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A B S T R A C T  

Tortanus (Boreotortanus), new subgenus, is established to accommodate the North Pacific/north- 

western Atlantic species T. discaudatus and the taxonomy and ecology of  the five subgenera in the 

genus Tortanus are discussed. Tortanus sensu stricto occurs in eutrophic waters in the Indo-West 

Pacific, Atortus in oligotrophic waters in the same region, Eutortanus in brackish waters in East 
Asia, Acutanus in eutrophic waters in the northwestern Atlantic, and Boreotortanus in eutrophic 

waters in the North Pacific and the northwestern Atlantic. Two new species are described: T. (Eu- 
tortanus) terminalis and T. (Acutanus) ecornatus. 

Phylogenetic relationships among the 5 subgenera were constructed based on cladistic and zoo- 

geographical analyses. Boreotortanus may have originated in the Sea of  Japan; Eutortanus in the 

East China Sea; Tortanus sensu stricto in the Indo-Malayan region. The final divergence is repre- 
sented by the Atortus-Acutanus clade, which is characterized by reductions of elements on the an- 

tennule, the antenna, legs 2 and 3 of  both sexes, and elongation of the left leg 5 of males. The an- 

cestor of Acutanus could have colonized the northwestern Atlantic from the Indo-Malayan region 

through the Isthmus of  Panama during the Middle Miocene to Pliocene. It appears that Atortus first 

succeeded in exploiting clear oligotrophic waters and in developing swarming behavior to avoid 
visual predators in such clear waters. These originally tropical copepods seem to have secondarily 

adapted to cold waters along the East Asian archipelagoes during the Pleistocene. 

The planktonic calanoid copepod genus 
Tortanus Giesbrecht, 1898, comprises four 
distinct subgenera and Tortanus discaudatus 
(Thompson and Scott, 1897), which cannot 
be assigned to any of the four subgenera. Al- 
though the genus is widely distributed in 
coastal waters in the Indo-Pacific and the 

northwestern Atlantic, each subgenus has its 
own restricted distribution (Ohtsuka, 1992; 
Ohtsuka et al., 1992). The Indo-Pacific sub- 
genera clearly exhibit habitat segregation; the 
subgenus Tortanus inhabits tropical-temper- 
ate eutrophic waters, whereas the subgenus 
Atortus is mainly distributed in tropical/sub- 
tropical oligotrophic waters (Ohtsuka, 1992; 
Ohtsuka and Kimoto, 1989). The subgenus 
Eutortanus is distributed exclusively in sub- 
tropical/temperate brackish waters in East 
Asia (Ohtsuka et al., 1992, 1995). In the 
northwestern Atlantic, T. discaudatus and the 
subgenus Acutanus are contiguously distrib- 
uted, though they co-occur in North America, 
and probably have different origins (Ohtsuka, 
1992). The present study includes the estab- 
lishment of a new subgenus to accommodate 
T. discaudatus, and an elucidation of the phy- 
logenetic and zoogeographic relationships 
among these five subgenera. Two new spe- 

c i e s ,  b e l o n g i n g  t o  t h e  s u b g e n e r a  A c u t a n u s  a n d  
E u t o r t a n u s ,  a r e  a l s o  d e s c r i b e d .  

MATERIALS AND METHODS 

The dates and localities for the species examined in 
the present study are summarized in Table 1. Types of  the 
two new species are deposited at the National Museum 
of Natural History, Washington (USNM), and the Nat- 
ural History Museum and Institute, Chiba (CBM). 

Phylogenetic relationships among the subgenera of  
Tortanus were analyzed using the PAUP software (Ver- 
sion 3.0, Swofford, 1993). The options used in this analy- 
sis were BRANCH AND BOUND and DELTRAN. All 

characters were set IRREVERSIBLE-UP.  Morphologi- 
cal terminology follows Huys and Boxshall (1991). 

F a m i l y  T o r t a n i d a e  S a r s ,  1 9 0 2  

G e n u s  T o r t a n u s  G i e s b r e c h t ,  1 8 9 8  ( i n  G i e s -  

brecht and Schmeil, 1898) 

D i a g n o s i s  ( e m e n d e d ) . - R o s t r u m  a b s e n t .  

N a u p l i a r  e y e s  w e l l  d e v e l o p e d .  S c l e r o t i z e d  c i r -  

c u l a r  s t r u c t u r e ,  w i t h  m a r g i n a l  s e t u l e s ,  p r e s e n t  

a n t e r i o r  t o  l a b r u m ,  h o l d i n g  t i p s  o f  l o n g  m a x -  

i l l a r y  s p i n i f o r m  s e t a e  w h e n  n o t  f e e d i n g .  

C e p h a l o s o m e  s e p a r a t e  f r o m  p e d i g e r  1. P e d i -  

g e r s  4  a n d  5 s e p a r a t e  o r  f u s e d .  U r o s o m e  o f  

f e m a l e  2 -  o r  3 - s e g m e n t e d  ( 4 - s e g m e n t e d  i n  

T o r t a n u s  s h e n i  H u l s e m a n n ,  1 9 8 8 )  w i t h  a n a l  

s o m i t e  u s u a l l y  f u s e d  t o  c a u d a l  r a m i .  U r o s o m e  
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Table 1. Species of Tortanus examined in the present study. 

of male 5-segmented; second urosomite of  
male often with 1 or 2 spiniform processes 
posterolaterally. Antenna with basis and first 
endopod segment almost completely fused. 
Maxillule with well-developed praecoxal 
arthrite bearing 11-13 elements and coxal en- 
dite having 3 spinulose setae; coxal epipodite, 
basis, and both rami completely lost. Max- 
illa with 7 large, serrated stout spiniform se- 
tae on second coxal and basal endites and en- 

dopod; praecoxal and first coxal endites rudi- 
mentary. Maxilliped with syncoxa having 2 
or 5 spinulose setae; basis unarmed; endo- 
pod bearing 3 inner and 1 outer setae. Leg 1 
with 2- or 3-segmented endopod and 3-seg- 
mented exopod; legs 2 - 4  with 2-segmented 
endopod and 3-segmented exopod. Female 
leg 5 uniramous, with or without 1-segmented 
exopod. Male leg 5 uniramous, with both ba- 
sis and 1-segmented exopod forming stout 
chela on right side; left leg with 2-segmented 
exopod as grasping organ. 

R e m a r k s . - A l t h o u g h  Brady (1883) first es- 
tablished the genus as Corynura, that generic 
name was preoccupied. Therefore, Giesbrecht 
(in Giesbrecht and Schmeil,  1898) substi- 
tuted the name Tortanus and redefined the 

genus on the basis of only five species by 
comparison with the genus Acartia belonging 
to a related family Acartiidae. Because five 
subgenera and 26 described species, includ- 
ing the new taxa presented here, have been 
added since, the diagnosis of the genus by 
Giesbrecht (1898) should be partly revised 
in order to include the newly added taxa and 
to define the genus more concretely (Ohtsuka, 
1992; present study). 

Giesbrecht (in Giesbrecht and Schmeil, 
1898) established the genus without desig- 
nating a type species. Ohtsuka (1992) subse- 
quently designated Corynura gracilis Brady, 
1883, as the type for the genus and its 
nominotypical subgenus. 

KEY TO SUBGENERA OF TORTANUS 

1. Right caudal ramus of female bearing large acute 
outer process; right caudal seta II of male much 
thicker and longer than left; second endopod seg- 
ment of leg 4 bearing 7 setae . . . . .  
T o r t a n u s  (Boreotortanu.s), new subgenus 

-  Caudal rami of  both sexes not as above; second 
endopod segment of  leg 4 with 6 setae 2 

2. Maxilliped syncoxa bearing 5 setae 3 
-  Maxilliped syncoxa bearing only 2 setae ..... 4 
3. In both sexes, dorsal terminal triangular process 

present on both caudal rami; prosomal corners of 
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female not produced; caudal rami of male ex- 
tremely slender, as long as or longer than uro- 
somites combined; second endopod segments of 
legs 2 and 3 each bearing 7 setae 

T. (Tortunus) Giesbrecht, 1898 
-  In both sexes, dorsal terminal triangular process 

absent on both caudal rami; prosomal comers of 
female produced posteriorly into winglike pro- 
cess; caudal rami of male shorter than urosomites 
combined; second endopod segments of legs 2 
and 3 each bearing 8 setae . I 

T. (Eutortanus) Smirnov, 1935 
4. In both sexes, pedigers 4 and 5 separate; female 

leg 5 with I-segmented exopod bearing either 4 
spines or 3 spines plus 1 process; in right leg 5 
of male, exopod arising proximally from basis 

T. (Acutanus) Ohtsuka, 1992 
-  In both sexes, pedigers 4 and 5 fused; female ex- 

opod of leg 5 either reduced or 1-segmented, ta- 
pering distally with spines/processes; in right leg 5 
of male, exopod arising distally from basis 

T. (Atortus) Ohtsuka, 1992 

Subgenus Tortanus (Boreotortanus), 
new subgenus 

D i a g n o s i s . - P r o s o m e  of female approxi- 
mately 1.8 times as long as urosome; pedi- 
gers 4 and 5 separate in female and incom- 
pletely separate in male; posterolateral cor- 
ners of female pediger 5 produced backward 
into triangular process. Urosome of female 
asymmetrical, 3-segmented; second urosomal 
and anal somites with patch of minute spin- 
ules on right side; second urosomal somite 
of male posterolaterally produced on right 
side; caudal rami and anal somite fused in 
female, separate in male; right caudal ramus 
of  both sexes more expanded and longer than 
left, right seta II modified as large acute pro- 
cess in female, thicker and longer than left 
one in male. 

Ancestral segment I of antennule separate 
from segment II in both sexes. Maxillular 
praecoxal arthrite with 11 elements. Maxil- 
liped syncoxa bearing 5 setae. Leg 1 with 
3-segmented endopod. Third exopod seg- 
ments of legs 1 and 2 bearing 2 and 3 outer 
spines, respectively; second endopod seg- 
ments of legs 2 - 4  having 8, 8, and 7 setae, 
respectively. Both legs 5 of female 3-seg- 
mented, left slightly longer than right; exo- 
pod 1-segmented, tapering distally, with 3 
minute outer spinules, inner margin smooth. 

Basis of right leg 5 of male swollen inwardly, 
with 2 triangular processes along inner mar- 
gin, each having setule at tip; exopod bear- 
ing large inner proximal process. Left leg 5 
with basis and first exopod segment relatively 
short, first exopod segment with long stout 
outer spine subterminally, second segment 
with short outer spine at midlength. 

R e m a r k s . - T h e  new subgenus is readily dis- 
cernible from the other subgenera in: (1) re- 
markably asymmetrical caudal rami of both 
sexes, with the right ramus expanded and 
longer than the left, right caudal seta II mod- 
ified into swollen process in female, thicker 
and longer than left in male, (2) antennular 
segmentation and armature elements of both 
sexes in most primitive state of all subgen- 
era (see Figs. 12, 13), (3) maxillular praecoxal 
arthrite with 11 elements, (4) 7 setae on sec- 
ond endopod segment of leg 4, and (5) struc- 
ture of both exopods of male leg 5. 

The combination of the following charac- 
teristics is also unique to the new subgenus: 
(1) pedigers 4 and 5 separate in female and 
incompletely separate in male, (2) pediger 5 
of female posterolaterally produced into tri- 
angular process, (3) second urosomite of male 
protruded at right posterolateral corner, (4) 
terminal endopod segments of legs 1-3 with 
6, 8, and 8 setae, respectively, (5) exopod of 
female leg 5 tapering distally with 3 minute 
outer spinules, and inner margin smooth, and 
(6) left leg 5 of male relatively short. 

Type Spec ies . -Corynura  discaudata Thomp- 
son and Scott, 1897 (by monotypy). 

E tymology . -The  new subgeneric name 
Boreotortanus is derived from the Latin bo- 

realis meaning northern, and the generic 
name Tortanus. 

Tortanus (Boreotortanus) discaudatus 

(Thompson and Scott, 1897) 

Figs. 1 -4  

Material Examined.-Two adult 99 and I adult d, Port- 
land Harbor, Maine, surface tow, 26 July 1912 (USNM 
73498); 3 adult 99 and 1 adult ¿, Yes Bay to Seattle, 

Fig. 1. Tortanus (Boreotortanus) discaudatus, female, from the northwestern Atlantic (A-D,H,I)  and the northeastern 
Pacific (E-G).  A, habitus, dorsal; B, habitus, right lateral; C, pediger 5 and urosome, left lateral; D, second uro- 
somite and anal somite, right lateral; E-G,  anal somite and caudal rami, dorsal; H, maxillular praecoxal arthrite; I, 
maxilliped. Scale bars in mm. 
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Fig. 2. Tortanus (Boreotortanu,s) discaudatus, female, from the northwestern Atlantic. A, leg 1, anterior; B, leg 2, 
anterior; C, leg 3, anterior; D, leg 4, anterior; E, leg 5, anterior. Scale bars in mm. 

47°37'48"N, 122°26'20"W, surface tow, 16 November 
1905 (USNM 70712). 

Body L e n g t h . - T h e  present and previous data 
are as follows. Adult female: 1.8-3.1 mm 

(Pacific region: Sato, 1913; Mori, 1937; 
Davis, 1949; Brodsky, 1950; Kim, 1985; pres- 
ent study); 2-2 .25  mm (Atlantic region: 
Thompson and Scott, 1897; Giesbrecht and 
Schmeil, 1898; Wilson, 1932; present study). 
Adult male: 1.36-2.5 mm (Pacific region: 
Sato, 1913; Mori, 1937; Davis, 1949; Brod- 
sky, 1950; present study); 1 .75-2 mm (At- 
lantic region: Wilson, 1932; present study). 

Sato (1913) reported extraordinarily large 
females (2.5-3.1 mm) from northern Japan 
(see Remarks also). 

D e s c r i p t i o n . - F e m a l e . - B o d y  (Fig. lA,  B) 
with pediger 5 asymmetrically produced pos- 
teriorly with tip directed ventrally (Fig. 1B, 
C); second urosomite with patch of minute 
spinules on right posterolateral corner; anal 
somite almost completely coalescing into cau- 
dal rami, bearing patch of minute spinules of 
almost same size as in preceding somite on 
right posterolateral corner. Caudal rami con- 
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Fig. 3. Torranus (Boreotortanus) discaudatu.s, male, from the northwestern Atlantic. A, habitus, dorsal; B, pediger 
5 to second urosomite, right lateral; C, urosome, dorsal; D, right antennular segments XV-XXVIII ;  E, leg 5, ante- 
rior; F, exopod of right leg 5, posterior. Scale bars in mm. 

siderably asymmetrical, right ramus much 
more expanded and slightly longer than left; 
seta I rudimentary (not illustrated in Fig. 
IE-G) ;  right seta II modified into sharply 
pointed process with swollen base, left seta 
II stout, with setules along middle of poste- 
rior margin; seta V longest; inner margins of  
both rami fringed with setules. Caudal rami 
exhibiting variation, in particular, in relative 
width of right ramus and its middle outer pro- 
cess (modified seta II) (Fig. 1A, E-G).  

Antennular segments I I -XIV almost com- 
pletely or incompletely fused. Armature as 
follows (see Fig. 12 also): 1-1, I I - IX-9  (se- 
tae) + 2 ae (ae = aesthetasc), X-2 ,  X I - 2  + 
ae, XII-2,  XIII-2,  XIV-2  + ae, X V - 2  + ae, 
XVI -2  + ae, XVI I -2  + ae, XVII I -2  + ae, 

X I X - 2  + ae, X X - 2 ,  X X I - 2  + ae, XXII-1,  
XXIII-1,  XXIV-1 + 1, XXV-1 + 1 + ae, 
XXVI-XXVII I -6  + ae. Antenna and mandi- 
ble with same armature elements as in other 

subgenera. Maxillular praecoxal arthrite (Fig. 
1 H) with 7 spinulose and 2 setulose setae, 
minute naked seta, and spinous process. Max- 
illa with 2 setae on first coxal endite. Maxil- 

liped (Fig. 11) with syncoxa having 3 endites 
bearing 2, 2, and 1 setae, respectively; basis 
unarmed; endopod 1-segmented, with suture 
subtly visible anteriorly, bearing 3 plumose 
setae along anterior margin and 1 posteriorly 
directed seta. 

Seta and spine formula of legs 1 - 4  (Fig. 
2A-D)  as follows (spines, Roman numerals; 
setae, Arabic numerals): 
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Leg 5 (Fig. 2E) 3-segmented; both coxae 
and intercoxal sclerite fused to form common 

base; basis bearing minute plumose seta at 
point three-fourths along outer margin; en- 
dopod absent; exopod 1-segmented, curved 
smoothly inwardly, slightly asymmetrical, left 
longer than right, with inner margin smooth 
(i.e., not fringed with fine setules) and outer 
margin with 3 minute spines (indicated by ar- 
rows). 

M a l e . - B o d y  (Fig. 3A) much more slender 
than that of female; pediger 5 (Fig. 3A, B) 
produced posteriorly into rounded end reach- 
ing more than half length of genital somite. 
Urosome (Fig. 3C) with second urosomite 
longest, produced laterally at right posterior 
corner, on which 2 hair-sensilla present; third 
urosomal and anal somites slightly asymmet- 
rical; anal somite separate from caudal rami; 
caudal rami asymmetrical, right ramus longer 
than left, curved outward, having long scler- 
otized seta II; seta I rudimentary (not illus- 
trated in Fig. 3C); right seta I originating from 
outer middle knob (not illustrated in Fig. 3C). 

Right antennule (Fig. 3D) with segments 
I I -XIV almost completely or incompletely 
fused. Armature elements as follows (see Fig. 
13 also): 1-1, I I -V-5  + ae, VI-2,  VII-2  + ae, 
VIII-2, IX-2, X-2,  XI -2  + ae, XII-2,  XIII-2, 
XIV-2  + ae, XV-2 ,  XVI -2  + ae, XVII -2  + 
ae, XVII I -2  + ae, XIX-1 + ae + process, 
XX-1 + ae + process, XXI-XXII I -2  + ae + 
2 processes, XXIV-XVIII -10  + 2 ae. Mouth- 
parts and legs 1 -4  same as in female. 

Leg 5 (Fig. 3E, F) with both coxae com- 
pletely fused to form compact common base. 
Right leg with basis greatly expanded in- 
wardly with 2 triangular processes along dis- 
tal half of inner margin, each bearing minute 
seta at tip; 1 short seta present on posterior 
surface of basis; exopod (Fig. 3F) curved in- 
wardly, lamellar, with 2 setae, short spine, and 
bifurcate process along proximal inner mar- 
gin, 2 short spiniform setae along distal half 
of inner margin. Left leg with basis having 
minute seta at point about three-fourths of 
outer margin. Exopod 2-segmented; first seg- 
ment bearing stout spiniform outer subtermi- 
nal seta; second segment tapering distally, 

bearing outer spine at midlength, 1 inner 
basal seta, and 1 short terminal seta (all in- 
dicated by arrows in Fig. 3E), fringed with 
setules of various length along inner margin, 
with several longitudinal ridges terminally. 

R e m a r k s . - T h i s  species was first described 
by Thompson and Scott (1897) from the 
northwestern Atlantic, and later redescribed 
by Sato (1913), Mori (1937), Davis (1949), 
Brodsky (1950), and Kim (1985) from the 
North Pacific, and by Wheeler (1901) (as 
Corynura bumpusii) and Wilson (1932) from 
the Atlantic. No morphological differences 
between the North Pacific and North Atlantic 

populations have been reported, which is con- 
firmed on the basis of seven specimens from 
two sites in the present study. This suggests 
that speciation has not yet occurred between 
these populations since the intrusion of the 
North Pacific population into the North At- 
lantic in the latest postglacial or interglacial 
period (Ohtsuka, 1992). 

Body lengths of this species, in particular 
those of females, vary greatly based on the 
previous data, in which the largest individu- 
als are about 1.7-1.8 times as large as the 
smallest ones (see Body Length above). Such 
great variations are found also in other brack- 
ish and marine calanoid copepods. For ex- 
ample, the largest known male (1.96 mm) of  
Sinocalanus sinensis (Poppe, 1889) (family 
Centropagidae) from Japan is approximately 
1.8 times as large as the smallest one (1.10 
mm) (Hiromi and Ueda, 1987); about 1.7 
times in female Paraeuchaeta  barba ta  

(Brady, 1883) (family Euchaetidae) (Mauch- 
line, 1992). These variations may be caused 
by different biophysical factors, such as wa- 
ter temperature and food availability (Mauch- 
line, 1992). Although previous data show that 
the size variation of T. discaudatus is greater 
in the Pacific region than in the Atlantic re- 
gion, this was not confirmed in the present 
study because of  the small number of indi- 
viduals examined. 

Dis t r ibu t ion . -Th i s  species is distributed in 
cold waters on the northwestern and north- 
eastern Pacific coasts, with an extension into 
the southern part of the Arctic Sea and the 
northwestern Atlantic (Fig. 4). Although Wil- 
son (1932) mentioned its occurrence in the 
North Sea, citing Breeman (year not given), 
Breeman (1908) stated that it was found only 
on the east coast of North America. There- 
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Fig. 4. Horizontal distributions of three subgenera of the genus Tortanus, T. (Boreotortanus) (= T. discaudatu,s), T. 
(Tortanu.s) (= T. barbatus, T. forcipatu.s, T. gracilis), and T. (Acutanu.s) (= T. angularis, T. compernis, T. ecornatus, 
new species, and T. setacaudatus). Based on Brady (1883), Giesbrecht (1892), Thompson and Scott (1897), Williams 
(1906), Sato (1913), Sewell (1912, 1914, 1932), Friichtl (1924), Steuer (1926), Wilson (1932, 1950), Johnson (1934), 
Farran (1936), Mori (1937), Davis (1949), Brodsky (1950), Rose (1956), Chen and Zhang (1965), Gonzalez and 
Bowman (1965), Tanaka (1965), Hirota (1968a, b, 1979), Rehman (1973), Motoda and Minoda (1974), Greenwood 
(1978), Zheng et al. (1982), Chen (1983), Michel and Herring (1984), Kim (1985), Madhupratap and Haridas (1986), 
Hattori et al. (1991), Ohtsuka (1992), Shih and Young (1995), Drs. H. Ueda and E. Suarez-Morales (personal com- 
munication), and S. Ohtsuka (unpublished data). 

fore, the North Sea record is doubtful, because 
the occurrence of T. discaudatus in northern 

Europe has never since been confirmed. 

Ecological N o t e . - A d u l t s  of  Tortanus dis- 
caudatus occur in plankton only during warm 
months (Wilson, 1932; Johnson, 1934, 1967). 
Johnson (1967) observed that pelagic eggs 
of Tortanus discaudatus hatched at tempera- 
tures of  -2  to 12.5°C; at 12.5°C 100% of the 
eggs hatched in 3 - 4  days, whereas at - 2 ° C  
only 5% of the eggs hatched after 30 days. 
Johnson (1967) suggested that T. discaudatus 
probably produces resting eggs for hiberna- 
tion, as is the case in T. forc ipa tus  (Gies- 
brecht) (see Kasahara and Uye, 1979). On the 
other hand, T. discaudatus has been recorded 
in late fall to early spring in northern Japa- 
nese waters (Sato, 1913; Hattori and Tsumura, 
1990). Since these regions are influenced dur- 
ing summer and fall by the warm Tsushima 
Current, resulting in water temperatures be- 
tween 10 and 23°C (Hattori and Tsumura, 
1990), the species seems to be intolerant of 

warm water. Tortanus discaudatus can also 

withstand water of relatively low salinity 
(Brodsky, 1950), and in the Bering Strait it 
occurs at salinities less than 30%c (Hattori et 
al., 1991). 

The feeding ecology of  T. discaudatus is 
well documented. Johnson (1934) cultured 
adults and nauplii of this species on copepods 
and tintinnids, respectively. Ohtsuka e t  al. 
(1996) revealed by gut content analysis that fe- 
males feed on copepodids, polychaetes, and ap- 
pendicularians. In the laboratory, the functional 
response of T. discaudatus to types and densi- 
ties of prey was studied by Anraku and Omori 
(1963), Ambler and Frost (1974), Mullin 
(1979), and Landry and Fagerness (1988). 

Subgenus Tortanus (Tortanus) 

R e m a r k . - A n  emended diagnosis of  the 
nominotypical subgenus was proposed by 
Ohtsuka (1992). 

Type S p e c i e s . - C o r y n u r a  gracilis Brady, 
1883. 
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Other S p e c i e s . - T o r t a n u s  barbatus (Brady, 
1883); T. forcipatus (Giesbrecht, 1892). 

D i s t r i bu t ion . -The  subgenus is broadly dis- 
tributed in Indo-West Pacific coastal waters 

(Fig. 4), but does not occur on the eastern 
African coast (Ohtsuka, 1992). Species tend 
to occur in eutrophic waters. The three spe- 
cies have overlapping distributions in the 
Indo-Malayan region, but only Tortanus bar- 
batus is recorded in southeastern Australian 

waters. Tortanus forcipatus and T. barbatus 
seem not to be as common in the Indian 

Ocean as T. gracilis. 

Ecological N o t e . - T h e  subgenus Tortanus is 
distributed in warm coastal waters (Steuer, 
1926; Hirota, 1968a, b, 1979; Rehman, 1973; 
Hirota and Uno, 1977; Madhupratap and 
Haridas, 1986). Tortanus forcipatus and prob- 
ably T. gracilis (probably contaminated with 
T. forcipatus)  lay resting eggs which over- 
winter in inlets in central Japan (Kasahara et 
al., 1974; Hirota and Uno, 1977; Kasahara 
and Uye, 1979); both species occur in the 
plankton during warm months and disappear 
from the plankton during cold months. How- 
ever, T. forcipatus occurs all-year-round with- 
out a resting phase in tropical regions 
(Rehman, 1973; Madhupratap and Haridas, 
1986). Water temperature is presumably the 
most important factor in inducing the pro- 
duction of resting eggs, as is the case for 
Acartia omorii Bradford (see Uye, 1985, as 
A. clausi Giesbrecht). 

In contrast to Tortanus discaudatus (see 
Johnson, 1967), subitaneous and diapause 
eggs of T. forcipatus hatched at much higher 
temperature. Both types hatched at 15-25°C 
but not at 5-10°C, although they differ sub- 
stantially in dormancy (Kasahara and Uye, 
1979), suggesting that T. discaudatus is more 
adapted to low water temperature than T. for-  
cipatus. The diapause eggs of  T. forcipatus 
require about a 2 -3  month refractory period 
(Kasahara and Uye, 1979). Four types of eggs 
were found in T. forcipatus (Kasahara et al., 
1974), but two closely related species, T. for-  
cipatus and T. gracilis, must have been con- 
taminated in this report, because these two 
species have a sympatric distribution in the 
Seto Inland Sea, Japan (Ohtsuka, 1997), 
where four types of eggs were found. 

KEY TO SPECIES OF TORTANUS (TORT.4NUS) 

1. Left exopod of female leg 5 with inner middle 
margin serrate; in right leg 5 of male, inner mid- 

dle process on basis one-half as long as basis 
T. (T.) barbatu.s (Brady, 1883) 

-  Left exopod of female leg 5 without serration 
along inner margin; in right leg 5 of male, inner 
middle process on basis less than one-third as long 
as basis 2 

2. Female exopods asymmetrical, left leg about 
twice as long as right; in right leg 5 of male, ex- 
opod without distinct inner process at midlength; 
body length 1.09-1.35 mm in female, 1.00-1.05 
mm in male T. (T.) forcipatu.s (Giesbrecht, 1889) 

-  Female exopods nearly symmetrical; in right leg 5 
of male, exopod with distinct inner process at mid- 
length; body length 1.61-1.80 mm in female, 1.35- 
1.40 mm in male ...... (T.) gracili.s (Brady, 1883) 

Subgenus Tortanus (Acutanus) 
Ohtsuka, 1992 

Diagnosis ( e m e n d e d ) . - A n a l  somite partly 
fused to caudal rami, usually with acute dor- 
sal process. Leg 2 bearing 0 or 1 outer spine 
on second exopod segment; third exopod seg- 
ment bearing 2 or 3 outer spines. Leg 3 with 
or without outer spine on second exopod seg- 
ment; third exopod segment bearing 2 or 3 
outer spines. Leg 4 with 2 or 3 outer spines 
on third exopod segment. Right leg 5 of male 
with contorted exopod arising from inner 
proximal margin of  basis. 

R e m a r k s . - T h e  new species described below 
lacks the dorsal median process on the anal 
somite which is found in the rest of the sub- 

genus. Perhaps this process has been sec- 
ondarily lost due to miniaturization. Never- 
theless, the new species is assignable to this 
subgenus as discussed below in detail. 

Tortanus angularis Ohtsuka from Mexico 
bears 3 outer spines on the third exopod seg- 
ment of leg 2, instead of the 2 spines in spec- 
imens originally described from Belize (Oh- 
tsuka, 1992). 

Type Spec ies . -Tor tanus  angularis Ohtsuka, 
1992. 

Other Spec ies . -Tor tanus  setacaudatus Wil- 
liams, 1906; T. compernis Gonzalez and Bow- 
man, 1965; T. ecornatus, new species, de- 
scribed below. 

D i s t r i b u t i o n . - T h e  subgenus is distributed 
exclusively in northwestern Atlantic waters 
(Fig. 4). 

Ecological N o t e . - T h e  ecology of this sub- 
genus is little known. Robertson (1983) ex- 
amined feeding by adult females of Tortanus 
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setacaudatus on two species of tintinnids. 
This species ingested a larger tintinnid, 
Favella panamensis  Kofoid and Campbell  
(265 pm lorica length), but not the smaller 
Tintinnopsis lobiancoi Daday (as Tintinnop- 
sis tubulosa Levander) (148 gm). 

KEY TO SPECIES OF TORTANUS (ACUTANUS) 

1. Legs 2 and 3 with second exopod segment lack- 
ing outer spine; 2 outer spines on third exopod seg- 
ment of leg 4; both sexes lacking acutely pointed 
anal operculum T. (A.) ecornatus, new species 

-  Legs 2 and 3 with second exopod segment bear- 
ing outer spine; 3 outer spines on third exopod seg- 
ment of leg 4; both sexes with acutely pointed anal 
operculum 2 

2. Exopod of female leg 5 with 3 spines terminally; 
in male, right posterolateral process on second uro- 
somite minute T. (A.) setacaudatus Williams, 1906 

-  Exopod of female leg 5 with 2 spines plus 1 pro- 
cess terminally; in male, right posterolateral pro- 
cess on second urosomite well developed 3 

3. In exopod of leg 5 of female, terminal 2 spines 
widely separate from innermost process; in right 
leg 5 of male, basis concave along inner margin 

T. (A.) comperni,s Gonzalez and Bowman, 1965 
-  In exopod of leg 5 of female, terminal 2 spines 

not widely separated from innermost process; in 
right leg 5 of male, basis bulblike 

......... T. (A.) angularis Ohtsuka, 1992 

Tortanus (Acutanus) ecornatus, 
new species 

Figs. 5, 6 
Material Examined.-I adult 9, cephalosome partly dam- 
aged; 1 adult d, Black River Morass, Jamaica, 22 March 
1994, collected by W. Janetzky. 

Types.-Holotype, adult 9, dissected and mounted on 
glass slides, USNM 239271; paratype, adult d, dissected 
and mounted on glass slides, USNM 239272. 

Body Length. -Adult 9 0.94 mm (holotype). Adult d 0.79 
mm (paratype). 

Descr ip t ion . -Female  (holotype). Body (Fig. 
5A) with both prosome and urosome slightly 
damaged; similar to that of Tortanus angu- 
laris, but urosome relatively shorter than in 
latter, approximately two-fifths as long as 
prosome. Cephalosome without marginal 
prominences such as those found in T. angu- 
laris. Urosome 3-segmented with anal somite 
partly fused with caudal rami; genital com- 
pound somite slightly asymmetrical, more 
swollen on left side than on right; anal somite 
lacking dorsomedial process. Left caudal ra- 
mus longer than right. 

Antennule (Fig. 5B, C) resembling that of  
T. angularis  in segmentation and setation. 
Segments I -XIV almost completely or in- 
completely fused; segments X and XI partly 

fused; segments XI and XII almost com- 
pletely fused; segments XII-XIV fused with 
suture line visible posteriorly. Armature of 
segments as follows (see Fig. 12 also); 1-1, 
I I - IX-9  + 2 ae, X-2 ,  X I - 2  + ae, XII-1, 
XIII-2,  XIV-2,  XV-1,  XVI-2  + ae, XVII-1, 
XVIII-2  + ae, XIX-1 + ae, XX-2 ,  XXI -2  + 
ae, XXII-1, XXIII-1, XXIV-1,  XXV-1 + 1 
+ ae, XXVI-XXVII I -6  + ae. Antenna as in 
T. angularis. Mandibular palp (Fig. 5D) sim- 
ilar to that of T. angularis, but distal endo- 
pod segment with only 5 setae terminally. 
Maxillule, maxilla, and maxilliped with same 
segmentation and setation as in T. angularis. 

Leg 1 (Fig. 5E) with same seta and spine 
formula as in T. angularis. Leg 2 (Fig. 5F) with 
slender basis; second exopod segment bear- 
ing 1 outer distal process instead of spine. Leg 
3 (Fig. 5G) with slender basis as in leg 2; sec- 
ond exopod segment without outer spine, third 
segment bearing only 2 outer spines. Leg 4 
(Fig. 5H) with coxa and basis slender, elon- 
gated; second exopod segment with outer 
spine, third segment with only 2 outer spines. 
Leg 5 (Fig. 51) symmetrical, similar to that 
of T. angularis, but different from latter in 
having terminal segment relatively shorter 
than in latter, outer spine located at midlength, 
terminal inner process swollen basally. 

Male (paratype). Body (Fig. 6A, B) much 
more slender than that of female. First uro- 

somite (= genital somite) asymmetrical with 
left lateral margin swollen; second somite 
(Fig. 6C) with long process at right distal cor- 
ner reaching midlength of next somite and 
bearing 1 terminal and 1 proximal setule. 
Anal somite without acute dorsal process as 
in female, bearing tuft of long setules only on 
right side. Caudal rami asymmetrical, left ra- 
mus slightly longer than right; right ramus 
with tuft of long setules laterally along ante- 
rior half of outer margin. 

Right antennule (Fig. 6D) geniculate. Seg- 
ments I -XIV almost completely or incom- 
pletely fused. Armature of segments as fol- 
lows (see Fig. 13 also): 1-1, I I - V - 5  + ae 
(probably 1 seta missing in Fig. 6D), VI-1, 
VII -2  + ae, VIII-2,  IX-2,  X-2 ,  XI -2  + ae, 
XII-1, XIII-1, XIV-2 ,  XV-1,  X V I - 2  + ae, 
XVII-2 ,  XVII I -2  + ae, XIX-1 + process, 
XX-1 + process, X X I - X X I I I - 2  + ae + 2 
processes, XXIV-XXVII I -9  + 2 ae; anterior 
process on segment XIX relatively long, 
reaching beyond base of anterior process on 
segment XX. Anterodistal process on com- 
pound segment XXI-XXIII  relatively short. 
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Fig. 5. Tortanu.c (Acutanus) ecornatu.s, new species, female (holotype). A, habitus, dorsal; B, antennule; C, first 
segment of  antennule; D, mandibular palp; E, leg 1, posterior; F, leg 2, anterior; G, leg 3, anterior; H, leg 4, poste- 
rior; I, leg 5, right basis and exopod omitted, anterior. Scale bars in mm. 
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Fig. 6. Tortanu.s (Acutanu.s) ecornatus, new species, male (paratype). A, habitus, dorsal; B, habitus, right lateral; 
C, first abdominal somite, right lateral; D, right antennule; E, leg 5, anterior. Scale bars in mm. 

Antenna to leg 4 with the same segmentation 
and armature of elements as in female. 

Leg 5 (Fig. 6E) with both coxae completely 
fused to form common base. Left leg similar 
to that of T. angularis, but first exopod seg- 
ment with small inner knob bearing setule. 
Right leg with basis expanded, curved in- 
ward, bearing 1 proximal seta and 1 medial 
seta along inner concave margin; joint of ex- 
opod located at proximal part of basis, ex- 
panded anteriorly with truncate tip bearing 2 
spines, 1 seta and 1 acute process. 

R e m a r k s . - T h i s  new species can be easily 
distinguished from the other three members 
of the subgenus as follows: (1) the absence 
of  outer spines on the second exopod seg- 
ments of legs 2 and 3; (2) only 2 outer spines 
on the third exopod segment of leg 4; and 
(3) the lack of a median dorsal process on 
the anal somite. Despite its uniqueness, the 
new species can be assigned to the subgenus 
Acutanus by the following features: (1) the 
male right leg 5 with a small, contorted exo- 
pod arising from the inner proximal margin 
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of the basis (strict synapomorphy of Acu- 
tanus), and (2) the female leg 5 with 3 ter- 
minal and 1 outer distinct elements on the ex- 

opod (symplesiomorphy). 
The new species is most closely related to 

T. compernis, and shares the following fea- 
tures: (1) the female with the innermost ter- 
minal spine of the terminal segment of leg 5 
fused to form a process, (2) the male with a 
tuft of  setules on the right side of the anal 
somite, and (3) the structure of the right leg 
5 of the male. The first character is shared 

also by T. angularis. In addition, the long pro- 
cess on the right side of the second urosomite 
of the male is found solely in the new spe- 
cies and in T. angularis, although the struc- 
tures of the male leg 5 differ remarkably. 
Compared with the apomorphic states in the 
mandibular palp and legs of the new species, 
its antennular armature is relatively ple- 
siomorphic. The armature is basically simi- 
lar to that of  T. angularis, with the following 
differences in the female: X - 2  (1 in T. an- 
gularis), XI I I -2  (1), X V I - 2  + ae (1 + ae), 
XVII-1 (0), XIX-1 + ae (0), XXV-1 + 1 + 
ae (1); in the male: X - 2  (1). One terminal seta 
on the compound segment XXVI-XXVIII  of 
T. angularis is probably missing in fig. IE of 
Ohtsuka (1992). 

D i s t r i b u t i o n . - T h e  new species is known 
only from the type locality. No specimens of 
the new species were present in other plank- 
ton samples from Oyster Bay, Falmouth, Ja- 
maica (26 -27  February 1963). 

E tymology . -The  new specific name ecorna- 
tus (Latin e- meaning without, cornatus 
meaning horned) refers to the lack of a me- 
dian dorsal process on the anal somites of 
both sexes. 

Subgenus Tortanus (Atortus) 
Ohtsuka, 1992 

R e m a r k s . - B e c a u s e  Sewell (1932) estab- 
lished a new subgenus Atortus in the genus 
Tortanus without designating a type species, 
the subgenus name was unavailable (ICZN 
Art. 13(b)). Therefore, Ohtsuka (1992) pro- 
posed a new subgenus Atortus, the same 
name as that given by Sewell (1932). 

Type Spec i e s . -To r t anus  scaphus Bowman, 
1971 (by designation). 

Other Spec ies . -Tor tanus  recticauda (Gies- 
brecht, 1892); T. brevipes Scott, 1909; T. mur- 
rayi Scott, 1909; T. tropicus Sewell, 1932; T. 
longipes Brodsky, 1948; T. rubidus Tanaka, 
1965; T. giesbrechti Jones and Park, 1968; 
T. lophus Bowman, 1971; T. capensis Grind- 
ley, 1978; T. erabuensis Ohtsuka, Fukuura, 
and Go, 1987; T. digitalis Ohtsuka and Ki- 
moto, 1989; T. ryukyuensis Ohtsuka and Ki- 
moto, 1989; T. sinicus Chen, 1983; T. bonjol 
Othman, 1987; T. bowmani Othman, 1987; 
T. sp. from Yemen. 

Distr ibut ion.-The distribution of the subgenus 
is restricted to the Indo-West Pacific, with one 
species off southernmost Africa (Ohtsuka and 
Kimoto, 1989, figs. 10, 11). Recently a vari- 
ant form of Tortanus scaphus was recorded in 
Australian waters (McKinnon, 1993). 

Ecological  N o t e . - I n  contrast to the other 
subgenera, this subgenus seems to be exclu- 
sively distributed in oligotrophic waters 
(Chen, 1983; Ohtsuka and Kimoto, 1989). 
Swarming behavior is unique to Atortus (see 
Ohtsuka and Kimoto, 1989; S. Ohtsuka et al., 
personal observation), which seems to be re- 
lated to antipredation in clear waters. 

KEY TO SPECIES OF TORTANUS (ATORTUS) 

1. Exopod of female leg 5 1-segmented, bearing 
2-4 distinct spines/processes; in male, second 
urosomite without right posterolateral process 
(recticauda complex sensu Ohtsuka and Kimoto, 
1989) . .  2 

-  Exopod of female leg 5 either absent or, if rarely 
present, slender, 1-segmented with 1 or 2 termi- 
nal spines or processes; in male, second uro- 
somite with right posterolateral process (brevipes 
complex sensu Ohtsuka and Kimoto, 1989) 9 

2. Exopod of female leg 5 bearing 1 middle or prox- 
imal inner spine or process; in male, basis of right 
leg 5 with inner distal or middle process 3 

-  Exopod of female leg 5 bearing 2-4 terminal or 
subterminal processes, without inner spine or pro- 
cess; in male, basis of right leg 5 without inner 
distal or middle process 4 

3. Female genital compound somite with anterolat- 
eral swellings; exopod of female leg 5 with 1 in- 
ner middle and 2 or 3 terminal processes; in male, 
basis of right leg 5 with inner process at mid- 
length ........T. (A.) recticauda (Giesbrecht, 1889) 

-  Female genital compound somite without lateral 
process; exopod of female leg 5 with inner prox- 
imal spine and serrate terminal process: in male, 
basis of right leg 5 with inner distal process 

T. (A.) capensi.s Grindley, 1978 
4. Exopod of female leg 5 shorter than or as long 

as basis; in male, basis of right leg 5 without large 
inner proximal process 5 
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-  E x o p o d  of  female leg 5 longer than basis; in 
male, basis of  right leg 5 with large triangular 
or round inner proximal process I ' ,  11.11.1 6 

5. Female caudal rami asymmetrical with right ra- 
mus expanded distally; exopod of  female leg 5 
with 1 large terminal and 1 bifurcate outer pro- 
cess; in male, basis swollen inward, exopod 
smoothly curved . . . . . . . . . . . . . . . . . . . . . .  
T. (A.) erabuensis Ohtsuka, Fukuura, and Go, 1987 

-  F e m a l e  caudal rami slightly asymmetrical, with 
right ramus longer than left; exopod of  female 
leg 5 with bifurcate terminal process; in right leg 
5 o f  male, basis not swollen, exopod abruptly 
curved inward __ Z (A.) sinicus Chen, 1983 

6. Left caudal ramus of  female with outer distal 

swelling; in male, basis of  right leg 5 with round 
inner process arising from near inner proximal 
margin 1. T. (A.) bonjol Othman, 1987 

-  L e f t  caudal ramus of female without outer distal 

swelling; in male, basis of  right leg 5 with tri- 
angular inner processes I 1 1.. � .�. 7 7 

7. Female genital compound somite with acute ven- 
tral posterior process on each side; in right leg 5 
of  male, terminal end of  exopod not reaching in- 
ner proximal process of  b a s i c  

T. (A.) lophu.s Bowman,  1971 
-  F e m a l e  genital compound somite without process 

or with round prominence on left side; in right 
leg 5 of  male, terminal end of exopod reaching 
inner proximal process of basis 8 

8. Female genital compound somite without pro- 
cess; in male, middle inner basal process of  right 
leg 5 acutely pointed 

T. (A.) scaphus Bowman, 1971 
-  F e m a l e  genital compound somite with round 

prominence on left side; in male, middle inner 
basal process of  right leg 5 bluntly pointed 

T .  (A.) murrayi Scott. 1909 
9. In female, both distal corners o f  prosome and 

caudal rami almost symmetrical; in male, basis 
of  right leg 5 bearing square platelike inner pro- 
cess distally ................................................... 

T. (A.) ryukyuen.sis Ohtsuka and Kimoto, 1989 
-  I n  female, distal corners of  prosome and/or cau- 

dal rami asymmetrical; in male, basis of right 
leg 5 without such process . . .  � 1 10 

10. Exopod of female leg 5 1-segmented, with 1 in- 
ner spine at midlength; in male, coxa of left leg 
5 with triangular process at inner distal corner 
. . . . . . .  T. (A.) giesbrechti Jones and Park, 1968 

-  E x o p o d  of female leg 5 either 1-segmented, with- 
out inner spines, or completely absent; in 
male,  coxa o f  left leg 5 without  process 11 

11. Exopod of  female leg 5 1-segmented; in right 
leg 5 of  male, basis with large round inner pro- 
cess, exopod elongate and curved strongly inward 

T. (A.) tropicus Sewell, 1932 
-  F e m a l e  leg 5 lacking exopod; right leg 5 of male, 

basis with minute or large bilobed or small sim- 
ple inner process, exopod relatively short, weakly 
curved inward . . . . . . . . . . .  

12 (female only; skip to 13 in male) 
12. Right prosomal corner much more produced pos- 

teriorly than left T. T. (A.) brevipes Scott, 1909 
-  L e f t  prosomal corner more produced posteriorly 

than right, or both corners almost equally pro- 
duced posteriorly 13 

13. In female, both prosomal corners almost equally 
produced posteriorly; in male, right posterolateral 
process on second urosomite short, not reaching 
one-half midlength of next somite (terminal spine 
not included) T. (A.) bowmani Othman, 1987 

-  In female, left prosomal corner more produced 
posteriorly than right; in male, right posterolat- 
eral process on second urosomite relatively long, 
reaching beyond midlength of next somite 14 

14. Female genital compound somite with large right 
lateral process posterior to midlength; in male, 
basis of left leg 5 with large triangular process 
along inner proximal margin 

� I I I I I 1 1. 1 T. (A.) longipes Brodsky, 1948 
-  Female genital compound somite with large right 

lateral process at midlength; in male, basis 
of left leg 5 without large proximal inner process 
' ' I  I ' l l  I ' l l . .  I . ,  . . . . . .  � � ... 15 

15. Genital compound somite of female with 3 lat- 
eral processes anteriorly on right side; left leg 5 
of male with inner proximal process on first ex- 
opod segment about one-half as long as segment 

T. (A.) digitalis Ohtsuka and Kimoto, 1989 
-  Genital compound somite of female with 1 lat- 

eral process anteriorly on right side; left leg 5 of 
male with inner proximal process on first exo- 
pod segment at most one-fifth as long as segment 

I T. (A.) rubidus Tanaka, 1965 

Subgenus Tortanu.s (Eutortanus) 
Smirnov, 1935 

D i a g n o s i s . - A l t h o u g h  the diagnosis of  the 
subgenus was provided in Ohtsuka  e t  al. 
(1992), one character must be emended: leg 
1 with 2- or 3-segmented endopod. 

R e m a r k s . - T h e  zoogeography of the sub- 
genus was elucidated by Ohtsuka et al. 
(1992). However, the finding of the new spe- 
cies described below is important in consid- 
ering the evolution of this subgenus, and may 
verify some morphological and zoogeo- 
graphical features. It is evident that fusion of 
segments in some appendages has occurred 
convergently in the genus Tortanus. For ex- 
ample, a 2-segmented endopod of leg 1 has 
occurred independently at least twice in the 
genus Tortanus, i.e., within the subgenus Eu- 
tortanus and after the offshoot of Eutortanus 
(see Discussion). 

Type Spec ies . -Tor tanus  derjugini Smirnov, 
1935. 

Other Spec ie s . -Tor t anus  vermiculus Shen, 
1955; T. spinicaudatus Shen and Bai, 1956; 
T. dextrilobatus Chen and Zhang, 1965; T. 
sheni Hulsemann, 1988; T. terminalis, new 
species, described below. 
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D i s t r i b u t i o n . - T h e  subgenus is distributed 
exclusively in East Asian brackish waters 
(Ohtsuka et al., 1992, fig. 6). Based on the 
present-day distributional pattern, the origin 
of the subgenus may have been in a huge low- 
salinity gulf of the ancient East China Sea 
(Fig. 1OB), existing during the Miocene-Pleis- 
tocene (Nishimura, 1980, 1981; Ohtsuka et  
al., 1992, 1995). It is surprising that only the 
new species described below is distributed 
in high-salinity waters (34.5 %o), at the north- 
ern part of Tanega Island (arrowed in Fig. 
10A), southwestern Japan. These waters are 
strongly influenced by the warm Kuroshio 
Current. If the occurrence of the new species 
at this locality has not been caused by artifi- 
cial transport (cf. Cordell et al., 1992), there 
is a possibility that the brackish/neritic an- 
cestor of  the new species was broadly dis- 
tributed throughout the ancient East China 
Sea and then the population around Tanega 
Island was isolated from the main continen- 

tal populations by transgression(s) and 
evolved into the new species occurring in 
high-salinity waters (see Discussion). 

The presence of  a population of the brack- 
ish-water species T. derjugini in the Ariake 
Sea, Kyushu, isolated from the Asian conti- 
nental populations, suggests that this species 
was distributed widely in the ancient East 
China Sea during the Middle Miocene to the 
Pleistocene (Ohtsuka et al., 1992, 1995). The 
gulf might have been partially closed by the 
land bridge of  the Nansei Islands, with an 
entrance between Okinawa and Miyako Is- 
lands or between Amami and Yaku Islands 
(Kizaki and Oshiro, 1977; Nishimura, 1980, 
1981). The present find indirectly suggests 
that low-salinity waters of the ancient East 
China Sea may have extended entirely 
throughout the gulf, and that the ancestor of  
this subgenus may have had a broad distri- 
bution in the sea. 

Ecological  N o t e . - T h e  subgenus is highly 
adapted to brackish waters, except for the new 
species described below (Brodsky, 1950; Oht- 
suka et al., 1992, 1995; present study). 

KEY TO SPECIES OF TORTANUS (EUTORTRNUS) 

1. First 2 urosomites of female each with high pos- 
terodorsal projection; right leg 5 of male with ba- 
sis having proximal inner process as long as exo- 
pod of left leg 5 T. (E.) terminalis, new species 

-  First  2 urosomites of female without high pos- 
terodorsal projection; right leg 5 of male with ba- 

sis having proximal inner process much shorter 
than exopod of left leg 5 . . . . . .  2 

2. Female anal somite with serrate margin antero- 
laterally on right side; right leg 5 of  male with 
inner proximal process of basis having broad base, 
exopod with acutely pointed process along inner 
proximal margin T. (E.) vermiculus Shen, 1955 

-  Female anal somite without serrate margin an- 
terolaterally on right side; right leg 5 of  male with 
inner proximal process of basis having narrow 
base, exopod without acutely pointed process 
along inner margin . . . . . . . . . . . . . . . . . .  3 

3. Female anal somite with spiniform process on 
posterolateral corner on right side; right leg 5 of  
male with exopod not extending beyond inner 
proximal process on basis 

T. (E.) spinicaudatu.s Shen and Bai, 1956 
-  Female anal somite without process, or with an- 

terolateral process on right side; right leg 5 of  
male with exopod extending beyond inner prox- 
imal process on basis . . . . .  4 

4. Female urosome 4-segmented; right leg 5 of male 
with exopod acutely pointed at tip . , , . 

T. (E.) sheni Hulsemann, 1988 
-  Female urosome 3-segmented; right leg 5 of  male 

exopod rounded at tip 5 
5. Female anal somite with developed anterolateral 

process; right leg 5 of  male relatively small, with 
basis about 0.1 mm at maximum width 

T. (E.) dextrilo6atu.s Chen and Zhang, 1965 
-  Female anal somite without anterolateral process; 

right leg 5 of male relatively large with basis 
about 0.2 mm at maximum width 

T. (E.) derjugini Smirnov, 1935 

T o r t a n u s  ( E u t o r t a n u s )  t e r m i n a l i s ,  

n e w  s p e c i e s  

Figs. 7-9 

Material  E x a m i n e d . - F o u r  adult 99 and 8 adult dd. I June 

1996 (local time 2200). Nishino-omote Pier, Tanega Is- 
land, Kagoshima Prefecture. Towing around underwater 
light with a NORPAC net (mesh size 0.1 mm). 

Types . -Ho lo type ,  adult 9, dissected and mounted on 
glass slides, body in vial, CBM ZC-4538 ;  paratypes, 1 
adult 9 and 1 adult d, appendages dissected and mounted 
on glass slides, bodies in vials, CBM Z C - 4 5 3 9 ,  and 2 
adult 99 and 7 adult dd, whole specimens, CBM 
ZC-4540 .  

Body L e n g t h . - A d u l t  9: range 1.94-2.12 mm (average t  
SD = 2.04 t  0 . 0 9  mm, N = 4); adult d: range 1.86-2.10 
mm (1.97 t  0 . 0 9  mm, N = 8). 

D e s c r i p t i o n . - F e m a l e .  B o d y  ( F i g .  7 A ,  B )  

w i d e s t  i n  f i r s t  p e d i g e r ;  f o u r t h  a n d  f i f t h  p e d i -  

g e r s  a l m o s t  c o a l e s c e n t ,  w i t h  s u t u r e  v i s i b l e  

d o r s o l a t e r a l l y  a n d  d o r s o m e d i a l l y ;  p r o s o m a l  

e n d  ( F i g .  7 C - H )  a s y m m e t r i c a l ,  r i g h t  e n d  

l o n g e r  a n d  m o r e  p r o m i n e n t  t h a n  l e f t ,  r e a c h -  

i n g  h a l f  l e n g t h  o f  g e n i t a l  c o m p o u n d  s o m i t e ,  

l e f t  e n d  p r o d u c e d  i n t o  r o u n d e d  p r o c e s s .  U r o -  
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Fig. 7. Tortanus (Eutortanus) terminalis, new species, female (A-E,  I-K: holotype; F-H,  L: paratype). A, habitus, 
dorsal; B, habitus, right lateral; C, distal corner of  prosome and genital compound somite, dorsal; D, distal corner of  
prosome and genital compound somite, right lateral; E, distal corner of prosome and genital compound somite, left 
lateral; F, distal corner of  prosome and urosome, dorsal; G, posterior corner of  prosome and urosome, left lateral; H, 
posterior corner of  prosome and urosome, right lateral; 1, leg 1, anterior; J, terminal portion of third exopod segment 
of leg 1, anterior; K, leg 5, anterior; L, left exopod of  leg 5, anterior. Scale bars in mm. 
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Fig. 8. Tortanus (Eutortanus) terminalis, new species, female (holotype). A, antennule, segments I-XIX; B, an- 
tennule, segments XX-XXVIII; C, maxilla, large setae on coxa, basis, and endopod omitted; D, first endite of max- 
illa, seta omitted. Scale bars in mm. 

some (Fig. 7F-H)  3-segmented, last somite 
incompletely coalescent with caudal rami; 
genital compound somite with large dor- 
sodistal projection bearing at least 3 hair sen- 
silla; in holotype, complex spermatophore 
covering entire urosome except for dorsal 
sides of genital compound somite and sec- 
ond urosomite; second urosomite also bear- 
ing dorsodistal projection, this projection, in 
lateral view, not as high as that of genital 
compound somite; third urosomite elongate, 

bearing acute process ventrolaterally on right 
side, with right lateral margin sinuate and left 
straight, almost fused to caudal rami; anal 
operculum round at tip, directed leftward and 
posteriorly. Caudal rami (Fig. 7F) asymmet- 
rical, right ramus slightly longer than left, 
fringed with long setules along posterior half 
of inner margin; in lateral view, right ramus 
(Fig. 7H) tapering distally, while left ramus 
(Fig. 5G) expanded medially; rudimentary 
caudal seta I located at midlength of outer 

Fig. 9. Tortanus (Eutortanus) terminali.s, new species, male (paratype). A, habitus, dorsal; B, distal corner of pro- 
some and urosome, dorsal; C, posterior corner of  prosome and urosome, right lateral; D, posterior corner of  prosome 
and genital and first abdominal somites, left lateral; E, right antennule, segments I-XVIII;  F, right antennule, seg- 
ments XIX-XXVIII ;  G, right antennule, segments VIII-XV; H, right antennule, segments XIX and XX; I, right an- 
tennule, segments XXI-XXIV: J, leg 5, anterior; K, inner projection of  basis of right leg 5, anterior; L, terminus of  
second exopod segment of  left leg 5, anterior. Scale bars in mm. 
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margin; seta II longer than seta III; seta V 
thick at base. 

Antennule (Fig. 8A, B) reaching nearly to 
anus. Segments II-XIV almost completely or 
incompletely fused. Segments X, XII, XIII, 
and XIV each bearing spiniform seta. Arma- 
ture as follows (see Fig. 12 also): 1-1, I I - IX-9 
+ 2 ae, X-1, XI -2  + ae, XII-1, XIII-1, XIV-2 
+ ae, XV-1 ,  X V I - 2  + ae, XVI I -2  + ae, 
XVIII -2  + ae, XIX-2  + ae, XX-2 ,  XXI-2  + 
ae, XXII-1, XXIII-1, XXIV-1 + 1, XXV-1 
+ 1 + ae, XXVI-XXVII I -6  + ae. Antenna to 
maxillule and maxilliped with same segmen- 
tation and setation as in Tortanus dextriloba- 

tus, redescribed by Ohtsuka et al. (1992). 
Maxilla (Fig. 8C) differing from that of T. 
dextrilobatus in the presence of, presumably, 
rudimentary element on first praecoxal endite 
(Fig. 8D) and of minute seta on first coxal 
endite. 

Leg 1 (Fig. 71) with 2-segmented endopod 
and 3-segmented exopod; suture present be- 
tween original first and second segments of 
endopod; distal endopod segment with 
patches of minute spinules terminally and 
subterminally; distal exopod segment with 
mono- or bicuspid prominences distally (Fig. 
7J). Legs 2 - 4  with same armature as in T. 
dextrilobatus (see Ohtsuka et al., 1992). 

Leg 5 (Fig 7K, L) uniramous, slightly 
asymmetrical with left leg slightly longer than 
right, with both coxae and intercoxal sclerite 
fused to form common base; basis as long as 
wide, bearing fine seta at posterior one-fifth 
of outer margin and minute integumental pore 
on posteromedial surface; exopod I-seg- 
mented; left exopod curved slightly inward, 
bearing pointed process at distal one-third of 
its length; right exopod barely curved, taper- 
ing distally. 

Male. Body (Fig. 9A) more slender than 
that of  female; fourth and fifth pedigers al- 
most fused, with suture visible only ventro- 
laterally; prosomal corners asymmetrical with 
right longer than left; right corner, in lateral 
view, having posteriorly directed, round 
prominence, whereas left corner smoothly 
rounded. Urosome (Fig. 9B-D)  5-segmented, 
with anal somite incompletely fused to cau- 
dal rami; genital somite slightly asymmetri- 
cal, with left distal corner protruded posteri- 
orly; second urosomite carrying relatively 
long hair sensilla along distal margin; anal 
operculum round at tip; caudal rami asym- 
metrical, right longer than left. 

Right geniculate antennule (Fig. 9E-I): 
segments II-VII, XXI-XXIII ,  and X X I V -  
XXVIII almost completely fused; segments 
I and II-VII, II-VII and VIII, and IX-XII in- 
completely fused (Fig. 9E, G); segments 
X-XIV each with spiniform seta; segment XV 
with sheathlike extension. Armature of seg- 
ments as follows (see Fig. 13 also): 1-1, 
I I -V-5  + ae, VI-2, VII-2 + ae, VIII-1, IX-2, 
X-1, XI -2  + ae, XII-1, XIII-1, XIV-2 + ae, 
XV-1, XVI-2  + ae, XVII-2 + ae, XVIII-2 + 
ae, XIX-1 + ae + process, XX-1 + ae + pro- 
cess, XXI-XXII I -2  + ae + 2 processes, 
XXIV-XXVIII-10 + 2 ae. Segments XIX, XX, 
and XXI-XXIII  bearing 1, 1, and 2 serrate 
processes along anterior margin, respectively 
(Fig. 9F, H, I); compound segment XXIV-  
XXVIII bearing round prominence distally. 

Legs 1 -4  as in female except for distal 
monocusped prominences on third exopod seg- 
ment of leg 1. Leg 5 (Fig. 9J-L) stout; both 
coxae and intercoxal sclerite fused to form 

common base. Right leg 5 heavily sclerotized; 
basis expanded inward into stout, sinuate pro- 
jection (Fig. 9K), with 3 prominences along 
outer margin of projection and 2 low protu- 
berances and 2 setules on posterior surface; ex- 
opod slender, longer than entire length of left 
leg, smoothly curved inward, sinuate along in- 
ner margin, bearing 6 setae, all of which ex- 
cept proximal one having minute pore at tip. 
Left leg 5 with basis having fine outer seta at 
distal one-third of length; exopod incompletely 
2-segmented, first segment elongate with sub- 
terminal outer spine, second segment bearing 
6 tufts of fine setules and 2 setae along inner 
margin and tuft of long spinules and 2 setae 
along outer margin, with sinuate tip bearing 
minute subterminal spine (Fig. 9L). 

Variat ion.  -Although the posterior ends of 
the female prosome are always asymmetri- 
cal with the right longer than the left, the 
shape of the tips is slightly variable (Fig. 
7C-H).  The subterminal pointed process on 
the left exopod of the female leg 5 is directed 
slightly outward (Fig. 7K) or distally (Fig. 
7L). 

R e m a r k s . - T h e  new species is readily dis- 
tinguishable from the other species of the sub- 
genus Eutortanus in having: (1) leg 1 with 
2-segmented endopod, (2) the urosome of the 
female with dorsal swellings on the genital 
compound somite and the second urosomite, 
and a ventrolateral pointed process on the last 
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urosomite, (3) leg 5 of the female with a sub- 
terminal prominence on the left exopod, and 
(4) the right exopod of the male leg 5 with a 
strongly developed inner process on the ba- 
sis and an extremely elongated exopod. The 
complex spermatophores of the new species 
may also be a diagnostic character in the sub- 
genus, because the other species of the sub- 
genus have a relatively simple, sausage-like 
spermatophore (Ohtsuka et al., 1995). Com- 
plicated spermatophores are common in the 
subgenus Atortus (Tanaka, 1965; Othman, 
1987; Ohtsuka and Kimoto, 1989), but rare 
in the other subgenera. 

The new species has characters unique in 
the subgenus. All other species of  the sub- 
genus Eutortanus have a 3-segmented endo- 
pod of leg 1, while only the new species has 
a 2-segmented one. However, it is clear that 
the new species is a member of the subgenus 
Eutortanus because of the following synapo- 
morphies: (1) the fourth and fifth pedigers are 
almost completely fused; (2) the right cau- 
dal ramus is longer than the left; (3) the sec- 
ond endopod segments of legs 2 and 3 have 
7 setae; (4) the exopod of the female leg 5 
bears no element along the outer margin; and 
(5) the developed chelate structure is formed 
by the basal process and the elongate exo- 
pod of the right leg 5 of the male. The unique 
characters of the new species obscure its re- 
lationship to other members of the subgenus. 
The distinctly produced prosomal corners of 
the female and the chelate structure of  the 

right leg 5 of the male are indicative of its 
close relationship to T. derjugini and T. dex- 
trilobatus. 

E tymology . -The  specific name terminalis 
(Latin, meaning terminal) alludes to its isolated 
occurrence in Japanese waters compared with 
the distribution of most other species of the 
subgenus in brackish waters on the East Asian 
continental coasts (Ohtsuka et al., 1992). 

D i s t r i b u t i o n . - T h e  new species has so far 
been recorded only from the type locality (ar- 
rowed in Fig. l0A), Shibushi Bay, Kagoshima 
(H. Ueda, personal communication), and Tan- 
abe Bay, Wakayama (S. Ohtsuka, personal 
observation) (Fig. 10A). In contrast to the fact 
that most members of the subgenus Eutor- 
tanus are restricted to brackish waters along 
the East Asian continent, the new species oc- 
curs only in neritic waters of high salinity 
(Fig. l0A). 

Discussion 

The morphology, phylogeny, and zoo- 
geography of the genus Tortanus are dis- 
cussed. First, the structure of the right leg 5 
of the male is taken into account. This leg is 
modified into a grasping organ, and the ex- 
planation of Giesbrecht (1892) of the seg- 
mentation was subsequently followed by Oht- 
suka et al. (1987, 1992, 1995), Ohtsuka and 
Kimoto (1989), and Ohtsuka (1992). How- 
ever, the system of Giesbrecht is reconsidered 
in the present study. Second, some distinct 
evolutionary trends found in the bodies and 
appendages of the five subgenera of Tortanus 
are pointed out. Third, a cladistic analysis is 
employed in order to infer their phylogenetic 
relationships, origins, and dispersal patterns. 

Male Leg 5 

The structure of the adult male leg 5 of Tor- 
tanus, in particular the right leg, has not been 
clearly understood. Giesbrecht (1892) thought 
that the right leg was composed of a coxa, ba- 
sis, and 2-segmented exopod, the exopod form- 
ing a chela. This system was wholly or partly 
followed by Bowman (1971), Ohtsuka et al. 
(1987, 1992, 1995), Ohtsuka and Kimoto 
(1989), and Ohtsuka (1992). Through obser- 
vations of the fifth copepodid stages of males 
of T. (Tortanus) gracilis (Fig. 11 C, D), T. (Eu- 
tortanus) derjugini (Fig. 11A, B), T. (Boreotor- 
tanus) discaudatus (see Johnson, 1934), and T. 
(Atortus) capensis (Grindley, 1978), we have 
concluded that this system is incorrect. 

The most important tool to trace the ho- 
mology of segments and elements through de- 
velopment is to examine the newly formed 
appendage under the cuticle of the preceding 
stage (cf. Hulsemann, 1991). The second seg- 
ments of the adult male leg 5, with an outer 
(or posterior) seta on each side, are referred 
to as the basis. Both coxae and the intercoxal 

sclerite are completely fused to form a com- 
mon base in the fifth and sixth (adult) copep- 
odid stages of the above four species. The 
segment(s) distal to the basis were called the 
exopod (Giesbrecht, 1892; Ohtsuka and Ki- 
moto, 1989; Ohtsuka, 1992; Ohtsuka et al., 
1992, 1995) or endopod (Jones and Park, 
1968; Bowman, 1971). Presumably the pro- 
cess on the right basis of the fifth copepodid 
stages of T. (B. ) discaudatus and T. (E. ) der- 
jugini  corresponds to the vestigial endopod. 
Labidocera  tasmanica Nyan, 1974, of  the 

D
ow

nloaded from
 https://academ

ic.oup.com
/jcb/article/18/4/774/2419042 by guest on 04 O

ctober 2021



D
ow

nloaded from
 https://academ

ic.oup.com
/jcb/article/18/4/774/2419042 by guest on 04 O

ctober 2021



closely related family Pontellidae, apparently 
bears a 1-segmented rudimentary endopod 
and 2-segmented well-developed exopod on 
each side of leg 5 of the fifth copepodid stage 
male, and the endopod is absent in the adult 
male (Nyan, 1974). This observation supports the 
conclusion that the segment distal to the com- 
mon base (fused coxae) of the right leg 5 of male 
Tortanus should be referred to as the basis. 

The fifth copepodid stage has a 2-seg- 
mented exopod in T. (E.) derjugini (Fig. 11A), 
and a 1-segmented one in T. (B.) discauda- 
tus (see Johnson, 1934) and T. (T.) gracilis 
(Fig. 11C). Tortanus (A.) capensis bears a 
2-segmented exopod on the left side and a 
1-segmented one on the right in this stage, 
judging from the illustration of Grindley 
(1978). The 1-segmented exopod of the adult 
T. (E.) derjugini is formed in the 2-segmented 
exopod of the preceding stage (Fig. 11 A). On 
the other hand, a proximal spiniform seta (ar- 
rowed in Fig. 1 ID) on the exopod of  adult T. 
(T.) gracilis can be seen from the fifth copep- 
odid stage onward (arrowed in Fig. 11C). 
These present observations strongly support 
the assumption that the distal two segments 
of the right leg 5 forming a chela are the ba- 
sis and 1-segmented exopod, respectively. 
The separation of the left exopod and the sec- 
ondary fusion of  the right exopod at the final 
molt may be heterochronically controlled in 
the ontogeny of  each genus or species. 

The chelate structure of the right leg 5 of  
the male in the Tortanidae is unique. The 
closely related families Pontellidae and Acar- 
tiidae form a chela consisting of the two dis- 
tal exopod segments, whereas the genus Can- 
dacia of another related family, the Candaci- 
idae, may be similar to the Tortanidae in the 
structure of the right leg 5 of the male (cf. 
Giesbrecht, 1892). 

Morphological Transformation 

Transformations of  the somites and ap- 
pendages occur in the five subgenera of Tor- 
tanus, making a phylogenetic analysis of the 
subgenera possible. Before the analysis, we 
discuss these transformations among the sub- 
genera and autapomorphic characters of each 

subgenus. The autapomorphic characters are 
excluded from the phylogenetic analysis. 

1. Pedigers 4 and 5. The fourth and fifth 
pedigers of both sexes are separate in the sub- 
genera Acutanus and Tortanus and fused in 
Boreotortanus, Eutortanus, and Atortus. Al- 
though in the Calanoida the fusion of these 
somites is commonly a result of convergence, 
we assume that this separation is a symple- 
siomorphy accompanied by the symmetrical 
and not posteriorly produced fifth pediger. 
The asymmetrical winglike expansions of 
pediger 5 of the female are conspicuous in 
Boreotortanus and Eutortanus, but their ho- 
mology is unknown. Some species of Atortus 
have an asymmetrical and posteriorly pro- 
duced pediger 5, while others bear a symmet- 
rical rounded one. 

2. Urosome of the female. The number of 

urosomites is consistently 2 or 3. The only 
exception is T. (E.) sheni (= T. denticulatus 
Shen and Lee, 1963) with a 4-segmented uro- 
some. Although Shen and Lee (1963) stated 
that the type specimens of the species are de- 
posited at the Institute of Zoology, Acade- 
mia Sinica, Beijing, it was impossible to bor- 
row these from the institute in spite of sev- 
eral attempts. We had to abandon examining 
this species directly and have excluded it 
from the phylogenetic analysis. This species 
has never been encountered in Chinese wa- 

ters since the original description in 1963 (C. 
Haung, personal communication). 

The last compound somite of  the 3-seg- 
mented urosome is probably homologous to 
the original anal somite and its preceding 
somite in the calanoid Bauplan (cf. Huys and 
Boxshall,  1991). In the case of the 2-seg- 
mented urosome, the original first free ab- 
dominal somite is presumably incorporated in 
the genital double-somite. A 3-segmented 
urosome is consistently found in the subgen- 
era Boreotortanus, Eutortanus (except T. 
sheni), Tortanus, and Acutanus. Although the 
2-segmented condition is usual in the sub- 
genus Atortus, T. (A.) erabueusis has an in- 
distinctly 3-segmented urosome, in which the 
second urosomite is incompletely fused to the 
genital double-somite. 

Fig. 10. A, horizontal distribution o f  the subgenus Tortanus (Eutortanus) modified from Ohtsuka et al. (1992), 
Tanega Island (type locality of T. (E.) terminalis) arrowed; B, paleogeography of  the East China Sea and its neigh- 
boring regions during the Early Pliocene, the dotted line indicating the present coastline (redrawn after Kizaki and 
Oshiro, 1977, with permission of  Kaiyou Shuppan Co., Ltd.). 
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Fig. 11. Leg 5 of fifth (A, C) and sixth (B, D) copepodid stages of  males. Tnrtanus (Eutortanus) derjugini (A, B); 
Tortanus (Tortanus) gracilis (C, D). Note newly formed leg 5 of  adult stage within preceding stage (thick dotted line 
in A, C). Arrows in C, D indicate a presumed homologous seta. Scale bar in mm. 
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The anal somite and caudal rami are diag- 
nostic for each subgenus. In females these are 
completely or incompletely fused, and usu- 
ally asymmetrical. The anal somite usually 
possesses dorsal, ventral, or lateral projec- 
tion(s) or swelling(s). An acute dorsomedial 
process (anal operculum) on the anal somite 
is found only in Acutanus, except for the new 
species, T. (A.) ecornatus. 

The degree of asymmetry of the caudal 
rami varies in the genus. In Atortus and Acu- 
tanus, they are symmetrical or nearly so. In 
Eutortanus and Tortanus, the rami are always 
asymmetrical with the right ramus longer than 
the left. The caudal rami of Boreotortanus are 

considerably asymmetrical, with the right ra- 
mus being longer and much wider than the 
left ramus, and with seta II modified as a stout 
process solely on the right side. 

Both sexes of all three species of the sub- 
genus Tortanus possess a triangular terminal 
prominence on the dorsal side of each caudal 
ramus, a feature unique to the subgenus. 

3. Urosome of the male. All species of Eu- 
tortanus and Tortanus lack a process or 
swelling on the right distal corner of the sec- 
ond urosomite (first abdominal somite), 
which is probably the plesiomorphic state. In 
some taxa, this somite is furnished with such 
a structure on the right distal corner. Some 
species of the subgenus Atortus (=Tortanus 
(Atortus) brevipes complex sensu Ohtsuka 
and Kimoto, 1989) have a distinct acute pro- 
cess on the somite, while those of the T. (A.) 
recticauda complex sensu Ohtsuka and Ki- 
moto (1989) lack it. In Boreotortanus, the 
right distal corner of the somite is produced 
laterally into a round swelling (Fig. 3B, C). 
In Acutanus, the shape of the right distal cor- 
ner of the somite is variable. Tortanus angu- 
laris and T. ecornatus possess a distinct acute, 
posteriorly directed process as in the T. (Ator- 
tus) brevipes complex, whereas T. comper- 
nis and T. setacaudatus bear a relatively sim- 
ple, laterally produced small prominence 
(Ohtsuka, 1992). Judging from microstruc- 
tures such as integumental hair sensilla on the 
somite, these seem not to be homologous. For 
example, the T. (Atortus) brevipes complex has 
one large acute and one minute process, each 
bearing a sensillum at its tip (Jones and Park, 
1968; Othman, 1987; Ohtsuka and Kimoto, 
1989), while T. (Acutanus) angularis and T. 
(A.) ecornatus bear one large acute process 
with one subterminal and one basal sensillum 

(see Fig. 6C). Therefore, the presence of a 
process or swelling on the second urosomite 
is unavailable for the cladistic analysis. 

The anal somite is separate from the cau- 
dal rami in Boreotortanus, while in Atortus 
these are incompletely fused. These are sep- 
arate in some species of Eutortanus, Tor- 
tanus, and Acutanus, but fused in others. 
Hence, fusion of the anal somite and the cau- 
dal rami seems to have occurred indepen- 
dently within each of these three subgenera. 
In Boreotortanus, the caudal rami are con- 
siderably asymmetrical, with the right seta II 
heavily sclerotized and larger than the left 
seta II. In the subgenus Tortanus, each cau- 
dal ramus is very slender and possesses a 
triangular process dorsodistally as in the 
female. 

4. Antennule of the female. Many trans- 
formations are found in the antennules (Fig. 
12). The most primitive states of  the seg- 
mentation and armature elements are exhib- 

ited by Boreotortanus (see Tables 2, 3; Fig. 
12). Reduction of elements is found in the an- 
cestral segments X, XII, XIII, XIV, XV, XVII, 
XIX, XXI, and XXIV in the other subgen- 
era. The fusion pattern and armature elements 
are the same in both the brevipes and recti- 
cauda complexes of Atortus. 

5. Right antennule of  the male. As in the 
female antennule, the most plesiomorphic 
states are retained by Boreotortanus (Fig. 13). 
The other subgenera show reductions in the 
number of elements on the ancestral segments 
VI, VIII, X, XII, XIII, XIV, XV, XVII, XIX, 
XX, and XXIV (Fig. 13). 

The fusion pattern and armature elements 
are the same in both the brevipes and recti- 
cauda complexes of Atortus as in the female. 

6. Antenna. The only difference between 
the subgenera is the number of setae on the 
coxa and basis. Both Eutortanus and Tortanus 

have primitive conditions (  1 coxal and 2 basal 
setae), while the other subgenera show more 
advanced states (no coxal seta in Acutanus 
and Atortus; 1 basal seta in Boreotortanus, 
Acutanus, and Atortus). 

7. Maxillule. The praecoxal arthrite shows 
different conditions. The most primitive state 
is retained by Eutortanus and Atortus, with 13 3 
elements in all. These elements are easily iden- 
tified based on their relative size and position 
(Fig. 14). The subgenus Tortanus lacks only 
one posterior seta, whereas both Boreotortanus 
and Acutanus lack 2 setae (see Fig. 14). 
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Table 2. Characters used in cladistic analysis for five subgenera of  the genus Tortanu.s. Codes 0 - 3  refer to trans- 
formation series of  multistate characters. 0 = plesiomorphic. 
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Table 3. Character data matrix (see Table 2). 0 = ancestral state; I = derived state; 2 and 3 = more derived states. 

8. Maxilla. The first coxal endite primi- 
tively bears two setae of unequal length, but 
the rudimentary seta is absent in Acutanus 
and some species of Eutortanus. 

9. Maxilliped. There are two types of ar- 
mature on the syncoxa: (1) three endites with 
2, 2, and 1 spinulose setae, respectively; (2) 
two endites each carrying one spinulose seta. 
The former is found in Boreotortanus, Eu- 

tortanus, and Tortanus, and the latter in Acu- 
tanus and Atortus. Based on the relative po- 
sition of these endites and the size of the spin- 
ulose setae, the whole first (proximal) endite 
with two setae and a smaller seta on the sec- 

ond (middle) endite of the former group are 
absent in the latter group. According to John- 
son (1934), the proximal endite of the syn- 
coxa appears first in the second copepodid 

Fig. 12. Schematic illustration of fusion pattern and armature of  female antennule of each subgenus of Tortanus. 
Roman and Arabic numerals indicate numbers of ancestral segments and of  setae, respectively. ae = aesthetasc. 
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Fig. 13. Schematic illustration of fusion pattern and armature of right antennule of  male o f  each subgenus of Tor- 
tanks. Roman and Arabic numerals indicate numbers of ancestral segments and o f  setae, respectively. ae = aes- 
thetasc; p = process modified from element. Arrow indicates position of hinge. 

stage. The advanced state of both Acutanus 
and Atortus may be regarded as a suppressed 
state of the first copepodid stage. 

10. Leg 1. The most plesiomorphic state 
is found in Boreotortanus and Eutortanus ex- 

cept for T. (E.) terminalis, with 3-segmented 
rami, and two outer spines on the third exo- 
pod segment. The most derived state occurs 
in Acutanus and Atortus: 2-segmented endo- 
pod, and one outer spine on the third exopod 
segment. Tortanus (E.) terminalis and the 
subgenus Tortanus have the combination of 
a 2-segmented endopod and two outer spines 
on the third exopod segment. Apparently the 
fusion of  segments occurred independently 
within Eutortanus and the Tortanus-Atortus- 

Acutanus clade (see Fig. 15). Based on the 
position of outer spines on the third exopod 

segment, the terminal spine is lost in Acu- 
tanus and Atortus. It is worth noting that this 
reduction is not a suppression of  the "youn- 
gest" spine during development (cf. Ferrari, 
1991). It may be that dedifferentiation of el- 
ements occurs during development. 

11. Leg 2. The most primitive states of the 
armature elements are found in Boreotortanus 

and Eutortanus, with three outer spines on the 
third exopod segment, and eight setae on the 
second endopod segment. The number of se- 
tae on the second endopod segment is seven 
in Tortanus and six in both Acutanus and 

Atortus. Perhaps the proximal outer seta is ab- 
sent in the former and both one inner and one 

outer proximal setae are lacking in the latter. 
These "youngest" setae (cf. Ferrari, 1991) 
seem to be suppressed during the develop- 
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Fig. 14. Maxillular praecoxal arthrite of Torranus. Open 
circles indicate elements found in all subgenera of the 
genus Tortanu.s; closed square indicates that the subgenus 
Tortanus lacks this seta; closed circle indicates that the 
subgenera Bnreotortanu.s and Acutanu.s lack this element 
in addition to the element symbolized by the closed square. 

ment of legs between the last and penultimate 
copepodid stages. 

In Acutanus, the outer spines on the exo- 
pod are variably changed. Tortanus (A.) ecor- 
natus has a minute outer prominence on the 
second segment instead of an outer spine, 
while other species of Acutanus have a dis- 
tinct outer spine. Tortanus (A.) angular is  
shows intraspecific variation in the number of 
outer spines on the third exopod segment, 
with two in specimens from Belize and three 
in those from Mexico. It is not certain 
whether this difference is consistent between 

these two localities, because only a few in- 
dividuals from Mexico have been examined. 

12. Leg 3. Evolutionary trends are the same 
as in leg 2. In T. (Acutanus) ecornatus, the 
same extreme reduction of elements is found 

as in leg 2, with no outer spine on the sec- 
ond exopod segment, and the proximal spine 
on the third exopod segment being absent. 
Since the reduced elements of legs 2 and 3 
in T. (A.) ecornatus correspond to the 
youngest and second youngest elements of 
T. (B.) discaudatus (see plate IV, Johnson, 
1934), the double suppression may occur 
through the second to the fifth copepodid 
stages. 

13. Leg 4. There are differences between 
the subgenera in the numbers of setae on the 
second endopod segment and of the outer 
spines on the third exopod segment. Seven se- 
tae are present on the former segment in 
Boreotortanus and six in the other subgenera. 
The outer proximal (youngest) seta of 
Boreotortanus is presumably suppressed in 
the other subgenera. The exception is T. (A.) 

ecornatus, in which there are two outer prox- 
imal spines on the third exopod segment 
(three in the other species). In contrast to legs 
2 and 3, leg 4 exhibits reduction of only the 
youngest outer spine, but not the second 
youngest spine. 

14. Leg 5 of the female. The fifth leg shows 
a wide variety of transformations. The most 
primitive state is found in T. (Acutanus) se- 
tacaudatus with a 1-segmented exopod with 
four distinct spines whose bases are separate 
from the segment. The most reduced state is 
found in some species of Atortus, in which 
coxae, intercoxal sclerite, and basis coalesce, 
with a basal seta on each side, and the exo- 
pod is completely lost. It is difficult to trace 
evolutionary trends, in particular, of elements 
on the exopod among the subgenera. Boreo- 
tortanus, Eutortanus, and Tortanus bear three 
rudimentary spines along the outer margin of  
the exopod (see Fig. 2E, arrowed) which may 
be homologous to an outer and two terminal 
spines of T. (A.) setacaudatus (cf. fig. 5C, 
Ohtsuka, 1992). The innermost spine of the 
latter species may be modified in a process 
extending beyond the terminal outer spine of 
the former subgenera. In fact, the remaining 
species of Acutanus have an innermost pro- 
cess instead of a spine (Ohtsuka, 1992; pres- 
ent study). However, there is another possi- 
bility that these are not homologous, because 
the exopod of the fifth copepodid stage of fe- 
male Boreotortanus bears four minute outer 

spines (Johnson, 1934). Eutortanus, except 
for T. (E.) terminalis, has neither outer spines 
nor processes. 

In the brevipes complex of Atortus, only 
T. giesbrechti and T. tropicus have exopods. 
The exopod of T. giesbrechti has one inner 
and one outer spine on the right leg and only 
one inner spine on the left leg, while in T. 
tropicus there is one terminal spine on both 
sides with an additional terminal spinous 
prominence only on the left leg. In the recti- 
cauda complex there are one to four termi- 
nal and subterminal spinelike processes on 
the exopod. Only T. capensis and T. recti- 
cauda have one or two inner elements on the 

exopod. Although the development of the fe- 
male leg 5 of Atortus is partly described 
(Grindley, 1978), the homology of these ele- 
ments is unknown. 

Some distinct evolutionary trends are found 
among species of a subgenus. In Tortanus, the 
most primitive condition is retained by T. gra- 
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cilis with almost symmetrical exopods, while 
derived states are found in T. forcipatus and 
T. barbatus  with remarkably asymmetrical 
exopods. In the brevipes complex of Atortus, 
the loss of  the exopod is usual except for the 
above-mentioned two species. 

15. Leg 5 of the male. The torsion of the 
right exopod segments is unique to Acutanus. 
This subgenus forms a chela with the exo- 
pod segment attached to the inner proximal 
portion of  the basis. In Acutanus and Atortus, 
the elongation of the basis and the first exopod 
segment of the left leg seems to be a synapo- 
morphy, while the presence of an inner setule 
on these segments is a symplesiomorphy. Since 
the right leg is remarkably modified as a grasp- 
ing organ in each species, it is difficult to 
trace the homology of elements. The sinuate 
distal margin of the exopod of the left leg is 
shared by Boreotortanus and Eutortanus. 
However, this character was not included in 
the cladistic analysis in the present study. 

Phylogeny and Zoogeography of Tortanus 

For the phylogenetic analysis, 33 characters 
are compared among the five subgenera of Tor- 
tanus (Tables 2, 3). States of all characters are 
identical in both complexes of Atortus. A sin- 
gle most parsimonious cladogram was ob- 
tained, in which 10 convergences (characters 
1, 2, 3, 5, 13, 14, 23, 24, 31, 32) become ap- 
parent (Fig. 15). The tree length and consis- 
tency index are 54 and 0.72, respectively. The 
tree shows that Boreotortanus is the first off- 

shoot, subsequently followed by Eutortanus, 
Tortanus, and the Acutanus-Atortus clade. The 
Eutortanus-Tortanus-Acutanus-Atortus clade is 

well defined by the following synapomorphies: 
(1) reduced numbers of elements of antennu- 
lary segments XII, XIII, and XV in both sexes, 
(2) the fusion of antennulary segments I and 
II in the male, and (3) a reduced number of se- 
tae on the second endopod segment of leg 4. 
The Tortanus-Acutanus-Atortus clade shares 

the incomplete and almost complete fusion of 
antennular segments I and II in the female (not 
included in Table 2) and the loss of an aes- 
thetasc on antennulary segment XIX in the 
male. The Acutanus-Atortus clade is charac- 

terized by the following derived character 
states: (1) reduced numbers of elements on an- 
tennular segments XIV, XVII, and XXIV in the 
female and VI, XIV, XVII, and XXIV in the 
male, (2) reduced numbers of setae on the an- 

tennal coxa and basis, (3) reduced numbers of 
elements in legs 1-3, and (4) the elongation of 
the basis and first exopod segment of left leg 
5 of the male. It is interesting to note that re- 
duction of elements simultaneously occurs on 
the same antennulary segments (X, XII, XIII, 
XIV, XV, XVII, XXIV) in both sexes. 

Taking into account the present distribution 
and species-diversity of the genus Tortanus, 
with the center of species richness in the 
Indo-Malayan region, the ancestor may have 
been an originally coastal, tropical plankter. 
Boreotortanus must have then secondarily 
adapted to cold waters. The genus Tortanus 
is presently distributed in both the Indo-West 
Pacific and the northwestern Atlantic, with an 
extension to the northeastern Pacific Ocean. 

The origin of Acutanus in the Caribbean Sea 
and its neighboring seas presents a problem. 
There are the following two possibilities: (1) 
relatively recent dispersal from the Indo- 
Malayan region through the Panama passage 
(cf. van der Spoel, 1983; van der Spoel and 
Heyman, 1983), or (2) a Tethyan relict. If we 
adopt the latter hypothesis, the origin of the 
pre-Tortanus form might date as far back as 
the late Middle Jurassic, when the Tethys Sea 
existed as a seaway between the present 
Caribbean, the Mediterranean, and the Indo- 
Malayan, Australian, and Antarctic regions. 
However, since we firmly believe that the first 
offshoot of Boreotortanus (Fig. 15) was af- 
ter the Middle Miocene, the final divergence 
of the Acutanus-Atortus clade must have been 

later. According to the latter hypothesis, Acu- 
tarcus-Atortus could not have evolved over a 

long period from the late Middle Jurassic to 
the Early Tertiary. It is most unlikely that its 
evolution was in stasis so long because the 
Caribbean Province in the Tethys Sea was a 
distinct biotope even in the Cretaceous (cf. 
Kaufman, 1973). Therefore, Acutanus must 
have originated from the Indo-Malayan an- 
cestral stock and subsequently dispersed to 
the Caribbean. Since the present distribution 
of most species of the subgenera Tortanus, 
Atortus, and Acutanus is restricted to the trop- 
ical/subtropical zone, their origin may date 
back to the Middle Miocene or, less likely, 
as far back as the Middle Eocene to the Cre- 

taceous before severe cooling of surface wa- 
ters in the tropics occurred during the 
Oligocene glaciation. Surface temperatures in 
the tropical regions in the Middle Miocene 
are inferred to have been similar to or higher 
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Fig. 15. Phylogenetic relationship between five subgenera of the genus Tortanus. A, cladogram; B, geocladogram. 
Numbers in A refer to characters listed in Table 2. Underlined numbers indicate convergence; numbers in parenthe- 
ses indicate multiscored characters. 

than temperatures of the present day (cf. 
Savin et al., 1975). 

Was it possible for the originally coastal 
copepods to have been transported the long 
distance from the Indo-Malayan region to the 
Caribbean? The hypothesized long journey of 

the ancestor of A cutanus before the closure 

of the Panama isthmus is strongly supported 
by the fact that present species such as T. (T.) 
gracilis (see Fig. 4), T. (A.) giesbrechti, and 
T. (A.) scaphus occur as isolated populations 
in the central Pacific far from the distribu- 
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tional centers of the subgenera Tortanu.s and 
Atortus (Ohtsuka and Kimoto, 1989). These 
must have become dispersed recently in ge- 
ological time. The much more recent disper- 
sal of T. (E.) terminalis, probably by the 
Kuroshio Current, extends at least 500 km 
(see below). In addition, such a long disper- 
sal from the Indo-West Pacific to the 

Caribbean is supported by the hypothetical 
history of another neritic zooplankter. Ac- 
cording to van der Spoel (1983), the pelagic 
shrimp Acetes, which is now distributed in the 
Indo-Pacific (the Indian Ocean and both the 
western and eastern Pacific) and the western 
Atlantic (from the North American to the 
Brazilian coasts) regions, was of Indo-West 
Pacific origin. The ancestors of the western 
Atlantic species penetrated through either the 
Panama passage or pre-Amazonia into the 
western Atlantic. Although van der Spoel 
(1983) mentioned that the crossing of the 
Panama passage by Acetes may date back as 
far as pre-Miocene or earlier periods, he in- 
sisted in the same reference that the disper- 
sal direction of plankton changed from west- 
ward to eastward in the oceans after the 

Miocene. Therefore, it is more likely that 
their crossing occurred after the Miocene 
epoch. Recently, Miya and Nishida (1997) 
suggested, based on a molecular phylogenetic 
study on the deep-sea fish Cyclothone alba 
Brauer, that tropical Pacific and Atlantic wa- 
ters had been connected via the Panama pas- 
sage until the isthmus completely closed 
about 3.2-3.8 million years ago. 

The history of Boreotortanus and Eutor- 
tanus can be reconstructed from the zoogeo- 
graphic hypothesis of  Nishimura (1980, 
1981). Both subgenera prefer low-salinity wa- 
ters, and Boreotortanus and some species of 
Eutortanus also adapt to cold waters (cf. 
Mori, 1937; Brodsky, 1950; Chen and Zhang, 
1965; Kim, 1985; Ohtsuka et a l ,  1992, 1995). 
The complex eastern Asian archipelagoes and 
gulfs were formed since the Early Miocene, 
where pre-Tortanus became isolated from 
Indo-West Pacific populations and then 
adapted to cold low-salinity waters in the 
gulfs of East Asia (cf. Nishimura, 1980, 1981; 
Ohtsuka et al., 1992). The ancestor of 
Boreotortanus and Eutortanus might have in- 
vaded the Sea of Japan and the East China 
Sea in the Early to Middle Miocene (ap- 
proximately 19-13 MYA), when these seas 
became connected to the Pacific and were 

characterized by warm waters (Kizaki and 
Oshiro, 1977; Kaseno, 1989). Isolation from 
the mother population in these gulfs during 
the Pliocene to Pleistocene resulted in the al- 
most simultaneous evolution of Boreotor- 

tanus and Eutortanus in the ancient gulfs of 
the Sea of Japan and the East China Sea, 
respectively. Probably Boreotortanus and 
at least the northern populations of Eutortanus 
also adapted to cold waters in the Pleistocene 
(cf. Nishimura, 1980, 1981). The northwest- 
ern Atlantic population of Boreotortanus was 
formed secondarily from the North Pacific 
population. It migrated from the North Pacific 
to the northwestern Atlantic in a postglacial or 
interglacial period in the Pleistocene, without 
subsequent speciation (Ohtsuka et al., 1992). 

The extension of T. (E.) terminalis to the 
Pacific coasts of Kyushu and Honshu Islands 
is noteworthy (see Fig. 10A). Supposedly, this 
species evolved in the Early Pleistocene (cf. 
Kizaki and Oshiro, 1977) in the relatively 
high-salinity waters near the mouth of the 
gulf of the East China Sea (see Fig. 1OB), i.e., 
the Tokara Strait between Tanega and Amami 
Islands. Its distribution may have been ex- 
tended eastward by transportation via the 
Kuroshio Current, since the Jomonian Trans- 
gression (±10 ,000-6 ,000  years ago). Since 
this species is adapted to high-salinity waters, 
such transportation via oceanic waters may 
have been possible. The absence of this spe- 
cies from the islands south of Tanega Island, 
such as Amami, Okinawa, and Ishigaki Is- 
lands, supports this hypothesis (S. Ohtsuka, 
personal observation). 

The origin and history of the remaining 
subgenera are, however, not so easily inferred 
as those of Boreotortanus-Eutortanus. Since 

the divergences of Boreotortanus and Eutor- 
tanus from the ancestral stock probably took 
place sometime during the Middle Miocene 
to Pliocene, the branchings of more advanced 
genera must have occurred later. The offshoot 
of Atortus and Acutanus after the divergence 
of Tortanus (Fig. 11) may have occurred af- 
ter the formation of the isthmus of Panama. 

According to van der Spoel and Heyman 
(1983), the Panama passage was presumably 
closed in the Pliocene (± 3.5 MYA). Collins 
et al. (1996) suggested that a jet of the Pa- 
cific North Equatorial Countercurrent-Equa- 
torial Undercurrent flowed via the passage 
into the Caribbean at 6 MYA. It may be that 
the incursion of pre-Acutanus from the Indo- 
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Malayan stock into the Caribbean was accel- 
erated by these strong currents. There is an- 
other possibility that the pre-Acutanus stock 
had colonized the Caribbean earlier than 8 
MYA. At that time, the Caribbean-Pacific sur- 
face waters may have been mixed by the 
opening of another strait in the Atrato Basin, 
northwestern Colombia (Collins et al., 1996). 
After the corridor closed at 3.5 MYA, the 
Caribbean populations of pre-Acutanus may 
have diversified during the Pleistocene, while 
the eastern Pacific populations became ex- 
tinct, as suggested by van der Spoel (1983). 

All subgenera other than Atortus occur in 
highly productive brackish/neritic waters. 
Atortus tends to occur in more or less oligo- 
trophic high-salinity (up to 34.5-40%c) wa- 
ters, sometimes strongly influenced by warm 
currents or in coral reefs (cf. Wilson, 1932; 
Gonzalez and Bowman, 1965; Jones and Park, 
1968; Greenwood, 1978; Grindley, 1978; 
Chen, 1983; Ohtsuka and Kimoto, 1989; Oht- 
suka, 1992; McKinnon, 1993; S. Ohtsuka, per- 
sonal observation). Therefore, the present 
cladogram shows that the ancestor of  the 
genus conceivably preferred eutrophic waters 
and that the occurrence of the genus in olig- 
otrophic waters is an ecological apomorphy. 

The northwestern Pacific populations of 
Tortanus (T.) forcipatus and T. (T.) gracilis 
and probably Boreotortanus produce diapause 
eggs for hibernation (cf. Johnson, 1967; 
Kasahara et al., 1974; Kasahara and Uye, 
1979; S. Ohtsuka, personal observation). This 
phenomenon indicates that these taxa must 
have convergently developed a tolerance for 
cold waters in the Sea of Japan and the East 
China Sea during the Pleistocene. Presumably 
some northern populations of T. (E.) derjug- 
ini occurring in the Sea of Japan, the Yellow 
Sea, and the Sea of Okhotsk may produce 
resting eggs to overwinter. This speculation 
is supported by the fact that the occurrence 
of  the species was reported in the Yellow Sea 
only in warm months when water tempera- 
ture ranges from 14.3-27.6°C (as T. spini- 
caudatus; Suh et al., 1991) and in the Amur 
River in July and August (Smirnov, 1935). 

Speciation in each subgenus (Eutortanus, 
Tortanus, Atortus, and Acutanus) may have 
occurred separately, mainly during the Pleis- 
tocene, Eutortanus within the East China Sea, 
Tortanus and Atortus, presumably, in Wal- 
lacea and its neighboring seas (cf. Fleminger, 
1986), and Acutanus in the Caribbean Sea and 

i t s  a d j a c e n t  w a t e r s .  F l e m i n g e r  ( 1 9 8 6 )  p r o -  

p o s e d  t h a t  s p e c i a t i o n  o f  t h e  c a l a n o i d  f a m i l y  

P o n t e l l i d a e  t o o k  p l a c e  i n  W a l l a c e a  a n d  i t s  a d -  

j a c e n t  w a t e r s  d u r i n g  t h e  P l e i s t o c e n e .  T h e s e  

v i c a r i a n t  e v e n t s  m a y  a l s o  a p p l y  t o  s p e c i a t i o n  

i n  T o r t a n u s  a n d  s o m e  s p e c i e s  o f  A t o r t u s .  
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