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Abstract

Elaphoidella paraaffinis sp. nov. and E. ligorae sp. nov. are described from Phra Kayang and Khao Plu caves respectively
in southern Thailand. They both belong to Group I sensu Lang (1948). Elaphoidella paraaffinis and E. ligorae are similar
to E. affinis Chappuis, 1933 and E. cabezasi Petkovski, 1982 respectively. Elaphoidella paraaffinis differs from E. affinis
by (1) its larger sized setae on Exp PS5, (2) the absence of an inner seta on Endp P1-P4, (3) fewer setae on P3 Endp-2, and
(4) alarger number of ventral spinules on its anal segment. Elaphoidella ligorae differs from E. cabezasi by (1) its serrated
posterior margins of urosomites, (2) the presence of strong inner spinules on its caudal ramus, (3) larger sized and a lower
number of ventral spinules on its anal segment in male and female respectively, (4) larger sized setae on P5 in female, (5)
the presence of an inner seta on Endp-1 P2, and (6) a larger number of setae on Endp-2 P2 in male. An identification key
to the Southeast Asian species of the genus Elaphoidella Chappuis, 1929 is provided.

Key words: Canthocamptidae, epikarst, karstic caves, stygobites, taxonomy

Introduction

Twenty-six species and subspecies of Elaphoidella have been reported thus far from Southeast Asia (SEA),
excluding the two new species described herein. They are found in Indonesia (15 taxa), Thailand (9 taxa), Vietnam
(6 taxa), Malaysia (5 taxa), and the Phillipines (3 taxa), as shown in Table 1 and Fig. 1 (Chappuis 1928, 1931, 1933,
1941; Borutzky 1967; Dussart & Defaye 1990; Mamaril 2001; Apostolov 2007; Watiroyram et al. 2015a; Alekseev
et al. 2016; Watiroyram & Brancelj 2016). Two cosmopolitan species have been reported so far from SEA: E.
bidens (Schmeil, 1894) s. l. and E. grandidieri (Guerne & Richard, 1893), while two species, E. cuspidata
Chappuis, 1941 and E. superpedalis Shen & Tai, 1964, have shown a wider range of distribution in the region
(Chang 2010; Alekseev et al. 2016).

Of the 26 known species and subspecies 13 were described by Chappuis (1928, 1931, 1933, 1941), who
sampled epigean species in several water bodies in the area, with special focus on small habitats associated with
terrestrial plants (i.e. phytotelmata) (Greeney 2001).

After 1967, some hypogean habitats in SEA (and especially in Thailand) were surveyed by Borutzky (1967)
(caves), later by Pesce & Apostolov (1985), and Bruno & Cottarelli (2015) (interstitial hyporheic), and most
recently by Brancelj et al. (2010), Watiroyram et al. (2012, 2015a, 2015b), Boonyanusith ez al. (2013), Watiroyram
& Brancelj (2016) (caves, with special focus on the epikarst).

During previous studies of freshwater copepods in Thailand, nine species of Elaphoidella belonging to five
groups (sensu Lang 1948) were recorded: a) Group 1 (E. margaritae Pesce & Apostolov, 1985), b) Group 11 (£.
bidens decorata (Daday, 1901); E. grandidieri; E. intermedia Chappuis, 1931), ¢) Group IV (E. jaesornensis
Watiroyram, Brancelj & Sanoamuang, 2015; E. namnaoensis Brancelj, Watiroyram & Sanoamuang, 2010), d)
Group VII (E. bromeliaecola (Chappuis, 1928); E. sanoamuangae Watiroyram & Brancelj, 2016), and e) Group
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VIII (E. thailandensis Watiroyram, Brancelj & Sanoamuang, 2015) (Brancelj et al. 2010; Watiroyram et al. 2015a;
Watiroyram & Brancelj 2016).

The first author collected samples from epikarstic drips during 2014 and 2015 in 93 caves in the Phuket and
Nakhon Si Thammarat mountain ranges (southern Thailand). Two additional new cave-dwelling species were
discovered and are described herein. Additionally, all relevant documents reporting species of the genus
Elaphoidella from the SEA countries were reviewed to present current knowledge of the genus distribution and to
provide an identification key to species in the region.

Material and methods

Elaphoidella paraaffinis sp. nov. was collected in Phra Kayang Cave, Lum Liang Subdistrict, Kraburi District,
Ranong Province, southern Thailand. The coordinates of the entrance are 10 19 34.03” N and 98 45" 55.70" E,
altitude: 20 m a.s.l. The cave consists of a horizontal gallery about 300 m long. A 45 m high helix ladder is attached
to the cave's wall in the innermost part of the cave. Samples were collected from several small pools on stalagmites
close to the ladder, about 10 m above the floor. Pools with a volume of 0.5—1 litre are filled exclusively by dripping
water, originating from the cave ceiling, which is 5—10 m in thickness.

Elaphoidella ligorae sp. nov. was collected in Khao Plu Cave, Khao Ro Subdistrict, Thung Song District,
Nakhon Si Thammarat Province, southern Thailand. The coordinates of the entrance are 08° 01" 22.50” N and 99°
347 36.09” E, altitude 45 m a.s.l. The cave consists of a horizontal gallery about 10 m long. There is a small
concrete pool in the dark zone, about 8 m from the entrance, with a volume of about 1 litre and filled exclusively by
dripping water originating from the cave ceiling, which is 2-8 m in thickness. There was no phreatic water inside
or surface water running into the cave.

Samples from each location were filtered using a filtering bottle with a 60 pm mesh size (Brancelj 2004),
transferred into 120 ml plastic bottles and preserved in 70% ethanol. Samples were examined in the laboratory
under a stereomicroscope at 40x magnification. Before dissection, specimens were placed in a mixture of glycerol
and 70% ethanol (ratio ~ 1:10 v/v), which was replaced within one hour with pure glycerol. Specimens were
dissected at 40—100x magnification under an Olympus SZ51 stereomicroscope.

All appendages and body ornamentation were examined at 1000x magnification. All the drawings were made
at this magnification, using a drawing tube mounted on an Olympus compound microscope (CX31). The final
versions of the drawings were made using the CorelDraw® 12.0 graphics program. For permanent slides, all body
parts were put in a drop of glycerol on a microscope slide, under a cover glass, and sealed with nail polish.

The following abbreviations are used throughout the text and figures: Endp, endopod; Exp, exopod; Exp/Endp-
1, proximal segment; Exp/Endp-2, middle segment; Exp-3, distal segment; P1-P6, swimming legs 1-6. The
nomenclature and descriptive terminology follows Huys & Boxshall (1991), including analysis of caudal setae (I-
VII). Specimens were deposited at the Natural History Museum, London, United Kingdom (NHMUK) and at the
Nakhon Phanom University, Faculty of Science, Thailand (NPU).

Taxonomy
Order HARPACTICOIDA Sars, 1903
Family CANTHOCAMPTIDAE Brady, 1880

Genus Elaphoidella Chappuis, 1929

Elaphoidella paraaffinis sp. nov.
(Figs. 2-6)

Type locality. Phra Kayang Cave, Lum Liang Subdistrict, Kraburi District, Ranong Province, southern Thailand
(Fig. 1.
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FIGURE 1. The geographical distribution of the genus Elaphoidella Chappuis, 1929 in Southeast Asia. Black dots indicate
approximate locations of Elaphoidella sampling sites; arrows indicate locations of two new species. Numbers are the same as
in Table 1.

Material examined. Holotype: adult female, length 520 um (access No.: NHMUK 2016.642), completely
dissected and mounted on one slide. Allotype: adult male, length 480 um (access No.: NHMUK 2016.643),
completely dissected and mounted on one slide. Paratypes: three females with egg sacs and three males, stored in
70% ethanol (access No.: NHMUK 2016.644-649); four females with egg sacs and four males, stored in 70%
ethanol (access No.: NPU 2016-001). All material was collected from Phra Kayang Cave (loc. typ.) by S.
Watiroyram on 15 August 2015.

Etymology. The specific name paraaffinis, formed with the Greek prefix para (= near, beside), refers to the
similarity of the new species with E. affinis. The species epitheton is a feminine singular adjective.

Description of female. Body length, measured from anterior margin of rostrum to posterior margin of caudal
rami, 500-550 um (mean = 530 pm, n = 5). Habitus elongated, subcylindrical, width evenly decreased from
cephalothorax to last urosomite; preserved specimens colourless (Fig. 2A). Naupliar eye not discernible.
Cephalothorax with several pairs of sensilla, integumental window saddle-shaped, well discernible. Posterior
margins of prosomites 1 to 3 and urosomite 1 serrated laterally; genital double-somite and urosomites 3 and 4
serrated along entire free margins. Somite of the genital double-somite completely fused (Figs. 2B-D), about 0.8
times as long as wide, with row of strong spinules on distal dorso-lateral margin. Genital complex (Fig. 2C) with a
large, bell-shaped median copulatory pore; seminal receptacles symmetrical, well developed. Urosomites 3 and 4
with row of robust spinules distally along dorsoventral margin. Anal somite (Figs. 2B—D) with one pair of sensilla
dorsally at base of anal operculum; transversal row of small spinules laterally; five strong spinules ventrally on
posterior margin, near inner corner of base of each caudal ramus.
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FIGURE 2. Elaphoidella paraaffinis sp. nov. Female: A, habitus, dorsal view; B, urosome (without urosomite 1), dorsal view;
C, urosome (without urosomite 1), ventral view; D, urosome (without urosomite 1), lateral view. Scale bar: 50 pm.
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Female: A, P1; B, P2; C, P3; D, P4; E, P5. Scale bar, 50 um.

FIGURE 4. Elaphoidella paraaffinis sp. nov.

WATIROYRAM ET AL.
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FIGURE 5. Elaphoidella paraaffinis sp. nov. Male: A, habitus, dorsal view; B, urosome (without urosomite 1), dorsal view; C,
urosome (without urosomite 1), ventral view; D, urosome (without urosomite 1), lateral view. Scale bar: 50 pm.
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FIGURE 6. Elaphoidella paraaffinis sp. nov. Male: A, P1; B, P2; C, P3; D, P4; E, P5. Scale bar, 50 um.
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Anal operculum (Figs. 2B, D) large, with about 25 (range: 24-27) strong spinules along free margin; with an
operculum margin reaching distal end of anal somite and spinules extending half of caudal ramus length.

Caudal rami parallel (Figs. 2B, C). Caudal ramus rectangular, as long as wide, with a small dorsal keel.
Anterolateral accessory seta (1) absent. Setae 11, 111, VI, VII bare and thin. Anterolateral seta (II) inserted at about 1/
3 of caudal ramus length. Posterolateral seta (I1I) inserted at 2/3 of caudal ramus length, slightly shorter than seta
11, with two strong spinules near its base, inserted on ventral surface of caudal rami. Outer apical seta (IV) about
four times as long as caudal ramus, spiniform, without a breaking plane. Inner apical seta (V) longest, swollen at its
base, without a breaking plane. Inner accessory seta (VI) about 0.5 times as long as seta V. Dorsal seta (VII) as
long as seta 11, inserted at half of caudal ramus length.

Antennule (Fig. 3A) eight-segmented, not reaching posterior margin of cephalothorax. Aesthetasc on segment
4 reached middle of distal segment. Aesthetasc on segment 8 long and slim. Both aesthetascs fused with seta at its
base (= acrotheck). Setal formula: 1, 9, 5, 2+aesthetasc, 1, 3, 2, 7+aesthetasc.

Antenna (Fig. 3B) composed of coxa, allobasis, one-segmented Exp and Endp. Coxa slightly shorter than wide
and unornamented. Allobasis about three times as long as wide, with five spinules along its outer margin. Exp with
two apical and two subapical unipinnatae setae. Endp as long as allobasis, with two strong spines along outer
margin at distal part; several strong spinules at proximal part of segment, and one strong spinule on each side of
insertion of a distal lateral spine. Apically five elements: three geniculate setae, one normal smooth seta, one strong
spine. External surface of Endp with thin seta inserted subapically.

Mandible (Fig. 3C) robust, with five strongly chitinized teeth and one smooth seta on the dorsal side of
gnathobase. Mandibular palp two-segmented; with seta on proximal segment and five setae on distal segment: four
apically, and one laterally. All setae thin and smooth.

Maxillule (Fig. 3D) composed of robust praecoxa, coxa, and basis. Praecoxal arthrite with three strong spines
and two short spiniform setae on arthrite base. Coxa with two smooth setae on cylindrical endite. Basis with one
unipinnate and one smooth seta apically; Exp and Endp reduced to two smooth setae along inner margin of basis.

Maxilla (Fig. 3E) two-segmented; syncoxa with two endites, each with two setae. Basis drawn out into strong,
beak-like apophysis, with few spinules distally; Exp and Endp reduced to two smooth setae.

Maxilliped (Fig. 3F) prehensile; comprising syncoxa, basis, and one-segmented Endp. Syncoxa unornamented.
Basis about two times as long as wide, with a row of 12 spinules along its inner margin. Endp drown out into an
unipinnate claw, as long as basis; with a small seta at its base.

P1 with three-segmented Exp and Endp; P2-P4 with three-segmented Exp and two-segmented Endp. An
armature formula of P1-P4 is as follows (legend: inner-outer seta/spine; inner-apical-outer; Arabic numerals
represent setae, Roman numerals represent spines):

Leg Coxa Basis Exopod Endopod
1 2 3 1 2 3
1 0-0 1-1 0-1 1-1 0-2+1-1 1-0 1-0 0-3-0
2 0-0 0-1 0-1 1-1 1-2-11 0-0 2-2+1-0 -
3 0-0 0-1 0-1 1-1 2-2-11 0-0 3-1-1 ---
4 0-0 0-1 0-1 1-1 2-2-11 0-0 2-1+1-0 ---

P1 Endp slightly longer than Exp (Fig. 4A). Coxa with rows of small spinules on its outer margin. Basis with
thin inner seta and a slim outer spine; with spinules at base of both elements. Exp-1-3 similar in length, each with a
strong outer spine. Exp-3 with a strong unipinnate spine and two long geniculate setae apically. Endp-1 long,
slightly shorter than Exp-1 and Exp-2 combined, with unipinnate spiniform seta on inner margin. Endp-2 with thin
and smooth seta on inner distal corner. Endp-3 with three setae apically: innermost seta thin, shortest; middle one
geniculated, longest; outermost seta spiniform.

P2 (Fig. 4B) coxa ornamented as in P1. Basis with a spine and few spinules at its base. Exp-1 and Exp-2 with a
strong spine on each of its outer margins. Exp-1 as long as Exp-2. Exp-2 with a long unipinnate seta on inner distal
corner of this segment. Exp-3 2.5 times as long as wide; with two spines on its outer margin, two apical setae (outer
seta unipinnate, inner one pinnate), and a long unipinnate seta on its inner margin. Endp-1 small, shorter than wide,
without seta on its inner margin. Endp-2 2.5 times as long as wide, with a spine on its outer margin, two long
pinnate setae apically and two short unipinnate setae on its inner margin.
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P3 (Fig. 4C) coxa ornamented as P2; basis with thin and smooth seta on its outer margin. Exp-1 as long as
wide; with a strong spine having a rounded tip on its outer margin. Exp-2 with a short smooth seta on inner margin
and a strong spine with a rounded tip on outer margin. Exp-3 similar to P2 Exp-3, but with additional pinnate seta
subapically on inner margin. Endp two-segmented, as long as Exp-1 and Exp-2 combined. Endp-1 small, shorter
than wide, without seta on inner margin. Endp-2 about two times as long as wide, with a spine on outer margin, one
long pinnate seta-apically, one long pinnate seta and two short smooth setae on inner margin.

P4 (Fig. 4D) coxa with few spinules on outer margin. Basis with thin smooth seta on outer margin. Exp three-
segmented, with one strong spine on outer margin of Exp-1 and Exp-2 and two strong spines on outer margin of
Exp-3. Exp-1 about 1.3 times as long wide. Exp-2 as long as Exp-3, about 2.5 times as long as wide, with
unipinnate seta on inner margin. Exp-3 with two unequal setae apically (inner pinnate, outer unipinnate), with one
pinnate and one unipinnate seta on inner margin. Endp as long as Exp-1. Endp-1 small, shorter than wide, without
seta on inner margin. Endp-2 two times as long as wide, with a spine and long pinnate seta apically and two
unipinnate setae on inner margin.

P5 (Fig. 4E) Exp and baseoendopod well separated. Baseoendopod about as long as Exp, with four long, strong
spiniform setae; second outer one (I111) longest, followed by second inner one (II), innermost seta (I) and outermost
seta (IV). Outer lateral seta on baseoendopod long and smooth. Exp small, sub-oval; with four strong spiniform
setae; second inner seta (II) longest followed by second outer seta (I1I), innermost seta (I) and outermost seta (IV).

P6 (Fig. 2C) fused, small, forming a simple plate, with two subequal setae on each side of copulatory pore;
inner one bare, and outer one pinnate.

Egg sac: holotype with 15 eggs; other females with 13—16 eggs (n = 5).

Description of male. Slightly smaller than female (Fig. 5A); body length, measured from anterior margin of
rostrum to posterior margin of caudal rami, 460-500 pm (mean = 480 um, n = 5); preserved specimens colourless;
naupliar eye not discernible. Cephalothorax with a well discernible integumental window. Habitus similar to
female; posterior margins of prosomites and urosomite 1 serrated laterally; urosomites 2—5 serrated along entire
free margins. Urosomites 3—5 ventrally with a continuous row of unequal spinules along free margin (Fig. 5C).
Anal somite, caudal rami, antenna, mouthparts and P1 similar to those of female (Figs. 3B—F, SA-D, 6A). Anal
operculum well developed, with about 23 (range 22—24) strong spinules on free margin, reaching middle of caudal
rami (Figs. 5B, D).

Antennule (Fig. 3G) seven-segmented, with three strong spinules on first segment. Setal formula: 1, 8,
7+aesthetasc, 4, 0, 0, 7+aesthetasc. First aesthetasc cylindrical, slightly curved, with a rounded tip, reaching distal
end of antennule. Distal aesthetasc shorter than proximal one, about 1.2 times as long as terminal segment. Both
aesthetascs combined with a seta as an acrotheck.

P2 (Fig. 6B) coxa, basis and Exp as in female. Endp two-segmented, Endp reaching middle of Exp-2. Endp-1
small, shorter than wide, with no seta on inner margin. Endp-2 about 2.5 times as long as wide, with two long setae
apically, reaching well above Exp-3; with two pinnate setae on inner margin: distal one as long as segment bearing
it, longer than proximal seta.

P3 (Fig. 6C) coxa, basis and exopodite as in female. Endp three-segmented, as long as Exp-1 and Exp-2
combined. Endp-1 shorter than wide, with no seta on inner margin. Endp-2 with a short apophysis shaped in a
harpoon-like tip, reaching middle of Exp-3. Endp-3 about two times longer than wide, with two pinnate setae
apically (inner one as long as segment bearing it; outer one about three times as long as inner one).

P4 (Fig. 6D) coxa, basis and exopodite as in female. Endp two-segmented, short, as long as Exp-1. Endp-1
shorter than wide, with no seta on inner margin. Endp-2 about two times as long as wide; with a spine and pinnate
seta apically, smooth spiniform seta on inner margin, and two strong spinules on outer margin.

Detailed ornamentation of P1-P4 as in Figs. 6A—D.

P5 (Fig. 6E) with a distinctly separated Exp and baseoendopod. Baseoendopodal lobe small, with smooth seta
on outer margin. Exp small, as long as wide, with three spiniform and one smooth seta. Innermost (I) and outermost
(IV) seta shortest, slightly longer than segment. Second inner (II) seta longer than second outer (111) seta, about four
times as long as segment bearing it. Baseoendopod with no elements.

P6 (Fig. 5C) represented by a simple bilobate plate, with a smooth free margin.

Variability. Not found, except for anal operculum with 22—24 strong spinules along free margin in males and
24-27 in females.
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Elaphoidella ligorae sp. nov.
(Figs. 7-11)

Type locality. Khao Plu Cave, Khao Ro Subdistrict, Thung Song District, Nakhon Si Thammarat Province,
southern Thailand (Fig. 1).

Material examined. Holotype: adult female, length 460 um (access No.: NHMUK 2016.650), completely
dissected and mounted on one slide. Allotype: adult male, length 440 um (access No.: NHMUK 2016.651),
completely dissected and mounted on one slide. Paratypes: three females with egg sacs and three males, stored in
70% ethanol (access No.: NHMUK 2016.652—-657); three females with egg sacs and three males, stored in 70%
ethanol (access No.: NPU 2016—002). The material was collected from Khao Plu Cave (loc. typ.) by S. Watiroyram
on 29 October 2015.

Etymology. The specific name ligorae, refers to the settlement name of Ligor from the 16" century, which
today is known as Nakhon Si Thammarat, the locality where the new species was collected. The species epitheton
is the feminine singular genitive.

Description of female. Body length, measured from anterior margin of rostrum to posterior margin of caudal
rami, 430490 pm (mean = 450 um, n = 5). Habitus (Fig. 7A) elongated, subcylindrical; maximal width at
posterior margin of cephalothorax; preserved specimens colourless; naupliar eye not discernible. Cephalothorax
with several pairs of sensilla, integumental window well discernible, and expanded anteriorly. Posterior margins of
prosomites and urosomite 1 smooth, with several pairs of sensilla on each somite. Genital double-somite (Figs.
7A-D) about 0.8 times as long as wide, completely fused; with a row of strong spinules dorsally, ventrally and
laterally; with distinct gap on dorsal and ventral rows. Genital complex (Fig. 7C) with a large bell-shaped
copulatory pore; seminal receptacles symmetrical and well developed. Urosomites 2—4 serrated along entire free
margins. Urosomite 3 with a row of strong spinules dorsally, laterally and ventrally, and a row of dorsal spinules
with a gap in middle. Urosomite 4 with two strong spinules laterally and a group of small spinules vertically along
distal margin. Anal somite (Figs. 7B—D) with one pair of thin sensilla dorsally, at base of anal operculum; no
spinules ventrally at base of caudal ramus.

Anal operculum (Figs. 7B, D) large, with a row of numerous fine spinules along free margin; not reaching
distal end of anal somite.

Caudal rami parallel (Figs. 7B, C). Caudal ramus asymmetrically conical, about 1.5 times as long as wide, with
a well developed dorsal keel. Inner margin with several strong spinules at distal half of caudal ramus. Anterolateral
accessory seta (I) reduced, and inserted close to seta II. Setae 1L, 111, VI, VII bare and thin. Anterolateral seta (11)
inserted at about 1/3 of caudal ramus length, as long as caudal ramus. Posterolateral seta (III) at 2/3 of caudal ramus
length, slightly shorter than anterolateral seta (II). Outer terminal seta (IV) about two times as long as caudal
ramus, spiniform, without a breaking plane. Inner terminal seta (V) longest, pinnate, without a breaking plane.
Inner accessory seta (VI) slightly shorter than seta II1. Dorsal seta (VII) slightly longer than seta I, inserted on the
end of dorsal keel.

Antennule (Fig. 8A) relatively short, eight-segmented, not reaching posterior margin of cephalothorax.
Aesthetasc on segment 4 reached well beyond distal segment. Second aesthetasc on last segment long and slim.
Both aesthetascs combined with seta as an acrotheck. Setal formula: 1, 8, 5, 3+aesthetasc, 2, 2, 2, 7+aesthetasc.

Antenna (Fig. 8B) composed of coxa, allobasis, one-segmented Exp and Endp. Coxa as long as wide,
unornamented. Allobasis with two short spinules at half the length of inner margin. Exp with four unipinnate setae,
unequal in length (laterally two thin setae; apically one stout and one thin seta). Endp laterally with two strong
spines at distal half of segment and two rows of strong spinules along inner margin, proximal row with five
spinules, and distal row with two spinules. Apically five elements; three geniculate, one thin and one spine-like
seta; outer surface of Endp with thin seta inserted subapically.

Mandible (Fig. 8C) robust, with eight strongly chitinized teeth and one unipinnate seta on dorsal side of
gnathobase. Mandibular palp two-segmented; proximal segment with smooth seta; distal segment with smooth seta
at half the length of margin and four unequal setae apically.

Maxillule (Fig. 8D) composed of robust praecoxa, coxa, and basis. Praecoxal arthrite with four strong spines
on arthrite base, unequal in length. Coxa with a cylindrical endite bearing two pinnatae setae. Basis with a smooth
seta and pinnate seta apically; three smooth setae along inner margin representing reduced Exp and Endp.

Maxilla (Fig. 8E) two-segmented; syncoxa with two endites, each with two setae. Basis drawn out into strong,
beak-like spine with few distal spinules; Exp and Endp reduced to two smooth setae.
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FIGURE 7. Elaphoidella ligorae sp. nov. Female: A, habitus, dorsal view; B, urosome (without urosomite 1), dorsal view; C,
urosome (without urosomite 1), ventral view; D, urosome (without urosomite 1), lateral view. Scale bar: 50 pm.
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FIGURE 8. Elaphoidella ligorae sp. nov. Female: A, antennule; B, antenna; C, mandible; D, maxillule; E, maxilla; F,
maxilliped. Male: G, antennule. Scale bar: 50 pm.

Maxilliped (Fig. 8F) prehensile; comprising syncoxa, basis, and one-segmented Endp. Syncoxa unornamented.
Basis more than two times as long as wide, with about 15 spinules along inner margin. Endp drawn out into a
smooth, curved claw, as long as basis; with a small seta at its base.

P1 with three-segmented Exp and Endp; P2—P4 with three-segmented Exp and two-segmented Endp. The
armature formula of P1-P4 is as follows (legend: inner-outer seta/spine; inner-apical-outer; Arabic numerals
represent setae, Roman numerals represent spines):
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Leg Coxa Basis Exopod Endopod

1 2 3 1 2 3
1 0-0 1-1 0-1 1-1 0-2+I1-1 1-0 1-0 0-2+1-0
2 0-0 0-1 0-1 1-1 1-2+1-1 1-0 2-2-1 -
3 0-0 0-1 0-1 1-1 2-2-11 0-0 2-2-1 -
4 0-0 0-1 0-1 1-1 2-2-11 0-0 2-1+1-0 -

P1 Exp as long as Endp-1 and Endp-2 combined; Exp and Endp with strong spinules along outer margins (Fig.
9A). Coxa with rows of small spinules on outer margin. Basis with thin inner and stout outer seta, and spinules at
base of both elements; an additional row of spinules at insertion of Endp-1. Exp-1-3 similar in length, each with a
strong spine on outer margin. Exp-2 with thin and bare seta on inner margin. Exp-3 with three elements apically; a
strong unipinnate spine and two long geniculate setae. Endp-1 longer than Exp-1 and Exp-2 combined, with
unipinnate spiniform seta on inner margin. Endp-2 with smooth seta on inner margin. Endp-3 two times as long as
wide, with three setae apically; innermost seta thin, middle one geniculated and longest, outermost spiniform, as
along as innermost one.

P2 (Fig. 9B) coxa with a short row of spinules on outer margin. Basis with stout seta on outer margin and few
strong spinules at its base. Exp-1-3 with strong spinules on outer margin. Exp-1 as long as Exp-2. Exp-1 and Exp-
2 each with a strong spine on outer margin. Exp-2 with long unipinnate seta on inner margin. Exp-3 3.5 times as
long as wide, with a spine and two pinnate setae apically; an unipinnate seta on inner margin. Endp-1 small, shorter
than wide, with smooth seta on its inner margin. Endp-2 about 3 times as long as wide, with a spiniform spine on
outer margin, two long pinnate setae apically, and two short and smooth setae on inner margin.

P3 (Fig. 9C) coxa ornamented as P2; basis with thin seta on outer margin, with few spinules at its base. Exp-1
slightly longer than wide; with a strong spine having a rounded tip on outer margin. Exp-2 with short unipinnate
seta on inner margin and a strong spine with a rounded tip on outer margin. Exp-3 with two setae on its inner
margin, proximal seta unipinnate, and distal one pinnate; apical margin with two pinnate setae; outer margin with
two strong spines. Endp-1 small, shorter than wide, without seta on inner margin. Endp-2 about four times as long
as wide, with a spine on outer margin subapically, two long pinnate setae apically and two smooth setae on inner
margin.

P4 (Fig. 9D) coxa with few spinules on outer margin. Basis with thin smooth seta on outer margin. Exp-1-2
similar in length, about 1.3 times as long wide. Exp-2 with unipinnate spiniform seta on inner margin. Exp-3 about
3.5 times as long as wide, with two spines on outer margin, two pinnate seta apically and two setae on inner margin
(proximal one unipinnate, spiniform; distal seta long, pinnate). Endp two-segmented, as long as Exp-1. Endp-1
shorter than wide, without seta on inner margin. Endp-2 about four times as long as wide, with a spine and long
pinnate seta apically; two smooth setae on inner margin.

P5 (Fig. 9E) Exp and baseoendopod well separated. Baseoendopod shorter than half of Exp; with four strong
spiniform setae; second inner one (II) longest followed by innermost seta (I), second outer one (I1I), and outermost
seta (IV). Outer lateral seta on baseoendopod long and bare. Exp subrectangular, with four strong spiniform setae:
second inner seta (11) longest followed by second outer seta (111) and outermost (IV); innermost seta (I) shortest.

Additional ornamentation of P1-P5 as in Figs. 9A—E.

P6 (Fig. 7C) fused, small, forming a simple plate, with two pinnate setae on each side of copulatory pore; inner
one longer than outer one.

Egg sac: holotype with 10 eggs; other females with 6-12 eggs (n = 5).

Description of male. Slightly smaller than female; body length, measured from the anterior margin of rostrum
to posterior margin of caudal rami, 420460 um (mean = 450 pm, n = 5); preserved specimens colourless; naupliar
eye not discernible. Cephalothorax with a well discernible integumental window having anterior and posterior
sections expanded. Habitus similar to female but tapering posteriorly. Urosomites serrated along entire free
margins, urosomite 1 without spinulation. Urosomite 2 dorsally and laterally with a row of spinules and two groups
of spinules ventrally on posterior margins. Urosomites 3 and 4 dorsally, laterally and ventrally with a row of
spinules on posterior margins, dorsal rows with gap in middle. Urosomite 5 with a row of spinules laterally. Anal
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somite with three small ventral spinules near insertion of caudal rami. Caudal rami, antenna, mouthparts, P1 and P2
similar to those of female (Figs.10A-D, 11A-B).
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FIGURE 9. Elaphoidella ligorae sp. nov. Female: A, P1; B, P2; C, P3; D, P4; E, P5. Scale bar: 50 pm.
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FIGURE 10. Elaphoidella ligorae sp. nov. Male: A, habitus, dorsal view; B, urosome (without urosomite 1), dorsal view; C,
urosome (without urosomite 1), ventral view; D, urosome (without urosomite 1), lateral view. Scale bar: 50 pm.
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FIGURE 11. Elaphoidella ligorae sp. nov. Male: A, P1; B, P2; C, P3; D, P4; E, P5. Scale bar: 50 pm.

Antennule (Fig. 8G) seven-segmented. First aesthetasc cylindrical, not reaching distal end of antennule.
Second aesthetasc shorter than first one, about 1.2 times as long as terminal segment. Both aesthetascs combined
with adjacent setae as an acrotheck. Setal formula: 1, 6, 8, 5+aesthetasc, 0, 0, 8+aesthetasc.
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P3 (Fig. 11C) coxa, basis and Exp as in female. Endp three-segmented, slightly longer than Exp-1. Endp-1
shorter than wide, without seta on inner margin. Endp-2 with a short apophysis shaped in a harpoon-like tip,
reaching the end of Exp-2. Endp-3 about two times as long as wide, with two pinnate setae apically; inner one
small, shorter than segment bearing it; outer one long, about two times as long as segment.

P4 (Fig. 11D) coxa, basis and exopodite as in female. Endp two-segmented, as long as Exp-1. Endp-1 shorter
than wide, without seta on inner margin. Endp-2 about two times as long as wide, with a spine and pinnate seta
apically; smooth seta on inner margin.

Additional ornamentation of P1-P4 as in Figs. 11A-D.

P5 (Fig. 11E) Exp and baseoendopod distinctly separated. Outer lateral seta on baseoendopod long and
smooth. Exp small, oval, with four spiniform setae: second inner seta (II) longest followed by second outer seta
(I11) and innermost (I); outermost seta (IV) shortest. Baseoendopod with no elements.

P6 (Fig. 10C) represented by a simple bilobate plate, with a smooth free margin.

Variability. Not found.

Differential diagnosis

Elaphoidella paraaffinis sp. nov. and E. ligorae sp. nov. have the diagnostic features of the genus Elaphoidella
Chappuis, 1929 based on the armature of P5 in both sexes (Figs. 4E, 6E for E. paraaffinis; Figs. 9E, 11E for E.
ligorae). Examination of the female armature of P5 and male armature of P4 Exp-3 (Figs. 6D, 11D), shows that the
two new species fit well into the Elaphoidella species “Group 1” (i.e., similis group sensu Lang (1948)). The group
is characterised by the absence of a transformed spine on P4 Exp-3 in the male; P5 baseoendopod and Exp with
four setae in the female. The two new species share some characteristics: (1) urosomites serrated along the entire
free margin in both sexes, (2) P3—P4 Endp-1 of both sexes have no inner seta, (3) P3—P4 Endp-2 of the female have
five and four setae, respectively, and (5) P5 Exp of the male has four (spiniform) setae.

Elaphoidella paraaffinis differs from E. ligorae in several characters: (1) the anal operculum has strong
spinules on the free margin in both sexes, while E. ligorae has fine spinules, (2) the ventral side of the anal somite,
near the base of the caudal rami has five spinules in both sexes, while E. ligorae has three spinules in the male but
they are absent in the female, (3) P5 baseoendopod is almost the same length as the Exp in the female, while the
basoendopod is much smaller than the Exp in E. ligorae, (4) P2 Endp-1 has no inner seta in either of the sexes,
while both sexes of Elaphoidella ligorae have this seta on P2 Endp-1, and (5) Endp-2 P2 in the male has four setae,
while Elaphoidella ligorae has a spine and four setae.

Elaphoidella paraaffinis is most similar to E. affinis from Indonesia (Sumatra Island). However, the new
species can be distinguished by examining the female of E. affinis: (1) E. paraaffinis has four longer setae on Exp
P5 compared to those of E. affinis, especially the outermost (IV) seta (in E. affinis seta IV is almost spiniform), (2)
E. paraaffinis has no seta on the inner margin of Endp-1 P14, but present in E. affinis, (3) P3 Endp-2 has five
elements in the new species, but has six elements in E. affinis, (4) the anal segment is ventrally ornamented with
five spinules near the base of caudal rami in E. paraafinis but has only one spinule in E. affinis. The male of E.
affinis is unknown.

Elaphoidella ligorae resembles E. cabezasi from Cuba in that: (1) the anal operculum has fine spinules in both
sexes, (2) P1 Exp and Endp in both sexes has three segments, (3) P3 and P4 Endp-1 has no inner seta in either of
the sexes, (4) the distal segment of P3 has five elements in the female and two setae in the male, and (5) P4 Endp-2
has four elements in the female and three elements in the male. However, the new species differs from E. cabezasi
in several morphological characters: (1) the posterior margins of urosomites are serrated in the male and female of
the new species, but are smooth in E. cabezasi, (2) the inner margin of caudal ramus has strong spinules in the
distal half of £. ligorae in both sexes but is absent in E. cabezasi, (3) the anal somite of E. /igorae has no ventral
spinules near the base of caudal ramus in the female and has three spinules in the male, while E. cabezasi has two
spinules in both sexes, (4) the outermost spiniform seta (IV) of Exp and baseoendopod of the P5 of the female in E.
ligorae are longer than those in E. cabezasi, (5) in the female of the new species, the innermost baseoendopodal
seta of P5 (1) is the longest, while the outermost seta (IV) is the longest in E. cabezasi, (6) P2 Endp-1 in both sexes
has a seta on its inner margin in the new species, but this is absent in E. cabezasi, and (7) P2 Endp-2 of male with
has five elements (one spine and four setae) in the new species, but only four elements (one spine and three setae)
in E. cabezasi.
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Currently, the Elaphoidella Group 1 in SEA was comprised of six species; E. affinis, E. similis (endemic to
Indonesia, Sumatra Island), E. margaritae (endemic to Phuket, Thailand) and E. trisaetosa Chappuis, 1933
(distributed in India and in Indonesia, Sumatra Island), £. paraaffinis (endemic of Ranong, Thailand), and E.
ligorae (endemic of Nakhon Si Thammarat, Thailand). There are also clear differences among members of Group [
in following characters: (1) the anal operculum of E. ligorae has fine spinules on its free margin while the other
five species have strong spinules; (2) the number of spinules on the ventral side of the anal somite, near the base of
the caudal rami is 0:3, 5:3, 1:?, 5:5, 2:?, 0:0, respectively for E. ligorae, E. margaritae, E. affinis, E. paraaffinis, E.
trisaetosa, and E. similis (female: male). In relation to the number of setae on P5 in female, the females of the new
species have four setae on baseoendopod : exopod while in E. margaritae, E. affinis, E. trisaetosa, and E. similis
the numbers of setae are 4:2, 4:3, 3:5, and 4:5, respectively. Although the number of setae in E. paraaffinis and E.
ligorae are identical, P5 basoendopod is much smaller than Exp in E. /igorae (but almost of the same length in E.
paraaffinis). Additionally, P5 Exp of the male in E. similis, E. ligorae and E. paraaffinis has four (spiniform) setae,
while E. margaritae has two setae. The number of setae of . ligorae is identical to . paraaffinis, but basoendopod
is much smaller than in the latter species (in the other two species, the number of setae is unknown as males were
not described). Another character that differentiates males and females of different species is related to the setation
of P2 Endp. In E. ligorae, both sexes have an inner seta on P2 Endp-1 but the seta is absent in E. margaritae and E.
paraaffinis. Elaphoidella ligorae has a spine and four setae on P2 Endp-2 in the male while E. margaritae has three
setae, and E. paraaffinis has only four setae. In both sexes, P3—P4 Endp-1 of the two new species have no inner
seta, while one seta is present in the females of E. affinis, E. similis, and E. trisaetosa. The combination of the
number of setae on P3—P4 Endp differs too: P3—P4 Endp-2 in the females of both new species have five and four
setae, respectively, while E. margaritae has five and three setae, and E. affinis, E. similis and E. trisaetosa have six
and four setae each.

Discussion

A total of 11 Elaphoidella species are presently known from inland freshwater habitats in Thailand. Most species
are reported from groundwater, and two of them were later found in the epigean habitats in the northeast part of the
country: 1) E. namnaoensis was found in a pond in Loei Province and in a stream in Nakhon Ratchasima Province;
2) E. bidens decorata was found in a reservoir in Nakhon Ratchasima Province. Another epigean species, E.
grandidieri, was reported from Thailand, but its exact locality is unknown (Dussart & Defaye 1990; Chang 2010).
Five species (E. thailandensis, E. jaesornensis, E. sanoamuangae, E. paraaffinis sp. nov. and E. ligorae sp. nov.)
are restricted to the epikarst and they are so far known only from Thailand, where epikarstic habitats have been
intensively studied over the last five years. Elaphoidella sanoamuangae was only once collected from water
containers filled exclusively by trickling water from the ceiling, whereas other species were sampled from natural
pools filled by dripping water on different types of cave floors. There is no doubt that the origin of the species is the
epikarst, as all sampled caves have no connection to groundwater and/or surface water. From the very early studies
of the epikarstic copepods in Thailand, it appeared that the most dripping water streams are populated with
endemic stygobiotic species with rather limited distribution (Brancelj et al. 2013). However, some stygophilic
species also occur in the epikarst, such as E. bidens, E. intermedia, E. namnaoensis, along with some other
ubiquitous harpacticoids, e.g., Epactophanes richardi Mrazek, 1893 and Phyllognathopus viguieri (Maupas, 1892)
(Watiroyram 2012; Boonyanusith 2013; Watiroyram ef a/. 2015a; Watiroyram, unpublished data). From this point
of view, the epikarst is a very important shallow subterranean habitat for stygobionts, especially for copepods
(Culver et al. 2012).

During our five year study of the copepods in caves from different parts of Thailand, 628 samples from 169
caves were analysed: 154 samples from 29 caves in six provinces in the northern region of Thailand, 94 samples
from 15 caves in two provinces in the western region of the country, 42 samples from 32 caves in one province in
the northeastern region of the country, and 338 samples from 93 caves in 10 provinces in the southern region of the
country (Watiroyram 2012, unpublished data; Boonyanusith 2013). Six species, out of 11 recorded from Thailand,
are so far known only from the cave where the species was initially collected (in the north: E. jaesornensis and E.
thailandensis; in the south: E. margaritae, E. sanoamuangae, E. paraaffinis, and E. ligorae) while the other
species, except E. namnaoensis, are distributed across the whole country (Fig. 1). The spatial distribution and
ecology of Elaphoidella species in Thailand has already been discussed (see Watiroyram 2012; Boonyanusith
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2013; Boonyanusith & Athibai 2014; Watiroyram et al. 2015a; Watiroyram & Brancelj 2016). The species richness
is beyond any doubt underestimated as most of the areas have been so far very poorly investigated, particularly
those in the central, eastern and northeastern regions of Thailand. The occurrence of the genus in Thailand is
predominantly in groundwater, but most of previous studies neglected these habitats. In the future, sampling of
these habitats is expected to gain more knowledge on regional diversity, not only of the genus Elaphoidella, but
also other genera.

The paucity of the knowledge of the actual distribution pattern of Elaphoidella species across SEA is
supported by the fact that the majority of the species (22 out of 28) are known to be found in only one country
(Table 1). Elaphoidella grandidieri is the only species distributed over the whole of SEA, followed by E. bidens
decorata recorded in four countries, E. intermedia in three countries, while E. bidens coronata, E. bromeliaecola,
and E. javaensis are found in only two countries.

During the late Pleistocene, the SEA islands (Sumatra, Java, Borneo, except Philippines) were connected to
Indochina (Singapore, Malay Peninsula, Thailand, Myanmar, Laos, Cambodia, Vietnam) by a land mass at 120 m
above sea level (Voris 2000). As a result, many epigean species (E. bidens, E. grandidieri, E. intermedia,
E.javaensis, and E. bromeliaecola) were easily dispersed across SEA by water systems, wind and anthropic
activities. The number of SEA stygobionts (27% of the total Elaphoidella species) so far tend to be fewer than in
Europe or the Holoractic countries, at least lower than Slovenia (33%) (Mori & Brancelj 2008). According to
Galassi et al. (2009), this difference may have been a legacy of Pleistocene glaciation, which led to the extinction
and speciation of stygobionts along latitudinal gradients. The stygobization process in SEA may have occurred
after ancestral surface species had penetrated into groundwater before or after the Quaternary glaciation (Lewis
1986), but probably not later than the Jurassic period when the Gondwana supercontinent broke up and the last
fragments (South West Borneo and/or East Java-West Sulawesi) were accreted to SE Sundaland in the Cretaceous
period (Metcalfe 2011). This separation may explain why the genus occurred in low numbers in Australia (only E.
bidens, E. grandidieri, and E. humphreysi Karanovic, 2006), probably due to its recent arrival to Australia
(Hammond 1987; Karanovic 2006). The geography of SEA after glaciation was responsible for new genetic
barriers, which increased stygobiotic richness. The islands and ancestral populations were separated from each
other by the rising sea, and probably increased the opportunities of vicariant events. Finding these new species is an
example of “spot distribution” as well as previous stygobionts (Galassi 2001). Migration was less important or
weak dispersal within groundwaters led to confinement in a single locality, such as with the 150 km separation of
E. sanoamuangae and E. ligorae, which were closely distributed compared to other SEA stygobionts. Additionally,
the most known stygobionts in the region were found on peninsulas and islands near marine margins and probably
this is the most significant reason for vicariance (Culver et al. 2009).

In Thailand, the males of two species, E. jaesornensis and E. namnoaensis, are still unknown. Specimens of £.
Jjaesornensis are to date known only from the type locality and in low numbers. The presence of males rather than
absence could be expected. A different situation pertains to £. namnoaensis, where females were collected in many
locations across the country. In 75 % of the sampled sites (Fig. 1), sometimes up to 200 females were collected per
site (Watiroyram et al. 2015a). Thus, the absence of males suggests parthenogenesis or at least a potential
parthenogenetic mode of reproduction, where males are present in low numbers and the majority of reproduction
within populations is actually done in a parthenogenetic mode. Parthenogenesis gives some species an advantage in
colonizing and/or surviving in environments with low energy input or confined mobility (Moore et al. 2005), such
as caves and especially in the epikarst, where most of the Elaphoidella from Thailand were found.

Parthenogenetic reproduction produces more offspring in a shorter time compared to sexual reproduction, as is
already known from epigean Rotifera (Nogrady 1993) and Cladocera (Dumont & Negrea 2002). Reproduction of
cave-dwelling copepods is rather slow, both in terms of time and number of offspring (Rouch 1968), thus
parthenogenesis in the subterranean environment can also be advantageous in comparison to sexual reproduction.
This could explain the relatively wide distribution of E. namnaoensis, although the number of eggs per egg sac (8—
13) is comparable to other species found in Thailand (E. jasornensis: 10-13; E. ligorae: 6-12; E. paraaffinis: 13—
16; E. thailandensis: 9—11), with the exception of E. sanoamuangae (6-8). Chang (2010) postulated that the
parthenogenetic behavior of E. grandidieri was a common phenomenon in Elaphoidella, and this reproductive
mode supported their worldwide distribution. Other parthenogenetic and cosmopolitan species have been reported
in canthocamptids and parastenocaridids, such as Canthocamptus staphylinus (Jurine), E. bidens, and
Epactophanes richardi (see Morales 2015; Pesce 2016).
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TABLE 1. List of Elaphoidella species in Southeast Asia; X = present.

Species / subspecies Group (sensu  Indonesia  Thailand Vietnam Malaysia Philippines
Lang, 1948)
1 E. affinis Chappuis, 1933 I X
2 E. bidens bidens (Schmeil, 1894) I X
3 E bidens coronata (Sars G.O., 1904) II X X
4  E. bidens decorata (Daday, 1901) 11 X X X X
5 E. bromeliaecola (Chappuis, 1928) Vil X X
6  E. bryophila (Chappuis, 1928) I X
7  E. cornuta Chappuis, 1931 X X
8  E. cuspidata Chappuis, 1941 11 X
9  E. elegans Chappuis, 1931 X X
10  E. grandidieri (Guerne & Richard, 1893) 1I X X X X X
11 E. intermedia Chappuis, 1931 11 X X X
12 E. jaesormensis Watiroyram, Brancelj & IV X
Sanoamuang, 2015
13 E. javaensis (Chappuis, 1928) X X X
14 E. labani Loffler, 1973 VII X
15 E. ligorae sp. nov. I X
16  E. longipedis Chappuis, 1931 11 X
17 E. malayica (Chappuis, 1928) Vi X
18 E. margaritae Pesce & Apostolov, 1985 1 X
19 E. namnaoensis Brancelj, Watiroyram & IV X
Sanoamuang, 2010
20 E. paraaffinis sp. nov. I X
21 E. sanoamuangae Watiroyram & Brancelj VII X
(2016)
22 E. sewelli (Chappuis, 1928) VIII X
23 E. similis Chappuis, 1931 I X
24 E. superpedalis Shen & Tai, 1964 I X
25 E. thailandensis Watiroyram, Brancelj &  VIII X
Sanoamuang, 2015
26 E. thienemanni Chappuis, 1931 Vil X
27 E. trisaetosa Chappuis, 1933 I X
28 E. vietnamica Borutzky, 1967 VIII X
Total 15 11 6 5 3

Within the genus Elaphoidella, there are at least four more species with wider distributions in which males are
unknown or their records are very rare: E. grandidieri, E. elaphoides (Chappuis), E. superpedalis, and E. leruthi
Chappuis (Sarvala 1979; Janetzky et al. 1996; Alekseev et al. 2016). Hence, the presence of parthenogenesis (or at
least a potentially parthenogenetic mode) is not exceptional in the genus. For E. grandidieri, it has also been
observed in cultures that males are scarce (Gutiérrez-Aguirre ef al. 2011). For that reason, experiments in culturing
selected Elaphoidella species in their natural conditions are required for subsequent authors interested in their
biology to determine their actual population / sexual structure.
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Key to species of Elaphoidella Chappuis, 1929 from SEA based on females
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23

24

25

26

27

P5 baseoendopod with 3 Setac. . . ... ... o E. trisaetosa
P35 baseoendopod With 4 SEtae. . . . .. .. ..ottt 2
PSEXP With 2-3 SEaC. . . .« oottt e et e e e 3
PSEXP With 4—6 SEtaC. . . . . .o oot e e et e e e e 6
PSEXp With 2 S6tae . . . .. oot E. margaritae
PSEXPp With 3 Setac. . . .. oot 4
PS5 with less developed beseoendopod; shorter than half of Explength. ......... .. ... ... ... ... .... E. superpedalis
P5 with well developed beseoendopod: longer than half of Exp length. .. ... ... ... . ... . ... . .. . ... 5
Inner margin of caudal ramus with thorn-like seta. .. ........ ... ... . . . E. cornuta
Inner margin of caudal ramus with normal seta . .. ... ... . E. javaensis
PLENdp 2-se@mented . . . .. ..ot 7
PLEnNdp 3-se@mented . . . . ... oo e 10
PSExp With 5 Setae. . . . ..o E. bidens bidens
PSEXp With 4 Setac. . . .. oot 8
Posterior margin of urosomites Smooth. .. ....... ... .. e E. sanoamuangae
Posterior margin of UrOSOMItES SEITALE . . . . . .. ottt ettt ettt e e e e e e e e e et e e e e 9
PAENAD @bSCNt . . . . oot e E. thailandensis
PAENAD PIesent. . . . ..o E. elegans
Inner seta on P4 Endp-1 absent. . . . ..o o 11
Inner seta on P4 Endp-1 present . . ..o oo 21
PSEXP With 5 8etae . . . . ..ot 12
PSEXp With 4 Setac. . . .« ot 13
Posterior margin of urosomites Smooth. . . ... ... E. jaesornensis
Posterior margin of UroSOMItes SEITALE . . . .. ..o vttt ettt ettt et e e et e E. bidens coronata
Endopod-2 of P4 with 2-3 setae and SPINes . . . . ... ..ottt 14
Endopod-2 of P4 with 4 setae and/or SPINES . . . ... ...t 17
Inner seta on P2 Endp-1 present . . . ..o .ot E. labani
Inner seta on P2 Endp-1 absent. . . . ... .. oo 15
P3Endp-2 with 4 Setac . . .. ..ot E. vietnamica
P3Endp-2 with 5 Setae . . .. .. oo 16
Posterior margin of urosomites Smooth. .. .. ... .. .. E. malayica
Posterior margin of UroSOMItES SEITALE . . . .. ..o vttt ettt ettt e e e e e e E. sewelli s. str.
Posterior margin of urosomites Smooth. .. .. ... ... e E. namnaoensis
Posterior margin of UrOSOMILES SEITALE . . . . . .. oottt et et e et e e e e e e e e e e e 18
Inner seta on P2 Endp-1 absent. . . ... ... .o E. paraaffinis sp. nov.
Inner seta on P2 Endp-1 present . . .. oo 19
Inner seta on P3 Endp-1 absent. .. .. ... .. i E. ligorae sp. nov.
Inner seta on P3 Endp-1 present . . ..o oo 20
P3Endp-2 with 3 S€tac . . .. ..o E. bromeliaecola
P3Endp-2 with 5 Setac . . . . ..ot E. thienemanni
Posterior margin of urosomites Smooth. . . .. ... ... 22
Posterior margin of UrOSOMItES SEITALE . . . .. ..ottt ittt et et e ettt e e et e e e e e e 25
P5 with well developed beseoendopod; about a halfof Explength . ....... .. .. ... ... ... ... ... ... ..... E. cuspidata
P5 with less developed beseoendopod; shorter than half of Exp length. . ... .. ... o o i i 23
PSEXpaslong as Wide . . .. ..ot E. bryophila
P5 Exp more than 1.5 times as long as Wide. . . ... ...t 24
P35 Exp about 2.0 times as long as Wide . . .. ... ... i E. grandidieri
P5 Exp more than 2.5 times as long as wide. . . . ... . . E. longipedis
PSEXp With 4 Setac. . . .. oot E. affinis
PSEXp With 5 Setae . . . .. oo 26
Anal operculum with 10—14 spinules . . ... ... .. . e E. bidens decorata
Anal operculum with more than 18 spinules. . . . ... .. ... 27
Caudal ramus about 2.0 times as long as wide . . .. ... ... . E. intermedia
Caudal ramus less than 1.5 times as long as Wide. . . . ... ... it e E. similis

Key to species of Elaphoidella Chappuis, 1929 from SEA based on males

Note: males of E. affinis, E. bidens, E. cornuta, E. elegans, E. jaesornensis, E. longipedis, E. namnoaensis, E.
superpedalis?, E. trisaetosa are so far unknown)
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1 PS Exp with less than 4 setae . ... .. ... oo e 2
- PSEXP With 4 Setae . . . . ..ot 11
2 PSEXPp With 2 Setac . . . .. oot 3
- PSEXPp With 3 Setae. . . .. oot 4
3 PAEndp-2 with 2 €lements . . . ... ..ot E. javaensis
- PAENndp-2 with 3 €lements . . . . .. ..ot e E. margaritae
4 PLENAD 2-5€@Mented . . . .. ..ot 5
- PLENdp 3-se@mented . . . .. ..ot e e 6
5 PAENAD @bSent . . .. oot E. thailandensis
- PAENAD PIesent. . . ..ottt E. sanoamuangae
6 P2 Endp-1 with Inner seta. . ... ... o 7
- P2 Endp-1 WithOUL INNET SETA . . . . . oottt ettt et e e e e e e e e e e 9
7 P2 Endp-2 with 4 €lements . . . . .. ..ot e E. grandidieri
- P2 Endp-2 With 3 €lements . . . . . ..ottt e 8
8 Posterior margin of urosomites weakly Serrate. . .. ... E. bromeliaecola
- Posterior margin of urosomites strongly SEIrate . .. .. ...t E. thienemanni
9 PAEndp-2 with 2 €lements . . . ... ..o E. labani

PAENdp-2 With 3 €lemMents . . . . ... oottt e e e e 10
10 P2 Endp-2 With 3 €lements . . . . . ..ottt e e e E. malayica
- P2 Endp-2 with 4 elements . . . ... .. o E. vietnamica
11 P4 Exp-3 without transformed Spine. . . .. ... .. . 12
- P4 Exp-3 with transformed Spine . . .. ... ... 15
12 P4 Endp-2 with 2 €lements . . . ... ..o E. similis
- PAENdp-2 With 3 €lements . . . . . . ..ot e e e 13
13 P2 Endp-2 with S elements . . . . ... o E. ligorae sp. nov.
- P2 Endp-2 with 4 €lements . . . . ..o e e 14
14 P2 Endp-1 with inner seta. . ... ... o E. cuspidata
- P2 Endp-1 withoUt inner Seta . . ... ...t e e E. paraaffinis sp. nov.
15 P2Endp-2 with 3 €lements . . . ... .. ot E. sewelli s. str.
- P2 Endp-2 with 4 €lements . . . . .. ..o e e 16
16 Caudal ramus with dorsal Keel .. ... ... E. intermedia
- Caudal ramus without dorsal Keel. . . . ... ... e E. bryophila
Acknowledgements

We like to thank the National Research Council of Thailand (Grant No. 2559A13402007), the Higher Education
Research Promotion and National Research University Project of Thailand, the Office of the Higher Education
Commission (Grant No. 2559A13462002), and the Post-Doctoral Training Program at the Research Affairs and
Graduate School, Khon Kaen University, Thailand for financial support. Lee Knight (UK) is thanked for linguistic
corrections of an early draft, and also thanks to Prof. Dr. Jeffrey C. Nash and Nithikarn Sanoamuang for the
correcting the final version.

References

Alekseev, V.R., Yusoft, FM. & Fefilova, E.B. (2016) Continental copepod biodiversity in North-Eastern Borneo, Malaysia.
Arthropoda Selecta, 25 (2), 187-197.

Apostolov, A. (2007) Notes sur les harpacticoides cavernicoles (Crustacea: Copepoda) de Vietnam du nord. Historia Naturalis
Bulgarica, 18, 65-73.

Boonyanusith, C. (2013) Species diversity and distribution of copepods in caves in western part of Thailand. Ph.D. Thesis,
Khon Kaen University, Khon Kaen, 232 pp.

Boonyanusith, C. & Athibai, S. (2014) Harpacticoid copepods in Sakaerat Environmental Research Station, Nakhon
Ratchasima, Thailand. NU International of Science, 11 (1), 23-34.

Boonyanusith, C., Brancelj, A. & Sanoamuang, L. (2013) First representatives of the genus Fierscyclops Karanovic, 2004
(Copepoda, Cyclopidae) from South East Asia. Journal of Limnology, 72 (Supplement 2), 275-289.
https://doi.org/10.4081/jlimnol.2013.s2.e13

Borutzky, E.V. (1967) Freshwater Copepoda Harpacticoida of North Vietnam. Zoologichesky Zhurnal, 46, 1015-1023.

Brady, G.S. (1880) A monograph of the free and semi-parasitic Copepoda of the British Islands 2. The Ray Society, London, 83

pp-

CAVE-DWELLING ELAPHOIDELLA FROM SOUTHERN THAILAND Zootaxa 4282 (3) © 2017 Magnolia Press - 523



Brancelj, A. (2004) Biological sampling methods for epikarst water. /n: Jones, W.K., Culver D.C. & Herman, J.S. (Eds.),
Epikarst. Proceedings of the symposium held October 1 through 4, 2003, Shepherdstown, West Virginia, USA. Special
Publish 9. Karst Waters Institute, Charles Town, pp. 99-103.

Brancelj, A., Boonyanusith, C., Watiroyram, S. & Sanoamuang, L. (2013) The groundwater-dwelling fauna of South East Asia.
Journal of Limnology, 72 (Supplement 2), 327-344.

Brancelj, A., Watiroyram, S. & Sanoamuang, L. (2010) The first record of cave-dwelling Copepoda from Thailand and
description of a new species: Elaphoidella namnaoensis, sp. nov. (Copepoda, Harpacticoida). Crustaceana, 83, 779-793.
https://doi.org/10.1163/001121610X502894

Bruno, M.C. & Cottarelli, V. (2015) First record of Kinnecaris (Copepoda: Harpacticoida: Parastenocarididae) from Turkey
and Thailand; description of three new species and emended definition of the genus. Italian Journal of Zoology, 82 (1),
69-94.
https://doi.org/10.1080/11250003.2014.1002820

Chang, C.Y. (2010) Continental Harpacticoida (Arthropoda: Copepoda: Harpacticoida). Invertebrate fauna of Korea, 21 (4), 1—
244,

Chappuis, P.A. (1928) Neue Harpacticiden aus Java. Treubia, 10, 271-283.

Chappuis, P.A. (1929) Révision du genre Canthocamptus Westwood (Note préliminaire). Buletinul Societatii de Stiinte din
Cluj, 4 (2), 41-50.

Chappuis, P.A. (1931) Copepoda Harpacticoida der Deutschen Limnologischen Sunda-Expedition. Archiv fiir Hydrobiologie, 8
(Supplementband, Tropische Binnengewésser, 1, 512-584.

Chappuis, P.A. (1933) Copepoda Harpacticoida der Deutschen Limnologischen Sunda-Expedition. Archiv fiir Hydrobiologie,
12 (Supplementband), Tropische Binnengewisser, 4, 670—675.

Chappuis, P.A. (1941) Notes sur les Copépodes. 13. Harpacticoides de I'Inde. 14. Une nouvelle Elaphoidella de 1'lle Maurice.
Archives de Zoologie Expérimentale et Générale, 81, 141-150.

Culver, D.C., Brancelj, A. & Pipan, T. (2012) Epikarst communities. /n: White, W.B. & Culver, D.C. (Eds.), Encyclopedia of
Caves. Academic Press, Chennai, pp. 288-295.
https://doi.org/10.1016/b978-0-12-383832-2.00039-6

Culver, D.C., Pipan, T. & Schneider, K. (2009) Vicariance, dispersal and scale in the aquatic subterranean fauna of karst
regions. Freshwater Biology, 54, 918-929.
https://doi.org/10.1111/j.1365-2427.2007.01856.x

Daday, E. (1901) Mikroskopische Siisswasserthiere aus Deutsch Neu Guinea. Természetrajzi Fii zetek, Budapest, 24, 1-56.

Dumont, H.J. & Negrea, S.V. (2002) [ntroduction to the class Branciopoda. Guides to the Identification of the
Microinvertebrates of the Continental Waters of the World. Backhuys Publishers, Leiden, 398 pp.

Dussart, B.H. & Defaye, D. (1990) Répertoire mondial des Crustacés Copépodes des eaux intérieures. I1I. Harpacticoides.
Crustaceana, 16, 1-384.

Galassi, M.P. (2001) Groundwater copepods: diversity patterns over ecological and evolutionary scales. Hydrolobiologia, 453/
454, 227-253.
https://doi.org/10.1023/A:1013100924948

Galassi, M.P.,, Huys, R. & Reid, J.W. (2009) Diversity, ecology and evolution of groundwater copepods. Freshwater Biology,
54, 691-708.
https://doi.org/10.1111/j.1365-2427.2009.02185.x

Greeney, H.F. (2001) The insects of plant-held waters: a brief review and bibliography. Journal of Tropical Ecology, 17 (2),
241-260.
https://doi.org/10.1017/S026646740100116X

Gutierrez-Aguirre, M., Suarez-Morales, E., Cervantes-Martinez, A., Sarma, N. & Sarma, S.S.S. (2011) Morphology of
Elaphoidella grandidieri (Guerne & Richard, 1893) (Copepoda, Harpacticoida) from Mexico with notes on fecundity in
culture conditions. /n: Defaye, D., Suarez-Morales, E. & Klein, C.V.V. (Eds.), Studies on Freshwater Copepoda: a Volume
in Honour of Bernard Dussart. Koninklijke Brill, Leiden, pp. 227-244.
https://doi.org/10.1163/€j.9789004181380.i-566.88

Guerne, J. & Richard, J. (1893) Canthocamptus grandidieri, Alona cambouei, nouveaux Entomostracés d'eau douce de
Madagascar. Mémoires de la Société Zoologique de France, 6,214-224.

Hammond, R. (1987) Non-marine harpacticoid copepods of Australia, I. Canthocamptidae of the genus Canthocamptus
Westwood s. lat. And Fibulacamptus, gen. nov., and including the description of a related new species of Canthocamptus
from New Caledonia. Invertebrate Taxon, 1, 1023—1247.
https://doi.org/10.1071/IT9871023

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

Janetzky, W., Enderle, R. & Noodt, W. (1996) Crustacea: Copepoda: Gelyelloida und Harpacticoida. Siifwasserfauna von
Mitteleuropa. Gustav Fischer Verlag, Stuttgart, 227 pp.

Karanovic, T. (2006) Subterranean copepods (Crustacea, Copepoda) from the Pilbara region in Western Australia. Records of
the Western Australian Museum Supplement, 70, 1-239.
https://doi.org/10.18195/issn.0313-122x.70.2006.001-239

Lang, K. (1948) Monographie der Harpacticiden. Hikan Ohlsson, Lund, 1682 pp.

524 - Zootaxa 4282 (3) © 2017 Magnolia Press WATIROYRAM ET AL.



Lewis, M.H. (1986) Biogeographic trends within the freshwater Canthocamptidae (Harpacticoida). Syllogeus, 58, 115—125.

Loffler, H. (1973) Die Harpacticidenfauna des Mt. Kinabalu (Borneo) mit besonderer Beriicksichtigung der Gattung
Maraenobiotus nebst Angaben zur Harpacticidenfauna des Gebietes Nuwara (Hochplateau Ceylon). /n: Beitrdge zur
Kenntnis einiger Kleinorganismen tropischer Hochgebirgsseen. Hochgebirgsforschung, 3, pp. 5-28.

Mamaril, A.C. (2001) Zooplankton diversity in Philippine lakes. /n: Santiago, C.B., Cuvin-Aralar, M.L. & Basiao, Z.U. (Eds.),
Conservation and ecological management of Philippine lakes in relation in fisheries and aquaculture. Southeast Asian
Fisheries Development Center, Manila, pp. 81-93.

Metcalfe, 1. (2011) Tectonic framework and Phanerozoic evolution of Sundaland. Gondwana Research, 19, 3-21.
https://doi.org/10.1016/j.2r.2010.02.016

Moore, J.C., Saunders, P., Selby, G., Horton, H., Chelius, M.K., Chapman, A. & Horrocks, R.D. (2005) The distribution and life
history of Arrhopalites caecus (Tullberg): Order: Collembola, in wind cave, South Dakota, USA. Journal of Cave and
Karst Studies, 67 (2), 110—-119.

Morales, E.S. (2015) Chapter 29 Class Maxillopoda. /n: Thorp, J.H. & Rogers, D.C. (Eds.), Thorp & Covich'’s Freshwater
Invertebrates, Volume I. Ecology and General Biology. Academic Press, London, pp. 710-756.

Mori, N. & Brancelj, A. (2008) Distribution and habitats preferences of species within the genus Elaphoidella Chappuis, 1929
(Crustaceana: Copepoda: Harpacticoida) in Slovenia. Zoologischer Anzeiger, 247, 85-94.
https://doi.org/10.1016/j.jcz.2007.01.002

Nogrady, T. (1993) Rotifera. Guides to the Identification of the Microinvertebrates of the Continental Waters of the World.
Academic Publishing, The Hague, 142 pp.

Pesce, GL. (2016) Copepod Web Portal. Available from: http://www.luciopesce.net/copepods (accessed 17 February 2017)

Pesce, G.L. & Apostolov, A. (1985) Elaphoidella margaritae sp. n., a new phreatobitic harpacticoid from subterranean waters
of Thailand (Crustacea, Copepoda, Canthocamptidae). Acta Zoological Bulgarica, 28, 70-75.

Petkovski, T.K. (1982) Weitere neue Elaphoidella-Arten (Copepoda, Harpacticoida) aus den subterranen Binnengewéssern von
Kuba. Acta Musei Macedonici Scientiarum Naturalium, 16 (138), 139-174.

Rouch, R. (1968) Contribution a la connaissance des Harpacticides hypogés (Crustacés — Copépodes). Annales de
Speleobiologie, 23, 1-167.

Sars, G.O. (1903) An account of the Crustacea of Norway with short descriptions and figures of all the species. Copepoda
Harpacticoida. Parts I & 11, Misophriidae, Longipediidae, Cerviniidae, Ectinosomidae (part). Bergen Museum, 5, 1-28.

Sars, G.O. (1904) Pacifische Plankton-Crustaceen. (Ergebnisse einer Reise nach dem Pacific. Schauinsland 1896/97).
Zoologische Jahrbiicher, Abteilung fiir Systematik, 19 (5), 629—-646.

Sarvala, J. (1979) A parthenogenetic life cycle in a population of Canthocamptus staphylinus (Copepoda, Harpacticoida).
Hydrobiologia, 62, 113—129.
https://doi.org/10.1007/BF00037505

Schmeil, O. (1894) Einige neue Harpacticiden-Formen des Stisswassers. Zeitschrift fiir Naturwissenschaften, 67, 341-350.

Shen, C.J. & Tai, A.Y. (1964) Descriptions of new species of fresh water Copepoda from Kwangtung Province, South China,
Acta Zootaxon Sinica, 1 (2), 367-396.

Voris, H.K. (2000) Maps of Pleistocene sea levels in Southeast Asia: shorelines, river systems and time durations. Journal of
Biogeography, 27, 1153-1167.
https://doi.org/10.1046/j.1365-2699.2000.00489.x

Watiroyram, S. (2012) Species diversity and distribution of freshwater Copepoda in caves in northern Thailand. Ph.D. Thesis,
Khon Kaen University, Khon Kaen, 187 pp.

Watiroyram, S. & Brancelj, A. (2016) A new species of the genus Elaphoidella Chappuis (Copepoda, Harpacticoida) from a
cave in the south of Thailand. Crustaceana, 89 (4), 459—476.
https://doi.org/10.1163/15685403-00003536

Watiroyram, S., Brancelj, A. & Sanoamuang, L. (2012) A new Bryocyclops Kiefer (Crustacea: Copepoda: Cyclopoida) from
karstic caves in Thailand. The Raffles Bulletin of Zoology, 60 (1), 11-21.

Watiroyram, S., Brancelj, A. & Sanoamuang, L. (2015a) Two new species of FElaphoidella (Crustacea: Copepoda:
Harpacticoida) with comments on geographical distribution and ecology of harpacticoids from caves in Thailand. Zootaxa,
3919 (1), 81-99.

Watiroyram, S., Brancelj, A. & Sanoamuang, L. (2015b) A new cave-dwelling copepod from northeastern Thailand
(Cyclopoida: Cyclopidae). The Raffles Bulletin of Zoology, 63, 426-437.

CAVE-DWELLING ELAPHOIDELLA FROM SOUTHERN THAILAND Zootaxa 4282 (3) © 2017 Magnolia Press - 525


https://www.researchgate.net/publication/318206234

	Abstract
	Introduction
	Material and methods
	Taxonomy
	Order Harpacticoida Sars, 1903
	Family Canthocamptidae Brady, 1880
	Genus Elaphoidella Chappuis, 1929
	Elaphoidella paraaffinis sp. nov.
	Elaphoidella ligorae sp. nov.
	Differential diagnosis
	Discussion
	Key to species of Elaphoidella Chappuis, 1929 from SEA based on females
	Key to species of Elaphoidella Chappuis, 1929 from SEA based on males
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


