed of the
coxa, basis, and three endopodal segments.
In eudactylinid antennae, a reduction of
segments has taken place. The antenna is
usually 3- or 4-segmented; the coxa is re-
duced in size and usually almost fused to
the sternal surface, and the third endopodal
segment characteristically having two se-
tules is fused to the terminal claw. Some
confusion exists on segment identification.
The first two segments of the 3-segmented
antenna of Eudactylinella alba have been
interpreted as the coxa and basis, and a seta
on the second segment as the rudimentary
exopod by Huys and Boxshall (1991, fig.
2.9.17D). Its third segment is naked, and
the basal portion of the terminal claw bears
two setules. These portions clearly corre-
spond to the fourth and fifth segments of
the 5-segmented antenna of Archidactylina,
respectively. From this, their coxa and basis
can be interpreted as the basis and first en-
dopodal segment, respectively. In Deets and
Ho (1988, figs. 3B, 5C) a segmentlike por-
tion has been depicted proximally in the 3-
segmented antenna of Eudactylinella alba,
though no reference to it has been made by
them. This portion can be interpreted as the
coxa. A similar proximal portion regarded
as the coxa has also been depicted in other
eudactylinids, such as Heterocladius abys-
setes and Carnifossorius siamensis (see
Deets and Ho, 1988), and Eudactylinodes
keratophagus (see Deets and Benz, 1986).
The antenna is usually 4-segmented in the
species of Eudactylina and Nemesis, such
as E. acuta van Beneden, E. acanthii A.
Scott, and N. lamna vermi A. Scott (see Ka-
bata, 1979). The portion distal to the first
segment of the 4-segmented antenna cor-
responds to the 3-segmented eudactylinid
antenna. Thus, the first segment is consid-
ered the coxa. If the above interpretation of
segments is valid, the uniramous antenna of
the eudactylinids and “*caligiforms’” can be
traced back to Archidactylina. The antennae
are biramous in the siphonostomatoids as-
sociated with invertebrates and in the ler-
naeopodids and sphyriids parasitic on fishes
(Huys and Boxshall, 1991). This seems to
suggest that the Siphonostomatoida is a
polyphyletic copepod assemblage derived
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from at least two different ancestral types,
one with the biramous antennae and the
other with uniramous antennae. The eudac-
tylinid antenna is, however, distinct from
that of Archidactylina in having armature,
usually two setae, on the first endopodal
segment without exception. This may indi-
cate that Archidactylina is not the direct an-
cestral type for the eudactylinids.

The maxilliped of Archidactylina is
primitive compared to that of eudactylinids.
It is located on a discrete pedestal as in the
“cyclopiform™ siphonostomatoids, such as
Brychiopontius falcatus Humes, 1974, and
Ecbathyrion prolixicauda Humes (see Huys
and Boxshall, 1991). The syncoxa is fused
with the basis to form the corpus in Archi-
dactylina as in the eudactylinids. It is free
in the ‘“‘cyclopiform” siphonostomatoids.
The syncoxa has a setule as in the “‘cyclo-
piform™ siphonostomatoids, while it is re-
placed by a myxal process in the eudacty-
linids as seen in Protodactylina and Bari-
aka. The size of the maxilliped of Archi-
dactylina is relatively small compared with
the other appendages, such as the anten-
nule, antenna, and swimming legs. It has
developed into the most powerful and larg-
est appendage in the eudactylinids.

The swimming legs 1-4 are well devel-
oped in Archidactylina, retaining almost
full setation of the ancestral siphonosto-
matoid presumed by Huys and Boxshall
(1991), though lacking coxal setae. Archi-
dactylina is one of a few siphonostomatoid
genera in which the armature formula of
IILLS for the third exopodal segment is re-
tained on legs 2-4 in both sexes. Among
the eudactylinids, the leg setation is modi-
fied variously, but a coxal seta is retained
in Protodactylina on legs 2—4 of both sexes
(Laubter, 1966; Schirl, 1978) and in Bari-
aka on legs 2-4 of the male (Cressey,
1966). In Protodactylina, which has the
most armature elements on legs among the
eudactylinids, the number of spines is re-
duced, having the formula of III,6 for the
third exopodal segment on leg 2 and of 11,6
on legs 3 and 4.

The host group of Archidactylina, My-
xiniformes, has a long history. Possible ag-
nathan remains first appear in the fossil rec-
ord in the Late Cambrian and definite re-
mains occur in the Middle Ordovician (Nel-
son, 1994). The jawless fishes have their
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greatest radiation in the Silurian and Lower
Devonian. Stensio (1968) reported that hag-
fishes may be derivatives of the pteraspi-
domorphs and lampreys of the cephalaspi-
domorphs. Growing evidence suggests that
hagfishes (Myxiniformes) are probably the
most primitive agnathans and that lampreys
(Petromyzontiformes) are more closely re-
lated to gnathostomes than to hagfishes
(Nelson, 1994). The current view favors the
hypothesis that the morphological and
physiological similarities shared betweem
lampreys and gnathostomes, but not hag-é
fishes, are due to common ancestry and nog
convergent evolution (Nelson, 1994). Difg
ferences between the Archidactylinidae ancﬁ
Eudactylinidae are considered to be referS
able to the phylogenetic deviation betweerg
their hosts, agnathan Myxiniformes and
gnathostome fishes, respectively.
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