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Abstract

Background: The brackish calanoid, Eurytemora americana Williams, 1906, is reported in the northern part of Korea.
It is found to be an important copepod in the mesozooplankton community structure from the estuarine and
shallow waters. The range extension and of £. americana is reported additionally to previously known distributional
range from brackish waters of the South Atlantic Ocean, United Kingdom, Canada, English Channel, Iceland, the
North Atlantic Ocean, the North Pacific Ocean (Japan, Korea, and Russia), and the North Sea. In this study, both
sexes of £. americana are redescribed and illustrated including their undescribed mouthparts.

Results: The most important characters that have been overlooked in the previous descriptions are: shape of the
last pedigerous somite in female, structure of the genital double-somite, and ornamentation of the fifth leg in

both sexes.

Conclusion: The distributional range of £ americana is now given with its northern and southern hemisphere limit
as 70 to 37°N in the North Pacific and 38°S in the Southwest Atlantic.
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Background
Most of the species belonging to the family Eurytemora
Giesbrecht, 1881 are distributed in both, northern and
southern hemispheres and about 30 species have so far
been described (Boxshall and Halsey 2004; Alekseev and
Souissi 2011; Sukhikh and Alekseev 2013). The genus
has hitherto been recorded exclusively from subtropical
to subarctic, but with the increasing species diversity to-
ward northern latitudes (Dodson et al. 2010). Most of
the Eurytemora are characterized by a wide habitat dis-
tribution ranging from the open ocean waters, coastal
marine, hypersaline salt marshes, and brackish estuaries,
to completely freshwaters (Heron and Damkaer 1976;
Lee 2000; Dodson et al. 2010).

Two of Eurytemora species E. composita Keiser, 1929
and E. pacifica Sato, 1913 have so far been recorded
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from Korea (Lee et al. 2007; Soh et al. 2013) and E. pa-
cifica has known to be a dominant species in estuarine
to shallow waters of Korea (Park et al. 2002; Moon et al.
2006, 2012).

We have conducted the faunistic studies on the cala-
noids in eastern estuarine and shallow waters of Korea
from May to June 2011. In the materials collected of the
studied area, the predominant species was E. americana
Williams, 1906, it co-occurred with E. pacifica Sato,
1913. In the current re-examination of the obtained
materials, we have found that E. americana was errone-
ously identified as E. pacifica, while E. pacifica was actu-
ally rare in these waters. The complete redescription of
E. americana from the eastern Korea estuarine and shal-
low waters is presented herein to clarify the identifica-
tion of the northern Korean calanoid reported as E.
pacifica to avoid possible misunderstanding of the iden-
tity of the species.

Materials and methods
The specimens were collected from the estuarine and
coastal waters of eastern Korea (Table 1, Fig. 1) using a
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Table 1 Distribution of three different species of Eurytemora
(Temoridae) in Korean waters

Species  Occurrence Gear Mesh size References
locality (um)
(see Fig. 1)

E. pacifica 1-12, 14, Plankton net, 64, 100, Lee et al. (2007), Soh

15,16,20  Norpac net 200 (2010), Present study
E. 15,16, 18,  Norpac net 100 Present study
americana 22
E 13,17,19, Plankton net, 64, 100 Lee et al. (2007)
composita 21 Norpac net Soh et al. (2013)

plankton net (100 and 200 um mesh). The samples were
preserved immediately in 5 % buffered formalin/seawater
solution. Individuals of the species were sorted out from
the samples. Before dissection and microscopic observa-
tion, specimen was immersed in 70 % lactic acid for
about an hour. Dissection of specimen was done using
reverse slide method (Humes and Gooding 1964). The
descriptive terminology follows Huys and Boxshall
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(1991). Abbreviations used in the text and figures: Al,
antennule; ae, aesthetasc. All voucher specimens are de-
posited at the National Institute of Biological Resources
(NIBR), Incheon, Korea.

Results
Systematics

Order CALANOIDA G. O. Sars, 1903
Family TEMORIDAE G. O. Sars, 1903
Genus Eurytemora Giesbrecht, 1881
Eurytemora americana Williams, 1906
Figs. 2-5

Synonymy

Eurytemora americana Williams, 1906: 645, figs. 8—11;
Wilson C. B., 1932: 109, fig. 72; Gurney 1933: 369, figs.
2048-2061; Jespersen, 1940: 42, fig. 6; Brodsky 1950:
284, fig. 193; Fontaine, 1955: 858, pls. 8, figs. 1-15;

stream); (14) Samcheok Port; (15) Jincheon stream, Donghae; (1
Gwangpoho Lake; (21) Goseong Port
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Fig. 1 Sampling stations in different parts of Korea:(1) Incheon Port; (2) Asan Bay; (3) Garolim Bay; (4) Mankyung River estuary; (5) Mokpo Port;
(6) Jindo Port; (7) Yeoja Bay; (8) Gamak Bay; (9) Seomijin River estuary; (10) Sacheon Port; (1
6) Gangneung Port; (1

1) Jinhae Bay; (12) Ulsan Bay; (13) Ganggu (Goraebul

7) Yangyang Port; (18) Sokcho Port; (19) Songjiho lake; (20)
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Smith, 1960: 13, fig. 5; Heron 1964: 206, figs. 19-26;
Jerusalem 1967: 287; Kos 1977: 33, figs. 11-13;
Borutzky et al. 1991: 116; Brylinski 2009: 254, fig. 2.
Eurytemora thompsoni: Willey 1923: 303, fig. 7;
Lowndes 1931: 501, figs. 1-16; Brodsky 1950: 287,
fig. 195.

Eurytemora transversalis: Campbell 1930: 179, pl. 1,
figs. 4—6; Brodsky 1950: 288, fig. 197.

Eurytemora kieferi: Smirnov 1931: 194, figs. 1-6;
Brodsky 1950: 287, fig. 196.

Material examined

21 99 and 24 4, Jeoncheon stream (37°39'26"”N, 129°
08'23"E), Donghae, 5 May 2011; 10 99 and 10 4J,
Sacheon port, Gangneung, 19 June 2010; 12 99 and 3
43, Anmok port, Gangneung, 4 May 2011; 4 Q9 fe-
males and 2 &d, Cheongok port, Donghae, 5 May 2011;
25 99 and 14 d'J, Geojin port, Goseong, 7 May 2011; 1
Q, Jangho port, Samcheok, 12 May 2011; 5 29 and 3
43, Gonghyunjin port, Yangyang, 12 May 2011; 15 99
and 11 4d, Bongpo port, Goseong, 1 June 2011.

Description

Female
Body plump (Fig. 2a, b), length 1.17-1.25 mm
(mean 1.21 +0.09, n = 10). Rostral filaments thick
and short (Fig. 4f). Prosome-urosome ratio 1.51:1.
Cephalosome and first pedigerous somite com-
pletely separated; fourth and fifth pedigerous
somites completely separated; last pedigerous
somite slightly asymmetrical with 1 small spinule
on wing-like protrusion terminally on both sides.
Urosome of 3 free somites: genital double-somite
symmetrical, lateral margins slightly constricted at
midlength; both proximal and distal sides promin-
ent (Fig. 2d), 1.31 times as long as wide; genitial
operculum (Fig. 2e, indicated by black arrow) lo-
cated ventromedially with long rounded overlying
area of receptacle. Third urosomal segment with
spinules dorsolaterally (Fig. 2f). Caudal rami nearly
symmetrical (Fig. 2f), 6.9 times longer than wide,
with spinules dorsolaterally, and 6 caudal setae,
seta I lacking.
Antennule: 24-segmented, reaching to distal part of
last pedigerous somite (Fig. 2b): ancestral segments I-
11, III-IV, and XXVI-XXVIII completely fused (Fig. 2c).
Segmentation and setation patterns as follows (ances-
tral segment number-setae + ae): I-1I-3 + ae, III-IV-
3 +ae, V-2 +as, VI-1, VII-2 + ae, VIII-1, IX-2 + ae,
X-1, XI-2 + ae, XII-1, XIII-1, XIV-2 + ae, XV-2,
XVI-2 + ae, XVII-2, XVIII-2 + ae, XIX-2, XX-2,
XXI-1 + ae, XXII-1, XXIII-1, XXIV-1 + 1, XXV-
1+ 1, XXVI-XXVIII-6 + ae.
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Fig. 2 Eurytemora americana, female: a habitus, dorsal view; b
habitus, lateral view; ¢ antennule; d fifth pedigerous somite and
genital double-somite, dorsal view; e fifth pedigerous somite and
genital double-somite (arrow indicates the genitial operculum),
ventral view; f third urosomite and caudal rami, dorsal and ventral
views. Scale bars: A, B=200 pym; B-F =100 um

J

Antenna (Fig. 3a): Coxa and basis with 1 and 2 setae,
respectively; endopod 2-segmented, proximal segment
with 2 setae, distal segment with 9 setae subtermin-
ally, 7 setae terminally; exopod 7-segmented, with
seta formula of 1, 3,1,1, 1,1, 1+ 3.

Mandible (Fig. 3b): gnathobase well developed,
cutting edge with short teeth and dorsal seta; basis of
palp with 4 setae; exopod 5-segmented, with setal for-
mula of 1, 1, 1, 1, 2; endopod 2-segmented, proximal
and distal segment with 4 and 10 setae, respectively.
Maxillule (Fig. 3c): praecoxa and coxa incompletely
fused; praecoxal arthrite with 14 setae (9 spines and 5
setae), row of spinules on posterior surface; coxa with
4 setae on coxalendite and 9 setae on epipodite; basis
with 3 and 5 setae on basal endites, basal exite with 1
seta; endopod incompletely 3-segmented, with setal
formula of 5, 5, 6; exopod with 9 setae, row of spi-
nules on posterior surface.

Maxilla (Fig. 3d): praecoxa and coxa incompletely
fused, proximal praecoxal endite with 5 setae, distal
and coxal endites with 3 setae each; basis with 4
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Fig. 3 Eurytemora americana, female: a antenna; b mandible; c
maxillule; d maxilla; e maxilliped. All scales =50 pm

setae; endpod 4-segmented, with setal formula of
1,1,1,3.
Maxilliped (Fig. 3e): syncoxa robust, with setal
formula of 2, 2, 3 and oblique rows of tiny spinules
on posterior surface; basis with 3 setae and row of
spinules on medial surface endopod 6-segmented,
with setal formula of 2, 2, 2, 2,2 +1, 4.
Legs 1 to 4 (Table 2, Fig. 4a—d) with 3-segmented
exopods, 2-segmented endopods, except for endopod
1-segmented in leg 1. Coxa of leg 1 (Fig. 4a), with
tiny spinules on posterior surface.
Fifth leg (Fig. 4e) 4-segmented; coxa with seta on
ventral surface; basis/exopod segment 1 with strong
comb-like inner process, directed inwards, tip
upcurved and finely serrate along both margins of
distal half, and 2 setae (1 proximal and 1 distal
margin); exopod segment 2 with 2 distal setae.
Male
Body more slender than in female (Fig. 5a, b), length
1.17-1.25 mm (mean 1.21 + 0.09, # = 10). Prosome-
urosome ratio 1.52:1. Cephalosome bearing dorsal
hump, (indicated by the black arrow in Fig. 5b) and
completely separated from first pedigerous somite;

Fig. 4 Eurytemora americana, female: a leg 1, anterior view; b leg 2,
anterior view; ¢ leg 3, anterior view; d leg 4 anterior view; e leg 5,

anteior view; f rostral filaments. All scale bars =50 um

fourth and fifth pedigerous somites completely
separated; posterior corners of prosome rounded.
Urosome of 5 free somites, proximal segment
asymmetrical, second urosomal somite longest

(Fig. 5a, e). Caudal rami nearly symmetrical,
approximately 6.42 times longer than wide, and

with 6 caudal setae, setae I lacking.

Antennule: 20-segmented, extending to distal part of
third usosomite (Fig. 5a, c): ancestral segment I-II,
[I-IV, XXI-XXIII and XXIV-XXVIII completely
fused. Segmentation and setation patterns as follows:

Table 2 Spine and setal formula of swimming legs 1 to 4 of
Eurytemora americana collected from Korea

Coxa Basis Exopod Endopod
Leg 1 0-1 0-0 15 115 1114 024
Leg 2 0-1 0-0 -1, 1-1; 115 0-3; 123
Leg 3 0-1 0-1 -1; 15 1115 0-3;1,23
Leg 4 0-1 0-1 15 115115 0-3; 1,22
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Fig. 5 Eurytemora americana, male: a habitus, dorsal view; b habitus,
lateral view; ¢ antennule (dot indicates the place of ancestral
segments X to XIV); d P5 (dot indicates the place of distal segment
of left leg 5), posterior view; e first and second urosomites, dorsal
view. Scale bars: A, B=200 um; C=100 um; D, E=50 um

I-1I-3 + ae, III-IV-3 + ae, V-1 + as, VI-1, VII-2 + ae,
VIII-1 + ae, XI-2 + ae, X-I+ae, XI-2 +ae; XII-1+
ae, XIII-I + ae, XIV-I-1 + ae, XV-2 + ae, XVI-2 + ae,
XVII-2 + ae, XVIII-2 + ae, XIX-1 + ae, XX-1 + ae,
XXI-XXIII-3, XXIV-XXVIII-1 + 1-1 + 1-6 + ae.
Segments XIX to XXI-XXIII supplied by comb-like
structures/serrated.

All appendages as in female, except for fifth leg.

Fifth leg strongly asymmetrical (Fig. 5d): Right leg 4-
segmented: coxa with two small setae on dorsal sur-
face; basis with swelling on the inner margin, with
lateral seta and 2 setae on dorsal surface; exopod 2-
segmented, proximal segment with 5 setae; distal seg-
ment falcate, inner margin irregular, with 2 min setae
and lobe on proximal margin, 1 spine on medial mar-
gin, small seta on inner margin of distal half. Left leg
4-segmented: coxa with 2 setae and row of spinules
on anterior surface; basis slightly swollen on inner
margin with 2 setae on the dorsal surface; exopod 2-
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segmented, proximal segment with 4 setae on the
medial surface and 2 setae on the distolaterally; distal
segment with 1 proximal seta, 1 spine on mediolateral
margin, apical portion of distal segment double broad
ended, outer part extended to a swollen and rounded
tipwith 1 long and 2 small spines; inner portion with
cuticle crenate, anterior side with patch of thickly set
fine hairs, protruding beyond margin.

Distribution

Species is widely distributed in the North America
(Williams 1906; Heron 1964), northern Europe (Gurney
1933; Brylinski 2009), Argentina (Hoffmeyer et al. 2000)
and Asia (Kos 1977; Borutzky et al. 1991).

Discussion

The original description of E. americana was brief with
inadequate figures for the identification (Williams 1906).
Some morphological features, that remain overlooked or
undescribed still (Williams 1906; Willey 1923; Gurney
1933; Heron 1964; Kos 1977; Brylinski 2009) are rede-
scribed in details in the present study for the both sexes
of E. americana.

The following characters are proposed as diagnostic
for female: (1) a symmetrical, lateral margins slightly
constricted at midlength of the genital double-somite
and (2) presence of patched spinules on the dorsal sur-
face of the anal somite and caudal rami; and for the
male: (1) a swelling on the inner margin of the right P5
basis; (2) the right distal segment of left P5 with falcate
and double broad-ended apical portion; (3) presence of
two setae on the dorsal surface of the coxa in right P5;
(4) presence of two setae on the basis of right P5; (5)
presence of five setae on the first exopodal segment of
male right P5; (6) presence of two setae on the basis of
left P5; and (7) presence of six setae on the first exopo-
dal segment of left P5. The specimens herein identified
as E. americana correspond well to the description of
Heron (1964) and their undescribed mouth parts are il-
lustrated in details for the first time.

Eurytemora americana usually co-occur with the other
neritic calanoids, Acartia omorii Bradford, 1976, Centro-
pages abdominalis Sato, 1913, E. pacifica, and Paracala-
nus intermedius Shen and Bay, 1956 as it was revealed
during the biodiversity survey aimed at populating a dis-
tributional database on copepods in the eastern estuar-
ine and shallow waters of Korea. A dense population of
E. americana have been found in the estuary of Jeonch-
eon Stream, near by the Donghae harbor in the eastern
Korea (salinity 25 psu, 5 May 2011).

Eurytemora americana has so far been known as a
species widely distributed in the northern hemisphere, in
the cold and temperate latitudes of North America
(Williams 1906; Heron 1964), northern Europe (Gurney
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Fig. 6 Schematic illustration of latitudinal distributions of Eurytemora americana

1933; Brylinski 2009), the northeast Pacific (Kos 1977;
Borutzky et al. 1991), and of Argentina (Hoffmeyer et al.
2000) in the southern hemisphere. This record extends
to the known latitudinal distribution of this species
southward into the temperate zone of the northern
Korea (37°39'N), which was the previous southern
border of its known distributional range (see Fig. 6).
This species is a brackish copepod native to the northern
hemisphere (Kos 1977), but was accidentally introduced
into the Argentina estuary with ballast water of ships
coming to the harbour zone from the northern hemi-
sphere locations (Hoffmeyer et al. 2000) and ultimately
contributed to the establishment of invasion corridors
(Ricciardi and Maclssac 2000; Drake and Lodge 2004).
This species also has been reported several times as an
invader species in Europe (Brylinski 2009; Noél 2011)
through the ballast water (Brylinski 2009; Berasategui
et al. 2009).

We report this particular species from the estuarine
and coastal waters in the northern part of Korea for
the first time. There are three possible explanations
of this discovery: (1) insufficient studies of the
northern Korean estuaries; (2) probable misidentifica-
tion in previous studies; and (3) recent invasion of
the species in the northern Korean waters. Since, it is
a first record of occurrence in northern Korean
waters, a detailed knowledge on its taxonomy and
molecular variability imperative.

Conclusions
The present paper described for the complementary re-
description of E. americana based on adult specimens

collected from the estuarine and coastal waters of east-
ern Korea. When compared with descriptions and illus-
trations of earlier authors, they overlooked the shape of
the last pedigerous somite in female, structure of the
genital double-somite, and ornamentation of the fifth leg
in both sexes. The expansion of the geographical distri-
bution of E. americana is now given with its northern
and southern hemisphere limit as 70 to 37°N in the
North Pacific and 38°S in the Southwest Atlantic.
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