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Abstract

The Odonata fauna of Palau is reviewed based on all published records and new data
collected during the last 25 years. The list of scientific names of taxa is updated and
analysed. At least two new taxa at generic level are added based on females which
could not be associated with any of the males so far reported for Palau: Pericnemis (?) Selys,
1863 proposed as a provisional scientific name for two females which were found to be
closer to congenors from the Philippines, and Gynacantha Rambur, 1842 based on one
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female. The updated faunistic list is accompanied by photos of live individuals and diag-
nostic photos of specimens of all presently known members of the included taxa. Priorities
in faunistic and taxonomic studies are suggested, with a focus on phenology and habitat re-
quirements, especially of the Palau endemics Pseudagrion palauense Lieftinck, 1962;
Teinobasis palauensis Lieftinck, 1962; Drepanosticta palauensis Lieftinck, 1962 and Agriono-
ptera cardinalis Lieftinck, 1962. The latter is discussed in the faunistic account, with description
of the exuvia (by supposition) which is proposed for first time. The three other endemics are
illustrated with detailed photos of diagnostic features. Short biogeographic notes are in-
cluded as well, highlighting the significance of the islands within the Republic of Palau.

Abstract in Palauan

A Odonata, el chemaeong ma ikel ua teletelel el charm, ra chelsel Belau a ulecholt ra llechukl
el babier ma beches el omesubel ra lluich ma eim el rak el mer chelechang. Ngultuil ra ikal
mla mo merek el omesuub eng mla meteriter e mekedmokl el mukbeches a ngklel aikal charm
luldimukl er ngii a dmolch el omesodel ma llecheklel. Kesengil eng teblo ra ikal chemaeong a
mlodak lultuil ra ikel redil el chamaeong el dimlak el sebechel el mokesiu ra ikel sechal el cha-
maeong el mla meues ra chelsel Belau: Pericnemis (?) Selys, 1863, a mlodars ra diak lulter-
kokl el ngakl lultuil ra teblong el redil el chemaeong el mo kmeed el ua aikel chamaeong ra
Phillipines, ma Gynacantha Rambur, 1842 el ultuil ra di chimol redil chemaeong.

A beches el llecheklel aikal charm a ulecholt lobengkel a siasing ra ngar el chemaeong ma
siasing ra chedechedelel a omesubel aikal kakerous el chemaeong ma ikel rokui el mla
mesuub el bebil ra bedengel a chemaeong. Sel kmal klou a ultutelel el kirel omesubel a
charm ma bingel el mora kleblillel a bekbedengel a charm a ultuil ra sim ra charm ma dellomel,
ma eolt, ma chull, ma temel a buil, ma Imuut el bebil ra kabekbuk el tekoi, el luldimukl ra ikel
basio el lousbech el kiei e osiik a kelel er ngii, tokubets aikal mal di chermel Belau el Pseud-
agrion palauense Lieftinck, 1962; Teinobasis palauensis Lieftinck, 1962; Drepanosticta
palauensis Lieftinck, 1962 ma Agrionoptera cardinalis Lieftinck, 1962. A mui el omesodel ngkel
mlo ulebongel el chemaeong er tial babier, a mo uldimukl a teletelel a lolengui ma basio el
de betik er ngii, el ngii a dirkak a tal lemesuub. Ea ikel keldei el chemaeong el kmal di de betik
er Belau a mlucholt a llecheklel lokiu a dmolech el omesodel a chedechedelel.

A kedeb el omesodel a basio el de betik a charm ma dellomel er ngii ma telengtengil a uchul
me ke de metik ra ikal basio a uldimukl er tial babier. Ng dirrek el mo smodii a uchul meng
klou a ultutelel aikal iungs ra beluu ra Belau.

Key words: endemics, Pseudagrion palauense, Teinobasis palauensis, Drepanosticta pa-
lauensis, Agrionoptera cardinalis, description of exuvia, fauna, taxonomy.

Introduction

The Odonata of Palau have been targeted in several studies carried out mainly by
Japanese researchers and also referred to in investigations on Micronesian islands as
well (all reviewed below). Table 1 presents a checklist of the Odonata species currently
known from Palau, with the newly recorded taxa marked with an “*” (for more on the method-
ology see Material and Methods).

Hagen (1867) erected the genus Rhyothemis for some taxa that at time had already been
transferred from genus Libellula Linnaeus, 1758 to Celithemis Hagen, 1861. This taxonomic re-
arrangement is not discussed in here because of some nomenclatural uncertainties.
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Table I. Chronological literature review of Odonata records from the Republic of Palau.

No | Verbatim species Valid species name Verbatim locality [Page |Reference
1 | Rhyothemis vitellina Brau. |Rhyothemis variegata Pelewinseln 184 |Brauer
(Linnaeus, 1753) (1868a)
2 | Neurothemis fluctuans Neurothemis terminata Pellew-Inseln 10 |Brauer
Ris, 1911 (1869)
3 |D. bipunctata Diplacodes bipunctata Palau 471 |Ris (1911)
(Brauer, 1865)
4 |Anax guttatus Burm. Anax guttatus Palau 63 |Ris (1916)
(Burmeister, 1839)
5 | Anaciaeschna jaspidea Anaciaeschna jaspidea Palaus 2 Asahina
Burmeister (Burmeister, 1839) (1940)
6 | Hemicordulia lulico sp. nov. | Hemicordulia lulico Palau 5 Asahina
Asahina, 1940 (1940)
7 | Agrionoptera insignis Agrionoptera cardinalis Palaus 13 |Asahina
Rambur Lieftinck, 1962* (1940)
8 |Orthetrum sabina Drury Orthetrum serapia Tokobei, Palaus 15 |[Asahina
Watson, 1984 (1940)
9 |Diplacodes trivialis Rambur | Diplacodes trivialis Tokobei, Palaus 16 |[Asahina
(Rambur, 1842) (1940)
10 | Tholymis tillarga Fabricius | Tholymis tillarga Koror, Palaus 18 |[Asahina
(Fabricius, 1798) (1940)
11 | Zyxomma petiolatum Zyxomma petiolatum Koror, Palaus 19 |[Asahina
Rambur Rambur, 1842 (1940)
12 | Pantala flavescens Pantala flavescens Tokobei, Palaus 19 |Asahina
Fabricius (Fabricius, 1798) (1940)
13 | Tramea limbata Desjardins | Tramea transmarina Peliliou, Babel- 19 |[Asahina
Brauer, 1867 daob, Palaus (1940)
14 | Drepanosticta palauensis | Drepanosticta palauensis | Ngiwal, Babel- 14 |Lieftinck
Lieftinck, n. sp. Lieftinck, 1962* thuap, Palau Is. (1962)
15 | Teinobasis palauensis Teinobasis palauensis Koror I, Palau Is. 21 |Lieftinck
Lieftinck, n. sp. Lieftinck, 1962* (1962)
16 | Pseudagrion palauense Pseudagrion palauense | Melekeiok-Ngar- 36 |Lieftinck
Lieftinck, n. sp. Lieftinck, 1962* dok Lake, Babel- (1962)
thuap, Palau
17 |Ischnura torresiana Tillyard | Ischnura heterosticta Babelthuap 41 | Lieftinck
(Burmeister, 1839) (1962)
18 | Agriocnemis femina femina | Agriocnemis femina Palau 43 | Lieftinck
Brauer (Brauer, 1868) (1962)
19 [ Macrodiplax cora (Brauer) | Macrodiplax cora Angaur 94 | Lieftinck
(Brauer, 1867) (1962)
20 [Ishnura senegalensis Ischnura senegalensis Malakal 4 Katatani &
(RAMBUR, 1842) (Rambur, 1842) Muraki
(1997)

For example, one of the taxa was listed as “R. chryseis Hag. von den Pellew Inseln” and
that should be considered as the first ever record for the country. However, it is not included
in Table 1 because the origin of that scientific name and its nomenclatural availability could
not be verified. Hagen (1867) cited it in a the way which inferred it was already introduced
because there was an author given with it. Brauer (1868b) provided more clarity by citing
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“chryseis Hg. litt. Pellew-Inseln (verw. m. splendida)”, which means that Hagen may have
mentioned this scientific name in a correspondence to Brauer, hence it was never intro-
duced and should be considered nomen nudum (M. Schorr, per. comm.). Therefore, Brauer
(1868a) should be considered the first official Odonata record for Palau (record in Table
1 follows Kosterin et al. 2025; see Material and Methods). He erected Rhyothemis
vitellina as new to science based on a single female collected by Prof Karl Semper during
his visit in the country from March 1862 to late January 1863 (see the translated version
of Semper 1873).

Brauer (1868b) proposed five groups within genus Rhyothemis with three of the scientific
names falling in two groups based on the wing colour pattern: Group (A) “R. chryseis”
and R. vitellina, Group (C) R. phyllis (quotation marks to indicate that this is a nomen
nudum which will not be used further below).

Brauer (1869) added Neurothemis fluctuans (Fabricius, 1793) to Palau based on specimens
of both sexes supplied by Mr Custos Schmeltz.

Edmond de Selys Longchamps is the next important contributor to the Odonata fauna of
Palau. Selys (1879) analysed members of Neurothemis Brauer, 1867 and included the
scientific name Polyneura apicalis Rambur, 1842 in synonymy of N. fluctuans, proposing sub-
species affiliation of Palau populations to N. fluctuans apicalis.

Selys (1882) reported members of three taxa under the locality name “Palan”: Agrionoptera
insignis (Rambur, 1842), Diplacodes trivialis (Rambur, 1842) and Rhyothemis phyllis (Sulzer,
1776). Most likely he referred to the island of Palawan in the Philippines, however, his spelling
was misinterpreted by Ris (1909-1919) as “Palau” (see the discussion on this topic in Schmidt
1938: 323).

Selys (1891) discussed the members of the genus Rhyothemis distributed within SE Asia,
New Guinea, the Philippines and some of the Pacific islands. He was the first to propose a
possible conspecificity of the members of a range of taxa from within the region and suggested
R. phyllis as the valid scientific name. Rhyothemis vitellina, previously listed for Palau, was
also recorded as present in the Philippines. However, downgrading the various Rhyothemis
taxa to subspecies level under R. phyllis was not supported in Kirby (1890), Ris (1900),
or Kriiger (1902) who regarded R. vitellina as a separate from R. phyllis (but see the discus-
sion in Kriiger 1902: 103). Semper (1905) included another scientific name for Palau, Rhyo-
themis fluctuans, however, its origin is uncertain. Note, that this study was dealing with Le-
pidoptera of the Caroline islands with R. fluctuans as one of the two Odonata collected
by his brother (Prof Semper) and identified by F. Brauer (see above). The second odonatan
taxon was given as “Glenurus bicarunculattus”, which Brauer (1868a) included in the ant-
lion family Myrmelionidae; it is not discussed any further here.

Kriiger (1903) followed Selys (1879) regarding the affiliation of Palau Neurothemis, but
referred to them as a separate species N. apicalis within the so called sophronia-group.
This taxonomic discussion and proper nomenclature convention was elaborated further
in Ris (1911), who proposed a replacement scientific name N. terminata Ris, 1911 (see
Seehausen & Dow 2016 for more details).

Friedrich Ris’ studies from the beginning of the 20th century were the next important mile-
stone in Odonata studies, having a great impact not only on the Pacific dragonflies, but
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also the world fauna. He analysed the collection of Selys and made very significant contri-
butions. Those of particular interest to the fauna of Palau are summarised below.

Ris (1909-1919) referred to A. insignis and D. trivialis which he thought were collected from
Palau and included in Selys (1882), but see the information above. Ris (1911: 471) reported
male and female of Diplacodes bipunctata (Brauer, 1865) collected by Semper which were
not reported in any of the earlier records (see above). Two significant contributions were published
too dealing with the following genera: Neurothemis (mentioned above) and Rhyothemis. The
later was analysed based on a large series of specimens and the author accepted the view
expressed in Selys (1891) that members of R. vitellina should be subsumed as a subspecies
of R. phyllis (Ris 1913: 941).

Ris (1916) also added Anax guttatus (Burmeister, 1839) as a new taxon for Palau.

Schmidt (1938) provided a checklist summarising the information published on the Pacific
islands. He critically evaluated the records and included four scientific names in his
account which were already reported at this time for Palau (cf. Table 1).

The next two studies in chronological order (Asahina 1940, Lieftinck 1962) are the most
significant contributions for the Odonata fauna of Micronesia. They deserve very special
treatment for the great attention to details which the authors included in these studies,
which have resulted in erecting new taxa from the region. The contributions impress with
the detailed morphological descriptions, keys, general distribution records and illustrations
of adults and nymphs.

Asahina (1940) considered the Palau Islands as five main islands given as Yap, Palaus
s. str. [Babeldaob, Koror, Peleliu] and Tokobei. Records from Yap are not considered
here because this island is out of the scope of the present study. Tokobei (or Hatohobei
as is presently known) is included because it is the southernmost island within the Republic
of Palau. A total of 12 scientific names were added to the list of Odonata taxa of Palau,
with members of one of them (Hemicordulia lulico Asahina, 1940) endemic to Palau and
Yap. A summary of the distribution was also given for the members of each taxon in the
Palau fauna, as given below. Note that some of the scientific names in Table 1 have
been modified based on the following assumptions:

- Orthetrum sabina (Drury, 1773) has been updated as O. serapia Watson, 1984
- Tramea limbata (Desjardins, 1835) is discussed under T. transmarina Brauer, 1867

Lieftinck (1962) added six new scientific names to the Palau fauna with four of them intro-
duced as new to science. Three of the new taxa were proposed based on completely
new material in that study, but one (Agrionoptera cardinalis) was based on specimens
previously collected from the region and assigned to A. insignis in various earlier publications
(e.g. Ris 1909, 1911; Asahina 1940). The morphological descriptions were illustrated
with line drawings of microscopic details as well as habitus of nymphs of members of se-
lected taxa some of which are represented in Palau as well. Keys to imaginal and pre-
imaginal stages are important stepping stone for all who want to familiarise themselves
with the Odonata fauna of Micronesia.

The Asahina (1964) study was published on a collection of Odonata made by Mr. Shozo
Ishida from the Japanese islands of the Ryukyus. The author erected Tramea transmarina
yayeyamana, a new taxon at the subspecific level, for the population from Yayeyama

Faunistic Studies in SE Asian and Pacific Island Odonata 50 | 5



Marinov et al.

island. He illustrated the wing markings, which were supposed to be the diagnostic character
in comparison to other subspecies: T. t. euryale Selys, 1878 and T. t. propinqua Lieftinck,
1942. Palau is mentioned for the distribution of the former.

In his zoogeographic analysis of the world Odonata fauna, Belyshev (1969) commented
on the checklist for Palau, which is almost identical to Table 1, for the taxa known at the time.
Orthetrum serapia is the only species missing from that zoogeographic review, most
likely because it was reported by Asahina (1940) from the small island of Hatohobei which
is one of the most remote parts of the Republic of Palau.

Katatani & Muraki (1997, 1999) published results of their Odonata studies on the main Palau
islands of Babeldaob, Koror, Malakal and Arakabesang (presently known as Ngerekebesang).
They recorded members of 13 taxa, with Ischnura senegalensis (Rambur, 1842) reported
for the first time for the country. The authors provided numerous illustrations showing the
great variability of the posterior end of the abdominal segments of male I. senegalensis
from Japan, Hong Kong, Thailand and Palau. These studies are important for illustrating the
female of T. palauensis Lieftinck, 1962 for the first time (Katatani & Muraki.1997: 7, fig. 5),
and for the numerous line drawings of thoracic patterns, wing colouration, male secondary
genitalia and posterior abdominal appendages of members of genera represented in Palau
in comparison to some of their congeners from other parts of the insular Pacific, including
Japan.

In another study of Mr. Ishida he paid a special attention to the insects of Palau, focusing main-
ly on dragonflies and cicadas (Ishida 1998). It was published as a preliminary report of a
very thorough investigation on the Odonata fauna as a result of the sampling efforts of
several researchers acknowledged in the study. The report presented a list of 18 scientific
names for Palau, omitting two (I. senegalensis and O. serapia) already given for the country
(see Table 1). The field survey provided new information on the members of 15 taxa identified
to species level from the islands of Babeldaob, Koror, and Ngerekebesang. Ishida (1998)
restricted identification of some individuals that were visually sighted on Koror and Malakal
to the genus level, such as Tramea sp. He also claimed that he may have found a female of
a subspecies which is different from R. p. vitellina (see relevant sections in the faunistic list
below). One final important comment — figure 3 shows a tandem pair of what is identified as
I. torresiana Tillyard, 1913 (scientific name which is now considered as a junior synonym
I. heterosticta (Burmeister, 1839)), but the markings on the second abdominal segment
of the male resemble more the shape of I. senegalensis.

Jordan et al. (2003) included Pseudagrion palauense Lieftinck, 1962 from Palau with some
other outgroup Coenagrionidae taxa from Fiji, Iran, and USA in their molecular analysis
of Hawaiian endemic members of Megalagrion McLachlan, 1883.

Palau was included in the extralimital distribution records of representatives of some taxa
(already included in Table 1) discussed in an analysis of fauna of the neighbouring is-
land of Yap by Buden & Paulson (2007). This is the first study questioning the correct affiliation
of the specimens collected from Hatohobei island and identified as O. sabina in Asahina
(1940). This topic is discussed more in the faunistic list below.

Van Tol (2009) cited Lieftinck (1962) for the distribution of Drepanosticta palauensis Lieftinck,
1962.

Englund (2011) reported on the results from hydrobiological field studies in Palau and

6|

Faunistic Studies in SE Asian and Pacific Island Odonata 50



Palau Odonata

Guam. Odonata were sampled from about 15 localities (some of them represented with
multiple sites) on three islands in Palau: Babeldaob, Koror and Malakal. The author provided
a very detailed account on the physical characteristics of the freshwater locations visited
during the trip, richly illustrated with photos of the general appearance and in situ pictures
of the live individuals, including so far the only known image of the Palau endemic P.
palauense. No new scientific names were added to Table 1. However, it must be pointed
out that Table 5 lists the members of the taxa recorded from Koror and Malakal and
includes Hemicordulia mindana Needham & Gyger, 1937. However, it is not ticked off for
any of the localities on both islands. Therefore, H. mindana is not considered as present
in Palau. It is known instead from other Pacific islands in Japan, China, the Philippines
and Marianas, including Guam (Ozono et al. 2012). Orthetrum sabina was recorded
from a single locality on Babeldaob and is considered a probable O. serapia, but this sup-
position needs verification. Englund (2011: 13) also illustrates a male Ischnura sp. The
text discusses members of this taxon as common in Malakal and also reported for Babeldaob,
however, not keyed out in Lieftinck (1962). The body colour pattern of the male on the photo
resembles I. senegalensis which has also been recorded from close localities during the
present study (see faunistic part). Therefore, this observation is not included in Table 1.

Seehausen & Dow (2016) is so far the most comprehensive discussion on the taxonomy of
genus Neurothemis. Palau and Yap are included within the range of N. terminata, marking
the easternmost border of the distribution.

Terayama & Uesugi (2024) is an online resource which is updated regularly. This is a richly
illustrated guide to the Odonata of Palau with images of live individuals and museum
specimens for almost all members of the taxa included in this account.

Etymology of the Palauan names

Palauan is an Austronesian language with no close relatives (Blust 2009) because it has
been evolving in a relative isolation for at least 3,000 years (Clark et al. 2006). Perhaps
Yapese is the closest to it, which is as a result of the regular contacts of the inhabitants of
these two islands from prehistoric times mainly due to the trade with the famous stone money
(Blust 2009).

Malsol (1999) provides some hints how to properly pronounce the names on Palauan lan-
guage. There are five vowels (a, €, i, 0, u) and 10 consonants (b, ch, d, k, I, m, ng, r, s, t).
Double vowels in the words indicate a long vowel and two same consonants are for a
stronger sound. With a few exceptions they all are pronounced as their equivalents in English.
The following consonants are of particular importance for the locality names below: “ch” is
used as a single unit to represent a glottal stop (“chad” is pronounced “ad”); “ng” is a single
unit pronounces with a nasal sound like the “ng” at the end of the English words such as
“sing”. The colloquial name for all dragonflies and damselflies in Palauan is chamayong
(uh-ma-yong).

Geography and geology
The information below is adopted from Michael & Jaensch (2014).
The Republic of Palau is located on the western most margins of the Micronesian group of
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islands (Fig. 1). It consists of 586 islands (from Kayangel in the NE to Hatohobei in the SW)
of which 12 are permanently inhabited. The islands include several high islands formed by
Eocene volcanic activity, numerous low and raised coral and coralline limestone islands
and islets, and atolls in the far north (Kayangell atoll) and the far south (Helen Reef).

With an area of 367 km? and length of 45 km, Babeldaob is by far the largest island in the
archipelago, comprising about three quarters of the total land mass (see map below).
Neighbouring islands to the south are much smaller: Koror (9.3 km?), Peleliu (12.7 km?) and
Angaur (8.4 km?). The four islands of Sonororol, Hatohobei and the Helen Reef atoll lie
in the far south-west of Palau’s territory, about 600 km from Babeldaob and only 200 km
from Indonesian territory.

The Palau islands are near the southern end of the Palau-Kyushu submarine ridge system
and lie between the Philippine and Pacific Plates. Babeldaob, parts of Koror and a few
small islands in the vicinity of Koror (about 70% of the land area of Palau) are of volcanic origin,
with highly acidic red soil, and are characterized by rolling, forested hills, coastal bottom-
lands and tidal flats. The maximum elevation on Babeldaob is 275 m. High rainfall has con-
tributed to substantial erosion of Babeldaob, forming a thick layer of soil over the island
and broad alluvial beds around the coast.

Much of Palau, from Babeldaob to Peleliu, is surrounded by a discontinuous barrier reef
that is 260 km long and encompasses a lagoon with an area of about 1,450 km2. The
barrier reef is particularly well developed on the western side, where it is up to 2.5 km in
width. The lagoon is considered to have northern, central and southern sections. Deeper sea
separates the northern atoll of Kayangel, the southern island of Angaur, and the distant
south-western islets from this barrier-lagoon system. The Palau Trench, a deep sea feature,
lies close to the east of the Palau archipelago.

History and administration

Athens & Ward (2005) found out that the initial settlement of Palau may have occurred at
least by c. 4,400 BP. That was indicated by the pollen analysis which showed that the pre-
human environment on Babeldaob, represented by a diverse tropical forest, had changed and
savanna/grasslands began to form. The authors supposed that this change was probably
provoked by the humans clearing forested areas for introduced swamp taro, betel nut palm
and other crops. Additional support for this hypothesis is provided by a significant increase
in other anthropogenic disturbance indicators, such as charcoal, grass pollen, and Lycopodium.
By about 3,000 BP, there was probably an extensive conversion of primary forest to
swidden agriculture and other activities.

According to USDA (2009) in 1543 the Spanish explorer Ruiz Lopez de Villalobos was the
first European to have sighted the islands of Palau. The Caroline Islands were nominally under
Spanish control for several hundred years until the Spanish-American War of 1898. Spain
then sold the islands to Germany in 1899. The German administration of the islands
developed fisheries, established coconut plantations, introduced cassava, and possibly
introduced mahogany. Germany governed the islands until 1914, when Japan acquired
control of the Micronesian islands. The Japanese civilian population and trading increased
during the 30-year Japanese period (1914-1944), and infrastructure, including roads
and buildings, was expanded under Japanese control. By the start of World War 11, the
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Japanese civilian population in Palau increased to about 18,000, three times the Palauan
population. The Japanese built fortifications on the main Palau islands during World War
II. Slit trenches and gun emplacements remain open today, hidden by vegetation. Peleliu and
Angaur Islands were the scenes of fierce battles between Japanese and American forces in
1944. Koror and Babeldaob were not invaded but were heavily bombed. After World War
II, the United States took over administration of Palau.

Palau became an independent republic on October 1, 1994. Presently it is divided into 16
states that are largely defined by traditional clan-chieftain areas. Ten states cover Babeldaob;
Koror State covers most of the Southern Lagoon; Kayangel (north of Babeldaob), Peleliu and
Angaur islands are distinct States; the remote south-western islets are Sonsorol and Hato-
hobei States. The capital is a relatively new facility in Melekeok State, separate from the
principal urban area in Koror.

Environment

The Palau Conservation Society (2016) recognises four distinct island types found in Palau:
atoll islands, high limestone islands (the Rock Islands), low platform islands, and volcanic
islands. Terrain varies from low coral islands fringed by large barrier reefs to the high
mountainous main island of Babeldaob, which has rivers, wetlands, and 10 watersheds.
Babeldaob is the largest island in Palau, and, after Guam, the second largest island in
Micronesia. Distributed across the hundreds of islands that make up Palau are numerous
habitats harbouring a wealth of biodiversity. Habitats include:

« Forests—upland forests, swamp forests, limestone forests, atoll forests, and mangrove forests;
* Savanna and grasslands;

* Freshwater habitats—rivers, streams, lakes, swamps, and taro patches;

« Brackish water habitats—wetlands and coastal lagoons;

* Marine lakes;

« Nearshore habitats—mudflats, seagrass beds, sandy beaches; and,

« Coral reefs—barrier reefs, patch reefs, and fringing reefs.

Naturally, freshwater habitats in Palau are of a particular importance for the present study.
They have been reviewed and included in The Directory of the Wetlands of Palau (Michael
& Jaensch 2014). NEPC (2019) assessed the state of the freshwater resources of Palau
and provided a report on the conservation measures put on place. Palau’s two natural
freshwater lakes (Ngardok Lake and Ngerkall Pond) are contained within a Protected Areas
Network (PAN). Of Palau’s 621 km of freshwater streams and rivers, 16% of their length
pass through a protected or managed area, but only 6% of freshwater streams pass
through a PAN site. Perceived effectiveness for water variables was concluded to be
Good.

Material and Methods

Table 1 represents the Odonata taxa currently known from Palau. The list of scientific names
follows Kosterin et al. (2025) who proposed that R. phyllis was a junior subjective synonym of
R. variegata (Linnaeus, 1753). Therefore, all records of R. phyllis from the chronological review
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above have been transferred to R. variegata for the rest of the paper. Note, that the taxa have
been considered at the species level only, with the same limitation kept for the faunistic part of
the present study. By contrast, subspecific affiliations are not the subject of this publication.
They need to be elaborated considering a larger base of material encompassing other parts of
the Pacific as well. Comments have been included in relevant sections.

The records for the country have been arranged chronologically with the original scientific name
and the combination which is considered valid at the moment. The nomenclatural conventions
listed in Paulson et al. (2025) are followed as a source which is regularly updated with the
most recently proposed novelties in taxonomy and nomenclature of this insect order. Locality
data for multiple sites have been summarised for island or country level if many sample points
have been included in the original publication. For new taxa proposed in some of the
publications, only the locality of the name-bearing specimen is included. Verbatim locality is
included as cited in the text. This is done for an easy tracing of the original resource with key
words on digital copies of the original publications. The following updates are necessary to
be considered:

- Pelew (or Pellew) is an archaic name for Palau islands.
- Tokobei (or Tobi) is presently known as Hatohobei Island.

- Babelthuap is the archaic name of Babeldaob Island, the largest island within the
Palau archipelago.

- Peliliou is wrong spelling of Peleliu.

- Malakal Island and Arkebesang (Ngerkebesang) Island are connected to the main is-
land of Koror by causeways.

The material for the present study was gathered mainly during a field study carried out by MM
in the Republic of Palau between 16—-28 March 2023 (Fig. 1). Four islands were visited
(Babeldaob, Koror, Malakal, Peleliu) and data obtained from any suitable habitat, including
passing by accidental individuals. Collection permits were obtained from the following states:
Ngiwal, Ngardmau, Ngeremlengui, Ngaraard, Melekeok and Peleliu. From these states mainly
adult odonates were sampled with an aerial net and killed in acetone, dried and transferred
into paper envelopes. Exuviae were sampled in rare occasions when associated with the newly
emerged adults or the predominant occupants of the locality spots. For all other states men-
tioned below in the List of localities only observations were made, with the adults identified
visually and GPS coordinates recorded at the site. This list was expanded with localities
sampled in another survey carried out by one of the authors (DP) between 5-13 August 1999
(added to Fig. 1 as well).

Field notes on the biology and ecology of the individuals were also recorded, however, no
specific investigations on these two topics have been carried out. Therefore, the results from
the field visit should be considered preliminary.

The faunistic list is illustrated with photos of live individuals for almost all taxa. These photos
are expected to facilitate identification in the field. Most of them have been taken in the field by
two of us (HK, MM). For odonates not photographed during the present study we included
images from other parts of their ranges and acknowledge the photographers in the figure cap-
tions with their initials as follows: Daniel Grand (DG), Haomiao Zhang (HZ), Taku Kitayama
(TK), Toshiharu Mita (TM). Members of two more taxa not recorded during the present study

10 |

Faunistic Studies in SE Asian and Pacific Island Odonata 50



Palau Odonata

f CJ
® Sites ¢ °
Transects ™Y
o
®
‘2,5m .J
&
Babeldaob °
d ()
~ Ngerulmud
%
@
@,
P
.a -
@
N
Malakal @ Koror
PALAU
North
Pacific
Ocean
o
Peleliu - @ /
<
@
X T 1
0 10 20 :
A Kilometers AUSTRALIA

Esri, TomTom, FAO, NOAA, USGS, Esri, NASA, NGA, USGS, Esri, TomTom, Garmin, Foursquare, FAO, METI/NASA, USGS, Esri, USGS
Figure 1. Map of the Republic of Palau with sampling localities.

are included at the end of the paper. These are: D. trivialis, reported for Palau by Asahina (1940)
and Ischnura aurora (Brauer, 1865), commented below.

Almost all microscopic pictures of diagnostic characters were produced using the equipment
of the Plant Health and Environment Laboratory, Christchurch, Ministry for Primary Industries,
in New Zealand. A series of images were taken under high power Nikon AZ100M microscope
and stacked with Helicon Focus 6.7.1 software. Photos of Gynacantha sp. were taken by Ma-
moru Terayama before the specimen was deposited in the Belau National Museum, Republic
of Palau. Figures supplied by DP were taken at the Bishop Museum, Honolulu using a
Leica digital imaging system consisting of a MC170 HD digital camera coupled to a
Leica M165-C dissecting stereomicroscope, with post-processing using Photoshop CS
software.

Morphological description follows Garrison et al. (2010).

Abbreviations: AL — abdomen length (appendages excluded); Ce — cerci; Ep — epiproct; Fig.
— figures used as illustrations in the present study; fig. — figures used as illustrations in
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previous studies and cited in here; FW — fore wing; HW — hind wing; HfL — hind femur; MWh
— maximum width of head; MWa — maximum width of abdomen; Pp — paraproct; TL — total
length; S1-10 — abdominal segments 1 to 10.

All measurements in millimetres (mm).

Specimens sampled during the present study will be split in between three collections: Belau
National Museum, Republic of Palau (BNM); New Zealand Arthropod Collection, New Zealand
(NZAC); Bean Life Science Museum, Brigham Young University, USA (MLBM). All specimens
from the 1999 Polhemus study are deposited at the National Museum of Natural History, Smith-
sonian Institution, Washington, DC, USA (USNM). Specimens from the Englund surveys of
2011 are deposited in the Bishop Museum, Honolulu, Hawaii, USA (BPBM)..

Table 1 includes the list of species known from the country. This list will be reviewed for the
final publication and modified accordingly considering the contemporary taxonomy and nomen-
clature.

List of localities is presented below as they were visited in chronological order during both
main sampling periods outlined above in the following year:

2023
1. Taro field, Koror State, Koror Island (7.3403N, 134.4769E; 6 m a.s.l.): 16 March
2. Stream by taro field, Koror State, Koror Island (7.3407N, 134.4769E; 8 m a.s.l.): 16 March

3. Belau National Museum, Koror State, Koror Island (7.3367N, 134.4759E; 30 m a.s.l.):
16 March

. Roadside puddle, Koror State, Koror Island (7.3518N, 134.4998E; 2 m a.s.l.): 17 March

. Taro field, Koror State, Koror Island (7.3507N, 134.5012E; 3 m a.s.l.): 17 March

. End of the road, Koror State, Koror Island (7.3499N, 134.5074E; 1 m a.s.l.): 17 March

. Stream E of Airai, Airai State, Babeldaob Island (7.3606N, 134.5576E; 1 m a.s.l.): 17 March

. End of the road, Airai State, Babeldaob Island (7.3592N, 134.5612E; 8 m a.s.l.): 17 March

. Roadside puddle, Airai State, Babeldaob Island (7.3613N, 134.5580E; 4 m a.s.l.): 17 March

10. End of the road, Airai State, Babeldaob Island (7.3581N, 134.5546E; 45 m a.s.l.):
17 March

11. Roadside puddle, Airai State, Babeldaob Island (7.3741N, 134.5339E; 46 m a.s.l.):
17 March

12. Roadside puddle, Ngchesar State, Babeldaob Island (7.4651N, 134.5898E; 11 m
a.s.l.): 17 March

13. End point of observation, Ngchesar State, Babeldaob Island (7.4616N, 134.5988E;
87 m a.s.l.): 17 March

14. Ngardmau waterfall car park, Ngardmau State, Babeldaob Island (7.5868N, 134.5862E;
128 m a.s.l.): 17 March

15. Ridge walk along the border between Ngiwal and Ngeremlengui States, Babeldaob Is-
land (7.5643N, 134.5890E to 7.5364N, 134.5973E; 158 to 132 m a.s.l.): 17 March

16. End point of observations, Ngeremlengui State, Babeldaob Island (7.5264N, 134.5224E;

12 ma.s.l.): 17 March

© 00 N o o1 b
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17. Sewage pond at the southmost end of Koror State, Malakal island (7.3275N, 134.4511E;
4 ma.s.l.): 18 March

18. Stream and floods at Ngiwal, Ngiwal State, Babeldaob Island (7.5659N, 134.6338E;
1 ma.s.l): 18, 19, 21 March

19. Source of the stream by Ngiwal above the dam, Ngiwal State, Babeldaob Island
(7.5639N, 134.6317E; 22 m a.s.l.): 18 March

20. Dims bungalow, Ngiwal, Ngiwal State, Babeldaob Island (7.5666N, 134.6347E; 1 m
a.sl.): 18 March

21. Floods at the end of the road where the secondary road meets the main road W-NW
from Ngiwal, Ngiwal State, Babeldaob Island (7.5715N, 134.6272E; 23 m a.s.l.): 19 March

22. Secondary road between Ngiwal and Locality 21, Ngiwal State, Babeldaob Island
(7.5666N, 134.6347E to 7.5715N, 134.6272E; 1 to 23 m a.s.l.): 19 March

23. Canals in taro field above Ngiwal, Ngiwal State, Babeldaob Island (7.5527N, 134.6337E;
4 ma.s.l.): 19 March

24. Top of the ridge, Ngiwal State, Babeldaob Island (7.5498N, 134.6284E; 34 m a.s.l.): 19 March

25. Forest section below the pump station, Ngiwal State, Babeldaob Island (7.5508N,
134.6298E to 7.5506N, 134.6306E; 48 to 27 m a.s.l.): 19 March

26. Top of Babeldaob Island, Ngarchelong State, Babeldaob Island (7.7192N, 134.6083E;
2 ma.s.l.): 20 March

27. Top of a ridge, Ngarchelong State, Babeldaob Island (7.7243,N 134.6192E; 89 m a.s.l.):
20 March

28. Section in a river in Ollei, Ngarchelong State, Babeldaob Island (7.7179N, 134.6155E
to 7.7192N, 134.6181E; 13 to 18 m a.s.l.): 20 March

29. End of the road in Imetang, Ngarchelong State, Babeldaob Island (7.7032N, 134.6431E;
8 m a.s.l.): 20 March

30. Grass areas in Ngaraard, Ngaraard State, Babeldaob Island (7.6245N, 134.6412E;
2 ma.s.l.): 20 March

31. Waterfall in Ngaraard, Ngaraard State, Babeldaob Island (7.6223N, 134.6394E; 3 m
a.s.l.): 20 March

32. Lake Ngardok, Melekeok State, Babeldaob Island (7.5124N, 134.6047E; 40 m a.s.l.):
21, 22 March

33. Small stream close to Lake Ngardok, Melekeok State, Babeldaob Island (7.5165N,
134.6033E; 40 m a.s.l.): 21 March

34. Floods by a stream E of Airai Dam, Airai State, Babeldaob Island (7.3850N, 134.5552E;
8 ma.s.l.): 21 March

35. Section of a track N of Katuu Camp, Airai State, Babeldaob Island (7.3827N, 134.5375E
to 7.3882N, 134.5382E; 101 to 99 m a.s.l.): 21 March

36. Taro fields, Ngaraard State, Babeldaob Island (7.6754N, 134.6381E; 2 m a.s.l.): 22
March

37. Section of a stream above grave yard, Ngaraard State, Babeldaob Island (7.6245N,
134.6375E to 7.6243N, 134.6356E; 11 to 42 m a.s.l.): 22 March
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38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Section of a stream, Ngaraard State, Babeldaob Island (7.6384N, 134.6352E to 7.6371N,
134.6339E; 8 to 17 m a.sl.): 22 March

Floods and puddles close to the Palau Aquarium, Koror State, Koror Island (7.3383N,
134.4677E; 1 m a.s.l.): 23 March

Pond in Imelchol Village, Peleliu State, Peleliu Island (7.0384N, 134.2635E; 1 m a.s.l.):
24, 26 March

Main road close to a junction to Amber beach, Peleliu State, Peleliu Island (7.0212N,
134.2422E; 1 m a.s.l.): 25 March

Grass area by War Museum, Peleliu State, Peleliu Island (7.0004N, 134.2265E; 3 m
a.s.l.): 25 March

Pond at the S end of the island, Peleliu State, Peleliu Island (6.9759N, 134.2265E;
1 ma.s.l): 25 March

Section of a road along E part of the island, Peleliu State, Peleliu Island (6.9934N,
134.2341E to 7.0017N, 134.2397E; 1 to 1 m a.s.l.): 25 March

Grass area roadside, Peleliu State, Peleliu Island (7.0014N, 134.2400E; 39 m a.s.l.):
25 March

Swampy area overgrown-1, Peleliu State, Peleliu Island (7.0077N, 134.2453E; 1 m
a.s.l.): 25 March

Swampy area overgrown-2, Peleliu State, Peleliu Island (7.0073N, 134.2398E; 1 m
a.s.l.): 25 March

Pond (limestone?) roadside on Crocodile Rd, Peleliu State, Peleliu Island (7.0113N,
134.2388E; 10 m a.s.l.): 25 March

Floods in Bird Sanctuary, Ngeremlengui State, Babeldaob Island (7.5194N, 134.5461E
to 7.5238N, 134.5491E; 9 to 6 m a.s.l.): 27 March

Floods in Ngardmau village, Ngardmau State, Babeldaob Island (7.6124N, 134.5802E
to 7.6082N, 134.5801E; 18 to 3 m a.s.l.): 28 March

River SE from Ngardmau village, Ngardmau State, Babeldaob Island (7.6072N, 134.5755E;
2ma.s.l.): 28 March

Puddle right hand-side on the track down to the Ngardmau falls, Ngardmau State,
Babeldaob Island (7.5869N 134.5872E; 105 m a.s.l.): 28 March

Section of the river above Ngardmau falls, Ngardmau State, Babeldaob Island (7.5874N,
134.5918E to 7.5911N, 134.5932E; 41 to 30 m a.s.l.): 28 March

1999

54,

55.

56.

57.

Tributary to upper Tabecheding River on road to Melekeok, Ngatpang State, Babeldaob
Island (7.4375N, 134.5283E; 30 m a.s.l.): 5 August

Lower Ngerikill River at pump station, N. of Palau airport, Airai State, Babeldaob Island
(7.3828N, 134.5533E; 5 m a.s.l.): 6 August

Upper Ngerimel River, above reservoir, Airai State, Babeldaob Island (7.3794N, 134.5322E;
30 ma.s.l): 6, 12 August

Falls on upper Kmekumer River, Airai State, Babeldaob Island (7.3900N, 134.5378E;
50 m a.s.l.): 7 August
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58. Pond at giant clam farm, sea level, Koror State, Malakal Island (7.3264N, 134.4478E;
0 m a.s.l.): 9 August

59. Ngerimel River, below reservoir, Airai State, Babeldaob Island (7.3722N, 134.5281E;
10 m a.s.l.): 10 August

60. Small rocky stream above Ngetkib, W. of Palau airport, Airai State, Babeldaob Island
(7.3644N, 134.5125E; 50 m a.s.l.): 10-11 August

61. Flowing spring on N. slope of Mt. Ngetkum (Mt. Dabadora), Airai State, Babeldaob
Island (7.3997N, 134.5294E; 200 m a.s.l.): 13 August

Results
Species check list

The list below includes the scientific names of the taxa, photos of live individuals, localities
where the representatives were collected from, comments following the field observations
as well as illustrations of morphological features which are found be important diagnostic
for selected insects.

Family Coenagrionidae Kirby, 1890

Agriocnemis femina (Brauer, 1868) (Fig. 2)

Localities: 2, 11, 18, 22-23, 31-32, 36-39, 48-50, 53, 55, 58-59
Very common in variety of habitats except in lotic environments. Adults were still recorded
alongside some streams and irrigation canals, but mainly at the flooded areas close
to the main source or around sections with no obvious streamflow.
Agriocnemis femina was previously reported for Babeldaob, Koror and Malakal (Lieftinck
1962; Katatani & Muraki 1997; Ishida 1998; Englund 2011; Terayama & Uesugi 2024).
First record for Peleliu.

Ischnura heterosticta (Burmeister, 1839) (Fig. 3)
Localities: 32 (22 March)

Individuals of /. heterosticta are close in colour to their congenerics of I. senegalensis.
During the present research both were confused in the field. Males were properly affiliated
to the respective hypotheses only in the laboratory. Therefore, it is possible that some of
the previous records on . heterosticta (especially from Malakal) to be actually of I. sene-
galensis. Males of both species are illustrated on Figures 4 and 6 for /. heterosticta and
I. senegalensis respectively. For key diagnostic details of live individuals see the pattern
of the second abdominal segments in both males.

Ischnura heterosticta was previously reported for Babeldaob, Koror and Malakal (Lieftinck
1962; Ishida 1998; Terayama & Uesugi 2024).

Ischnura senegalensis (Rambur, 1842) (Fig. 5)
Localities: 39-40 (26 March)

It is possible that these damselflies are distributed more widely than we presently know.
The habitats where the individuals were found were in modified environments with strong
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Figure 2. Agriocnemis femina: a) adult male; b) immature male; c-d) females at different
stages of maturity (MM).

Figure 3. Ischnura heterosticta, mating pair, New Caledonia (DG).
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