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New Records of a Branchiobdellidan and Four Microdrile
Oligochaetes (Annelida: Clitellata) from Inland Waters of Taiwan
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Abstract

In addition to known host Neocaridina spp., this paper reports the first record of the ectosymbiont
branchiobdellidan Holtodrilus truncatus (Clitellata: Branchiobdellida) on Caridina pseudodenticulata
(Decapoda: Atyidae) from Taiwan. Both host shrimp species occurred sympatrically at collection sites,
suggesting that H. truncatus has no species specific preference for host. Eight species of free-living
microdrile oligochaetes were al so collected from the collection sites. Of these, four species, Nais pardalis,
Pristina proboscidea, Pristina amphibiotica and Aulodrilus japonicus, are new records to Taiwan.
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Introduction

Branchiobdellidansare obligatory ectosymbionts,
living mostly on freshwater astacoidean crayfishes
in the Holarctic region, but some are on other
crustaceans astheir hosts (Gelder 1999; Brinkhurst
and Gelder 2001). Such branchiobdellidans
on non-crayfish hosts in East Asian include
Caridinophilus unidens Liang, 1963 living on the
freshwater atyid Caridina shrimp (Liang 1963)
in Yunnan Province, and of Holtodrilus truncatus
(Liang, 1963) on Neocaridina shrimp in Hunan
and Guangdong Provinces (Liang 1963; Liu 1984)
in China. A similar symbiotic association between
branchiobdellidans and freshwater shrimps has
been reported from the central Japan by Niwa et
al. (2005) and Niwaand Ohtaka (2006). Recently,
a branchiobdellidan tentatively identified as H.
truncatus has been found to live on threeindigenous
Caridina shrimp species on Miyako Island of
Ryukyu in the southern Japan (Fujita et al.,
unpubl.). Therefore, it has been postulated that
branchiobdellidans might also occur in nearby
Taiwan, as the island is rich and abundant in
freshwater atyid shrimps and close geographical
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proximity to both southern China and southern
Japan.

Studies on taxonomy and diversity of
oligochaetes in Taiwan and its adjacent islands
have been focused on terrestrial forms, and 72
speci es and subspecies of megadriles (earthworms)
have been reported (Tsai et al. 2009). On the
other hand, 26 species of aquatic microdrile
oligochaetes comprising 25 naidids and one
enchytraeid have been recorded from Taiwan
(Cheng 1995; Yu et al. 1995; Erséus and Hsieh
1997; Hsieh et al. 1998, 1999; Lin et al. 2005;
Linand Yo 2008a, 2008b; Lin et al. 2008). These
aguatic forms have been found in lowland areas
including brackish estuaries and urban rivers
mainly from pollution and ecologically related
studies.

When we collected freshwater shrimps in
searching for branchiobdellidans in Taiwan, we
also collect benthic samplesto identify free-living
freshwater microdrile oligochaetes. This paper
briefly describes our findings on branchiobdellidans
and microldrile oligochaetes collected from
Taiwan.
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Material and Methods

Branchiobdellidan and microdrile oligochaete
specimens were collected from two streams and
one pond in the northwestern part of Taiwan (Fig.
1). The branchiobdellidans were collected from
shrimps sampled, and the oligochaetes were
collected with a dipnet (mesh size, 190 pum) by
scooping it through aquatic vegetation and bottom
sediments. Substrate samples and shrimp specimens

|

Shihtan, Miaoli Co.

Sinshe, Taichung Co.

werefixed ina10% formalin solution at collection
sites. Inlaboratory the oligochaetes were separated
from the sediments and the branchiobdellidans
from the shrimps under a dissecting microscope.
The specimens were washed thoroughly in distilled
water, dehydrated in a graded series of ethanol-
water solutions, cleared in methyl salicylate, and
mounted in Canada balsam on slides. Some of the
slide-mounted specimens are deposited at the
Endemic Species Research Institute (ESRI).
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Minchien, Nantou Co.

23°N

22°N

120°E

121°E 122°E

Fig. 1. A map of Taiwan showing the collecting sites (solid circles).
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The Taiwanese Neocaridina shrimp has
traditionally been identified as N. denticulata
denticulata (Kubo 1938), but its’ taxonomic
(specific or subspecific) status remains controversial
(Cai 1996; Liang 2004; Nishino and Niwa 2004;
Shih and Cai 2007). Therefore, we regarded the
shrimps as Neocaridina spp. Taxonomy of families
and subfamilies of the oligochaetes follows the
classification system of Erséus and Gustavsson
(2002) and Erséus et al. (2008). In descriptions
of species, segmental numbers are expressed by
Arabic numerals for branchiobdellidans but by
Roman numerals (= ganglionic numbers) for
aquatic oligochaetes, according to the currently

accepted usages for the two taxa (Brinkhurst and
Gelder 2001).

Systematic accounts

Class Clitellata
Order Branchiobdellida
Family Branchiobdellidae Grube, 1851
Holtodrilus truncatus (Liang, 1963) (Fig. 2)

Stephanodrilus truncatus Liang, 1963: 565-567,
fig. 4.

Holtodrilus truncatus Gelder and Brinkhurst,
1990: 1320-1321, fig. 3; Niwa et al., 2005:
685-686, fig. 1; Niwa and Ohtaka, 2006:
182-185, fig. 2.

300 pm

Fig. 2. Holtodrilus truncatus from Sinshe, Taichung Co., Taiwan: A. lateral view of whole specimen

(fixed); B. jaws; C. genital organs; D. cocoon; b, muscular bursa; ga, glandular atrium; ma, muscular

atrium; sp, spermatheca; vd, vas deferens.

Material examined. - Twenty mature
specimens (one of the slide mounted specimens

was deposited at ESRI as ESRI-OA0001) from

90 host shrimp Neocaridina spp. collected on 10
September 2008 from a stream with a gravel-
sandy bottom and submerged vegetation dominated
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by Egeria densa Planch in Sinshe, Taichung
County (24°14'N, 120°48'E); 10 mature and 20
immature specimens from 12 Neocaridina spp.
and 61 Caridina pseudodenticulata Hung et al.,
1993, collected on 11 September 2008 from a
stream with a gravelly bottom but no vegetation,
Miaoli County (24°28'N, 120°53'E).

Brief description. - Living primarily in
branchial chamber of host. Body terete, brownish
transparent when living. Body length (mature)
1.3-2.6 mminfixed state (Fig. 2A). No peristomial
lobe or dorsal segmental appendage. Dorsal lip
slightly longer than the ventral. Head 0.20-0.28
mm inwidth, wider than that of segment 1. Posterior
attachment disc 0.16-0.21 mmin diameter. Segments
1-6, triannulate, middle annulus shortest. Dorsal
and ventral jaws similar in shape and size; each
triangular, about 25-35 pm in width at base, with
a large median tooth and three pairs of small
lateral teeth, sometimes one lateral tooth missing
or added (Fig. 2B). Two vasa deferentia entering
glandular atrium entally in segment 6 (Fig. 2C).
Glandular atrium tubular, 180 um in length and
50 um in diameter, prostate gland absent. Muscular
atrium terete, 110 uminlength, leading to conical
penis surrounded by muscular bursa. Spermatheca
in segment 5, duct 130 um long with a spherical
bulb, 50 pm in diameter (Fig. 2C). Cocoons
spherical to ovoid in shape, 0.4-0.6 mm in height
and 0.35-0.55 mm in width, with asmall process
dorsally and peduncle cemented onto gill surface
(Fig. 2D).

Remarks. - H. truncatus was originally
placed under the genus Sephanodrilus Pierantoni,
1906 (junior synonym of Cirrodrilus Pierantoni,
1905) on the host shrimp Neocaridina denticulata

sinensis (Kemp, 1918) from Sichwan in Hunan
Province of China(Liang 1963). It was subsequently
reported from Shaoguan in Guangdong Province
from the same species of the host shrimp by Liu
(1984). Gelder and Brinkhurst (1990) transferred
the species to anew monotypic genus Holtodrilus,
because of its unique taxonomic characters.
Morphological charactersof the specimenscollected
from Taiwan agreed closely with those described
by Liang (1963) and Gelder and Brinkhurst (1990).
This study confirmed that H. truncatus lives
primarily in branchial chamber of the host shrimp
as noted by Liu (1984) in China.

This paper reports the first record of H.
truncatus from Taiwan. Besides it was found on
Neocaridina shrimps (Liang 1963; Liu 1984),
it was also found on a new host Caridina
pseudodenticulata. H. truncatus was found at two
out of the five sampling sites where Neocaridina
and/or Caridina shrimps were found together.
These two shrimps occurred sympatrically at
Shihtan, Miaoli County where H. truncatus and
its cocoons were found on both shrimps. This
phenomenon was anticipated as branchiobdellidans
are known to live on many species of crayfishes
(Gelder et al. 2001).

When the North American red swamp crayfish
P.clarkii (Girard, 1852) carried the branchiobdellidan
Cambarincola mesochoreus Hoffman, 1963 was
introduced into northern Italy, C. mesochoreus
was later found on the sympatric native crayfish
Austropotamobius pallipes (Lereboullet, 1858).
In turn, two endemic branchiobdellidans,
Branchiobdella hexodonta Gruber, 1883 and
Branchiobdella parasita Henle, 1853, on native
A. pallipes were also found later on theintroduced
P. clarkii (Gelder et al. 1999).

In Yunnan Province of China, a shrimp-
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associated branchiobdellidan Caridinophilus
unidenswas recorded from Caridina yunnanensis
Yu, 1938 by Liang (1963). Recently, a
branchiobdellidans tentatively identified as H.
truncatus on Miyako Island, Japan, was found on
three sympatric Caridina shrimps. Caridinarubella
Fujino and Shokita, 1975, C. rapaensis Edmondson,
1935, and C. typus H. Milne Edwards, 1937 (Fujita
et al., unpubl.). Brinkhurst and Gelder (2001)
suggest that all crayfishes appear to be potential
hosts for branchiobdellidans. A similar case of
the shrimp-branchiobdellidan association was
found in Taiwan. It still remains aquestion whether
the Taiwanese population of H. truncatusisnative
or introduced.

Order Tubificida
Family Naididae Ehrenberg, 1828
Subfamily Naidinae Ehrenberg, 1828
Chaetogaster diaphanus (Gruithuisen, 1828)
Nais diaphana Gruithuisen, 1828; see Brinkhurst
and Jamieson (1971) for synonymsand references.

Material examined. - Oneimmature specimen
(ESRI-OA0002) and another immature specimen
collected from astream in Sinshe, Taichung County
(same collection data as for H. truncatus).

Brief description. - Body transparent, 0.8-1.5
mm long. Number of segments in zooids 9.
Prostomium inconspicuous with narrow and
truncated anterior end in fixed state. Dorsal chaetae
absent. Ventral chaetae 6-8 per bundlein segment
I, 144-190 umin length, longer than thosein VI;
each with nodulus proximally, with upper tooth
longer but as thick as the lower tooth; absent in
I11-V; 4-6 per bundlein VI, 62-74 um long, with
nodulus medially and longer upper tooth.

Remarks. - C. diaphanus is characterized
by having long ventral chaetae in segment I1. It
isacommon and widely distributed species found
not only in freshwater but also in brackish water
environments (Brinkhurst and Jamieson 1971).
In Taiwan, this specieswas recorded from Taichung
City by Lin and Yo (2008a).

Nais pardalis Piguet, 1906
Nais bretscheri var. pardalis Piguet, 1906; see
Brinkhurst and Jamieson (1971) for synonyms
and references.

Material examined. - One immature
specimen (ESRI-OA0003) and another immature
specimen were collected from a stream in Sinshe,
Taichung County (same collection data as given
for H. truncatus).

Brief description. - Body length 1.2-2.0 mm
in fixed state. Number of segmentsin zooids 16.
Prostomium rounded. Eyes present. Dorsal chaetae
starting from segment VI and consisting of a
96-144 um long smooth hair and a45-56 um long
needle. Needles in bayonet-shape with nodulus
distally and two fine, parallel, teeth of equal sized.
Ventral chaetae 2-4 per bundlein 11-V, 70-83 um
in length, longer, thinner and straighter than those
inthe foll owing segments, with median or proximal
nodulus, and upper tooth longer and thinner than
lower tooth; in the following segments 2-5 per
bundle, 61-72 pm long, with distal nodulus, and
upper tooth as long as or slightly shorter but
thinner than lower tooth.

Remarks. - Although N. pardalis has ventral
chaetaein segments after VI, that are often enlarged
with longer upper teeth (Brinkhurst and Jamieson
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1971), the two specimensfrom Taiwan have normal
chaetae only. It isacosmopolitan naidine species.
(Brinkhurst and Jamieson 1971). Nais pardalis
reported herein constitutesthefirst record of this
species from Taiwan.

Dero digitata (Muller, 1773)

Naisdigitata (coeca) Mdiller, 1773; see Brinkhurst

and Jamieson (1971) for synonymsand references.

Material examined. - Three immature
specimens (one slide specimen deposited as ESRI-
OA0004) collected from mud surface from a
vegetable farm pond in Minchien, Nantou County
(23°52'N, 120°42'E); one immature specimen
from a stream in Sinshe, Taichung County (same
collection data as for H. truncatus).

Brief description. - Body length 4-10 mm
in fixed state. Number of segmentsin zooids 24.
Prostomium bluntly conical. No eyes. Dorsal
chaetal bundles beginning in segment V1, consisted
of a 160-240 pum long smooth hair and a64-77 um
long bayonet-shaped needle. Needle chaetae with
distal nodulus and short bifurcate teeth; upper
tooth longer than but as thick as lower tooth.
Ventral chaetae 4-6 per bundle in 11-V, 104-118
pm in length, longer and thinner than thosein the
following segments; each with proximal nodulus
and long bifurcated distal teeth of which upper
tooth longer, than and as thick as lower tooth.
Ventral chaetae in the following segments, 3-5
per bundle, 71-88 um long, with distal nodulus
and upper tooth aslong as and thinner than lower
tooth. Branchial fossa has 4 pairs of gills.

Remarks. - D. digitata is a cosmopolitan
species (Brinkhurst and Jamieson 1971). It was

recorded from Taichung County, Taiwan by Lin
and Yo (2008a).

Pristina proboscidea Beddard, 1896
Pristina proboscidea Beddard, 1896; see Brinkhurst
and Jamieson (1971) for synonymsand references.

Material examined. - Oneimmature specimen
(ESRI-OA0005) and two immature specimens
collected from astream in Sinshe, Taichung County
(same collection data as for H. truncatus).

Brief description. - Body length 1.5-2.0 mm
in fixed state. Number of segments in zooids
14-16. Prostomium forming a proboscis. No eyes.
Dorsal chaetal bundles beginning in segment |1,
consisting of hairs and needles. Doral hairs 2-4
per bundle, 192-230 um long, serrated. Dorsal
needles straight, 2-3 per bundle, 40-48 um long,
simple-pointed, without nodulus. Ventral chaetae
5-8 per bundle, 56-64 pum long, with nodulus
medially to distally; upper tooth longer and as
thick as or slightly thinner than lower tooth.

Remarks. - P. proboscidea has been recorded
from South America, Africa, South and East Asia,
and Australia (Brinkhurst and Jamieson 1971).
In Southeast Asia its predominant habitat was
recorded as submerged vegetation from Central
Kalimantan, Indonesia (Ohtaka et al. 2006). This
paper givesthefirst record of thisspeciesfrom Taiwan.

Pristina amphibiotica Lastockin, 1927

Pristina amphibiotica Lastockin, 1927; see
Brinkhurst and Jamieson (1971) for synonyms
and references.

Material examined. - Oneimmature specimen
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(ESRI-OA0006) collected from stream bed in
Sinshe, Taichung County (same collection data
as for H. truncatus).

Brief description. - Body length 1.3 mmin
fixed state. Number of segments in zooids 23.
Prostomium conical with rounded apex without
proboscis. No eyes. Dorsal chaetal bundles starting
in segment |1, consisted of hair and needle chaetae.
Dorsal hairs smooth, 1 or occasionally 2 per
bundle, 105-256 um long. Dorsal needles in
bayonet-shape, 1-2 per bundle, 48-64 um long,
with distal nodulus and parallel teeth of which
upper tooth distinctly shorter and much thinner
than lower ones. Ventral chaetae 4-6 per bundle,
46-56 um long; those in anterior segments with

A

alittledistal nodulusand upper tooth alittle longer
but as thick as lower tooth; those in posterior
segments with distal nodulus and upper tooth
shorter and thinner than lower tooth.

Remarks. - P. amphibiotica has been recorded
from Europe, Africa, China, Indonesiaand Japan
(Brinkhurst and Jamieson 1971; Ohtaka 2001,
Ohtaka and Nishino 2006; Ohtaka et al. 2006).
Thisisthefirst record of the speciesfrom Taiwan.

Pristina synclites Stephenson, 1925 (Fig. 3)
Pristina synclites Stephenson, 1925; see Brinkhurst
and Jamieson (1971) and Kathman and
Brinkhurst (1999) for synonymsand references.

20 ym f)'llll} E
|

Fig. 3. Pristina synclites from Minchien, Nantou Co., Taiwan: A. lateral view of anterior part of body;
B. apart of dorsal hair chaetain an anterior segment; C. dorsal needle chaeta in an anterior segment; D.
ventral chaetain an anterior segment; E. ventral chaeta in a posterior segment.

Material examined. - Oneimmature (ESRI-
OA0007) and 20 immature specimens collected

from a pond in Minchien, Nantou County (same
collection data as for Dero digitata).
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Brief description. - Body lengthupto 7 mm
long in fixed specimens, forming a chains of
zooids. Number of segments in zooids 21-70.
Prostomium forming a short proboscis (Fig. 3A).
Dorsal hairs 1 or occasionally 2 per bundle,
195-340 um long, finely hispid except for smooth
proximal portion (Fig. 3B). Dorsal needles bayonet-
shape, 1-2 per bundle, 64-88 um long, with weak
nodulus and long, bifurcated distal teeth of which
upper tooth alittle shorter than lower tooth (Fig.
3C). Ventral chaetae in anterior segments 4 or
occasionally 5 per bundle, 70-80 um long, with
almost median nodulus (Fig. 3D); thosein posterior
segments 2-4 per bundle, 64-72 pm long, with
distal nodulus (Fig. 3E). Upper tooth in ventral
chaetae as long as and thinner than lower tooth
in all segments.

Remarks. - P. synclites closely resembles P.
americana Cernosvitov, 1937 by having distinctly
hispid dorsal hairs, and the Taiwanese specimens
of the former might be assigned to the latter.
However, we assigned the specimensto P. synclites,
because the distal teeth in the ventral chaetae are
equally long for all segments (Stephenson 1925;
Sperber 1948; Torii and Ohtaka 2007). They
differed from P. americana by having the upper
tooth shorter than lower one in segments after |V
(Sperber 1948). Hispid hairs have not been recorded
in P. synclites, but surface condition of hair chaetae
may vary (Chapman and Brinkhurst 1986), and
thus, they are not regarded as areliable character
for the speciesdistinction. P. syncliteswasoriginally
described from India (Stephenson 1925) and
subsequently recorded from Africa (Brinkhurst
and Jamieson 1971), continental China (Wang
and Cui 2007), North America (Kathman and
Brinkhurst 1999), Kalimantan (Ohtakaet al. 2000),

Okinawa and Honshu islands, Japan (Torii and
Ohtaka 2007) and Taichung County, Taiwan (Lin
and Yo 2008a). This species was abundant in the
shallow muddy bottom of thefarm pond inthisstudy.

Subfamily Tubificinae Vejdovsky, 1876
Limnodrilus hoffmeisteri Claparéde, 1862
Limnodrilus hoffmeisteri Claparéde, 1862; see
Brinkhurst and Jamieson (1971) for synonyms

and references.

Material examined. - A mature specimen
(ESRI-OA0008) collected from apond in Minchien,
Nantou County (same collection data asfor Dero
digitata).

Remarks. - The specimen of L. hoffmeisteri
examined had a “plate-topped” penis sheath
(Brinkhurst and Jamieson 1971). The speciesis
usually found in eutrophic or organically polluted
waters (Ohtakaet al. 1990) and is a cosmopolitan
and common tubificine in the world (Brinkhurst
and Jemieson 1971). It has been repeatedly recorded
from Taiwan (Erséus and Hsieh 1997; Hsieh et
al. 1998, 1999; Lin et al. 2005; Lin and Yo 2008za;
Lin et al. 2008) from heavily polluted estuaries
(Erséus and Hsieh 1997) and urban freshwaters
(Lin and Yo 2008a).

Aulodrilus japonicus Yamaguchi, 1953
Aulodrilusjaponicus Yamaguchi, 1953: 298-300,
fig. 12, pl. 7, figs. 5-7.

Material examined. - Animmature specimen
(ESRI-OA0009) collected from apondin Minchien,
Nantou County (same collection dataasfor Dero
digitata).
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Brief description. - Body length 9 mm in
fixed state. Number of segments 31 with posterior
1 mm being chaetal ess. Prostomium short conical.
Dorsal chaetal bundles consisted of hairs and
crotchets, both beginning on segment II; hair
chaetae smooth, 2-9 per bundle, 112-180 pm long;
forsal crotchets 5-11 per bundle, 72-107 um long,
with distal nodulus and upper tooth split into
several fine teeth which are much thinner and
shorter than single lower tooth. Ventral chaetae
bifurcated crotchets, 6-11 per bundle, 80-100 pum
long, with distal nodulus and upper tooth about
half aslong as and much thinner than lower tooth.
Upper part of the shafts in dorsal and ventral
crotchets protruded laterally.

Remarks. - A. japonicusresemblesA. pluriseta
(Piguet, 1906) by having dorsal hairs beginning
on segment 11, no modified genital chaetae, and
independent male pores. Brinkhurst Jamieson
(1971) once dubiously synonymized the two
species. However, A. japonicusis distinguishable
from A. pluriseta by having unique multifold
upper teeth in the dorsal crotchets and more
posterior position of the midgut, and thus, it should
be regarded as a distinct species (Van der Hoek
and Verdonschot 2005; Timm and VSivkova 2007).
In East Asian A. japonicus is widely distributed
in Japan (Ohtaka, unpubl.), the Ryukyu islands
(Ohtaka 2003), Lake Hankain Amur basin (Timm
and Vsivkova 2007), and China mainland (Wang
and Cui 2007). Its distributional range may be
Holarctic because A. japonicus has been often
confused with A. pluriseta in the Netherlands
(Van der Hoek and Verdonschot 2005), Estonia
(Timm and VSivkova 2007) and probably in North
America (Ohtaka, unpubl.). A. japonicus reported
herein isthefirst confirmed record of the species

in Taiwan. A. pluriseta previously reported by
Linand Yo (2008a) from Taichung County might
be A. japonicus; the specimens need to bere-examined.

Discussion

Holtodrilus truncatus has recently been
reported to live on Neocaridina shrimpsin Kinki
District, Central Japan (Niwa et al. 2005). Its
occurrence in Japan was thought to be an
unintentional introduction al ong with theimportation
of the host shrimp for fish bait from China. This
area of Japan is famous for leisure fishing and
large amounts of Neocaridina shrimpsare routinely
imported (Niwa and Ohtaka 2006). In addition,
live alien shrimps are available as “cleaners”
for ornamental aquariaviainternet sales and from
many of local aquarium shopsin Japan. Thealien
shrimps have gradually become widespread
(Nishino and Ikeda, unpubl.), leading to afurther
distribution of symbiotic branchiobdellidansinto
non-native area. Theinternational trade of shrimps
isalso popular in Taiwan (Fisheries Agency 2007)
and for the same reasons it is probable that H.
truncatus was introduced to Taiwan along with
the importation of its host shrimps.

The introduction of branchiobdellidans on
their commercial hosts to Taiwan and Japanese
islands is speculative. However, it is equally
possible that the branchiobdellidan species
tentatively identified asH. truncatus, from Miyako
Island (Fujitaet al., unpubl.) isnativeto theisland.
Thisinterpretation is supported because its hosts
are indigenous Caridina shrimps (C. rubella, C.
rapaensis and C. typus) in three isolated wells
according to Fujita (pers. comm.) and no shrimp
are known to have been introduced recently onto
the island. This line of reasoning would suggest
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that H. truncatus on shrimps had already become
established before the islands of Miyako and
Taiwan became separated from the Chinamainland.
No shrimp introduction has been confirmed from
outside of the islands. However, Miyako Island
is close to Taiwan, and therefore, it is possible
that H. truncatus is indigenous to Taiwan and
closely related to the population on Miyako Island.
Further taxonomic and phylogenetic studies of
these branchiobdellidans are needed to clarify the
origin and biogeographical history of the Taiwanese
population.

Incorporating the present records into the
past inventory of Taiwanese oligochaetes (Tsai
et al. 2009), the number of the aquatic microdrile
oligochaetesrecorded from Taiwan and its adjacent
islandsincreases to 30 species. Erséus and Hsieh
(1997) point out that the brackish oligochaete
fauna of Taiwan is rather poor, and suggest that
the Taiwanese oligochaete faunais not drastically
different from that of continental China (Erséus
and Hsieh 1997). However, Taiwan has some
unigue aguatic environments not encountered in
China that need to be explored, such as high
mountain ranges with rapid flowing streams and
coral reefs facing on the Pacific Ocean. Further
studies are required to reveal the full extent of
the unique diversity of aquatic oligochaetes on
the island.

Acknowledgements

Wewould liketo thank Dr. Shigeyuki Yamato
of Seto Marine Biological Laboratory, Kyoto
University, Wakayama, Japan and Mr. Hung-Po
Chen of Endemic Species Research Institute,
Nantou, Taiwan, for their help during the collecting
trip. Thanks are also due to Drs. Shi-Kuei Wu of

University of Colorado Museum, Boulder, USA,
and Machiko Nishino of Lake BiwaEnvironmental
Research Institute, Otsu, Japan, for their guidance
in planning the survey. We are indebted to Dr.
Chu-FaTsai, Visiting Professor of Endemic Species
Research Institute, Nantou, Taiwan, for providing
us with information on Taiwanese oligochaetes
and the English revision of the manuscript. We
are also indebted to Dr. Stuart R. Gelder of
University of Maine, Presque Isle, USA, for his
valuable comments and critical reading of the
manuscript. We are grateful to Dr. YoshihisaFujita
of Ryukyu University, Nishihara, Japan, for
providing us with unpublished information on
branchiobdellidans in Miyako Island. This work
was partly supported by a Grant-in-Aid for
Scientific Research from the Japan Society for
the Promotion of Science (19310150).

Literature Cited

Brinkhurst, R. O. and B. G. M. Jamieson. 1971.
Aquatic Oligochaeta of the World. Oliver
and Boyd, Edinburgh.

Brinkhurst, R. O. and S. R. Gelder. 2001. Annelida:
Oligochaeta including Branchiobdellidae.
pp. 431-463. In: J. H. Thorpe and A. Covich.
(eds.). Ecology and Classification of North
American Freshwater Invertebrates, 2nd
edition. Academic Press, New York.

Cai, Y. X. 1996. A revision of the genus Neocaridina
(Crustacea Decapoda: Atyidae). Acta
Zootaxonomica Sinica 21: 129-160. (In
Chinese)

Chapman, P. M. and R. O. Brinkhurst. 1986. Setal
morphology of the oligochaetes Tubifex
tubifex and Ilyodrilus frantzi (capillatus) as
revealed by SEM. Proceedings of the Biological



108 New records of a branchiobdellidan and four microdrile oligochaetes of Taiwan

Society of Washington 99: 323-327.

Cheng, |. J. 1995. Thetemporal changesin benthic
abundances and sediment nutrients in a
mudflat of the Chuwei Mangrove Forest,
Taiwan. Hydrobiologia 295: 221-230.

Erséus, C. and L. Gustavsson. 2002. A proposal
to regard the former family Naididae as a
subfamily within Tubificidae (Annelida, Clit-
ellata). Hydrobiologia 458: 253-256.

Erséus, C. and H. L. Hsieh. 1997. Records of
estuarine Tubificidae (Oligochaeta) from
Taiwan. Species Diversity 2: 97-104.

Erséus, C., M. J. Wetzel and L. Gustavsson. 2008.
ICZN rules-afarewell to Tubificidae (Annelida,
Clitellata). Zootaxa 1744: 66-68.

Fisheries Agency. 2007. Annual report: Thetrade
of fishery products (I) import. Taiwan. (in
Chinese)

Gelder, S. R. 1999. Zoogeography of branchiob-
dellidans (Annelida) and temnocephalidans
(Platyhel minthes) ectosymbiotic on freshwater
crustaceans, and their reactionsto one another
in vitro. Hydrobiologia 406: 21-31.

Gelder, S. R. and R. O. Brinkhurst. 1990. An
assessment of the phylogeny of the
Branchiobdellida (Annelida: Clitellata) using
PAUP. Canadian Journal of Zoology 68:
1318-1326.

Gelder, S. R., H. C. Carter and D. N. Lausier.
2001. Distribution of crayfish worms or
branchiobdellidans (Annelida: Clitellata) in
New England. Northeastern Naturalist 8: 79-92.

Gelder, S. R., G. B. Delmastro and J. N. Rayburn.
1999. Distribution of native and exotic
branchiobdellidans (Annelida: Clitellata) on
their respective crayfish hosts in northern
Italy, with thefirst record of native Branchiobdedla
species on an exotic North American crayfish.

Journal of Limnology 58: 20-24

Hsieh, H. L., P. L. Tsai and R. B. Chen. 1998.
Chapter 6: The benthic invertebrates. pp.
6-1-6-51. In: C. P. Chen et al. (eds.). Effects
of pollution mitigation of Danshui River on
biotic communities. Taiwan Environmental
Protection Administration, Taipei, Final
report, (EPA-87-G106-03-05). (In Chinese)

Hsieh, H. L., Y. H. Wang and P. J. Liu. 1999.
Chapter 4: Benthic invertebrates as pollution
indicatorsfor the Danshui River Estuary. pp.
4-1-4-44. In: C. P.Chen et al. (eds.). Handbook
for biotic survey and indicator species of
Danshui River. Taiwan Environmental
Protection Administration, Taipei, (EPA-88-
G108-03-301). (In Chinese)

Kathman, D. D. and R. O. Brinkhurst. 1999. Guide
to the Freshwater Oligochaetes of North
America. Revised version. Aquatic Resources
Center, TN, USA.

Kubo, |. 1938. On the Japanese atyid shrimps.
Journal of the Imperial Fisheries Institute,
Tokyo 33: 67-100 (In Japanese).

Liang, Y. L. 1963. Studieson the aguatic Oligochaeta
of China. |. Descriptions of new naids and
branchiobdellids. ActaZoologica Sinica 15:
560-570 (In Chinese).

Liang, X. Q. 2004. Crustacea Decapoda Atyidae.
Fauna Sinica Invertebrata vol. 36, 375 pp.
Beijing. (In Chinese)

Lin, C. R, H. Y. Liu and L. L. Liu. 2008.
Reproductive biology and salinity tolerance
of the tubificid oligochaete Monopylephorus
limosus. Endemic Species Research 10(2):
25-34. (In Chinese with English abstract)

Lin, K. J,, C. Y. Wu and S. P. Yo. 2005. Life
history and population distribution of the
tubificid worm Limnodrilus hoffmeisteri



G )% BEPERFSS(TW J. of Biodivers.) 12(1): 97-110, 2010 109

(Claparéde) inthe Dali River. Endemic Species
Research 7(1): 13-29. (In Chinesewith English
abstract)

Lin, K. J. and S. P. Yo. 2008a. The effect of organic
pollution on the abundance and distribution
of aquatic oligochaetes in an urban water
basin, Taiwan. Hydorobiologia596: 213-223.

Lin, K. J. and S. P. Yo. 2008b. A taxonomic key
of aquatic oligochaetes collected from Central
Taiwan. Journal of the National Taiwan
Museum 61: 33-54. (In Chinese with English
abstract)

Liu, S. 1984. Descriptions of two new species of
the genus Stephanodrilus from Northeast
Chinaand noteson S. truncatus Liang from
Guangdong Province (Oligochaeta: Branchi-
obdellidae). Acta Zootaxonomica Sinica 9:
351-355.

Nishino, M. and N. Niwa. 2004. Invasion of an
aienfreshwater shrimp Neocaridina denticulata
sinensis to Lake Biwa. Omia (Lake Biwa
Research Institute News) 80: 3. (In Japanese)

Niwa, N., J. Ohtomi, A. Ohtakaand S. R. Gelder.
2005. The first record of the ectosymbiotic
branchiobdellidan Holtodrilus truncatus
(Annelida, Clitellata) and on the freshwater
shrimp Neocaridina denticulata denticulata
(Caridea, Atyidae) in Japan. Fisheries Science
71: 685-687.

Niwa, N. and A. Ohtaka. 2006. Accidental
introduction of symbionts with imported
freshwater shrimps. pp. 182-186. In: F. Koike,
M. N. Clout, M. Kawamichi, M. De Poorter
and K. lwatsuki. (eds.). Assessment and
Control of Biological Invasion Risk. I[UCN,
Gland, Switzerland.

Ohtaka, A. 2001. Oligochaetes in Lake Towada,
Japan, an oligotrophic caldera. Hydrobiologia

436: 83-92.

Ohtaka, A. 2003. Oligochaeta. pp. 190-196. In:
M. Nishida, H. Shikatani and S. Shokita
(eds.). The Floraand Fauna of Inland Waters
inthe Ryukyu Islands. Tokai University Press,
Tokyo. (In Japanese)

Ohtaka, A., D. |. Hartoto and R. Usman. 2000.
Preliminary study on freshwater Oligochaeta
inIndonesia. Report of the SuwaHydrobiologica
Station, Shinshu University 12: 29-38.

Ohtaka, A., D. I. Hartoto, Y. Sudarso, T. Buchar,
F. Widjaja, T. lwakumaand H. Kunii. 2006.
Faunal composition of meio-and macroin-
vertebrates associated with aquatic macrophytes
in Central Kalimantan and West Java, Indonesia,
with special referenceto oligochaetes. Tropics
15: 417-423.

Ohtaka, A., S. F. Mawatarai and H. Katakura.
1990. Morphological and habitat differences
between two forms of Japanese Limnodrius
hoffmeisteri Claparéde (Oligochaeta, Tubi-
ficidae). Journal of the Faculty of Science,
Hokkaido University, Series V1, Zoology 25:
106-117.

Ohtaka, A. and M. Nishino. 2006. Studies on the
aguatic oligochaete fauna in Lake Biwa,
central Japan. V. Faunal characteristics in
theattached lakes (naiko). Limnology 7: 129-142.

Shih, H. T. and Y. Cai. 2007. Two new species of
the land-locked freshwater shrimps genus
Neocaridina Kubo, 1938 (Decapoda: Caridea:
Atyidae), from Taiwan, with notes of speciation
ontheisland. Zoological Studies46: 680-694.

Sperber, C. 1948. The taxonomical study of the
Naididae. ZoologiskaBidrang Fran Uppsala
28: 1-296.

Stephenson, J. 1925. On some Oligochaetamainly
from Assam, south India and the Andaman



110 New records of a branchiobdellidan and four microdrile oligochaetes of Taiwan

Islands. Record of Indian Museum 27: 43-74.

Timm, T. and T. S. V8ivkova. 2007. Freshwater
oligochaetes (Annelida, Clitellata) of Lake
Hanka (Russia/China). Act Hydrobiologica
Sinica 31 (Suppl.): 25-35.

Torii, T. and A. Ohtaka. 2007. Aquatic oligochaete
(Annelida, Clitellata) faunain the Seto River
system, Shizuoka, central Japan. Biology of
Inland Waters 22: 15-24. (In Japanese with
English abstract)

Tsai, C. F, H. P. Shen, S. C. Tsai, K. J. Lin, H.
L. Hsieh and S. P. Yo. 2009. A checklist of
oligochaetes (Annelida) from Taiwan and its
adjacent islands. Zootaxa 2133: 33-48.

Van der Hoek, T. H. and P. Verdonschot. 2005.
Distribution and ecology of Aulodrilus
japonicusin The Netherlands (Oligochaeta:
Tubificidae). Nederlandse Faunistische
Mededelingen 23: 103-112.

Wang, H. Z. and Y. D. Cui. 2007. On the studies
of microdrile Oligochaetaand A eol osomatidae
(Annelida) in China: Brief history and species
checklist. Act Hydrobiologica Sinica 31
(Suppl.): 87-98.

Yamaguchi, H. 1953. Studies on the aquatic
Oligochaetaof Japan V1. A systematic report,
with some remarks on the classification and
phylogeny of the Oligochaeta. Journal of the
Faculty of Science, Hokkaido University,
Series VI, Zoology 11: 277-343.

Yu, K. C., S. T. Ho, J. K. Chang and S. D. Lai.
1995. Multivariate correl ation of water quality,
sediment and benthic bio-community
componentsin Ell-ren River system, Taiwan.
Water, Air and Soil Pollution 84: 31-49.



