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Abstract
Following field studies in 2018 the Odonata fauna of Society Islands, French Polynesia
is reviewed and the validity of all records analysed. An updated species list is provided,
bringing the number of breeding species recorded from this island group to ten.

Field studies targeted Hemicordulia Selys, 1870 specimens for inclusion in the revision
of the Pacific representatives of the genus. Samples were taken mainly from Tahiti
and Raiatea, with some additional specimens collected from Bora Bora and Huahine.
Only the Society Islands endemic H. oceanica Selys, 1871 was encountered on all four
islands, being recorded from Bora Bora for the first time. At least one new species of
Hemicordulia has been reported from the high mountain areas of Tahiti (Jacq et al.
2009, 2014).

The present study also emphasises the need for a revision of Zygoptera records from
the French Polynesia and the rest of the Pacific. Presently, about 25 endemic species
provisionally assigned to Ischnura Charpentier, 1840 and Hivaagrion Hämäläinen &
Marinov, 2014 are known from the Society, Austral and Marquesas island groups (R.
Englund, J. Jacq, T. Ramage, D. Polhemus, per. comm.). Only seven of them have been
described so far. Detailed morphological and molecular analyses will likely prove the
separate generic status of some of the species presently included under Ischnura .

Key words: Odonata, Hemicordulia, Ischnura, Society Islands, Tahiti, Raiatea, Bora
Bora, Huahine, Moorea
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Introduction
Located in the southeast Pacific Ocean, French Polynesia is composed of 118 islands
oriented northwestsoutheast. They originate from geological hot spots and are grouped
into five archipelagos: the Marquesas, Tuamotu, Gambier, Society and Austral Islands
(Talandier 1993). Except for Raivavae, Rapa & Marotiri, these islands, are located bet
ween the equator and the Tropic of Capricorn. The Austral, Gambier, Marquesas and
Society archipelagos are mainly composed of high islands while the Tuamotu archi
pelago is composed of low islands with the exception of Makatea. The highest biodi
versity and most endemic species are located on the high islands (Whittaker & Fer
nándezPalacios 2009). These tend to support characteristic habitats, such as montane
cloud forest, where most endemics are found (Ramage 2017).

The Society Islands are located between 1518° S latitude and 148154° W longitude
and stretch over nearly 750 km (Dupon & Sodter 1993). The archipelago consists of
a chain of 14 islands totalling 1,595 km2, with a maximum elevation of 2,241 m (Mt
Orohena, Tahiti). Its volcanic islands are between 0.5 (Tahiti iti) and 4.8 Myr in age
(Maupiti) and are the result of the activity of colinear hotspots (Talandier 1993; Clouard
& Bonneville 2005). The archipelago is geographically divided into two groups:

• The Windward Islands are the largest islands in French Polynesia with four high is
lands (Tahiti, Moorea, Maiao, Mehetia) and one atoll (Tetiaroa).

• The Leeward Islands, further to the west, with five high islands (Huahine, Raiatea,
Taha’a, Bora Bora, Maupiti) and four atolls (Tupai, Manuae, Maupihaa & Motu One).

The terrestrial arthropod fauna of French Polynesia is unbalanced, with several hexa
pod orders absent, a phenomenon known as taxonomic disharmony (Roderick &
Gillespie 2016). The absence of major taxonomic groups is to some degree counter
balanced by a high degree of endemism resulting from numerous local speciation
events (Ramage 2017; Ramage et al. 2018a). This is particularly true of the freshwater
insect fauna, with orders Ephemeroptera, Plecoptera or Trichoptera unknown from
this territory except for one undescribed species of Trichoptera recently collected
in the Marquesas Islands (Polhemus & Englund 2016).

The Odonata of French Polynesia are poorly understood and have been little studied
since Bishop Museum surveys conducted in the late 1920s and 1930s (Polhemus et
al. 2000). The Pacific Odonata database holds 344 published records for the whole
of French Polynesia which makes the country the eighth most well known Pacific
nation according to published data, ranking it between Palau and Samoa (Marinov
2015). Those records are distributed almost equally between the three main archi
pelagos: The Australs, Marquesas and Society Islands. There are only six records for
the Tuamotu Islands and no published data from the Gambier Islands. The information
about Tuamotu comes from three original records published by Cheesman (1927)
which were included in an overview of the Odonata of French Polynesia in Meurgey
(2004b). There are five other reviews covering all of French Polynesia (Dommanget
& Mashaal 2000; Nishida 2008; Englund & Polhemus 2010; Jacq et al. 2015; Ramage
2017) and Tahiti only (Paulian 1998), which add no new information, relying on pub
lished records. Therefore, the total number of unique records for French Polynesia
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is even smaller than the figures given above. Taxonomic discussions are scare and
many earlier records need validation in the light of current taxonomy.

This paper presents a new overview, limited to the published Odonata records of
the Society Islands. Table I provides the species checklist, with annotations given in
the text.

Faunistic and taxonomic history of Odonata species in Society Islands

The first information on Odonata of the Society Islands was a report by Selys (1857) of
Pantala flavescens (Fabricius, 1798) from Tahiti (Table I in Appendix). This was followed
by Brauer (1864; 1865a, b, c) who reported on five species collected in Tahiti during
the circumnavigation of the globe by the Austrian frigate Novara (18571859). Because
of taxonomic uncertainties he postponed the description of some new species until
a year later (Brauer 1865a). There are some discrepancies between the information
published in the two years. Brauer (1864) reported three undescribed Odonata from
Tahiti: one Zygoptera (Agrion sp. nov.) and two Anisoptera (Diplax sp. nov. 3♂♀ and
Diplax sp. nov. 1♀), however Brauer (1865a) later described two Zygoptera (Ischnura
aurora and I. spinicauda) and one Anisoptera (Diplacodes bipunctata) – for ver
batim details on the names refer to Table I. Ischnura spinicauda is not included in
Table I because Papazian et al. (2007) considered it as a synonym of I. aurora. Both
I. aurora and D. bipunctata are given in Table I as originally reported for Tahiti in 1865,
since although Brauer first saw them in 1864, the actual year of description was 1865.

Brauer (1864) included two more taxa from Tahiti: Gynacantha sp. and Tholymis tillarga
(Fabricius, 1798). Brauer (1865c) stated that the ‘Gynacantha’ was actually what he had
later described as Aeshna taitensis (Brauer, 1865) in Brauer (1865b). However, Cheesman
(1927) considered A. taitensis as a junior synonym of Anaciaeschna jaspidea (Burmei
ster, 1839).

Brauer (1865c) reviewed all his earlier Odonata records collected during the voyage
of the Novara and redescribed the new taxa.

Brauer (1868) reported two species he believed to be already named (Cordulia
tau and Cordulia oceanica) as being from Tahiti. He likely knew in advance about
the species names which Selys (1871) later introduced for two new corduliids, as Hemi
cordulia tau and Hemicordulia oceanica. However, Brauer (1868) was incorrect in
his record of H. tau as its terra typica was given as Australia and Fiji but not Tahiti (Selys
1871). Therefore H. oceanica is included in Table I and the preferred year of the
first record from Tahiti is the date of the original description.

In the same paper Selys (1871) described the female of Hemicordulia assimilis Hagen
in Selys, 1871 with the type locality ‘Ile Célèbes’ which is now Sulawesi, Indonesia.
Although not directly relevant to Tahiti this record is mentioned here, because in
the literature on the Pacific Hemicordulia, both H. assimilis and H. oceanica have
often been reported from various islands with Fraser (1927), Buxton (1927), Kimmins
(1936) and Mumford (1942b) even suggesting a subspecific status as H. a. oceanica.
The Pacific Hemicordulia were later discussed in several studies (cf. Marinov & Pi
kacha 2013; Marinov et al. 2013; Marinov et al. 2019). The most important conclusion
reached is that Lieftinck’s (1975) statement that H. oceanica may have been re
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ported from many oceanic islands but is known only with certainty from the Society
Islands, appears correct. So far it remains the only described Hemicordulia species
known to occur in this island group.

Selys (1876) described as new two Ischnura spp. found in Tahiti: I. taitensis (endemic
to the island) and I. delicata (general distribution also reaching Tahiti). Describing
the second species, the author treated I. aurora (an already known species) as a
synonym of I. delicata. Presently, I. delicata is accepted as a junior synonym of I.
aurora (see Mumford 1942a).

Four consecutive works (Kirby 1884; Ris 19091919; Martin 1914; Campion 1921) reported
Odonata species from Tahiti referring mainly to material collected previously. None
added any new species to the Society Islands checklist.

New records were added by Cheesman (1927), reporting on results from the St. George
Expedition. Seven species were recorded from Tahiti, Bora Bora and Raiatea with
Anax gibbosulus Rambur, 1842 (male, female and naiads collected on July 1925) a
new record for the Society Islands. All Cheesman’s specimens were sent for identifi
cation to Douglas Kimmins of the Natural History Museum, London (BMNH). However,
Schmidt (1938) included a Cheesman (1927) record of A. gibbosulus under A. guttatus.
No justification was provided and it is unclear if the transfer was made based on
reevaluation of the original material or expectations from the general species distri
bution. BMNH has eight Anax specimens (accession numbers 013805539013805546)
deposited from Miss Cheesman’s expedition: five naiads and three adults (male col
lected on February, 1925 and female+male collected on 19 July 1925). All specimens
are stored under A. guttatus collection in the Museum. Their identity was validated
on diagnostic images kindly provided for this study by Ben Price, senior curator in BMNH.
Even now A. gibbosulus is mainly distributed in high mountain zones of the Pacific is
lands (Donnelly 1986) and observing it in low altitudes is unusual. Therefore, A. gibbo
sulus is removed from the Odonata checklist for Society Islands until further validation.

Apparently Cheesman had provided more specimens than were listed in the paper
because Kimmins (1929) described Ischnura cardinalis, which is now known as endemic
to Raiatea and Bora Bora, from her material.

Needham (1935) included five species which he identified from a collection taken
during a Pacific Entomological Survey. Two of the names had never before been
reported for Tahiti, but only one (Tramea transmarina Brauer, 1867 originally listed
as T. limbata (Desjardins, 1835)) is included in Table I as new for the Society Islands.
We exclude Diplacodes trivialis (Rambur, 1842). Currently the species’ easternmost range
is considered to be the Lau Islands, Fiji (Marinov & SakitiWaqa 2013). Records east
of this range need validation. Needham (1935) reported two females from Tahiti, but
we lack any later confirmation of its presence and it is a hardtooverlook species.
Paulian (1998) also claimed the species to be present on Tahiti, but his photo purporting
to be of D. trivialis is actually of Pantala flavescens (Fabricius, 1798). The same author
reported of D. remota Ris, 1911 as another representative of the genus on Tahiti, how
ever this name is a junior synonym of D. trivialis. Moreover, Paulian (1998) erroneously
stated that D. remota was described from Samoa, whereas this species was in fact
described from one female from the Solomon Islands. This mistake was perpetuated
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in Dommanget & Mashaal (2000) and Marinov et al. (2013) who included it for the
check list of Samoa. Marinov et al. (2015) suggested removing D. trivialis from the
Samoan fauna until future confirmation because this otherwise widely distributed
and common species was not recorded during any of the studies on the Samoan fauna
(Fraser 1925, 1927, 1953; Donnelly 1986; Marinov et al. 2015). No plausible new records
of the species have come from Tahiti since Needham (1935).

Schmidt’s (1938) review of the Odonata fauna of Oceania should be treated with
some caution. It includes a total of 13 species as opposed to ten which are presently
known to occur in the Society Islands. The removal of three species from the list (I.
spinicauda, H. assimilis and D. trivialis) is explained above.

There were several new taxa recorded for Tahiti after Schmidt’s (1938) review but
none of them was included in Table I:

• Mumford (1942a) reported a naiad provisionally identified as Agriocnemis sp. The
identification was based on a single not fully grown specimen. So far, Martens
(2010) record of Agriocnemis exsudans Selys, 1877 from the Cook Islands is the eastern
most known point of distribution of the genus in the Pacific. Therefore the identi
fication in Mumford (1942a) needs validation. Moreover, no records have been
published since and determination of early stadia naiads of coenagrionids is not
always reliable.

• Mumford (1942a) described Ischnura cheesmani sp. nov. which Lieftinck (1966) sy
nonymised with I. taitensis.

• Resh et al. (1990) studied the aquatic macroinvertebrates on Moorea Island and
included two Odonata taxa as Pacificagrion sp. and Libellulidae identified by
naiads only. While presently at least four Libellulidae species are known from Society
Island, the occurrence of Pacificagrion Fraser, 1926 is highly unlikely because the genus
is endemic to Samoa with two species known from Upolu Island only (Fraser 1953).
Therefore the genus is not included in Table I.

In fact no accepted new species records for the Society Islands have been published
since Schmidt (1938). Most of the publications following this review reflected on al
ready known taxa as follows: Whitehouse (1939) – seven species; Whitehouse & Walker
(1941) – short note on the oviposition behaviour of T. transmarina (treated as T.
limbata); Lieftinck (1975) redescribed H. oceanica and mentioned I. aurora with
its global distribution to Tahiti; Paulian (1998) – 15 taxa; Dommanget & Mashaal (2000)
– 13 taxa; Dommanget & Mashaal (2002) – one species; Endersby (2002) – four spe
cies with their global distribution going to Society Islands; Meurgey (2004a, b) – 16 taxa;
Ramage (2017) – 12 taxa.

Note that the total number of species/taxa given in Paulian (1998), Dommanget &
Mashaal (2000), Meurgey (2004a, b) and Ramage (2017) exceeds the presently accepted
10 species as inhabitants of the Society Islands (Table I). All five of these studies reviewed
the previous records on Odonata from the islands with only Meurgey (2004a) including
new records. The species not included in Table I from those studies are:

• Paulian (1998) – Agriocnemis sp., I. cheesmani, A. gibbosulus and D. trivialis (comment
ed above), Diplacodes remota Ris, 1911 (junior synonym of D. trivialis). Two of the
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photographs presented in this study were wrongly labelled: what is given as D. tri
vialis is in fact P. flavescens whereas P. flavescens is a species of Diplacodes sp., which
is difficult to be identified by the photo only.

• Dommanget & Mashaal (2000) – Agriocnemis sp., A. gibbosulus and D. trivialis (all
commented above). The authors mentioned H. oceanica from Ternate and the
Marquesas Islands, however Ternate is not a locality in French Polynesia (J.Y. Meyer,
per. comm.). Moreover, H. oceanica is presently considered as endemic to the Society
Islands (Lieftinck 1975) and the status of Hemicordulia from the Marquesas requires
further studies.

• Meurgey (2004a) – Bedfordia sp. and H. assimilis ? both given for Tahiti, however Bed
fordia Mumford, 1942 is now replaced with Hivaagrion Hämäläinen & Marinov, 2014
because the name Bedfordia was already preoccupied by the name Bedfordia
Fahrenholz, 1936 in Phthiraptera (Hämäläinen & Marinov 2014) and the genus is known
as endemic to the Marquesas Islands. For H. assimilis see the discussion above.

• Meurgey (2004b) – Agriocnemis sp., A. gibbosulus and D. trivialis (commented above)
and Anax junius (Drury, 1773). The latter was included in the list of French Polynesia fol
lowing Corbet (1999, 2000) who claimed the species’ range as going to Tahiti. This
was firstly suggested in Walker (1958). The nature of these data is uncertain and needs
validation. Anax junius has never been consequently sampled from the Society Islands
and in fact never confirmed for other parts of the Pacific except Hawaii (Zimmer
mann 1948).

• Ramage (2017) – A. gibbosulus and D. trivialis (commented above). The author re
ported T. transmarina under T. limbata.

Lieftinck (1966) is of particular interest because it is one of the few published studies
dealing with Odonata taxonomy in French Polynesia. Describing Ischnura thelmae
sp. nov. from Rapa Island, Austral Islands, he compared it with three congeneric: I.
taitensis, I. cheesmani and I. spinicauda. The study suggested I. cheesmani as a
junior synonym of I. taitensis. The type of I. spinicauda was revised and compared
with I. aurora. The author concluded that there were well expressed morphological
differences enabling these two to be retained as separate species. However, these
are now considered as synonyms with I. aurora being the valid name as a senior synonym
(Papazian et al. 2007).

This literature review ends with special recognition of the publications listed below
(some already cited above), some of which report undescribed species. The latter
were not included in Table I pending their description.

Riviere & Pichon (1979) note the presence of a dragonfly on the Scilly atoll (Manuae)
without mentioning any species.

Polhemus et al. (2000) focused on the Marquesas but the authors sampled three
sites on Tahiti without giving any species list.

Rais (2004) studied the behaviour of Ischnura aurora larvae in the presence of predators
in their habitats on Moorea Island.

Jacq (2006a, b) recorded eight species in Huahine (include one Ischnura sp. nov.)
and four species in Taha’a collected by A. Huguet and F. Jacq.
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Butaud (2007) studied the natural area of Tiamape – Teihomanono plateau (Papara)
in Tahiti. Two Libellulidae were observed on temporary pools and swamps by A. Huguet
(680 – 800 m altitude) and a Hemicordulia sp. nov. has also been found (cf. Jacq
et al. 2009 with an illustration).

Jacq & Butaud (2006, 2009) investigated the biodiversity on Te Mehani ‘ute‘ute, Te
Mehani Rahi & Te Vaihue plateaus, in Raiatea Island and established four, seven
and four species respectively. The 2009 report is illustrated with photos of the species
found within the investigated area including Ischnura cardinalis, endemic to Raiatea,
Bora Bora and Taha’a islands. Three more undescribed Ischnura spp. (potential inha
bitants of these three trachytic plateaus) are presented with photos of life individuals
and short information of the original sampling sites (cited in Butaud & Jacq 2011
too). Hemicordulia sp. cf. oceanica is another species of interest because it could
also represent an undescribed species.

Englund (2008) made an assessment of the invasive species threats to native aquatic
insect biodiversity. He included a photo of I. cardinalis.

Butaud (2011) recorded five species for Tupai atoll.

As part of a flora and fauna inventory of a wetland on Taha’a Island for a water re
servoir project, Jacq (2011) identified 2 odonates: I. aurora and P. flavescens.

Tanret et al. (2011) listed from Opunohu Valley in Moorea Island; five Libellulidae, one
Hemicordulia sp., and two Zygoptera: Ischnura aurora and a Ischnura sp. nov.

“Moorea Biocode Project” is a research programme carried out from 2008 to 2013
in collaboration with UC Berkeley and its research station R. Gump based in Moorea,
“l'Ecole Pratique des Hautes Etudes” (EPHE) and its research station CRIOBE Moorea,
and French Polynesia government. The aim was to barcode all nonmicrobial life
on Moorea Island (i.e. sequence the mitochondrial COI gene; mooreabiocode.org).
In the process, Nishida (2008) compiled a list of the odonates known island by island
in French Polynesia based on bibliographic sources, keeping the original names
cited in the publications. In total, 24 odonates are listed in French Polynesia, 17 in the
Society archipelago and seven on Moorea island.

Ramage et al.’s (2017) work is based on the specimens collected and barcoded in
Sylvain Charlat's project on Wolbachia in four islands in the Society archipelago. Seven
odonates from Moorea, Huahine & Raiatea islands were barcoded. An unidentified
Ischnura was collected on Moorea, most likely the new species. All specimens are il
lustrated on the Moorea Biocode databases website (http://biocode.berkeley.edu/).

Jacq et al. (2009, 2014) analysed the species diversity of Mont Mārau in Tahiti and
included photographs of eight species including one undescribed given as Hemi
cordulia sp. nov.

Ramage et al. (2018b) studied the impact of the ant Wasmannia auropunctata on
the entomofauna and avifauna of the natural parc Te Faaiti in Tahiti Island. They
list two Coenagrionidae with a photo of I. taitensis, H. oceanica and two Libellulidae,
mentioning T. transmarina.

For an environmental diagnosis of anthropogenic effects on the lower parts (0 to
325 m altitude) of 40 streams in Tahiti island, as a part of the River Action Plan put



8 |

Marinov, Jacq, Ramage & Doscher

Faunistic Studies in SE Asian and Pacific Island Odonata 28

in place by the French Polynesia Department for the Environment (DIREN), eight odo
nates were recorded (Fenua Environnement et al. 2017, 2018). Hemicordulia oceanica
and I. taitensis, considered as endemic species, were encountered in three and
five different streams respectively.

In their synopsis of the overseas French Territories biodiversity, Gargominy & Bocquet
(2013) counted one indigenous and 25 endemic damselflies, six indigenous dragon
flies and four Hemicordulia (three endemics and one indigenous) in French Polyne
sia. They included several undescribed species in their totals.

Jacq et al. (2015) published an overview of the natural heritage of the five groups
of islands comprising French Polynesia and reported 19 odonate species (only de
scribed species). A photo of the Tahitian endemic I. taitensis is included. Using this
previous synthesis, the same number of Odonata is cited in the regional ecosystem
profile (UICN France 2016).

Analysing previous studies Ramage (2017) recalled the same number of 19 Odonata
species which are presently found in French Polynesia of which 11 species are Aniso
ptera, all widespread at least in the Pacific except for one endemic to the Marquesas
Islands, and eight species of Zygoptera, seven of them being endemic. Ramage
(2017) included a photo of the endemic I. cardinalis.

It is important to note that the above overview does not reflect the actual state of
knowledge of the Society Islands Odonata. Local scientists as well as entomologists
from Paris, Bishop Museum and the University of California Berkeley have accumu
lated a substantial unpublished material not only for the Society Islands but for the
whole of French Polynesia (D. Polhemus, R. Englund, per. comm.). This information is
of a great interest as it certainly contains a number of species new to science and
new distribution records of known species. Publication should be encouraged as it
would be an invaluable source of information for taxonomic and biogeographic
studies.

Such an effort is made here with the current study, which was aiming in collecting
more information on local Odonata for inclusion in the ongoing revision of the Pacific
Hemicordulia as well as enhancing the taxonomic investigations on French Polyne
sian Zygoptera.

Material and Methods
Two islands (Tahiti and Raiatea) were sampled between 29th July – 12th August 2018
by the principal investigator (MM). Additional data collected on Hemicordulia after
the end of the main sampling period by one of us (FJ) were also included. Figure 1
shows the overall area sampled and the sampling localities for each island.

Freshwater habitats were accessed from the main roads and sampled at the entrance
to the habitat. Where the vegetation and the terrain allowed, the habitat was entered
on foot. The search was abandoned if no flying individuals were encountered for
a distance the width of the stream multiplied by ten, following the protocols of Harding
et al. (2009). Adult odonates were mainly collected with aerial nets and either killed
in acetone, dried and transferred into paper envelops or preserved in 95% ethanol
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for molecular analysis. Hemicordulia specimens preserved in ethanol will be used
for DNA analysis at the Bean Life Science Museum, Brigham Young University, USA.
All other specimens will be deposited in the New Zealand Arthropod Collection,
Auckland, New Zealand. To ensure accurate locality records, observations were
recorded using the ArcGIS Collector app on a smartphone (Huawei P9). The methodology
and advantages of using this technology are explained in Marinov et al. (2019).

Figure 1. General area and sites sampled.
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Microscope photographs of specimens were produced using a series of images
taken under high power Nikon AZ100M microscope and stacked with Helicon Focus
6.7.1 software. Hemicordulia oceanica, endemic to the Society Islands, is fully illustrated
with micro images of much of the body.

Two more species endemic to the Society Islands (Ischnura cardinalis and I. taitensis)
were also photographed and presented below for easy identification in future studies.
Both sexes of the two species were compared with species from other Pacific Coen
agrionidae genera (I. aurora and I. heterosticta (Burmeister, 1839) included for Ischnura)
in a test using the prenodal index (Prn) and thoracic index (TI) introduced in Marinov
et al. (2015, 2019) respectively.

Terminology employed here follows Watson & O’Farrell (1991).

The following localities were investigated (localities presented in chronological order
depending on the day of sampling):

Tahiti Island

1. Crossisland road between Papenoo and the tunnel (17.5694, 149.4331 to
17.6659, 149.4223; 75794 m a.s.l.): 30 July; 01, 03 August

2. Vaipehi Botanical Garden – stream and hills above it (17.7603, 149.3898 to
17.7354, 149.3973; 36445 m a.s.l.): 31 July

3. Pits in Papenoo valley (17.6528, 149.4530; 416 m a.s.l.): 01 August

4. Stream below the tunnel (17.6640, 149.4266; 703 m a.s.l.): 01 August

5. Stream with pool on the crossisland road between Papenoo and the tunnel (
17.6149, 149.4216; 157 m a.s.l.): 01 August

6. The three cascades (17.5348, 149.4011; 114 m a.s.l.): 02 August

7. Stream roadside east of Tiarei (17.5436, 149.3609; 90 m a.s.l.): 02 August

8. Stream roadside south east of Mahaena (17.5727, 149.3153; 18 m a.s.l.): 02 August

9. River about 10 km north of Taravao (17.6525, 149.3332; 30 m a.s.l.): 02 August

10. Tributary to the river about 10 km north of Taravao (17.6525, 149.3423; 40 m
a.s.l.): 02 August

11. Pool roadside on the crossisland road between Papeeno and the tunnel (
17.5746, 149.4288; 80 m a.s.l.): 03 August

12. Marae Arahurahu (17.6970, 149.5788; 56 m a.s.l.): 04 August

13. Road to Mt Mārau (17.5779, 149.5834 to 17.6101, 149.5325; 3651412 m a.s.l.):
05 August

14. Swampy area with a pool roadside on the road to Mt Mārau (17.6088, 149.5478;
1190 m a.s.l.): 05 August

Raiatea Islands

15. Pool in the yard of the Pension Les 3 Cascades (16.7709, 151.4240; 6 m a.s.l.):
0609 August

16. Tourist track to the Three cascades (16.7757, 151.4371 to 16.7745, 151.4407;
107182 m a.s.l.): 0709 August
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17. Faaroa River at the junction of the crossisland road (16.8386, 151.4215; 16 m
a.s.l.): 08 August

18. River crossing the crossisland road south of the junction from the main road (
16.8448, 151.4227 to 16.8464, 151.4209; 2630 m a.s.l.): 08 August

19. River crossing the crossisland road at the southern end north of the junction to
the main road (16.8746, 151.4243; 12 m a.s.l.): 08 August

20. Stream at the southwest corner of the island (16.9140, 151.4528 to 16.9110, 151.4510;
19109 m a.s.l.): 08 August

21. Uturoa (16.7299, 151.4429; 0 m a.s.l.): 08 August

22. Track to Mt Tapioi (16.7328, 151.4479 to 16.7330, 151.4527; 53269 m a.s.l.): 09
August

23. Pufau trail  Te Mehani Rahi plateau (16.7614, 151.4854 to 16.7675, 151.4630;
114430 m a.s.l.): 13 November 2018

24. Pufau trail  1st ford  Te Mehani Rahi plateau (16.7673, 151.4625; 430 m a.s.l.):
01 May 2019

Bora Bora Island

25. Waterfall pond on the Faanui River (16.4947, 151.7325; 185 m a.s.l.): 18 April 2019

Huahine Island

26. Pond on the Fare river (16.7308, 151.0175; 136 m a.s.l.): 05 April 2019

Species checklist
Coenagrionidae

Ischnura aurora (Brauer, 1865) (Fig. 2)

Figure 2. Ischnura aurora, male.

Localities: 3, 79, 11, 15

Very common species in small pools and tem
porary stagnant overflows along streams. It
was found in lotic habitats but in low numbers.

Previously reported for Tahiti, Raiatea and Bora
Bora (Brauer 1865a; Cheesman 1927; Needham
1935; Meurgey 2004a; Jacq & Butaud 2006,
2009; Jacq et al. 2015; Ramage et al. 2018b),
Tupai (Butaud 2011), Huahine (Jacq 2006b),
Taha’a (Jacq 2011), Moorea (Rais 2004; Tanret
et al. 2011; Ramage et al. 2017).
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Ischnura cardinalis Kimmins, 1929 (Fig. 3, 4)

Localities: 16, 18, 20

Figure 3. Ischnura cardinalis: a) male, b) female.

Figure 4. Morphology of Ischnura cardinalis, af) male: a) head, frontal view; b) head
(dorsal view) and thorax (lateral view); c) anal appendages, lateral view; d) anal
appendages, dorsal view; e) fore wing; f) hind wing; gm) female: g) head, frontal view;
h) head (dorsal view) and thorax (lateral view); i) mesostigmal plate; j) posterior end of
pronotum; k) ovipositor, lateral view; l) fore wing; m) hind wing.
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This local endemic species is illustrated in Figure 4. Males were conspicuous with
their vivid red eyes and pterostigmata and elongated inferior appendages. Figures
56 show the position of I. cardinalis based on the Prn and TI. For both indexes the
species is removed away from Ischnura and sits between Pseudagrion (Selys, 1876) and
Amorphostigma Fraser, 1925. This is determined by the position of the second ante
nodal crossvein being situated distally of the midway between the nodus and the

Figure 5. Prenodal index (Prn) range for selected Pacific Zygoptera genera and species
(based on Marinov et al. 2015, 2019 with new information in this study) (see Table 2 in
Appendix).

Figure 6. Thoracic Index (TI) range for selected Pacific Zygoptera genera and species
(based on Marinov et al. 2019 with new information in this study) (see Table 3 in Appendix).
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base of the wing (at or slightly distal in Ischnura) and more stouter thorax (more elon
gated in Ischnura) as evident on Tables IIIII in Appendix.

Locally common to very abundant at Locality 20 which is a small stream with an
average width of 2 m. It was flowing on a steep slope close to the ocean. Large
stones create obstacles to accessing the habitat. Vegetation cover was very dense
with some sunny spots. Adult males fight over perching sites, rarely returning to the
same spot consistently. They may fly short distances chasing other males and not
return to the previously occupied substrate. They choose sites with dappled shadow
over completely sunlit spots, keeping to vegetation near the stream bank. They often
perch high above the water.

Other sites for I. cardinalis were broader rivers (Locality 16) and a small stream flowing
through a very flat area and open banks with long sections without trees (Locality 18).
In both places the species was present in smaller numbers than at Locality 20.

Previously reported for Raiatea and Bora Bora (Kimmins 1929; Jacq & Butaud 2006,
2009; Jacq et al. 2015) and Taha’a Island (Ramage 2017).

Ischnura taitensis Selys, 1876 (Figs. 7, 8, 9)

Localities: 4, 7, 13

Figure 8 illustrates the two sexes of this Tahitian endemic species. Females colour
ation changes with the maturity (Fig. 9). The two indexes place I. taitensis between
Pseudagrion and I. cardinalis (Prn) and next to Ischnura (TI). However, these results
have been obtained from two specimens only and should not be considered as
reliable for the any final conclusions.

Only single individuals (1♂ and 2♀♀) were discovered in separate localities hence
it is uncertain what constitutes suitable habitat for this species. The three sites were
distributed over a wide altitudinal range (90 – 703 m) and the species is expected
to be more common on the island. The mature female at Locality 4 was perched
on branches overhanging the water surface, during rain. The immature female in
Locality 7 was among grassy vegetation about 45 m from a stream bank. The male
in Locality 13 was collected by sweeping roadside grass, well removed from any
freshwater habitat.

Previously reported for Tahiti (Selys 1876; Mumford 1942a; Jacq et al. 2009, 2014;
Ramage et al. 2018b).

Aeshnidae

Anaciaeschna jaspidea (Burmeister, 1839) (Fig. 10)

Localities: 16 (09 August)

One individual collected and at least one more was observed flying at dusk
around 18:00.

Previously reported for Tahiti (Brauer 1865b; Needham 1935), Huahine & Taha’a
(Jacq 2006a, b), Moorea (Nishida 2008).

New species for Raiatea.
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Figure 7. Ischnura taitensis: a) male, b) female.

Figure 8. Morphology of Ischnura taitensis, af) male: a) head, frontal view; b) head
(dorsal view) and thorax (lateral view); c) anal appendages, lateral view; d) anal
appendages, dorsal view; e) fore wing; f) hind wing; gm) female: g) head, frontal view;
h) head (dorsal view) and thorax (lateral view); i) mesostigmal plate; j) posterior end of
pronotum; k) ovipositor, lateral view; l) fore wing; m) hind wing.
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Figure 9. Colour change in female Ischnura taitensis: a) immature; b) mature.

Figure 10. Anaciaeschna jaspidea, male.
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b
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Anax guttatus (Burmeister, 1839) (Fig. 11)

Localities: 1, 3, 11

One female collected close to Locality
11. All other flying individuals were assigned
to the same species by supposition be
cause so far this is the only known Anax
species present in the Society Islands.

Previously reported for Tahiti, Raiatea and
Bora Bora (Brauer 1865a; Cheesman 1927
(as A. gibbosulus); Jacq et al. 2009, 2014),
Moorea (Nishida 2008, Tanret et al. 2011),
Huahine (Jacq 2006b).

Figure 11. Anax guttatus, female.

Corduliidae

Hemicordulia oceanica Selys, 1871 (Fig. 12)

Localities: 1 (03 August), 13, 16 (07, 09 August), 23, 2526

An adult male is illustrated in Figure 13. Variation of the colouration of the wings
was notable in a few individuals, ranging from clear to a deep amber tint (Fig. 14).

Hemicordulia oceanica was often found flying in clearings and along main
roads heading into the island. Flying Hemicordulialike individuals were ob
served from close to sea level to high in the mountains, above 1,000 m a.s.l. (cf.
below the information for Hemicordulia sp.). However, they usually remained in
territories around human settlements. At roadsides, adults often select sites at
the border between shady and sunlit parts of the road. Aggregations of adults
were not observed. The usual flight of feeding individuals is at about 1.53 m
above the ground, often performed above the water surface of temporary rain
puddles. Adults flying among vegetation also keep close to the border between
tall trees and open grass. At these sites they may make occasional flights up higher.
As a general rule adults do not stay permanently at the places where they were
observed. They fly very fast, continuously returning to the same area, followed by
sudden departures to explore other sites. They do not return if alarmed by unsuc
cessful sweeps with the net.
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Figure 12. Hemicordulia oceanica, male.

Previously reported for Tahiti and Raiatea (Brauer 1868; Lieftinck 1975; Meurgey
2004a; Jacq & Butaud 2006, 2009; Jacq et al. 2009, 2014, 2015; Ramage et al.
2018b), Huahine (Jacq 2006b; Ramage et al. 2017).

New species for Bora Bora.

Hemicordulia sp.

Localities: 1 (03 August), 2, 4, 14, 16, 18, 22

All Hemicordulialike individuals (both Tahiti and Raiatea) which were only ob
served but not collected for inspection were included here. They are presented
separately from H. oceanica because Jacq et al. (2009, 2014) suggested there
was a second Hemicordulia species on Tahiti at higher altitude (>500 m) that is
still undescribed. This may be an endemic to Tahiti only and not found on Moorea
& Raiatea, however, all records of flying Hemicordulia are combined here to show
the abundance of the species over the two islands.
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Figure 13. Morphology of male Hemicordulia oceanica: a) head, frontal view; b) thorax,
lateral view; c) secondary genitalia; d) anal appendages, lateral view; e) anal append
ages, dorsal view; f) fore wing; g) hind wing.
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Libellulidae

Diplacodes bipunctata (Brauer, 1865) (Fig. 15)

Localities: 1 (01, 03 August), 3, 11, 13, 15, 16, 22

Found in many sites on
both islands included
in this study. Adults of
ten stayed perched on
the ground on the main
road away from pos
sible breeding habitats.

Previously reported for
Tahiti and Bora Bora
(Brauer 1865a; Ris 1909
1919; Cheesman 1927;
Meurgey 2004a; Butaud
2007; Jacq et al. 2009,
2014), Raiatea (Jacq
& Butaud 2009; Jacq
et al. 2015), Tupai (Bu
taud 2011), Huahine
(Jacq 2006b).

Figure 15. Diplacodes bipunctata, male.

Figure 14. Yellow tinted
wings of Hemicordulia
oceanica: a) fore wing;
b) hind wing.

a

b
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Pantala flavescens (Fabricius, 1798) (Fig. 16)

Localities: 13, 9, 1116, 22

The most common species during the present study.

Previously reported for Tahiti, Raiatea and Moorea (Ris 19091919; Cheesman 1927;
Meurgey 2004a; Jacq & Butaud 2006, 2009; Jacq et al. 2009, 2014, 2015; Ramage
et al. 2017, 2018b; Tanret et al. 2011), Tupai (Butaud 2011), Huahine & Taha’a (Jacq
2006a, b; Ramage et al. 2017).

Tholymis tillarga (Fabricius, 1798) (Fig. 17)

Localities: 1 (03 August), 11, 16

Figure 16. Pantala flavescens, male.

Single individuals
were found flying a
long the main road
during the day. The
activity of the adults
increased close to
dusk when oviposit
ing females were
observed in a road
side ditch at Loca
lity 16.

Figure 17. Tholymis til
larga, male.
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Previously reported for Tahiti (Cheesman 1927; Meurgey 2004a; Jacq et al. 2014),
Moorea (Tanret et al. 2011), Tupai (Butaud, 2011), Huahine & Taha’a (Jacq 2006a, b).

New species for Raiatea.

Tramea transmarina Brauer, 1867 (Fig. 18)

Localities: 1 (01, 03 August), 3, 14, 16, 24

Figure 18. Tramea transmarina, male

All individuals observed during the present study were assigned to this species
even if not collected. This is also true for adults sighted but not collected at the single
locality for Raiatea. The specimens collected (three males and two females) did
not differ from T. transmarina from other Pacific islands (cf. Marinov 2012a;
Marinov et al. 2013, 2015, 2019). The shape of the hind wing basal patch in males
was identical to that of males from Tonga (Marinov 2012a: Fig. 5a), Samoa (Marinov
et al. 2015: Fig. 20c) and similar to Fiji (Marinov 2012a: Fig. 5i). They are all compared
in Figure 19. The two females reported here showed very different wing patterns
(Fig. 20).

Previously reported for Tahiti (Needham 1935; Butaud 2007), Raiatea (Jacq &
Butaud 2009; Ramage et al. 2017), Huahine & Taha’a (Jacq 2006a, b).

Discussion
The current study was designed to collect updated information on the Odonata of
Society Islands analysing the data from published records and more recently com
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Figure 19. Comparison bet
ween the hind wing spots
of Tramea transmarina from:
a) Tonga (Marinov 2012a:
Fig. 5a); b) Samoa (Mari
nov et al. 2015: Fig. 20c);
c) Fiji (Marinov 2012a: Fig.
5i); d) Tahiti (this study).

Figure 20. Hind wing
spot in female Tramea
transmarina from Tahiti
collected from: a) Lo
cality 1; b) Locality 14.
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pleted field studies. The endemic H. oceanica was of a special interest as the species
is perhaps the most debatable Pacific representatives of the genus. This topic has
been already discussed in other studies and briefly outlined here (see Introduction).
The reason for the confusion in the past was the lack of a comparative material until
Lieftinck’s (1975) comparison of H. oceanica with the described by him H. hilaris. The
latter is now known to inhabit a very wide territory of the Pacific (Marinov 2012b).
The overall morphological similarity between the two species can easily explain the
misidentifications in the past which have created many incorrect records of the
species from a very wide range including Rennell Island, Solomon Islands, where it
was given by supposition (Kimmins 1959). Because of this uncertainty Marinov &
Pikacha (2013) left H. oceanica in the species checklist of the Solomon Islands. How
ever, this is now considered incorrect although the specimen reported in Kimmins
(1959) has not been reexamined. It was a female given to him by members of the
Danish and British expeditions. Female Hemicordulia have been problematic for dif
ferentiation unless associated with the male. Describing the male of H. hilaris, Lieftinck
(1975) had some females though not in a good condition. He was also reluctant to
give a precise determination for two females collected from the Cook Islands and
deposited in the Auckland Museum, New Zealand (see Wise 1980 and Marinov 2012b
for more details).

Illustrations provided in Figure 21 are evidence of the close morphological similarity
between H. oceanica and H. hilaris. So far the two species have not been recorded
in sympatry and identification based on geography is considered justified at present.
Hemicordulia hilaris has not been introduced to French Polynesia and for the moment
is not known east of the Cook Islands whereas H. oceanica is considered to be en
demic to the Society Islands. Future studies of specimens from other parts of French
Polynesia are needed to establish this with certainty.

Both species display feeding patterns typical of other Pacific corduliids, with adults
hovering over clearings in the vegetation. Therefore, they are commonly observed
along the major inland roads. No detailed behavioural studies have been undertaken,
but a small difference was observed during the current research. Adult H. hilaris have been
seen multiple times in Fiji, Tonga and Samoa flying very low over substrate (M. Marinov,
per. obs.) while H. oceanica mainly fly close to the tree tops with occasional descending
to lower levels. The height of the flight is possibly determined by the presence of
prey items at various levels above the ground. Therefore, the differences reported here
(which need validation from more studies) may not sustain further observations.

Another record which is considered interesting was the scarce observations of H.
oceanica close to human settlements. During the present study, we walked along
tourist roads for kilometres without seeing any flying Hemicordulia adults. They mostly
appeared above the line of the dwellings and were predominantly found in forested
areas. At Localities 16 and 22 on Raiatea Island adults Hemicordulia were observed
very close to the settlements and local farms which seems to be an exception of the
overall statement given above. In contrast H. hilaris is mostly found associated with
human occupied areas and less seen away in the forest. It was often observed in
city parks, taro plantations and other local farm crop fields (M. Marinov per. obs.).
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Breeding biology of the two species cannot be easily compared. Hemicordulia oce
anica was not observed close to any potential breeding sites and it is unclear as to
what constitutes a typical habitat of the species. Adults were missing from Locality
5 and other similar looking habitats which were elsewhere found to be very attractive
for other Pacific species like H. pacifica Fraser, 1925 for example (Marinov et al. 2015).
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Figure 21. Morphological comparison between Hemicordulia oceanica (left column)
and H. hilaris (right column): a) head, frontal view; b) thorax, lateral view; c) secondary
genitalia; d) anal appendages, lateral view; e) anal appendages, dorsal view; f) fore
wing; g) hind wing.

e

g

f

No Hemicordulialike individuals were seen along the stretches of the rivers although
some were traversed for longer distances than the methodology adopted here.

Walking in the streams in Tahiti was found to be problematic because of their steep
slopes rising up almost immediately after accessing them from the main roads. Various
small tributaries were inspected but the search for adult odonates was often ended
less than 50 m from the starting point because of the inaccessibility of the forest. That
is the reason why most of these small streams were not included in the list of sampling
localities given above. However, they may be important places for some of the local
endemic species presently placed in genus Ischnura .

The generic affiliation of a number of the Pacific species currently known as Ischnura
has been challenged in Donnelly (1986) and Marinov et al. (2016). The second study
provided a short morphological comparison of the male appendages, some illustrated
by the original hand drawings because specimens were not available for comparison.
In the addition to the structure of the male appendages, which is closer to Amorpho
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stigma than to Ischnura (for I. taitensis), and very unique in I. cardinalis both Society
endemic species depart from Pacific Ischnura in the prenodal index of the wings.
As evident from the thoracic index the body structure of I. cardinalis also differs from
Ischnura due to the more heavily built thorax. In TI I. taitensis is compatible with
Ischnura however, this result is drawn on two specimens only and needs validation
with more samples. Being endemic to the region both species are illustrated with
microphotographs of diagnostic body parts, presented here for the first time.

French Polynesian Ischnura and Zygoptera generally are a very interesting area of
study. Presently, 1520 undescribed species have been sampled from the islands
of Raiatea (45), Moorea (12), Huahine (12), Taha’a (12) and Marquesas (69), (R.
Englund, J. Jacq, T. Ramage, D. Polhemus, per. comm.). “In Australs Island, Tubuai
has the distinction of being the only island with flowing water in French Polynesia to
not have an endemic damselfly species found on it. Further sampling is clearly warranted
on Tubuai and initial observations indicate that an endemic upland damselfly could
potentially be found in the Mt Panee summit waterfall area, because this section
of stream lacks invasive fish” (Englund 2014).

Studies in this subject are strongly encouraged for solving the taxonomic uncertainty
around the correct generic placement of the Pacific Zygoptera and their phylo
geny. Recently completed research had included selected Pacific species, how
ever more studies are necessary involving undescribed species to increase the
taxonomic resolution of the suggested phygenetic trees.
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Appendix

Table I. Chronological literature review of Odonata records from Society Islands.

Table II. Prenodal index (Prn) values for selected Pacific Zygoptera genera and species.
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Table III. Thoracic index (TI) values for selected Pacific Zygoptera genera and species.
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