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An Amendment on the Record of Rhyothemis fuliginosa Selys, 1883 in Taiwan — a Newly
Discovered Gynomorphic Wing Pattern in Female R. regia regia (Brauer, 1867)
(Odonata: Libellulidae)
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Abstract: The identity of Taiwanese Rhyothemis fuliginosa Selys, 1883 is clarified to be the gynomorphic female of R. regia regia
(Brauer, 1867). Female Taiwanese R. r. regia differ from female R. fuliginosa mainly in having paler face with weak metallic lustre,
anteriorly more strongly incurved postclpyeus and stouter cerci. The reported wing patterns of various subspecies of R. regia are
compiled from the literature for comparison. A transitional variation of the female wing pattern of Taiwanese R. r. regia varying
from andromorphic to gynomorphic is illustrated. The case of range expansion caused by climatic warming in R. r. regia and other
libelullid dragonflies in Taiwan is elucidated.
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Introduction

After Lieftinck et al. (1984), two additional RAiyothemis species have been recorded from Taiwan, that are R. fuliginosa Selys,
1883 and R. r. regia (Brauer, 1867). Rhyothemis fuliginosa is a temperate species of libellulid dragonfly, formerly only recorded
from China, Japan and the Korean Peninsula in East Asia (Tsuda, 2000), but its range could reach as south as to Fujian (Needham,
1930). It was reported for the first time as a seasonal vagrant from northern Taiwan in 2007 (Yeh et al., 2007), but so far only its
females were collected from the island. Rhyothemis regia is a polymorphic species which inhabits the Indo-Pacific region, with
eight subspecies, viz. R. r. armstrongi Fraser, 1956, R. r. chalcoptilon (Brauer, 1867), R. r. exul Ris, 1913, R. r. juliana Lieftinck,
1942, R. r. pretiosa Selys, 1878, R. r. regia, R. r. thisbe Lieftinck, 1953 and R. r uveae Marinov, 2021, spreading over a transverse
belt extending from Sabang and Simaloer in western Sumatra in the west, through the central and southern islands of the Philippines,
northern Celebes, the Moluccas to northern New Guinea. Strangely, the boundary of the range is far away eastwards to Samoa and
Wallis Islands in the South Pacific Ocean and northwards to Saipan and Pagan Islands in the western Pacific Ocean, without any
sole record reported from in-between (Lieftinck, 1959, fig. 2). Different subspecies of R. regia are well isolated from each other in
small insular islands or coastal areas of larger islands, but some could distribute over a wider area as in R. r. regia (Sumatra to
Philippines), or occur in remotely disjunct localities as in R. . chalcoptilon (Samoa and Saipan). These subspecies were structurally
undifferentiated and could only be separated by wing pattern (Lieftinck, 1959).

Another confusing matter regarding the record of R. fuliginosa in Taiwan, except that only female specimens were collected,
is that the females were frequently observed to copulate with the males of R. 7. regia (Han-Ian Chiou, personal communication).
The copulated females even performed normal oviposition behaviors after mating. The above observations have puzzled local
researchers about the real identity of Taiwanese R. fuliginosa for years and led the author to explore the issue in detail. The result is
presented here with a discussion on the status of R. r. regia in Taiwan and its range expansion caused by climatic warming.

Materials and methods

The females of Taiwanese R. fuliginosa were directly compared with the two females of Japanese R. fuliginosa and the females
of Taiwanese R. r. regia. All specimens examined were listed below. All specimens are deposited in Taiwan Forestry Research
Institute, Taipei, Taiwan (TFRI).

Japanese R. fuliginosa — 299, Shizuoka, Japan, 4/VI111/2012, leg. S. L. Chen & I-Lung Lee.

Taiwanese R. fuliginosa — 19, Xinyi district, Keelung City (ZE[& 4 1E1&), 9/X/2006, leg. J. H. Wu; 19, Xinyi district,
Jilong City, 10/X/2006, leg. H. I. Chiou; 19, Xinyi district, Keelung City, 18/V11/2008, leg. H. 1. Chiou.

Taiwanese R. r. regia — 1J, Datong, Yilan County (B & A[E]), 7/VI1/2011, leg. W. C. Yeh; 28, Dawu, Taitung County
(G HREAAR), 30/V/2007, leg. W. C. Yeh; 14, Xindian, New Taipei City (#Frdbri#E), 10/11V/2000, leg. W. C Yeh; 19, Neipu,
Pingtung County (FEEEE4NE), 15/1V/1996, leg. J. S. Chen; 19, Neipu, Pingtung County, 12/X/2004, leg. W. C. Yeh; 19, Xinyi
district, Keelung City, 30/1X/2007, leg. H. I. Chiou.
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The wing patterns of various subspecies of R. regia were compiled from Lieftinck (1926, 1942, 1948 & 1959), Marinov (2021)
and Ris (1912, 1913) and shown in Figs 1-29. The Minahassa female of R. r. regia (Figs 1-14) in Ris (1912) (pl. 6, right upper) has
discoidal fenestrae on hind wings and does not belong to the nominate subspecies. It shares a similar wing pattern to the Ternate
male of R. r. pretiosa (Figs 1-13) in Ris (1913) (pl. 6, left upper; originally as R. r. regia but see Lieftinck 1953a) and is recognized
here as that subspecies. The Samoan male and female originally identified by Lieftinck (1959) as R. r. chalcoptilon is recognized
here as R. r. armstrongi (see Marinov, 2021).

Results

Direct inspection of the two female Japanese R. fuliginosa revealed some features, other than wing pattern, that are different
from those of the female Taiwanese R. fuliginosa. In the Taiwanese females, the face is yellowish-brown at middle, including clypeus
and lower margin of antefrons, with weaker metallic lustre especially on the postclypeus; the postclypeus is more strongly and
deeply incurved at anterior margin with lateral lobes relatively larger (Fig. 30); the cerci are stouter (Fig. 31) and the subgenital
plate is more deeply and widely notched apically (Fig. 32). The Japanese females have, in comparison with the Taiwanese females,
almost entirely black face with strong metallic lustre, a differently shaped postclypeus (Fig. 33), more slender cerci (Fig. 34) and a
more shallowly notched subgenital plate (Fig. 35). Other differential features between the females of Japanese and Taiwanese R.
fuliginosa include: the hairs covering the apical abdominal segments are longer and denser in the Japanese females but shorter and
sparser in the Taiwanese females; the Taiwanese females have denser venation than in the Japanese females, with costal cross-vein
numbers 11-13:10-12:11-13:11-13 in forewings and 11-13:6—8:7-8:11-15 in hindwings (8-9:9:9:8-9 in forewing and 8-9:6:6:8—
9 in hindwings in the Japanese females); 9th sternite is generally black including a pair of styli in the Japanese females (Fig. 35) but
yellowish-brown at base and the styli in the Taiwanese females (Fig. 32).

The female Taiwanese R. fuliginosa were further compared with the female Taiwanese R. r. regia and the result showed no
distinct differences between them, except in wing pattern. The final conclusion is that the female Taiwanese R. fuliginosa in fact
represents a new gynomorphic wing pattern of female R. 7. regia that has never been reported before, although Lieftinck (1948) did
show one similar example from Sabang, Sumatra (Figs 1-8). This new wing pattern is similar to that of the gynomorphic females
of Japanese R. fuliginosa as shown in Sugimura et al. (2001, p. 282). However, the former has a dark area of hind wing a little less
extensive in comparison to the latter, with the outer margin of the dark area being distinctly basal to pterostigma (reaching or
exceeding pterostigma in the latter). Intra-specifically, this wing pattern is most similar to that of the Sabang female mentioned
above. As in the Sabang female, the gynomorphic females of Taiwanese R. r. regia usually possess two faint fenestrae (more distinct
in the Sabang female) on hind wing just outside of nodus, one close to anterior margin and the other to posterior margin. These
fenestrae are also absent in female Japanese R. fuliginosa.

Discussion

Dichromatic variation in female wing pattern is common in the genus Rhyothemis (Lieftinck, 1959) and in R. regia has been
reported for the subspecies of R. r: exul (Lieftinck 1942), R. . thisbe (Michalski, 2012) and R. . chalcoptilon (Lieftinck, 1959). The
wing patterns of R. . regia recorded from Taiwan are also variable and the variation is more pronounced in the female than in the
male (Figs 36—42). A series of transitional variation in female wing pattern of Taiwanese R. regia regia could be found, varying
from fully andromorphic type (Fig. 39) to extremely gynomorphic type (Figs 42—43), with the apical transparent area becoming
larger toward the latter type.

The cases of range expansion toward the north caused by climatic warming in Taiwanese dragonflies

According to Lieftinck (1959), the northern boundary of R. regia had never exceeded N19° (Pagan Island) in latitude. However,
the nominate subspecies has been reported from southern Taiwan (N22°) in 1996 (Yeh, 1996). This subspecies dispersed quite
rapidly in the island from the south northwards (personal observation) and in 2000 was recorded from northern Taiwan (Xindian,
New Taipei City, N25°, see specimens examined). Nowadays, it is widely distributed almost all over the island (Fig. 44). This kind
of dispersion towards the north has been suggested to be range expansion or shift caused by climatic warming, which has proven to
be common for dragonflies (Hichling et al., 2005; Ott, 2010). Similar examples of northward dispersion in Taiwanese dragonflies
have also been found in Neurothemis taiwanensis Seehausen & Dow, 2016 and Potamarcha congener (Rambur, 1842) (Hu & Ma,
2018); the former has rarely been reported from northern Taiwan before 1990 (Matsuki & Lien, 1983, 1989), but is now widely
distributed and common on the island (personal observation), with the northeastern boundary of its distributional range even
reaching two Japanese islets, i.e. Yonaguni and Iriomote islands in the Ryukyu Islands where it has never been recorded before
(Ozono et al., 2012).

Rhyothemis regia and R. phyllis (Sculzer, 1776) were mutually exclusive in their distributional areas and rarely co-existed in
the same local site (Lieftinck, 1953b). The nominate subspecies of R. phyllis has been recorded from the Ryukyu Islands since 1981
and subsequently expanded its range northwards into Kyusyu in the south of Japan (Ozono et al., 2012). Recently, R. » regia has
also been reported from Yonaguni Island (Kohama, 2021); hence, it is interesting to keep observing how this species will interact
with R. p. phyllis, while it keeps expanding its range northwards as global climate becomes warmer.
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Figures 1-29. Wing patterns in R. regia subspp. 1-8, R. r. regia; 9-12, R. r. juliana; 13 & 14, R. r. pretiosa; 15-20, R. r. exul; 21—
23, R. r. thisbe; 24 & 25, R. r. armstrongi; 26 & 27, R. r. chalcoptilon; 28 & 29, R. r. uveae. 1 & 2, males, Sabang; 3, male, Engano;
4, male, Palawan; 5, male, Basilan; 6, male, Amboina; 7, female, Palawan; 8, female, Sabang; 9-12, males, northern New Guinea;
13, male, Ternate; 14, female, Minahassa; 15-17, males, Kei; 18-20, females, Kei; 21, male, Buru; 22, female, Buru; 23, female,
Sumba; 24, male, Samoa; 25, females, Samoa; 26, male, Niuafo’ou; 27, female, Niuafo’ou; 28, Wallis, male; 29, female, Wallis. 4,
6, 7, 13, 14, 17, 18, 20, 22 copied from Ris (1912 & 1913), 26-29 from Marinov (2021), the others from Lieftinck (1926, 1942,
1948, & 1959).
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Figures 30-35. Female characters of R. r. regia (30-32) and R. fuliginosa (33-35). a & b, face in front view; ¢ & d, apical abdominal
segments in dorsal view; e & f, ditto. in ventral view.
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Figures 36—43. Wing patterns of Taiwanese R. r. regia. 36-38, males, 39-43, females. 36, Xindian, New Taipei City; 37, Datong,
Yilan County; 38, Dawu, Taidong County; 39, Xinyi, Jilong City; 40—41, Neipu, Pingdong County; 42—43, Xinyi, Jilong City.
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Figure 44. Distributional map of R. r. regia in Taiwan before 2015.
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