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ABSTRACT

During taxonomic studies on the pelagic copepods of Indonesian waters, three species of Temora, T. discaudata Giesbrecht,
1882, T. discaudata n. var. and T. turbinata (Dana, 1849), and three species of Tortanus, T. (Tortanus) barbatus, T. (Tortanus)
Sforcipatus and T. (Tortanus) gracilis were described and figured on specimens collected from 8 sites along Indonesian coastal waters.
Descriptions, measurements and figures are given for those species, along with a review of their distribution over the world oceans,
and with taxonomic remarks, ecological notes, and restricted synonymies.
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INTRODUCTION

Family Temoridae Giesbrecht, 1893 comprises of
35 species from four genera, Epischura Forbes, 1882;
Eurytemora Giesbrecht, 1881; Heterocope Sars, 1863; and
Temora Baird, 1850. The genus Temora presently comprises
of five species (Boxshall & Halsey, 2004). Among them two
species, 7. discaudata Giesbrecht, 1882 and T. turbinata
(Dana, 1849) have been reported from Indonesian waters
(Scott, 1909).

Copepods of the genus Tortanus Giesbrecht & Schmeil,
1898 mainly inhabit tropical or subtropical coastal waters. At
present, about 32 species of the genus Tortanus Giesbrecht,
1892 have been documented from the Indo-Pacific region
and the Atlantic Ocean (Ohtsuka et al., 1987; Ohtsuka &
Kimoto, 1989; Ohtsuka, 1992; Chen & Hwang, 1999). The
species of this genus are divided into four subgenera based
on various morphological characters. These subgenera are:
Tortanus (Tortanus) Giesbrecht, 1892, Tortanus (Atortus)
Ohtsuka, 1992, Tortanus (Eutortanus) Smirnov, 1935, and
Tortanus (Acutanus) Ohtsuka, 1992.

In Indonesian waters, four spesies from two subgenera
have hitherto been reported. These are: 7. (Tortanus)
barbatus (Brady, 1883), T. (Tortanus) gracilis (Brady,
1883), T. (Atortus) brevipes Scott, 1909; and T. (Atortus)
murrayi Scott, 1909.

Two species of Temora and anew variety of 7. discaudata
and three species of Tortanus, T. (Tortanus). barbatus, T.
(Tortanus) forcipatus and T. (Tortanus) gracilis were
collected from shallow waters in 8 sites of Indonesia.

MATERIALS AND METHODS

The present plankton samples were obtained from 8
sites during 1994-2007 (Figure 1). Sampling was done
by surface and vertical hauls (10 m and 20 m depth to the
surface) with plankton net (0.33 mm mesh size, 0.45 m
mouth diameter). The samples were fixed and preserved
in 5% buffered formaldehyde/sea water solution. As far
as possible, the specimens were identified to species level.
Habitus and appendages were examined and measured using
a compound microscope and detailed drawings were made
with a camera lucida. Reference slides of appendages were
prepared using glycerin jelly and methyl blue and deposited
at the Museum Zoologicum Bogoriense, Research Center
for Biologi — LIPI, Cibinong, Indonesia.

Abbreviations used in the text to described
morphological features are: Al, antennule; A2, antenna;
Ms1-Ms5, metasomal somites 1-5; P1-P5, swimming legs
1-5; Ur1-Ur5, urosomal somites 1-5; CR, caudal rami; Re,
exopod; Ri, endopod.

DESCRIPTIONS

Temora turbinata (Dana, 1849)

Calanus turbinatus Dana, 1849:12
Temora turbinata, Giesbrecht, 1892: 329, pl. 17; Scott,
1909: 119; Mori, 1937: 64, pl. 32; Tanaka, 1963: 13;
Gonzales & Bowman, 1965: 249; Bradford, 1977: 135,
figs. 3—4; Greenwood, 1978: 4-5.
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Figure 1. Map of Indonesian waters showing study sites 1-8.
Table 1. Sampling sites, dates and number of samples in Indonesian coastal waters
Sites Position Date Depth of Number of
hauls samples
1. Cilacap Bay 07°40’S 109°00’E 24 March 2006 15m 10
2. Off Labuan 06°10’S 106°00’E 18 March 1998 15m 10
3. Jakarta Bay 06°00’S 106°45’E 2 Nov. 2007 15m 10
4. Off Tegal 06°40’'S 109°10’E 23 March 2007 10m 10
5. Off Surabaya 07°40’S 109°10°E 20 Sept. 1999 10m 10
6. Bitung Bay 01°23’'N125°06’'E 14 May 2004 20m 10
7. Ambon Bay 03°40’S 128°10°E 21 April 2004 20m 10
8. Waigeo, Papua 00°17’S 130°52’E 20 June 2007 15m 10

Table 2. Species list of Temora and Tortanus recorded in the present study, their sampling sites and their previous record in the major
oceans. 1-8, study sites; |, P, At, Indian, Pacific and Atlantic Oceans; O, Oceanic; N-O, Neritic Oceanic; N, Neritic; E-N, Estuarine-

Neritic; o, present records; e, previous records.

Sites Oceans
No. Species Remarks
1 2 3 4 5 6 7 8 | P At

1. Temora turbinata o o o o o o o ° ° ° N

2. T. discaudata o o o o o o o ° ° ° N

3. T discaudata n. var N

4. T. (Tortanus) barbatus ° N

5. T. (Tortanus) forcipatus ° N

6. T (Tortanus) gracilis o ° N

1, Cilacap Bay; 2, Off Labuan; 3, Jakarta Bay; 4, Off Tegal; 5, Off Surabaya; 6, Bitung Bay; 7, Ambon Bay; 8, Waigeo Island, Papua.

Material examined. Ten females (1.10-1.25 mm),
10 males (1.0-1.20 mm) collected off Labuan, west Java
by surface tow of 0.33 mm mesh plankton net at daytime
on 18 April 1998.

Female.- Body short and compact. Cephalon much higher
than posterior prosome, with 2 delicate rostral filaments,
fused with Msl; Ms4 and Ms5 fused, posterolateral ends

produced into smoothly rounded lobes, without spines.
Al 24-segmented. Urosome consists of 3 somites, genital
complex flattened ventrally; anal somite shorter than Ur2
and somewhat asymmetrical; CR longer and narrow,
asymmetrical, right rami slightly longer than left, 7 times as
long as wide, 27 inner seta enlarged at the base. P1-P4 with
3-segmented Re, Ri 2 segmented in P1 and 3 segmented in
P2-P4. P5 uniramous, symmetrical, with 1 coxa, 1 basis and
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Figure 2. Temora turbinata (Dana, 1849). Female. a, whole animal, dorsal view; b-e, 1st-4th legs; f, 5t legs. Male. g, whole animal, dorsal

view; h, 5th legs.

1 exopodal segments, Re with 1 outer spine and 3 subequal
spines at apex, 2" inner spine the longest.

Male.- Posterolateral ends of Ms5 narrowly rounded.
Urosome consists of 5 somites; anal somite symmetrical;
CR almost symmetrical, 2"d inner seta not swollen. P5
uniramous, left leg 4 segmented, inner side of 27 segment
with 1 slender thumb-like process, slightly curved and
extending about ¥ distal end of 4th segment; 34 segment
with 1 distolateral spine; 4th segment bluntly rounded
distally, with 2 stout apical spines, and 2 outer spines, inner
margin swollen. Right leg short, 3 segmented, 37 segment
with 1 outer spine-like seta, gradualy curved and hook-like,
terminal spine short and curved inward.

Remarks.- This species resembles 7. longicornis, but is
distinguished from the latter by the anal somite form and
the symmetrical CR. T turbinata is widespread and tolerant
of wide range of environmental variation means it should
be able to transported considerable distances in the open
ocean. It has been reported as common in the tropical and
subtropical region of Pacific and Indian Oceans. Well
recorded from Burma to the Arafura Sea and northwards the
South China Sea (Dana, 1849; Sewell, 1912), and Australian
region from New Zealand, southern New South Wales to
Barrier Reef waters (Dakin & Colefax, 1940; Bradford,
1977; Greenwood, 1978).



128 Species of the Genera Temora and Tortanus from Indonesian Coastal Waters

Figure 3. Temora discaudata Giesbrecht, 1892. Female. a, whole animal, dorsal view; b, 5t legs. Male. c, whole animal, dorsal view;

d, Ms5 and Ur1-Ur3, lateral view; e, 5t legs.

Temora discaudata Giesbrecht, 1889

Temora discaudata Giesbrecht, 1889: 328, pl. 17; Scott,
1909: 118; Sewell, 1912: 365; Mori, 1937: 65, pl. 32;
Tanaka, 1963: 13; Greenwood, 1978: 2, fig. 1a-h.

Material examined. Ten females (1.68-2.05 mm),
10 males (1.65-1.85 mm) collected from Waigeo Island,
Papua by surface tow of 0.33 mm mesh plankton net at
daytime on 12 June 2007.

Female.- Cephalon widened anteriorly, separated from Ms1;
Ms4 and Ms5 fused, posterolateral ends of Ms5 produced
into asymmetrical acute lobes, right side apparently longer
than left. A1 24-segmented, reaching distal end of Ur3
when folded backwards. Urosome consists of 3 somites,
genital complex wide, almost symmetrical; Ur2 short; anal
somite asymmetrical, left side much longer than left; CR
asymmetrical, right side longer and biger than left, about
6 times as long as wide. P5 uniramous, symmetrical, with
1 coxa, | basis, and 1 exopodal segments; basis with 1
distolateral spine-like seta; Re with 1 outer spine at middle,

and 3 unequal spines at apex, innermost much longer and
stout.

Male.- General appearance as in female. Posterolateral ends
of Ms5 produced into asymmetrical pointed lobes, left side
longer than right, tip of right side curved outwards. Left
Al 24-segmented reaching distal end of Ms5 when folded
backwards. Right A1 geniculate, fused segments 19-21 with
a row of devoid denticles. Urosome consists of 5 somites,
almost symmetrical; CR long, 8 times as long as wide. P5
uniramous, left leg 3 segmented, 27 segment with a wide
thumb-like process on inner margin, and 1 distolateral spine;
terminal segment lamelliform, and furnished with 4 outer
spines, inner margin hirsute. Right leg, 3 segment hook-
like, sharply bent back against the outside of leg.

Temora discaudata immature

Temora stylifera, Mori, 1937: 6, pl. 33, figs. 1-2; Dakin &
Colefax, 1940: 92, figs. 116a-c; Wilson, 1950: 343; Chiba,
1953b: 722, fig. la-h; Tanaka, 1963: 14; Chen & Zhang,
1965, pl. 21, figs. 1-4.
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Figure 4. Temora discaudata Giesbrecht, 1892. Female. a, copepodite stage V, dorsal view; b, 5th legs; c, copepodite stage |V,

dorsal view; d, 5t legs.

Material examined. Five immature females (1.27-1.30
mm) collected from Waigeo Island, Papua by surface tow od
0.33 mm mesh plankton net at daytime 12 June 2007.

Female (fig. 4c).- Cephalon rounded anteriorly, shorter than
wide (3 : 4), posterior corners pointed, posteromedially with
a knob-like process. Posterolateral ends of Ms5 produced
into symmetrical long spines. Al 24-segmented reaching
distal end of CR when folded backwards. Urosome consists
of 3 somites, almost symmetrical, anal somite symmetrical
and separated from CR; CR symmetrical, about 6.5 times
as long as wide. PS5 symmetrical with 1 coxa, 1 basis, and 1
exopodal segment; basis with 1 short seta; Re with 1 outer
spine at middle, and 3 unequal spines at apex, innermost
much longer and stout.

Remarks.- Copepodite V stages of 7. discaudata have
symmetrical posterolateral ends of Ms5 and caudal rami,
and posterolateral process on cephalon in both sexes can be
superficially mistaken for 7. stylifera by (Mori, 1937; Tanaka,
1963; Chen & Zhang, 1965). It is probable the juveniles
recorded and figured off New South Wales by Dakin &
Colefax (1940) as T stylifera were in fact T. discaudata.

Temora discaudata n. var.

Material examined. Ten females (1.65—1.95 mm), 10 males
(1.60-1.85 mm) collected from Ambon Bay by surface tow
of 0.33 mm mesh plankton net at daytime on 13 March
1995.

Female.- In general appearance resembles 7. discaudata,
except for P1 and P5. P1, Ril with 1 long spine-like seta
arising from distal end of segment extend beyond Ri2. P5
symmetrical with 1 coxa, 1 basis and 1 exopodal segments;
basis with 1 distolateral spine-like seta; Re with 1 outer
seta at middle and 4 spines at apex, innermost one much
longer and stouter.

Male.- In general appearance resembles 7. discaudata, but
differs in posterolateral ends of Ms5, right side produced
into short spine, curved outward in dorsal view.

Remarks.- Only two species of 7Temora have pointed
MsS, T stylifera and T. discaudata, and the latter species
is distinguished readily by its asymmetrical CR. Moreover,
the 2 spines were probably allopatric, with 7. stylifera
limited to the Atlantic and 7. discaudata to the Indo-Pacific.
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Figure 5. Temora discaudata n. var. Female. a, whole animal, dorsal view; b, Ms5 and urosome, lateral view; c, 1st leg; d, Ri of P1;
e, 5t leg. Male. f, whole animal, dorsal view; g, Ms5 and Ur1-Ur2, dorsal view; h, 5t legs.

The Pacific Ocean (Wilson, 1950) and China Sea (Chen &
Zhang, 1965) records of T_ stylifera were misidentification,
actually 7' discaudata. Mori (1937) and Tanaka (1963)
illustrations of 7. stylifera were of an immature female,
because the posterior corners of the cephalon are produced
into points, the anal somite and CR are symmetrical, and
the distal segment of P5 is shorter than in the adult. Chiba
(1953a) described the male of T stylifera from Japan Sea,
but his drawing of P5 clearly places this specimens in
T. discaudata. Later Chiba (1953b) again described the male
of T. stylifera with short CR and incompletely developed
PS5, it was doubtless a young 7. discaudata.

Tortanus (Tortanus) barbatus (Brady, 1883)

Corynura barbata Brady, 1883: 71, pl. 31.
Corynura denticulata Giesbrecht, 1889: 26; 1893: 525,
pls. 31, 42.

Tortanus barbatus, Giesbrecht & Schmeil, 1898: 158;
A. Scott, 1909: 189; Sewell, 1912: 377; Friichtl, 1924: 37,
83; Greenwood, 1978: 18, fig. 9a-j.

Tortanus sp. Dakin & Colefax, 1940: 106, figs. 161a-c.

Material examined. Five females (1.59-1.65 mm),
5 males (1.40—1.45 mm) collected off Labuan, west Java
by surface tow of 0.33 mm mesh plankton net at daytime
on 18 June 1994.

Female.- Cephalon rounded anteriorly, separate from
Msl. Rostrum absent. Eye large without lenses. Ms4 and
Ms5 separate, posterolateral ends produced into small
rounded lobes. Al 17-segmented. Urosome consists of
3 somites, anal somite long and narrow, fused with CR;
CR much elongated, asymmetrical, right side longer than
left. P1-P4 with 3 Re and 2 Ri in P1 and 3 Ri in P2-P4. P5
asymmetrical, right leg, Re short and naked, less than half
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Figure 6. Tortanus (Tortanus) barbatus (Brady, 1883). Female. a, whole animal, dorsal view; b, 5t legs. Male. ¢, whole animal, dorsal

view; d, 5t legs.

length of left one. Left leg long and comparatively stout,
middle inner margin of Re furnished with a tuft of 5 curved
lamelliform teeth.

Male.- Prosome as in female. Urosome consists of 5
somites; CR symmetrical, separate from anal somite. P1-P4
as in female. PS5 asymmetrical, right leg 3-segmented, basis
widenend basally, Rel widened posteriorly with 1 thumb,
1 triangular process and 1 seta. Re2 curved inwards with
1 basal and 1 posterior seta, inner margin smooth. Left leg
3-segmented, basis widened basally with 1 small outer seta,
Rel shorter than Re2; Re2 with 1 outer seta and 1 inner seta,
V4 distal part denticulated, inner margin hirsute.

Remarks.- Considerable confusion has occurred in this
species in the past because of the variability in the nature
of the comb of denticles on inner margin of female left P5,
and the lateral setae of CR. In Brady’s (1883) figures the
denticles terminated in long “whips” and the outer seta on
CR was long, reaching distal end of CR, in contrast to that

of T denticulatus. Scott (1909) firts suggested synonimy of
T denticulatus and T. barbatus when he found intermediate
forms in “Siboga” specimens, however Sewell (1912) in
examining specimens from Bengal Bay still considered
that distinct species, suggesting that Scott had mistaken
T. denticulatus for T. barbatus in the Siboga specimens.
Friichtl (1924) analysed large numbers of individuals
and fully supported Scott’s case for synonimy. This was
accepted by Steuer (1926), and subsequently by Sewell
(1932) recognising that the denticles could vary from obtuse
to elongate and whip-like, and a long seta may or may not
be present on the midlateral margin of the right CR.

In both these respects the Moreton Bay material
(Greenwood, 1978) is very uniform and agrees with the
previous denticulatus end of the spectrum. All specimens
examined had 5 distinct obtuse denticles with no evidence of
whip-like extensions, and there were no setae arising from
the lateral margin of the right CR. Dakin & Colefax (1940)
Tortanus sp. is clearly the male of 7. barbatus.
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Mainly tropical Indo-Malaysian. Recorded from
the bay of Bengal (Sewell, 1912), Aru Island (Friichtl,
1924), Sulu Sea and Verde Island passage (Wilson, 1950),
Manipa Strait (Scott, 1909), Zebu Harbour (Brady, 1883),
and Australian waters (Greenwood, 1978). Giesbrecht’s
C. denticulata came from the Red Sea.

Tortanus (Tortanus) forcipatus (Giesbrecht,
1889)

Corynura forcipata Giesbrecht, 1889: 525, pl. 31.
Tortanus forcipatus, Giesbrecht & Schmeil, 1898: 158;
Sato, 1913: 2; Rechman, 1973: 113-118, pl. 1.

Material examined. Ten females (1.25—-1.27 mm)
collected from Bone Bay, South Celebes by surface tow of
0.33 mm mesh plankton net at night on 16 June 1999.

Female.- Cephalon and Msl separate and also Ms4 and
MsS5, posterolateral ends produced into symmetrical knob-
like lobes. A1 18-segmented, not reaching distal end
of CR when folded backwards. Urosome consists of 3
somites, asymmetrical, anal somite and CR fused. CR
asymmetrical, left ramus slightly narrow and smaller than
right. P5 uniramous, consits of 3 segments (1 coxa, 1 basis,
and 1 exopodal), asymmetrical, right leg longer than left,
Re with 2 outer spinules; Re of left leg small, with 2 outer
spinules.

Male was not found in the present study.

Remarks.- T forcipatus was first established upon female
specimens from the Formosa Strait. For a long time
T. forcipatus was confused with 7. gracilis (Brady, 1883),

Figure 7. Tortanus (Tortanus) forcipatus (Giesbrecht, 1889). Female. a, whole animal, dorsal view; b, Ms5 and urosome, dorsal view;

¢, Ms5 and urosome, lateral view; d, 5t legs.
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but latter on Scott (1909) distinguished between the female
of both species, on the basis of the form of 5th leg. The
male of this species was first reported by Sewell (1914),
but he’s account was devoid of any structural details other
than those of the 5t leg.

Tortanus (Tortanus) gracilis (Brady, 1883)

Corynura gracilis Brady, 1883: 71, pl. 33.
Tortanus gracilis, Giesbrecht & Schmeil, 1898: 258;
Thompson & Scott, 1903: 254; A. Scott, 1909: 190.

Material examined. Two females (1.55 mm) collected
from Jakarta Bay by surface tow of 0.33 mesh plankton net
at daytime on 2 June 1994.

Female.- Ms4 and Ms5 separate, posterolateral ends
produced into symmetrical knob-like lobes. Urosome
consists of 3 somites, asymmetrical, anal somite and CR
fused. CR asymmetrical, right ramus larger and longer than
left. Nodulated protuberance absent. P5 asymmetrical, 3
segmented, basis with 1 seta, Re of left leg slightly larger
and longer than right.

Male was not found in the present study.

Remarks.- The female of this species resembles
T. forcipatus, but is distinguishable from the latter by
the absence of nodulated protuberances and the form of
the P5, and the larger size. Brady (1883) showed that in

Figure 8. Tortanus (Tortanus) gracilis (Brady, 1883). Female. a, whole animal, dorsal view; b, Ms5 and urosome, dorsal view; ¢, Urosome,

dorsal view; d, 5t legs.
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T. gracilis the 5 the legs are symmetrical. Scott (1909)
found two forms (small and large forms) of this species
from Indonesian waters. In the small form (1.52 mm) the
5thlegs quite symmetrical, but in the large form (1.68 mm)
there is a very slight difference between the length of the
left and the right side. Cleve (1901) reported than in some
cases larger specimens of 7. gracilis showed a tendency
for the left 5 the legs to be slightly larger. According to
(Cleve, 1901; Wolfenden, 1911; Steuer, 1927) T. gracilis
is open sea form, but it also found in coastal waters in the
present study.

General Remarks

Ohtsuka (1992) discussed the subgeneric divisions of
Tortanus, recognising a total of four subgenera. 7. (Tortanus)
consists of three species, including Corynura gracilis Brady,
1883 which was designated the type-species by Ohtsuka
(1992). T. (Eutortanus) Smirnov, 1935 consists of seven
species, T. (Acutanus) Ohtsuka, 1992 which accomodates
four species and 7. (Atortus) Ohtsuka, 1992 which currently
comprises 21 species (Ohtsuka & Kimoto, 1989; Chen
& Hwang, 1999). Atortus Sewell, 1932 was unavailable,
since Sewell (1932) did not designate a type-species.
Ohtsuka & Reid (1998) established anew monotypic subgenus,
T. (Boreotortanus), based on the species Tortanus
discaudatus (Thompson & Scott, 1903) and provided
keys to species of T. (Acutanus), T. (Eutortanus) and
T. (Tortanus).

The most characteristic feature of their distributions
is that each species within the subgenus is endemic to a
certain locality in the coastal waters in the Indo-Pacific
region, while the species of the subgenus Tortanus are
widely distributed on the Indo-Pacific and Atlantic coast.
In Indo-Pacific region, Tortanus (Tortanus) forcipatus
(Giesbrecht), T. (Tortanus) gracilis (Brady), and
T. (Tortanus) barbatus (Brady) are widely distributed
(Brady, 1883; Chen & Zhang, 1965; Madhupratap &
Haridas, 1986). T. (Tortanus) discaudatus (Thompson &
Scott, 1903) has a wide distribution on the North Pacific and
the North Atlantic coast (Brodsky, 1950; Kim, 1985).
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