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point o f view. Cooccurrence o f several species o f a genus is common among demersal calanoid copepods, 
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IN TR O D U C T IO N

Much attention has recently been paid to demersal and 
cavemicolous copepods because the discoveries of these 
copepods have led to the reconsideration of the phytog­
eny of the Copepoda (cf. F osshagen 1973; F osshagen &  
Ilifee 1985,1989,1994; B oxshall &  Ilifee 1986; O htsuka 
& al. 1993, 1994). Some species exhibit the most 
plesiomorphic characters in each copepod order while 
others are extremely specialized for the adaptation to 
these special biotopes.

During our investigation of demersal copepods in sub­
tropical regions o f southern Japan, new  taxa of 
Platycopioida, Calanoida, Misophrioida, Harpacticoida, 
and Cyclopoida have hitherto been reported (O htsuka &  
al. 1991,1992; H u y s &  O htsuka 1993; H uys & al. 1994; 
O htsuka &  B oxshall 1994). This paper deals with de­
scriptions of three new species of Placocalanus of the 
calanoid family Ridgewayiidae. Placocalanus was first 
described from two species collected from the bottoms in 
fairly shallow waters of the Bahamas (F osshagen 1970). 
Since no type species was selected at that time, the ge­
neric name is not available (ICZN Article 13b). In this 
paper a type species has been designated and the generic 
name Placocalanus is used to maintain the stability of 
nomenclature. Some morphological characteristics of

Placocalanus are considered from a functional point of 
view. Cooccurrence of several congeners is common in 
demersal calanoid copepods such as the families 
Arietellidae, Pseudocyclopidae, Ridgewayiidae, and 
Stephidae, and is discussed briefly.

M ATERIAL AND M ETHODS

Samples were collected from  sandy bottom s o ff Nagannu 
Island, O kinaw a, southern Japan at a depth o f  ca. 50 m 
during 1991-1993 w ith a dredge (m outh area: 50 cm wide 
and 15 cm high; mesh size 5 mm).

Specimens were preserved in 10 % neutralized formalin/ 
seawater soon after capture, and examined with a differen­
tia l interference contrast m icroscope (N ikon O ptiphoto). 
Type specim ens are deposited in the N atural H istory M u­
seum and Institute, Chiba, Japan. The m orphological te r­
minology is based on H u y s  &  B o x s h a l l  (1991).

SYSTEMATICS

Family Ridgewayiidae M. S. W ilson , 1958

D i a g n o s i s  (emend. ). Body small, about 1 mm long or 
smaller. Prosome oval in dorsal view and, rarely, com­
pressed laterally. Cephatosome completely or incompletely
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separated from first pedigerous somite; fourth and fifth 
pedigerous somites separated or coalescent. Rostrum with 
or without filaments, bifurcated or sharply or bluntly 
pointed at tip. Urosome 4-segmented in female and 5- 
segmented in male. Genital double-somite of female with 
single genital operculum ventromedially or laterally on 
right side.

Antennule of female 22- to 27-segmented; right antennule 
of male geniculate, 20- to 23-segmented. Antenna, mandible, 
maxillule, and maxilla of a primitive calanoid type without 
excessive modifications. Maxilliped endopod with or 
without some specialized setae. Leg 1 rather modified or 
not. Legs 2A  usually 3-segmented in both rami. Leg 5 of 
female biramous, symmetrical; exopod 3-segmented, third 
exopod segment constricted basally and arising from middle 
of second segment; endopod 1- to 3-segmented. Leg 5 of 
male biramous, extremely asymmetrical; exopod 2- or 3- 
segmented; endopod 1-to 3-segmented.

Ty p e  g e n u s .  Ridgewayia T hompson &  S cott, 1903

O t h e r  g e n e r a .  Exum ella  F o s s h a g e n , 1970; 
Brattstromia F osshagen , 1991 (in F osshagen &  Ilifee, 
1991); Placocalanus O htsuka , F osshagen &  S oh , 1996.

Genus P/acoca/am« O htsuka , F osshagen &  S oh , 1996

S y n o n y m y :  Placocalanus F o s s h a g e n  1970:44-45 (nomen 
nudum)

D i a g n o s i s .  Body compressed laterally, less than 1 mm 
in length; cephalosome separate from first pedigerous 
somite; fourth and fifth pedigerous somites fiised. Urosome 
elongate, slender, 4-segmented in female and 5-segmented 
in male; genital double-somite of female with single genital 
operculum ventromedially; third urosomal somite in fe­
male and fourth in male longest in urosome; anal somite 
small, partly or almost completely covered by the preced­
ing somite; subterminal outermost caudal seta spiniform.

Rostrum bluntly or sharply pointed at tip without 
terminal filaments. Antennules of both sexes unique in 
having first segment with posterior distal margin expanded 
and produced into flattened, triangular process, reaching, 
at most, to the end of cephalosome, 22- or 23-segmented 
in female and 20- or 21-segmented in right geniculate 
antennule in male; compound segment XV-X VI with large 
aesthetasc in both sexes. Sheath present between seg­
ments XIV and XV-XVI in right antennule of male. 
M outhpart appendages showing neither extreme 
modification nor reduction in any sex.

Leg 1 conspicuously modified: basis with or without 
anvil-like process; endopod 1-to 3-segmented, tapering 
distally; exopod slender, 3-segmented. Both rami of legs

2-4 usually 3-segmented, but proximal two endopod seg­
ments of leg 4 may be fused. Second endopod segments 
of legs 2-4 sharply produced at outer distal comer, with 
1 or 2 inner setae. Leg 5 of female: endopod 1- or 3- 
segmented, third segment originating from halfway along 
inner margin of second, as in other ridgeway iids. Leg 5 of 
male: endopod 1- or 2-segmented, second segment 
unarmed or bearing several elements terminally; right 
exopod 2-segmented, furnished with 2 or 3 spines and 1 
inner seta; left exopod 3-segmented, first segment with 
outer distal spine, second bearing outer distal spine and 
expanded process or foliaceous spine or process on inner 
distal comer, third segment tapering distally to acute 
process or ending in spine.

T y p e  s p e c i e s .  Placocalanus insularis F osshagen , 
1970 (by original designation).

O t h e r  s p e c i e s .  Placocalanus brevipes sp. n.; 
P. inermis sp. n.; P. longicauda sp. n.; P. nannus
F osshagen, 1970.

R e m a r k s .  The generic name Placocalanus was first es­
tablished by FossHAGEN ( 1970), in which two new species 
were involved. However, he did not designate either of 
them as the type species. Based on ICZN Art. 13b, 
Placocalanus F osshagen, 1970 is unavailable. To maintain 
the stability of nomenclature we employ the name 
Placocalanus and designate P. insularis as the type species.

In spite of its unusual body shape and antennules, 
Placocalanus is assigned to the family Ridgewayiidae by 
the unique structure of legs 5 of females and the female 
genital double-somite with single genital operculum me­
dially. In addition to Placocalanus the family consists of 
three genera, Ridgewayia T hompson  &  S co tt , 1903, 
Exumella F osshagen, 1970, and Brattstromia F osshagen, 
1991 (in F osshagen &  I liffe 1991), all of which have 
been recorded from near bottom in shallow water or caves. 
Placocalanus is readily distinguishable from the other 
genera by its compressed prosome, the relatively elon­
gate slender urosome, the short, specialized antennule, 
and the modified leg 1.

D ESC R IPTIO N

Placocalanus longicauda sp. n. (Figs 1-3)

M a t e r i a l  e x a m i n e d .  2 Ç Ç &  3 S 3 -  Sandy bottom off 
Nagannu Island, Okinawa, southern Japan: 26°14' N, 127°33' E, 
depth 52 m, local time 1155-1208, 14 May 1991 (1 Ç); 26°14' 
N, 127°33' E, depth 47-51 m, local time 0943-1031, 10 April 
1992 (1 Ç, 2 SS)', 26°14.5' N, 127°32.0' E, depth 52-53 m, 
local time 1311-1328, 18 November 1993 (1 $).
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Fig. 1. Placocalanus longicauda sp. n., female (A, B, D-F, H, I: holotype; C, G: paratype). A. Habitus, dorsal view. 
B. Habitus, lateral view. C. Prosome, lateral view, anvil-like basal process o f  leg 1 indicated by large arrow, round coxal 
process by small arrow. D. Genital double-somite, dorsolateral view, seminal receptacle arrowed. E. Rostrum. F. Labrum 
and antenna. G. Basal setae o f  antenna. H. Mandibular gnathobase. I. Mandibular palp. Scales in mm.

T y p e s . Holotype: 1 $ , body length 0.46 mm collected on 14 
May 1991, dissected and mounted on glass slides. Reg. no. CBM- 
ZC 2517. Paratypes: 1 $  collected on 10 April 1992, body length 
0.48 mm, dissected and mounted on glass slides; 2 ç?c? collected 
10 April 1992, body length 0.44 mm, dissected and mounted on 
glass slides; 1 <$ collected on 18 November 1993, body length 
0.44 mm, whole specimen. Reg. nos CBM-ZC 2518-2521.

E t y m o l o g y .  The new  specific nam e longicauda  (Latin  
longus  m ean ing  long, cauda  m ean ing  ta il)  refe rs  to  its 
elongate caudal rami.

F e m a l e . Body (Fig. 1A-C)laterally compressed; fourth 
and fifth pedigerous somites incompletely fused, with dis­
tinct suture laterally. Rostrum (Fig. IE) movable at base, 
rounded at tip, constricted at mid-length. Posterior end of 
prosome rounded in lateral view. Labrum (Fig. IF) with 
medial swelling and lateral pair of minute prominences. 
Urosome 4-segmented, slender; genital double-somite 
slightly produced ventromedially, with small genital oper­
culum medially ; seminal receptacle (Fig. ID) elongate, coiled 
terminally; second urosoma! somite as long as genital double­
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somite, third somite longest with posterior margin stri­
ated; anal somite almost completely telescoped into pre­
ceding somite; caudal rami symmetrical, relatively long, 
about 4 times longer than wide; caudal anterolateral seta 
minute; subterminal outermost seta chitinized; subter­
minal dorsal seta relatively short.

Antennule (Fig. 2A) 22-segmented, reaching posteri­
orly to near posterior end of first pedigerous somite; 
first segment flattened, with distal margin expanded pos­
teriorly to form triangular acutely pointed process. Fu­
sion pattern and armature element as follows: I-IV-7 + 2 
aesthetascs (only base of aesthetasc illustrated in Fig. 
2A), V-2, VI-3, VII-2, VIII-2, IX-2, X-XI- 4, XII-2 (one 
seta missing in Fig. 2A), XIII-2, XIV-2, XV-XVI-2 + 
aesthetasc, XVII-2, XVIII-2, XIX-2, XX-2, XXI-3, 
XXII-1, XXIII-1, XXI V-l + 1,XXV-1 + 1,XXVI-1 + 1, 
XXVII-XXVIII-5. Aesthetasc on compound segment 
XV-XVI extremely elongate and thick.

Antenna (Fig. 1F,G): coxa with minute inner seta termi­
nally ; basis bearing 2 inner apical setae of unequal lengths. 
Endopod incompletely 3-segmented with suture of termi­
nal 2 segments visible only on one surface, first segment 
with 2 inner medial setae, second with 2 inner and 6 sub- 
terminal and terminal setae, third with 7 setae (one seta 
missing in Fig. IF) terminally and spinular rows. Exopod 
incompletely 8-segmented, second and third almost fused, 
first to seventh segments each having inner seta, terminal 
segment with 1 medial and 3 terminal setae, its outer distal 
corner protruded. M andibular gnathobase 
(Fig. IF!) heavily chitinized, with 9 cusps, the ventralmost 
one largest. Mandibular palp (Fig. II): basis with 4 mar­
ginal setae, terminal one with its basal part chitinized and 
incompletely fused to basis; endopod 2-segmented, proxi­
mal segment bearing 4 terminal setae, apical segment 10 
setae terminally; exopod 4-segmented, first to third seg­
ments each bearing inner seta terminally, terminal segment 
small with 3 setae of unequal lengths.

Maxillule: praecoxal arthrite (Fig. 2B) with 2 spiniform 
prominences and 13 setae, 2 of which heavily chitinized; 
coxal endite (Fig. 2B) with 3 short setae; coxal epipodite 
(Fig. 2C) with 3 short and 6 thick setae; first and second 
basal endites (Fig. 2C) having 3 and 5 setae, respectively; 
basal epipodite (Fig. 2C) bearing minute seta; endopod 
(Fig. 2C) 2-segmented, proximal with 2 middle and

3 terminal setae, apical with 5 setae; exopod (Fig. 2C) 
lamellar, bearing 10 setae and unique V-shaped process. 
Maxilla (Fig. 2D): first and second coxal and basal endites 
each with 3 setae; endopod segments almost fused, with 
8 setae in total. Maxilliped (Fig. 2E): syncoxa stout, 4 
endites bearing 1, 1,3 (missing in Fig. 2E) and 4 setae, 
respectively; basis with serrate plate along inner margin 
and 3 setae subterminally; endopod distinctly 6-seg- 
mented, with setal formula of 2, 2, 2, 2 ,2  + 1,4.

Setation and spinulatum of legs 1-4 presented in Table 1. 
Leg 1 (Fig. 2F,G): coxa with proximal rounded process on 
posterior surface (not figured in Fig. 2F) and outer middle 
spinules; basis having large, proximally directed process 
on posterior surface, reaching to proximal end of coxa and 
serrated along length (indicated by arrow in Fig. 2F, G); 
endopod 2-segmented, first segment unarmed, with long 
distal process reaching to almost half second segment, 
second tapering distally, bearing 3 setae along inner medial 
margin; exopod 3-segmented, first segment with 2 small 
irregular processes on anterior surface, third slender. Leg 2 
(Fig. 2F1): both rami 3-segmented, first exopod segment 
with outer distal process longer than outer spine. Third 
endopod segments of legs 3 (Fig. 21, J) and 4 (Fig. 2K) 
each with outer middle prominence. Leg 3: basis with medial 
row of minute spinules along distal margin and outer minute 
seta; first exopod segment with outer spinule proximally, 
second with long outer distal process, third bearing 2 outer 
spines and scar which possibly represents position of 
m iddle outer spine (indicated by arrow  in 
Fig. 2J). Leg 4: third exopod segment with 3 outer spines. 
Leg 5 (Fig. 2L): basis produced into outer distal process; 
both rami 3-segmented; first and second endopod seg­
ments unarmed, third segment with 2 setae of equal length 
terminally; third exopod segment bearing 2 small outer, 
1 serrate terminal and 1 large inner spines plus 2 inner setae.

M a 1 e . Body (Fig. 3 A) similar to that of female, but smaller. 
Urosome 5-segmented, genital somite short, penultimate 
urosomal somite longest; anal somite shortest and almost 
concealed by preceding somite as in female.

Right antennule (Fig. 3B) 21 -segmented, geniculate be­
tween segments 16 and 17; compound segment I-IV as in 
female. Armature element and fusion pattern as follows:

Fig. 2. Placocalanus longicauda sp. n., female (A-C, E-L: holotype; D: paratype). A. Antennule, posterior surface. B. Maxillulary 
praecoxal arthrite and coxal endite. C. M axillulary coxa, basis and rami. D. Maxilla. E. Maxilliped, three elements on third syncoxal 
endite missing. F. Leg 1, anterior surface, anvil-like basal process arrowed. G. Basis and endopod o f leg 1, anvil-like basal process 
arrowed. H. Leg 2, anterior surface. I. Leg 3, posterior surface. J. Exopod of leg 3, anterior surface, scar o f  middle spine arrowed. 
K. Leg 4, anterior surface. L. Leg 5, anterior surface. Scales in mm.
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XV-XVI,
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Fig. 3. Placocalanus longicauda  sp. n., m ale (paratype). A. Habitus, lateral view. B. Right antennule, anterior surface, 
segm ent X X V  arrow ed. C. R ight leg 5, an terio r surface. D. L eft leg 5, an terio r surface. E. Second and third exopod 
segments o f  left leg 5, anterior surface, m inute seta arrowed. Scales in mm.
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1-IV-7 + 2 aesthetascs, V-2, VI-2, VII-2, VIII-2, IX-2, X-2, 
XI-2, Xn-2, Xm-2, XIV-2, XV-XVI-2 + aesthetasc, XVII- 
2, X VIII-2, XIX-2 processes, XX-1 + process, XXI-XXII- 
1+2 processes, XXIII-XXIV-3 + process, XXV-unarmed, 
XXVI-1 + 1, XXVII-XXVIII-5. Sheath present between 
segments XIV and XV-X VI as found in some misophrioid 
and cyclopoid males (cf. H u y s  &  B o x s h a l l  1991, figs 
2.3.3,2.8.5).

Leg 5 (Fig. 3C-E): coxa unarmed; basis sharply pointed 
on outer distal comer, with short seta on posterior surface; 
right basis with minute spinule distally on anterior surface. 
Right leg (Fig. 3C): endopod unarmed, incompletely 
3-segmented, proximal two segments almost fiised on pos­
terior surface, third segment spatulate, originating from 
basal outer portion o f second segment; exopod
2-segmented, first segment with outer flanged spine and 
round lobe distally, second segment truncate terminally, 
with 2 flanged outer spines. Left leg (Fig. 3D,E): endopod
1-segmented, unarmed; exopod 3-segmented, middle seg­
ment bearing flanged outer spine and spatulate inner spine, 
third segment tapering distally and slightly curved in­
ward, with minute seta and curved spiniform process 
along inner basal margin and short pointed process at 
outer midlength, the latter half of the segment flanged on 
both sides.

R e m a r k s .  All the present three new Pacific species 
have only one inner setae on the second endopod seg­
ment o f legs 3 and 4 while the Atlantic species, 
Placocalanus insularis and P. nannus have 2 setae on 
the same segment. In addition, the antennule is 22-seg- 
mented in females of the new Pacific species and 23 in 
the Atlantic species. In males the right antennule is 21- 
segmented in the Pacific species and 20 in the Atlantic 
species. The new species is distinguishable from the 
other Pacific species described below in: ( 1 ) the rostrum 
rounded at tip; (2) the elongate caudal rami; (3) the coiled 
seminal receptacle of female; (4) the proximally directed 
serrated basal process of leg 1; (5) the 2-segmented 
endopod of leg 1, with the first segment strongly pro­
duced on outer distal comer; (6) the third exopod seg­
ment of leg 3 with only 2 outer spines in both sexes; (7) 
the endopod of the female leg 5 without inner setae; (8) the 
third exopod segment of the female leg 5 with 2 inner 
setae; (9) the endopod o f leg 5 o f female
3-segmented, first and second segments unarmed, third 
with2 terminal setae; (10)the second exopod segment of 
the male right leg 5 without a scythe-like inner process 
proximally; (11) the endopod of the male right leg 5 
unarmed.

Table 1. Setation and spinulation o f legs 1-4 of the three new species o f  Placocalanus. 
Bold letters mean differences between species.

Species Leg Coxa Basis Exopod 
1 2 3

Endopod 
1 2 3

P. longicauda 1 0-1 1-0 1-0; 1-1 II, I, 3 0-0; 0, 0, 3
2 0-1 0-0 1-0; 1-1 II, I, 4 0-1; 0-1; 1 ,2 ,2
3 0-1 1-0 1-0; 1-1 II, I, 4 0-1; 0-1; 1 ,2 ,3
4 0-1 1-0 i- i; 1-1 III, I, 4 0-1; 0-1; 1 ,2 ,2

P. inermis 1 0-0 1-1 1-0; 1-1 II, I, 2 0, 0 ,3
2 0-0 0-0 1-0; 1-1 II, I, 4 0-0; 0-1; 1 ,2 ,2
3 0-0 0-0 1-0; 1-1 III, I, 4 0-1; 0-1; 1 ,2 ,3
4 0-0 1-0 1-0; 1-1 III, I, 4 0-1; 0-1; 1 ,2 ,2

P. brevipes 1 0-1 1-0 1-0; 1-1 II, I, 3 0, 0 ,4
2 0-1 0-0 1-0; 1-1 II, I, 4 0-1; 0-1; 1 ,2 ,2
3 0-1 1-0 i- i; 1-1 III, I, 4 0-1; 0-1; 1 ,2 ,3
4 0-1 1-0 1-1; 1-1 III, I, 4 0-1; 0-1; 1 ,2 ,2



254 Sarsia  81 :247-263 -  1996

Fig. 4. Placocalanus inermis sp. n., female (holotype). A. Habitus, dorsal view. B. Habitus, lateral view. C. Rostrum. 
D. Genital double-somite, ventral view, seminal receptacle arrowed. E. Antennule. Scales in mm.

Placocalanus inermis sp. n. (Figs 4-6)

M a t e r i a l  e x a m i n e d .  3 2 2  & 1 <$. Sandy bottom  o ff 
Nagannu Island, Okinawa, South Japan (26°14’N, 127°33’E), 
depth 47-51 m, local tim e 0943-1031, 10 April 1992.

T y p e s .  Holotype: 1 Ç, body length 0.45 mm, dissected and 
mounted on glass slides. Reg. no. CBM-ZC 2522. Paratypes: 
1 Ç, body length 0.47 mm, dissected and mounted on glass 
slides. 1 $ , body length 0.48 mm, whole specimen; 1 $ ,  body 
length 0.49 mm, rostrum, right antennule and leg 5 detached

and mounted on glass slides, prosome and urosome in vial. 
Reg. nos CBM-ZC 2523-2525.

E ty m o l o g y .  The specific nam e inerm is (Latin, m eaning 
unarm ed) refers to  the basis o f  leg 1 w ithout a  proximally 
directed large process.

F e m a l e .  Body (Fig. 4A, B) similar to P. longicauda, 
but stouter and thicker. Rostrum (Fig. 4C) sharply pointed 
at tip, movable basally. Posterior end of prosome bi~ 
lobed in lateral view, reaching to anterior part o f genital
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operculum. Urosome: genital double-somite (Fig. 4D) slightly 
produced ventromedially, widest at a part of anterior one- 
fourth; seminal receptacle (arrowed) small, finger-like; sper- 
matophore sausage-like, ca. 0.29 mm, coupling devise cov­
ering the whole somite; genital operculum (Fig. 4D) located 
ventromedially, slightly asymmetrical; second urosomal 
somite shorter than genital double-somite, third subequal to 
genital double-somite with striated rounded process 
dorsoposteriorly ; anal somite almost completely telescoped 
into preceding somite; caudal rami symmetrical, relatively 
short, longerthan wide, with7 setae; anterolateral seta minute; 
subterminal outermost seta short, stout; terminal setae plu­
mose, second innermost seta longest and as long as urosome; 
subterminal dorsal seta short.

Antennule (Fig. 4E) 23-segmented, reaching posteriorly to 
near posterior end of first pedigerous somite; first segment 
flattened as in P. longicauda, with posterior distal comer 
sharply pointed and with notch on inner side; fusion pattem 
and armature element as follows: I-I V-7+2 aesthetascs (only 
base of aesthetasc illustrated inFig. 4E), V-2, VI-1 + aesthetasc, 
VII-2, VIII-2, IX-2, X-2 + aesthetasc, XI-2, Xfl-2, XflI-2, 
XFV-2, XV-XVI-2 + aesthetasc, XVfl-2, XVIfl-2, XIX-2,
xx-2, xxi-3, x x n -i, x x m -i, xx iv -i + 1, xx v -i + 1,
XXVI-l + l,XXVII-XXVin-5. Aesthetasc on segments VI, 
X, and XV-XVI elongate.

Antennata maxilliped (Fig. 5A-G) essentially similar 
to those of P. longicauda, with the following features 
unique to P. inermis. Antenna (Fig. 5A, B): second 
endopod segment lacking subterminal row of spinules; 
terminal exopod segment not as protmded distally as in 
P. longicauda. Mandible (Fig. 5C, D): terminal seta of 
basis completely free from the segment. Maxillule (Fig. 
5E): praecoxal arthrite with 9 spiniform and 4 fine setae 
and 3 low pointed prominences; coxal exite bearing 
digitiform process subterminally (indicated by large ar­
row); exopod with square process subterminally (indi­
cated by small arrow). Maxilla (Fig. 5F) and maxilliped 
(Fig. 5G) with the same segmentation and setation as in 
P. longicauda.

Setation and spinulation in legs 1 - 4 shown in Table
1. Leg 1 (Fig. 5E1,1): coxa unarmed; basis lacking large, 
proximally directed process, with minute seta on in­
ner distal comer; endopod 1-segmented, spiniform, 
with 3 inner setae of unequal lengths medially; exopod
3-segmented, slender, third exopod segment with only 
2 inner setae. Leg 2 (Fig. 5J): coxa with row of setules 
near inner medial margin; basis unarmed; first endopod 
segment lacking inner seta. Leg 3 (Fig. 5K): first exopod 
segment w ithout outer spinule proxim ally; third 
exopod segment having 3 outer spines. Leg 4 (Fig. 
5L): first exopod segment without inner seta. Leg 5 
(Fig. 5M, N): endopod 3-segmented, first and second 
segments each with stout spiniform seta at inner dis­
tal corner, third segment with spiniform inner seta and

2 terminal setae; first and second exopod segments with 
short thick spiniform seta on inner distal comer, third 
segment bearing 2 outer, 1 terminal and 1 inner spines.

Ma l e .  Body (Fig. 6A) similar to that of the female; 
relatively large spermatophore visible in prosome, com­
pared with that of P. brevipes (see Fig. 7A). Rostrum 
sharply pointed as in female.

Right antennule (Fig. 6B) basically similar to that of 
P. longicauda. First compound segment with posterior 
distal comer having notch as in female. Fusion pattern 
and armature element basically similar to those of P. 
longicauda. I-IV-7 + 2 aesthetascs, V-2, VI-2 + aesthetasc, 
VII-2, VIII-2, IX-2, X-2 + aesthetasc, XI-2, XII-2, XIII-2, 
XIV-2, XV-XVI-2 + aesthetasc, XVII-2, XVIII-2, XIX-2 
elements (setae or processes), XX-1 + process, XXI-XXII- 
2 + process, XXIII-XXIV- 4 + process, XXV (arrowed) - 
unarmed, XXVI-1 + 1, XXVII-XXVIII-5 + aesthetasc. 
Aesthetasc on segments VI, X, and XV-XVI elongate as in 
female. Spinulose seta on segment XIII swollen proximally. 
Compound segment XXI-XXII with fine middle seta in­
stead of chitinized process as found in male P. longicauda.

Left leg 5 (Fig. 6C): endopod 2-segmented, first seg­
ment small, unarmed, second produced into acute pro­
cess terminally, with lamellar process proximally and 2 
subequal plumose setae terminally; exopod 3-segmented, 
first segment with semicircular lamellar process along 
distal margin, second produced into bifurcated process 
at inner distal comer, third with 1 minute and 1 spiniform 
seta along inner margin and minute pointed process at 
outer midlength. Right leg 5 (Fig. 6D): basis with minute 
sharply pointed prominence at base of endopod and slightly 
larger prominence located near inner distal comer; endopod
2-segmented, first segment unarmed, curved outward at in­
ner distal end, second expanded proximally, bearing
1 inner spine and 2 terminal plumose setae of equal length; 
exopod 2-segmented, second segment having large curved 
process and 1 inner seta proximally, 1 middle and
2 terminal flanged spines.

R e m a r k s . This new species is readily discernible from 
other congeners in: ( 1 ) antennulary compound segment I-I V 
of both sexes with posterior distal comer indented; 
(2) antennulary segments VI and X of both sexes each with 
1 large aesthetasc; (3) basis of leg 1 without anvil-like pro­
cess; (4) leg 1 with 1-segmented endopod bearing 3 inner 
setae; (5) third exopod segment of leg 1 with 2 inner setae; 
(6) coxal and basal setae absent on legs 2 and 3; (7) first 
exopod segment of leg 4 lacking inner seta; (8) stout spiniform 
setae on endopod of female leg 5; (9) third exopod segment 
of female leg 5 armed with only 4 spines; (10) third exopod 
segment of right leg 5 of male with 3 spines; (11) endopod of 
left leg 5 of male with2 terminal setae and subterminal spine.
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Fig. 5. Placocalanus inermis sp. n., female (A-F, H-N: holotype; G: paratype). A. Antennary coxa, basis and endopod. 
B. Antennary exopod. C. Mandibular gnathobase. D. Mandibular palp. E. Maxillule. F. Maxilla. G. Maxilliped. H. Leg 1, 
anterior surface. I. Endopod o f  leg 1. J. Leg 2, anterior surface. K. Leg 3, anterior surface. L. Leg 4, posterior surface. 
M. Leg 5, posterior surface. N. Endopod of leg 5. Scales in mm.
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Fig. 6. Placocalanus inermis sp. n., male (A-D: paratype). A. Habitus, lateral view. B. Right antennule, segment XXV arrowed. 
C. Left leg 5, posterior surface. D. Right leg 5, posterior surface. Scales in mm.
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Placocalanus brevipes sp. n. (Fig. 7)

M a t e r i a l  e x a m in e d .  3 S S  ■ Sandy bottom off Nagannu 
Island, Okinawa, South Japan (26° 14' N, 127°33' E), depth 
47-51 m, local tim e 0943-1031, 10 A pril 1992.

T y p e s .  Holotype: 1 S , body length 0.38 mm, dissected 
and m ounted  on g lass slides, Reg. no. C B M -ZC  2526; 
paratypes: 2 SS,  body length 0.38 and 0.39 mm, w hole 
specimens. Reg. no. CBM -ZC 2527.

E t y m o l o g y .  The new  sp ec ific  nam e brevipes  (L atin  
brevis m eaning short, pes  m eaning foot) refers to the rela­
tively short third exopod segment o f  left leg 5 o f  the male.

Ma l e .  Body (Fig. 7A) similar to that of Placocalanus 
inermis in having relatively short caudal rami, but much 
smaller than the latter; sausage-like spermatophore vis­
ible in posterior part of prosome. Rostrum (Fig. 7B) 
bluntly pointed at tip.

Right antennule (Fig. 7C) 21-segmented, geniculate 
between segments 16 and 17; segments I-I V as in female 
of P. longicauda. Fusion pattern and armature elements 
essentially similar to those of P. longicauda. I-IV-7 + 2 
aesthetascs (only base of aesthetasc illustrated in Fig. 
1C), V-2, VI-2, VII-2, VIII-2, IX-2, X-2, XI-2, XII-1, 
XIII-2, XIV-2, XV-XVI-2 + aesthetasc, XVII-2, XVIII- 
2, XIX-1 + 2 processes, XX-1 + process, XXI-XXII-1 
+ 2 processes, XXIII-XXIV-3 + process, XXV 
(arrowed)-unarmed, XXVI-1 + 1, XXVII-XXVIII-5. 
Because of its small size, it was difficult to dissect the 
antenna and mouthpart appendages without damages. 
However, following features were found to differ fromP. 
longicauda. ( 1 ) terminal exopod segment of antenna with 
transverse row of relatively long spinules subterminally; 
(2) outer process of maxillulary exopod tapering distally 
and not bifurcated at tip.

Setation and spinulation of legs 1- 4 are shown in Table
1. Leg 1 (Fig. 7D): large, proximally directed basal process 
present, with minute hook at base and smooth outer mar­
gin unlikeP. longicauda (Fig. 2G); endopod 1-segmented, 
with suture visible on proximal outer portion, tapering 
distally, bearing 4 setae of unequal lengths along inner 
margin. Leg 2 (Fig. 7E): outer distal processes of second 
endopod and first exopod segments not as protruded as 
those of P  longicauda. Leg 3 (Fig. 7F): minute seta present 
on inner distal comer of first exopod segment; third exopod 
segment with 3 outer spines. Leg 4 (Fig. 7G, H): first and

second endopod segments completely coalescent on pos­
terior surface. Leg 5 (Fig. 71): coxa unarmed. Right leg: 
basis with 2 pointed processes on inner distal comer, minute 
seta on posterior surface and spinular row on anterior 
surface; endopod 2-segmented, first segment unarmed, 
swollen proximally, produced into rounded lobe reaching 
beyond second segment, second massive, with 1 plumose 
seta apically ; exopod 2-segmented, first segment with large 
outer process and outer distal spine, second segment ex­
panded, with 2 stout outer spines, inner middle seta, round 
apex and well-developed U-shaped inner proximal pro­
cess. Left leg: basis with stout process and minute seta on 
posterior surface; endopod 2-segmented, unarmed, first 
small, second elongate, nearly reaching the distal end of 
second exopod segment; exopod 3-segmented, second with 
stout outer spine and bulb-like inner distal process, third 
small, with 2 inner setae of unequal lengths and terminal 
spine.

F e ma l e .  Unknown.

R e m a r k s .  The new species is similar to P. inermis in 
that both species have relatively short caudal rami. This 
species is separated from P. inermis by the following 
features of the legs: (1) the presence of a proximally 
directed basal process of leg 1; (2) the different setation 
in the endopod of leg 1 (see Table 1); (3) the presence of 
an inner seta on the first exopod segments of legs 3 and 4; 
(4) fusion on posterior surface of the first and second 
endopod segments of leg 4.

In Harpacticoida sexual dimorphism in the segmenta­
tion and setation is commonly found in legs other than 
leg 5, whereas in Calanoida this is rare. Exceptionally, leg 
4 exhibits sexual dimorphism in some species of the 
hyperbenthic calanoid family Pseudocyclopiidae 
(O htsuka 1992). The differences of the legs certainly 
make its separation from P. inermis reasonable.

DISCUSSION

As F osshagen (1970) suggested, Placocalanus can be as­
signed to the family Ridgewayiidae solely based on the 
structures of the female genital double-somite, which has a 
single genital operculum ventromedially or laterally, and 
the exopod of leg 5 of the female, in which the third exopod

Fig. 7. Placocalanus brevipes sp. n., male (holotype). A. Habitus, lateral view. B. Rostrum. C. Right antennule, segment XXV arrowed. 
D. Basis and endopod of leg 1, anterior surface. E. Leg 2, anterior surface. F. Leg 3, posterior surface. G. Leg 4, anterior surface, inner 
setae on third exopod segment omitted. H. Third exopod segment of leg 4 .1. Leg 5, posterior surface. Scales in mm.
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segment is constricted basally and set into a narrowed 
socket on the inner side of the second segment (W ilso n  
1958; F osshagen  1970; F o ssh a g e n & Ilie fe  1991). Although 
the former character is convergently shared by many other 
calanoid families, the latter is unique to this family, and 
seems to be the only synapomorphic character to accom­
modate the four genera. These genera exhibit markedly 
different morphologies, and seem to live in microhabitats 
on or close to the bottom. Ridgewayia is reported to be 
loosely associated with cnidarians, corals and, possibly, 
other invertebrates and often in swarms (H um es &  Sm ith 
1974; F o s s h a g e n & I l if f e  1 9 9 1 ;F e r ra r i  1995 ) . Exumella 
was collected at 5-15 m depths close to bottom in oxygen- 
depleted water, and from marine caves (F o ssh a g en  1970; 
G ra h a m e  1 979 ; F o s s h a g e n  &  I l i f f e  1991 ; Jaum e &  
B o x s h a l l  1995) while Brattstromia is only taken in ma­
rine caves (F o ssh a g en  &  I l if f e  1991). Since these three 
genera have relatively long antennules reaching at least to 
the prosomal end, they are most certainly free-swimmers 
near sediments or in the vicinity of associated inverte­
brates like some hyperbenthic species of Stephos with 
long symmetrical antennules (O h tsu k a  &  H irom i 1987). 
In contrast to these ridgewayiids, Placocalanus with its 
flattened body and the short specialized antennules may 
temporarily borrow into sediments.

The relationship of Placocalanus to the family is enig­
matic. The extremely specialized characters of body, an­
tennule, and leg 1 of the genus conceal its relationship to 
the family. However, several possible synapomorphies 
are shared between Placocalanus and Ridgewayia', (l)the 
spiniform terminal outermost caudal seta; (2) the terminal 
exopod segment of the right leg 5 of the male truncate or 
rounded, with 2 flanged outer spines; (3) the endopods of 
legs 5 of the male unarmed or bearing a few elements. No 
filaments on the rostrum are found in these two genera and 
Brattstromia, but in the former two genera the tip is sharply 
or bluntly pointed whereas in the latter bifurcated. Since 
ridgewayiids are abundant in shallow-water caves in sub­
tropical areas (Y eatman 1969; F osshagen &  I liffe 1991), 
future discoveries of new taxa may clarify the relation­
ships between the genera in the family.

The numerous autapomorphic characters found in the 
strongly modified antennule and leg 1 of Placocalanus 
may have been secondarily evolved for the adaptation to 
a demersal life. F osshagen (1 9 7 0 ) pointed out that these 
unique characters are in common with some benthic 
harpacticoids. The laterally compressed prosome and 
the triangular expanded plate of the antennule of 
Placocalanus  are rem iniscent o f the epibenthic 
harpacticoid family Tegastidae (cf. L ang 1965). Although 
the function of these compressed bodies is not fully dis­
closed yet, it seems that they can readily burrow into 
narrow space or loose sediment (not interstitial space).

The triangular expanded plate of the antennule of 
Placocalanus may functionally correspond to the lateral 
expansion of céphalothorax of the Tegastidae in protect­
ing delicate mouthparts.

F osshagen (1 9 7 0 ) speculated thatthe modified leg 1 of 
Placocalanus is adapted for digging or clinging to the 
substrate. Recently D ahms &  P otter  ( 1992) and D ahms 
(1 9 9 3 ) have found extreme modifications in legs 1 of the 
harpacticoid burrowers, Talpina and Metahuntemannia 
for digging: (1 ) the development and compactness of the 
exopod; (2) heavily chitinized, stout outer spines on the 
exopod; (3 ) the reduction of the endopod. Such a ten­
dency as in these harpacticoids can be only weakly rec­
ognized in Placocalanus, suggesting that Placocalanus 
is a temporary burro wer into loose sediment. Since sexual 
dimorphisim is not found in the leg 1 of Placocalanus, 
its modification is not related to mating behaviour.

The present study reveals that the genus Placocalanus 
exhibits a wide variety of ornamentation, segmentation 
and setation/spinulation in the legs, and in particular, in 
the endopods of legs 1 and 5. Usually the segmentation 
and, to less extent, the armature elements of legs 1- 4  are 
relatively constant within a calanoid family (e.g. 
Arietellidae, see O htsuka & al. 1994). The variable seg­
mentation of the legs and the presence and absence of the 
large, proximally directed basal process in leg 1 may re­
flect their different reliance to the sediment. In legs 2 - 4 
of the Pacific species there are reductions in setation as 
follows: (1 ) third exopod segments bearing 4  inner setae 
in the Pacific species and 5 in the Atlantic ones; (2 )  sec­
ond endopod segments of legs 3 and 4  carrying 1 seta in 
the Pacific species and 2  in the Atlantic ones. The num­
ber of setae on the third exopod and the second endopod 
segments of legs 3 and 4  are used by both A ndronov 
(1 9 7 4 ) and P ark  (1 9 8 6 ) to separate superfamilies. The 
present finding weakens the validity of these characters 
as diagnostic for the superfamilies.

The coexistence of several congeners of demersal 
calanoid copepods is commonly found not only in shal­
low-water but also in deep-water families (Table 2). The 
three new species of Placocalanus in the Pacific and the 
two species in the Atlantic each occurred simultaneously 
at the same locality (F osshagen 1970; present study). 
This tendency is apparent, in particular, in the families 
Pseudocyclopidae and Stephidae. Jacoby &  G reenwood 
(1991) reported on the coexistence of up to eight species 
of Stephos. Such a high diversity of sympatric congeners 
has also been found in Pseudocyclops in subtropical 
waters in the Bahamas (F osshagen 1968) and Japan (S. 
Ohtsuka pers. obs.). F osshagen (1 9 6 8 ) suggested that 
different microhabitat preference can make possible the 
sympatry of several species of Pseudocyclops', interstices 
of filamentous algae attached to the lower parts of turtle
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grasses; open sandy bottom; interstitial space etc. This 
is also supported by the suggestion that two parapatric 
shallow-water species of Paramisophria exhibit different

zonations at the same locality (O htsuka &  M itsuzumi 
1991). Generally a high variability of benthic environ­
ments may allow the coexistence of several congeners.

Table 2. Coexistence o f congeners o f demersal calanoid copepods.

Family Genus Specific name Locality
(depth)

Reference

Aetideidae
Bradyidius dentatus, spinibasis New Zealand slope 

(1697-1690 m)
Bradford (1969)

Pseudeuchaeta flexuosa, magna New Zealand slope 
(1697-1690 m)

Bradford (1969)

Arietellidae
M etacalanus spp. Ryukyu Islands, 

Japan (167 m)
Ohtsuka & al. (1994)

Paramisophria japonica, sp. Ryukyu Islands, 
Japan (167 m)

Ohtsuka & al. (1991)

Diaixidae
Anawekia robusta, bilobata G ulf o f Carpentaria, 

Australia
Othman & Greenwood (1994)

Phaennidae
Xanthocalanus macilenta, rotunda O ff Woods Hole, U.S.A. Grice & Hulsemann (1970)

obtusus, pinguis Northwestern Atlantic 
(1500m)

Grice (1973)

Pseudocyclopidae
Pseudocyclops cokeri, paulus, 

rostratus, rubrocinctus
Magüeyes Island, 

Puerto Rico
Bowman & Gonzalez ( 1961 )

bahamensis, cokeri, 
lerneri, oliveri, 

rostratus, rubrocinctus, 
spinulosus, spp.

Bahamas (3-9 m) Fosshagen(1968)

spp. Laccadives, India Madhupratap & al. (1991)
spp. Heron Reef, Australia 

(0.75-5.5 m)
Jacoby & Greenwood (1988)

spp. Ryukyu Islands, Japan S. Ohtsuka (pers. obs.)
Pseudocyclopiidae

Pseudocyclopia giesbrechti, crassicornis Korshavn, Norway 
(ca 108 m)

Sars(1921)

insignis, stephoides Cape Blanc, Mauritania (20 m) Andronov (1986)
spp. Ryukyu Islands, Japan S. Ohtsuka (pers. obs.)

Ridgewayiidae
Placocalanus brevipes, inermis, 

longicauda
Ryukyu Islands, 

Japan
Present study

insularis, nannus Conception Island, 
Bahamas (12-45 m)

Fosshagen (1970)

Ridgewayia gracilis, 
schoemakeri, sp.

Florida, U.S.A. W ilson (1958)

Stephidae
Stephos pacificus, robustus Middle Japan (6 m) Ohtsuka & Hiromi (1987)

tropicus, spp. Heron Island, Australia 
(0.75-3.75 m)

Jacoby & Greenwood (1991)

morii, spp. Moreton Bay, Australia 
(0.7-3.5 m)

Jacoby & Greenwood (1991)
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Key to genera ofthe family Ridgewayiidae
1 . Body extremely compressed laterally; antennule with triangular expanded plate proximally, short, reaching, at most, 

to first pedigerous som ite..............................................................Placocalanus O htsuka, F osshagen & Soh , 1996
- Body not compressed laterally; antennule without triangular expanded plate proximally, reaching to or beyond end 

of prosome ....................................................................................................................................................................2
2. Rostrum with pair of filaments; maxilliped powerfully developed, endopod with 2 extremely elongate setae......

............................................................................................................................................ Exumella F osshagen, 1970
- Rostrum without filaments; maxilliped endopod without extremely elongate setae ............................................3

3. Rostrum bifurcated at tip; maxilliped endopod bearing modified setae with comb-like t i p ..................................
...................................................................................................................................... Brattstromia F osshagen, 1991

- Rostrum produced downwards to rounded or pointed tip; maxilliped without modified se tae............................
 Ridgewayia T hompson &  S cott, 1903

Key to species o f  Placocalanus
1. Four setae on inner side of third exopod segments of legs 2-4; second endopod segments of legs 3 and 4 with 1 seta 

 2
- Five setae on inner side of third exopod segments of legs 2-4; second endopod segments of legs 3 and 4 with 2 setae 

......................................................................................................................................................................................... 4
2. Endopod of leg 1 2-segmented; right exopod segment of male leg 5 without distinct inner process proximally ..

........................................................................................................................................................ P. longicauda sp. n.
Endopod of leg 1 1-segmented; right exopod segment of male leg 5 with curved or irregular process................. 3

3. Basis of leg 1 with large, proximally directed process; 3 aesthetascs on right antennules of male P brevipes sp. n.
- Basis of leg 1 without large, proximally directed process; 5 aesthetascs on right antennule of male P. inermis sp. n.

4. Endopod of leg 1 3-segmented; terminal, second innermost caudal seta of female not modified; in male distal process 
on second segment from geniculation not reaching to antennulary t i p  P insularis F o s s h a g e n , 1970

- Endopod of leg 1 1 -segmented; terminal, second innermost caudal seta of female broadened; in male distal process
on second segment from geniculation flattened distally, extending beyond antennulary t ip ..................................
............................................................................................................................................. P. nannus F o s s h a g e n , 1970

ACK N O W LED G M EN TS

We express our sincere thanks to Drs G.A. B oxshall, K. 
Fauchald, P. Tubbs, S. Kubota, and E. Willassen for their com­
ments on The International Code o f  Zoological N om encla­
ture. This work was in part supported by a grant o f Fujiwara 
Natural History Foundation awarded to the first author.

REFERENCES

Andronov, V.N. 1974. Phylogenetic relation  o f  large taxa 
within the suborder Calanoida (Crustacea, Copepoda).
-  Z oologischeskii Zhurnal 53:1002-1012.

—  1986. Bottom Copepoda in the area o f Cape Blanc (Is­
lamic Republic o f  M auritania) 2. The family 
Pseudocyclopiidae. -  Zoologischeskii Zhurnal 65:295-298. 

Bowman, T. E. & J.G. Gonzalez 1961. Four new species o f 
P seudocyclops  (Copepoda: Calanoida) from  Puerto 
Rico. -  P roceedings o f  the U nited States N ationa l 
M useum  113:37-59.

B oxshall, G.A. & T.M. Iliffe  1986. N ew  cave-dw elling  
m isophrioids (Crustacea: Copepoda) from Bermuda.
-  Sarsia  71:55-64.

Bradford, J. 1969. New genera and species o f benthic calanoid 
copepods from the New Zealand slope. -  The New Zealand 
Journal o f  Marine and Freshwater Research 3:473-505.

D ahm s, H .-U . 1993. M e io fau n au n te rsu ch u n g en  in der 
H ochantarktis. -  N a tur und M useum  123:1-13

Dahms, H.-U. & M. Pottek 1992. Metahuntemannia Smimov, 
1946 and Talpina gen. nov. (Copepoda, Harpacticoida) 
from the deep-sea of the high Antarctic Weddell Sea with 
a description o f eight new species. -  Microfauna Marina 
7:7-78.

Ferrari, F.D. 1995. Six copepodid stages o í Ridgewayia klausruetzleri, 
a new species o f copepod crustacean (Ridgewayiidae: 
Calanoida) from the barrier reef in Belize, with comments 
on appendage development. -  Proceedings o f  the Biologi­
cal Society o f  Washington 108:180-200.

Fosshagen, A. 1968. M arine b io log ical investigations in 
th e  B aham as. 4. P se u d o c y c lo p id a e  (C op ep o d a , 
Calanoida) from  the Bahamas. -  Sarsia  32:39-62.

—  1970. Marine biological investigations in the Bahamas. 
15. Ridgewayia (Copepoda, Calanoida) and two new gen­
era o f calanoids from the Bahamas. -  Sarsia 44:25-58.

—  1973. A new  genus and species o f  b o ttom -liv ing  
calanoid (Copepoda) from  Florida and Colombia. -  
Sarsia  52:145-154.



Ohtsuka & al — Three new species o f  demersal calanoid copepods from  southern Japan. 263

Fosshagen, A. & T.M. Iliffe 1985. Two new genera o f Calanoida 
and a new  order o f Copepoda, Platycopioida, from  
marine caves on Bermuda. — Sarsia  70:345-358.

—  1989. Boholina , a new genus (Copepoda: Calanoida)
with two new species from an anchialine cave in the 
Philippines. -  Sarsia  74:201-208.

—  1991. A new  genus o f  calano id  copepod from  an
anch ialine cave in Belize. -  B u lle tin  o f  P lank ton  
Society o f  Japan. Special Volume:339-346.

—  1994. A new  species o f  E reb o n ec tes  (C opepoda,
Calanoida) from marine caves on Caicos Islands, West 
Indies. -  H ydrobio log ia  292/293:17-22.

Graham e, J. 1979. A new  species o f  E xum ella  Fosshagen 
(Copepoda, Calanoida), from  Kingston Harbor, Ja­
maica. -  Crustaceana  36:15-22.

Grice, G.D. 1973. The existence o f a bottom-living calanoid 
copepod fauna in deep w ater w ith  descrip tions o f 
five new  species. -  Crustaceana  23: 219-242.

Grice, G.D. & K. Hulsemann 1970. New species o f bottom- 
living calanoid copepods collected in deepw ater by 
the DSRV Alvin. -  Bulletin M useum o f  Comparative 
Z o o lo g y  139:185-230.

Humes, A.G. & W.L. Smith 1974. Ridgewayia fosshageni n. 
sp. (Copepoda: Calanoida) associated with an actiniarian 
in Panama, with observation on the nature o f the asso­
ciation. -  Caribbean Journal o f  Science 14:125-139.

Huys, R. & G.A. Boxshall 1991. Copepod evolution. -  The 
Ray Society, London. 468 pp.

Huys, R. & S. O htsuka 1993. A n e w  species o f  Syrticola  
W illems & Claeys, 1982 (Copepoda: Harpacticoida) 
from Japan with notes on the type species. -  Bulletin 
o f  the N atural H istory M useum  (Zoology) 59:83-94.

Huys, R., S. Ohtsuka & G A. Boxshall 1994. A new  tantulocaridan 
(C rustacea: M axillopoda) parasitic on calanoid, 
harpacticoid and cyclopoid copepods. -  Publications o f  
the Seto M arine Biological Laboratory 36:197-209.

Jacoby, C.A. & J.G. G reenw ood 1988. Spatial, tem poral, 
and behavioral patterns in em ergence o f  Zooplank­
ton in the lagoon of Heron Reef, Great Barrier Reef, 
A ustralia. -  M arine B io logy  97: 309-328.

—  1991. Species-specific variations in emergence o f  co­
existing Stephos and Pseudodiaptomus (Copepoda: 
Calanoida). -  Bulletin o f  P lankton Society o f  Japan. 
Special Volume:405-418.

Jaume, D. & G.A. Boxshall 1995. A new species o f Exumella 
(Copepoda: Calanoida: Ridgewayiidae) from anchihaline 
caves in the M editerranean -  Sarsia  80:93-105.

Lang, K. 1965. Copepod Harpacticoidea from the Californian 
Pacific coast. -  Kungliga Svenska Vetenskapsakademiens 
Handlingar, Fjärde Serien 10:1-560.

Madhupratap, M., C.T. Achuthankutty & S.R. Sreekumaran 
Nair 1991. Zooplankton of the lagoons o f the Laccadives: 
diel patterns and emergence. -  Journal o f  Plankton Re­
search  13:947-958.

Ohtsuka, S. 1992. Calanoid copepods collected from the near­
bottom in Tanabe Bay on the Pacific coast of the Middle 
Honshu, Japan. IV. Pseudocyclopiidae. Publications o f  
the Seto M arine Biological Laboratory 35:295-301.

Ohtsuka, S. & G.A. Boxshall 1994. Platycopia  orientalis , 
new  species (C opepoda: P latycop io ida), from  the 
North Pacific, with descriptions o f  copepodid stages. 
-  Journal o f  C rustacean B io logy  14:151-167.

Ohtsuka, S., GA. Boxshall & H.S.J. Roe 1994. Phylogenetic rela­
tionships between arietellid genera (Copepoda: Calanoida), 
with the establishment of three new genera. -  Bulletin o f  the 
Natural History Museum (Zoology) 60:105-172.

Ohtsuka, S., A. Fosshagen & A. Go 1991. The hyperbenthic 
ca lano id  copepod  P a ra m iso p h ria  from  O kinaw a, 
South Japan. -  Zoological Science  8:793-804.

Ohtsuka, S. & J. Hiromi 1987. Calanoid copepods collected 
from  the near-bottom  in Tanabe Bay on the Pacific 
coast o f  the Middle Honshu, Japan. III. Stephidae. -  
Publications o f  the Seto M arine B iological Labora­
tory  32:219-232.

Ohtsuka, S., R. Huys, GA. Boxshall & T. Ito 1992. Misophriopsis 
okinaw ensis  sp. nov. (C rustacea: C opepoda) from  
hyperbenthic waters off Okinawa, South Japan, with 
definitions o f  related genera M isophria  Boeck, 1864 
and Stygom isophria  gen. nov. -  Zoological Science 
9:859-874.

O htsuka, S. & C. M itsuzum i 1990. A new  asym m etrical 
n e a r-b o tto m  c a la n o id  co p ep o d , P a ra m iso p h r ia  
p la ty so m a , w ith  observations o f  its in tegum ental 
organs, behavior and in-situ feeding habit. -  Bulletin 
o f  P lankton  Society  o f  Japan  36:87-101.

Ohtsuka, S., H.S.J. Roe & G.A. Boxshall 1993. A n ew  fam ­
ily o f  calanoid copepods, the Hyperbionycidae, col­
lected from  the deep-sea com m unity in the north ­
eastern Atlantic. -  Sarsia  78:69-82.

Othman, B.H.R. & J.G. Greenwood 1994. A new genus with 
three new species o f copepods from the family Diaixidae 
(Crustacea: Calanoida), and a redefinition o f  the fam­
ily. -J o u rn a l o f  Natural H istory  28:987-1005.

Park, T. 1986. Phylogeny of calanoid copepods. -  Syllogeus 
58 :191-196 .

Sars, GO. 1921. Copepoda, Supplement. — A n account o f  the 
Crustacea o f  Norway 7:1-121, Bergen Museum. Bergen 76 
pis.

Wilson, M.S. 1958. Areview  o f the copepod genus Ridgewayia 
(Calanoida) with descriptions o f new species from the 
Dry Tortugas, Florida. -  P roceedings o f  the United 
States N ational M useum  108:137-179.

Yeatman, H.C. 1969. A redescription o f copepod, Ridgewayia 
marki, with description o f an unusual specimen. -  Jour­
nal o f  the Tennessee Academ y o f  Science 44:7-10.

Accepted 26 June 1996.




